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Leguminosae (Fabaceae) is the third largest family of Magnoliophyta and
are soil enrichers. BOLD SYSTEM is a standard DNA barcode library. We
retrieved and downloaded three marker (rbcL, matK, ITS) sequences in
FASTA format from the database and then subjected to multiple sequence
alignment for individual markers using an online program (http://
www.ebi.ac.uk/Tools/), MAFFT for rbcLa and matK and Muscle for ITS.
After alignment of these individual marker sequences, matrix construction
was done using a java based program, sequence matrix 12.7.0 which
combines the multiple aligned DNA sequence files into a single matrix for
matK and ITS2. This constructed matrix is then used for phylogenetic
reconstruction based on Maximum Likelyhood method which revealed and
helped us to understand the species diversification of the family Fabaceae
belonging to different geographical regions. Moreover, it enabled us to
justify the robustness of using the combination of ITS with two other
chloroplastic markers (rbcL and matK) in resolving the phylogenetic tree at
species level in the family Fabaceae.

INTRODUCTION
Leguminosae (Fabaceae) is the third largest family
of Magnoliophyta. It is an agriculture and
economically important plant family which includes
food, fiber, timber, medicine, fuel, food, phytochemical
and soil enrichers and are ecologically very diverse.
Traditionally, morphological characters were the
criteria for taxonomic identification but with the
advent of DNA sequencing technologies, coding and
non coding conserved regions of DNA (DNA
Barcodes) have been identified and used as markers
for delimitation, species discrimination and diversity
analysis in plants. Most widely used DNA barcodes
for plants viz. rbcL (Rubisco large subunits), matK
(maturase K) from both are from chloroplast genome
and ITS (Interspace Transcribed Spacer) which is
situated in between the small- and large subunit of
ribosomal RNA gene of nuclear DNA. Combination
of two chloroplast markers have been used for
phylogenetic studies however, combination of ITS with
these chloroplast markers have provided good
resolution and proved to be better for species level
discrimination in plants.
BOLD SYSTEMS, a data retrieval interface has over
1.7 million public records out of which 13530 are
recorded for family Fabaceae from 127 countries.
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Hence the already verified markers from BOLD
database were used for phylogenetic reconstruction
of family Fabaceae at species as well as genus level
by combining the three markers which are from
different sources and geographic location. We
retrieved and downloaded these marker (rbcL, matK,
ITS) sequences in FASTA format from the databases
and then subjected to multiple sequence alignment
for individual markers using program MAFFT for
rbcLa and matK, MUSCLE for ITS2. After alignment
of these individual marker sequences, matrix
construction was done using a Java based program,
sequence matrix 12.7.0 which combines the multiple
aligned DNA sequence files into a single matrix. This
constructed matrix is then used for phylogenetic
reconstruction using character based method
(Maximum Likelihood) which revealed and helped
us to understand the species diversification of the
family Fabaceae.
As the molecular markers provides an unambiguous
data and are becoming important in species
identification and discrimination therefore molecular
phylogenetics, which is a combination of molecular
data and statistical techniques helps in infers the
evolutionary relationship between organisms being in

question. Moreover, it enabled us to justify the
robustness of using the molecular marker ITS2
combining with two other chloroplastic markers (rbcL
and matK) in resolving the phylogenetic tree of the
family Fabaceae especially at the level of subfamilies
and tribes.
MATERIAL AND METHOD
Sequence library from BOLD data system
Sequences for the 169 species of Fabaceae in FASTA
format were downloaded for the three markers viz.
rbcLa, matK and ITS2 , out of which 60 species
having complete sequences without any gaps were
taken. These sequences in the BOLD database were
either mined from Genbank or deposited by institutions
from different countries.
Multiple Sequence alignment
Multiple sequence alignment was done for the
sequences of individual markers using online MSA
tools (http://www.ebi.ac.uk/services). For rbcLa,
MAFFT (Multiple Alignment using Fast Fourier
Transform) was used which is a alignment program
of multiple nucleotide and protein sequences (Katoh
et al, 2002) with output format as Pearson/FASTA
and for matK and ITS2, MUSCLE ( MUltiple
Sequence Comparison by Log- Expectation) was
used with output format as Pearson/FASTA.
MUSCLE is another MSA program for nucleotide
and protein sequences (Edgar RC, 2004) having better
average accuracy and faster than T-COFFEE.
Concatenation and matrix assembly
Before going for matrix construction, aligned
sequences were edited manually using Bioedit
software version 7.2.5 (Hall, 1999), then these
multiple aligned sequences of each individual marker
were subjected to concatenation and assembled into
matrix using Sequence Matrix (Vaidya et al., 2011)
which is a freely-available, cross-platform application
with an interface like spreadsheet, the output data
was exported into Nexus files for further phylogenetic
analysis.

(a)

(b)

(c)

Figure. 1 (a) ITS2 alignment (b) matK alignment (c)
rbcLa aligmnent
The concatenated matrix file using K2P distance was
generated with an average inter-column correlation
coefficient = 0.63 for the 60 taxa with three charsets
(figure 2), total score of each taxa were in ascending
order with least score for Ulex europeus and top score
for Phaseolus coccineus (Supplementary table 1).

Phylogenetic tree consruction
The Nexus format file is used as an input on IQTREE web server (http://iqtree.cibiv.univie.ac.at) for
character based (ML) phylogenetic reconstruction
with auto substitution model and ultrafast bootstrap,
where number of alignment and iteration kept at 1000
with maximum correlation coefficient 0.99.
RESULT AND DISCUSSION
The plastid markers (rbcLa and matK) were found
to be less variable than ITS2 as supported by
(Braukmann et al. 2017), in order of ITS2, matK,
rbcLa (Figure 1a, b, c).

Figure.2: Screenshot of concatenated matrix file
Within 60 species having 32 genera, 15 tribes and 3
subfamilies, the trees was generated for each marker,
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drawbacks of present core barcodes.
Figure 3. Three locus Phylogenetic tree for the 60 species of Fabaceae

S.no

Clades

1

Clade 1

2

Clade 2

Subfamily
Tribes
Genisteae,
Mimosae, Acacieae, Ingeae and
Faboideae, Caesalpinioideae and
Cassieae
Mimosoideae
Swartzieae, Amorpheae, Dalbergieae,
Faboideae
Hedysareae, Galeageae, Trifolieae and
Fabeae
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Supplementary Images:

Suppl. Image 1: Phylogenetic tree using ITS2 marker
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Suppl. Image 2: Phylogenetic tree using matK marker
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SUPPLEMENTARY DATA
Supplementary table 1
Exported by SequenceMatrix 1.8
Taxon
Ulex europaeus
Cytisus scoparius
Swartzia simplex
Cassia grandis
Amorpha fruticosa
Cassia fistula
Senna obtusifolia
Sesbania punicea
Caragana arborescens
Robinia pseudoacacia
Prosopis juliflora
Robinia hispida
Acacia senegal
Acacia longifolia
Inga vera
Dalbergia sissoo

Total
score
0.00%
0.00%
42.42%
44.75%
45.43%
46.10%
50.05%
50.44%
51.65%
52.85%
52.97%
53.24%
56.75%
57.10%
57.30%
58.25%

No of
charsets
3
3
2
3
3
3
3
3
3
3
3
3
3
3
3
3

its2_muscle_
aln_fasta
(ON TOP)
0% #0 (11.4%)
20% #8 (32.21%)
27% #16 (38.54%)
28% #20 (40.08%)
44% #50 (56.43%)
48% #52 (60.49%)
36% #36 (47.73%)
10% #2 (21.86%)
29% #22 (40.94%)
28% #21 (40.13%)
28% #17 (39.75%)
53% #57 (65.79%)
44% #51 (56.67%)
39% #42 (51.4%)
34% #31 (46.24%)

matk_mafft_
aln_fasta
(ON TOP)
0% #0 (1.53%)
42% #1 (9.11%)
53% #6 (11.03%)
50% #3 (10.51%)
53% #7 (11.08%)
56% #10 (11.6%)
65% #34 (13.07%)
50% #2 (10.38%)
52% #4 (10.77%)
59% #22 (12.14%)
53% #5 (10.91%)
60% #24 (12.22%)
63% #33 (12.79%)
61% #28 (12.43%)
63% #32 (12.76%)

Suppl. Image 3: Phylogenetic tree using matK and ITS2 markers
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rbcla_mafft_
aln_fasta
(ON TOP)
0% #0 (1.09%)
(No data)
36% #1 (3.91%)
41% #4 (4.25%)
39% #3 (4.1%)
44% #6 (4.49%)
36% #1 (3.91%)
54% #14 (5.27%)
54% #15 (5.29%)
47% #7 (4.71%)
54% #15 (5.29%)
54% #13 (5.26%)
51% #9 (5.07%)
54% #10 (5.26%)
54% #12 (5.26%)

two locus viz. matK and ITS2 (supplementary figures),
and for the three locus (rbcLa, matK and ITS2)
combined (Figure 2). In three locus, the phylogenetic
tree delineated into two clades (table.1) with four
outgrouped genera: Glycyrhhiza, Acmispon,
Robinia and Sesbania. Sesbania punecia and
Robinia spp. both belongs to Robinieae tribe placed
next to each other in three marker system (three
locus) analysis. Prosopis juliflora.(Mimosoidae)
grouped properly with Acacia spp. (Mimosoidae)
using three markers system. Using two markers in
combination (ITS2 and matK),though both are
individually much efficient then rbcLa placed
Astragalu spp., Medicago spp., trifolium spp. and
Caragana spp. differently. All the four genera
belongs to Hedyserae tribe and represents Invertedrepeat lacking clade, but in three locus study this
situation got resolved and they were placed together

in the phylogenetic tree.
CONCLUSION
A good barcode’s efficiency fundamentally relies on
the distinguishing ability between the closely related
species. This is only achievable when there is enough
differentiation in genetic makeup between the species
rather than within the species (Hebert et al. 2004,
Savolainen et al. 2005, Lahaye et al. 2008). In this
study, individual marker ITS2 proved to be better at
resolving than matK and rbcLa alone. Overall, using
three markers altogether (three locus study) proved
to be much better than two locus study in species
discrimination among Fabaceae plants. However, it
is likely, that other robust markers will develop in
future for much better species discrimination and
phylogenetic tree delineation overcoming the
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ABSTRACT
Twenty three species belonging to the class Euglenophyceae were recorded from
the Museum Lake in Thiruvananthapuram. Euglena deses (n=2952 cells/l) and
Trachelomonas volvocina (n=2446 cells/l), T.hispida (n=1158 cells/l) were the
dominant euglenoids during the study period (February 2013 to January 2015).
Trachelomonas was recorded as the major taxa with ten different species followed
by Phacus with seven different species. The Canonical Correspondence Analysis
(CCA) between environmental variables and the dominant euglenophytes indicated
an influence of the physical and chemical parameters such as rainfall, water
temperature, pH, Dissolved Oxygen, Calcium, Magnesium, Nitrates, Phosphate,
Sodium, Potassium and Silicates on their distribution in the Museum Lake. Among
the pollution tolerant species, Euglena deses, Trachelomonas volvocina and Phacus
pleuronectes were observed from here. The study emphasises that the
phytoplankton diversity especially euglenoids can help in assessing the health and
extend of deterioration of lake ecosystem. Due to their sudden changes to
environmental conditions euglenoids can be considered as an excellent bio
indicators.

INTRODUCTION
Euglenophytes are the microscopic, planktonic
microorganisms that form the primary producers of
an aquatic ecosystem. These groups of phytoplankton
are studied mainly on its ecological importance. They
are mostly mixotrophic ones and can be considered
as good indicators of organic pollution in water
(Arguelles et al., 2015). They forms the group of
flagellates mostly found in the freshwater habitats
highly rich in organic compounds. They have been
identified as the tracers of organic wastes and have
significant role in bio monitoring (Ajayan and Ajit,
2016). Taxonomic studies on euglenoid diversity has
been carried out in India by various authors like
Suxena (1955), Zafar (1959), Munawar (1972),
Hosmani (1976), Philipose (1982,1984,1988), Shaji and
Patel (1991), Sinha (2002), Ratha et al. (2006),
Bhakta et al.(2010), Roy and Pal (2016), and only
few studies in relation to pollution levels (Pandey and
Pandey, 1980; Hosmani and Bharati, 1983; Puttaiah
and Somashekar, 1987; Kumawat and Jawale, 2004;
Kumawat and Patil, 2011). Environmental parameters
play a major role in determining the density, diversity
and occurrence of phytoplankton in waterbodies
(Sharma et al., 2015). However, there are few works
carried out on seasonal diversity and their relation to
environmental parameters. The present work aims

at the seasonal changes in euglenoid distribution in
relation to environmental variables from Museum
Lake, Thiruvananthapuram.
MATERIALS AND METHODS
The Thiruvananthapuram Museum and Zoo is one of
the oldest of its kind in India located at the heart of
the city (08Ú30' N, 076Ú57’E). The present study
was carried out in the small, expansive Museum Lake
inside the zoo which is extended over an area of 2.22
acres and a depth of six meters. It is a natural
waterbody and has never lost its water level even in
the scorching summers. The waterbody is extended
in a North-South direction and the southern part is
completely covered by macrophytes such as Pistia
sp., and Lemna sp and abundant bat population around
the surrounding trees. This waterbody complete with
an island, lush green vegetation and the consequent
presence of indigenous and exotic bird species has
never failed to arrest the attention of visitors.
In order to study the seasonal variations in euglenoid
with environmental parameters, samples were
collected for two years consecutively and the monthly
data obtained were divided into three seasons as: Pre
Monsoon- PreM1: February 2013- May2013&
PreM2: February 2014 -May2014; Monsoon- Mon1:
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June 2013-September 2013 & Mon2: June 2014September 2014; Post Monsoon- PoM1: October
2013-January2014 & PoM2: October 2014-January
2015.
The phytoplankton samples for the study were
collected from lake in clean plastic bottles.
Quantitative enumeration of phytoplankton was
carried out by passing a known (1-5 litres) volume of
sample water through the plankton net (mesh size 20
¼m). The filtered samples were preserved by adding
a few drops of 4% Formalin solution. Enumeration
of phytoplankton was done by Sedgwick Rafter cell.
Results were recorded in individuals per litre. Micro
photographs of the plankton were taken using camera
attached compound microscope Leica DM500. The
works of Philipose (1982, 1984, 1988), Woloski and
Hindák (2005), Ciugulea and Triemer (2010) and
Triemer and Zakry[ (2015) and online websites like
Phycokey and Algaebase were considered for the
identification of phytoplankton.
Environmental parameters such as pH, Water
Temperature were measured in situ using a portable
pH meter and centigrade thermometer respectively.
Rainfall data was collected from the Indian

Meteorological Department, Thiruvananthapuram.
Total Dissolved Solids (TDS) and Electrical
Conductivity (EC) were measured using Conductivity
meter MK 509. Dissolved Oxygen (DO), Biological
Oxygen Demand (BOD), Chemical Oxygen Demand
(COD), Total Alkalinity (TA), Total Hardness (TH),
Magnesium (Mg2+), Calcium (Ca2+), Sodium (Na),
Potassium (K), Nitrate-Nitrogen (NO3--N), NitriteNitrogen (NO2--N), Phosphate (PO43-) and Silicate
were analyzed using standard methods (Wetzel and
Likens, 1991; Trivedi and Goel (1986): APHA, 2005).
The euglenoid compositions in relation to
environmental parameters were performed using
Canonical Correspondence Analysis (CCA) using
Paleontological Statistics Version 3.10.
RESULTS AND DISCUSSIONS
The mean variations (Mean±SD) in hydrographic
parameters for the study period are given in Tables 1
and 2. The range of rainfall was 30.5 to 499.0 mm
during 2013-14 study periods and the average rainfall
was 158.0mm whereas, for the study period 2014-15
the range of rainfall was between 3.5 to 526.4mm
and the average rainfall was 161.3mm.

Table 1 Mean variation (Mean±SD) in hydrographical parameters for Museum Lake for year 1.
Parameters
Water Temperature(oC)
pH
DO
BOD
COD
Total Alkalinity (TA)
Nitrate-Nitrogen (NO3-N)
Nitrite-Nitrogen (NO2-N)
Calcium (Ca)
Total Hardness (TH)
Magnesium (Mg)
Phosphate (Phos)
Silicate (Sili)
Sodium (Na)
Potassium (K)
TDS
Conductivity

Pre Monsoon
23.7±1.5
6.9±0.42
11.29±10.98
10.07±10.11
43.60±16.30
21.56±2.99
1.73±1.55
0.39±0.30
13.4±5.95
69.44±26.76
13.30±5.30
6.87±3.22
5.35±5.19
4.88±2.17
6.16±4.48
76.30±7.35
156.20±6.28

Monsoon
23.25±0.5
6.8±0.34
8.28±4.02
8.29±4.29
30.08±9.67
16.63±3.38
3.99±1.54
0.90±0.21
18.65±3.59
62.59±8.22
14.11±5.88
3.46±2.12
8.06±3.35
4.94±1.22
12.24±10.81
77.72±3.47
147.10±8.16

Post Monsoon
23±0.82
6.9±0.52
8.08±5.11
6.00±5.45
43.35±10.35
17.35±1.27
2.60±0.07
0.22±0.18
17.23±3.05
63.25±30.54
11.03±6.77
1.43±0.91
9.72±3.00
5.13±1.05
11.68±11.48
76.41±10.46
153.88±6.05

(WT- oC; DO, BOD, COD, TA, NO3-N, NO2-N, Ca, Mg,TH, Phos, Na, Sili and K- mg/l; TDS and
Conductivity- m mho)
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Table. 2 -Mean variation (Mean±SD) in hydrographical parameters for Museum Lake for year 2.

Parameters
Water Temperature(oC)
pH
DO
BOD
COD
Total Alkalinity
Nitrate-Nitrogen
Nitrite-Nitrogen
Calcium
Total Hardness
Magnesium
Phosphate
Silicate
Sodium
Potassium
TDS
Conductivity

Pre Monsoon
24±0.96
7.05±0.58
6.10±3.33
5.31±3.50
38.47±15.32
15.18±7.65
4.10±4.70
0.38±0.36
13.38±4.61
30.48±12.59
4.52±3.62
2.79±1.13
8.31±5.43
4.17±1.68
4.82±5.43
75.73±7.03
160.68±13.12

Monsoon
23±0.82
6.8±0.32
7.2±3.71
6.79±5.1
36.09±10.44
17.19±2.67
3.03±0.77
0.58±0.24
19.54±5.78
62.41±12.69
10.45±4.45
3.67±1.91
6.5±2.55
8.3±2.56
3.56±0.85
72.01±6.65
137.67±8.35

Post Monsoon
23±0.82
6.6±0.2
4.88±2.06
3.48±0.66
45.87±6.20
16.69±0.90
2.88±2.37
0.14±0.02
13.79±1.91
61.23±0.54
11.32±3.59
1.66±0.53
6.27±2.75
6.31±0.54
13.32±9.60
71.55±3.56
144.79±16.43

(WT- oC; DO, BOD, COD, TA, NO3-N, NO2-N, Ca, Mg,TH, Phos, Na, Sili and K- mg/l; TDS and
Conductivity- m mho)
Twenty three species belonging to the family
Euglenophyceae were recorded from the Museum
Lake in Thiruvananthapuram. The genus Euglena,
Lepocinclis, Phacus and Trachelomonas were the
genus noted. Euglenaria clepsydroides (28 cells/
L) is the euglenoid which is a new geographic record
from India (Ajayan and Ajit, 2016) was observed from
the Museum Lake during the study period. Euglena
deses (n=2952 cells/l) and Trachelomonas volvocina
(n=2446 cells/l), T.hispida (n=1158 cells/l) were the
highest recorded euglenoids from Museum Lake.
Euglenoids were highest during the PreM1 and lowest
during Mon2. Among them, Phacus acuminatus,
P.orbicularis, P.rotunda and P.skujae were
observed in all the study seasons. With respect to
seasonal diversity patterns, E. deses showed a
decreasing pattern during Mon1 and later increased
during the PreM2. The seasonal diversity of
euglenoids from the Museum Lake is given in Fig: 1.
They are abundant during the summer period when
the water temperature is raised and the light levels
are high (Subakov-Simi, 2006; Predojevi et al., 2015).
Trachelomonas cylindrica, T. naviculiformis were
observed only during PreM2.

Fig: 1 Seasonal Diversity of Euglenoids observed from
Museum lake, Thiruvananthapuram for the study
period.
The Canonical Correspondence Analysis (CCA) was
performed to determine the ecological relationship
between twenty three euglenoids and eighteen
environmental variables. The list of euglenoids with
species code used in CCA are given in Table: 3. In
the present study, percentages of variance and Eigen
values of each study season in axis 1 are higher than
the axis 2 and similar observations are reported by
Liu et al., (2010), Sharma et al., (2015). The effect
of multiple set of environmental variables on the
variability of plankton species is clearly evident from
the triplot obtained by CCA method for the two
separate study periods.
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Table: 3- List of Euglenoids from Museum Lake for Canonical Correspondence Analysis (CCA) with Species
Code
Euglenoid Species
Euglena deses Ehrenberg
Euglenaria clepsydroides
B.Zakrys
Lepocinclis fusiformis
(H.J.Carter) Lemmermann
Lepocinclis horridus Pochmann

Species
Code
1
2

Euglenoid Species
Phacus skujae Skvortzov
Trachelomonas caudata
(Ehrenberg) F.Stein
Trachelomonas conica Playfair

3
4

Lepocinclis ovum (Ehrenb.)
Lemm. var. bütschlii Conr.
Lepocinclis ovum var.gracilicauda Deflandre
Phacus acuminatus Stokes

5

7

Phacus granum Drezepolski
Phacus orbicularis K.Hübner

8
9

Phacus longicauda var.rotunda
(Pochmann) Huber-Pestalozzi
Phacus pleuronectus (O.F.Müller)
Nitzsch ex Dujardin
Phacus rotunda (Pochmann)
Zakrys & M.Lukomska

10

6

11
12

Species
Code
13
14
15

Trachelomonas
conica var. richmondiae Playfair
Trachelomonas cylindrica
Ehrenberg
Trachelomonas hispida (Perty)
F.Stein
Trachelomonas naviculiformis
Deflandre
Trachelomonas playfairii Deflandre
Trachelomonas raciborskii
Woloszynska
Trachelomonas superba Svirenko

16

Trachelomonas volvocina
(Ehrenberg) Ehrenberg

23

In the present study, CCA drawn between 18
environmental variables and twenty three euglenoid
species (Fig: 2) had an eigen value for axis 1 (0.180)
explained 52.64% correlation and axis 2 (0.113)
explained 33% correlation between the variables and
the plankton species. The length of the arrow in the
CCA triplot shows a positive or negative correlation
with the variables (Abrantes et al., 2006; Liu et al.,
2010, Sharma et al., 2016). The results showed that
the variations in dominant phytoplankton species was
mainly affected by the hydrographical parameters like
rainfall, water temperature, pH, Dissolved Oxygen,
Calcium, Magnesium and Silicates on their distribution
in the Museum Lake.
Fig: 2 CCA Triplot showing the relation between
twenty three euglenoid species and the eighteen
environmental variables from Museum Lake,
Thiruvananthapuram for the study period.
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17
18
19
20
21
22

pH is an important parameter that determines the
growth of aquatic organisms. A pH of water below
8.0 is considered as suitable for the growth of
euglenineae (Zakrys and Walne, 1994; Rahman et
al., 2014). Similar results were observed by
Venketeswarlu (1969) in River Moosi where he found
an average pH of 7.7 resulted in 5.1% increase in
euglenoids and at a higher pH of 8.2 the growth
abundance of euglenoids decreased to 1.93%. In
the present study, a pH range of 6.5-7.6. From the
triplot it is clearly understood that the growth of
Phacus acuminatus and P.orbicularis is determined
by pH on water. Along with pH, water temperature,
sodium, potassium, hardness and alkalinity in water
determined the seasonal growth in Museum Lake.
Euglena deses was the most dominant euglenoid
observed from the Museum Lake. They showed an
increased growth during the pre monsoon and post
monsoon seasons and it is well evident from the results
of CCA analysis also. E.deses had a negative
correlation with rainfall. The present results are in
consistent with the results of Zafar (1959), Barone
and Flores (1994), Kim and Boo (1996, 2001). The
next important parameter that determined the growth
of these planktons was nitrites, calcium, and
magnesium. They were the key factors for Phacus
longicauda var.rotunda. There was a negative
correlation with nitrite and magnesium. They were
highest during the PreM2 and PoM2 (34cells/l) where,
the concentration of Nitrite and magnesium was 4.52
and 0.14 mg/l respectively. From the CCA plot it is
evident that the growth of Phacus pleuronectus is
negatively influenced by calcium in water whereas,

their growth suppressed the growth of Lepocinclis
ovum var.gracilicauda. During PreM1, the
concentration of calcium was 13.4 mg/l and the
number of these plankton were 183 cells/l and the
individuals L. ovum var.gracilicauda were
completely absent at these season. This decrease may
be due to the competition with the dominant and
abundant plankton species. Trachelomonas
volvocina was influenced by the presence of Nitrates
and Phosphates and it is also confirmed in the CCA
triplot. The success growth of Euglenophyceae
members is influenced by reduction of flow and
accumulation of organic matter (Santana et al., 2016).
The growth of T.volvocina is most importantly
influenced by higher concentrations of nitrates and
phosphates in the form of organic wastes. A similar
conclusion was made by Reynolds et al. (2002);
Rosowski (2003) and Santana et al., (2016).
Lepocinclis horridus and L. ovum var.butschlii
showed negatively influenced by silicates in water.
At the same time their growth was also fluctuated by
the dominant plankton Phacus rotunda which is very
clear from the CCA analysis.
The distribution of Euglenaria clepsydroides from
Museum Lake was influenced by rainfall rate and
also by the negatively influenced by the dominant
euglenoid Trachelomonas caudata. It is clear from
the CCA triplot that the distributions of euglenoids
like Phacus granum, Trachelomonas cylindrica,
T. naviculiformis, T.raciborskii and T. superba
showed some fluctuations and it was not influenced
by any of the environmental variables. This may be
due to overgrazing of the next trophic level organisms
and leaving only those planktons that are resistant to
grazing (Reynolds, 1987; Holzmann, 1993). The
distribution of T.hispida was influenced by rainfall.
During the heavy rainfall seasons- Mon1 and Mon2
they showed a decreasing pattern in growth. Kim
and Boo (2001) and Rahman et al., (2014) reported
a bimodal pattern in the distribution of euglenoids in
waterbodies, with a maximum growth during the pre
monsoon and post monsoon seasons.
Euglenoids are cosmopolitan in distribution inhabiting
in a wide range of environment especially found in
eutrophic waterbodies (Kim et al,. 1998). They
respond to their sudden changes to environmental
conditions and thus euglenoids are considered as an
excellent bio indicators. Because of their nutritional
needs and their position at the base of aquatic food
web, phytoplankton indicators provide relatively unique
information concerning ecosystem condition
compared with commonly used animal indicators.
These pollution tolerant euglenoids provide potentially
useful early warning signals of deteriorating conditions
of disturbed ecosystems. Among the pollution tolerant
algae listed out by Palmer (1969) includes Euglena
deses, Phacus pleuronectus and Trachelomonas
volvocina from Museum Lake.

CONCLUSION
This paper summarizes the diversity and seasonal
distribution of twenty three euglenoid algae and the
most influencing environmental variable on its
occurrence from Museum Lake. Among the eighteen
environmental parameters studied rainfall, pH, water
temperature, sodium, potassium, calcium, magnesium,
DO, phosphate, silicate and nitrates determined the
growth and distribution of them. It showed a marked
seasonal variation as they had a higher density during
the summer season and lower during the heavy rainy
season. Pollution tolerant Euglena deses, Phacus
pleuronectus and Trachelomonas volvocina from
Museum Lake reveals the changing and eutrophic
condition of the waterbody. This paper further
confirms the importance of phytoplankton in bio
monitoring and also the importance of still unexplored
euglenoid studies from Kerala state.
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ABSTRACT
The family Myrtaceae belongs to the order Myrtales which include 130-150
genera and about 5650 species worldwide. In the Western Ghats, about 19
genera have been reported with 137 species. Of the 19 genera reported,
Syzygium is one of the important genera reported worldwide distribution.
About 54 species of Syzygium Out of 52 species of Syzygium reported, about
18 species are under threat of extinction and enlisted in Red List Category by
IUCN. Of the 18 species included under Red list, species like Syzygium
myhendrae, S. parameswaranii, S. sriganesanii were not received much
attention among conservation biologists. All the three trees face severe
problems due to low seed viability, the incursion of exotic trees into the forest
area, an extension of agricultural land, illegal timber trading, forest degradation
and depletion by human invasion. Their rarity in the Western Ghats indicates
thinner population status and therefore warrants immediate action for its
conservation and restoration. A proper conservation measure has to be taken
for their effective conservation and regeneration.

INTRODUCTION
Myrtaceae an economically and taxonomically
significant family belongs to the order Myrtales which
include 130-150 genera and about 5650 species in
worldwide. In the Western Ghats alone about 19
genera have been reported with 137 species. The
family Myrtaceae is native in the tropics, particularly
in tropical America as well as Australia and plants of
this family are known to be rich in volatile oils which
are reported for their medicinal importance. The
family is easily distinguished from the related families
by tanniniferous evergreen trees or shrubs with
simple and more or less pellucid punctate leaves,
which have curving nerves anastomosing distally into
prominent intramarginal nerves; actinomorphic,
bisexual flowers with calyptrate or non-calyptrate
petals; calyx-tube with adnate epigynous ovary with
numerous epigynous stamens.
About 1,100 species of trees and shrubs which have
a native range extending from Africa to Madagascar
to Southern Asia (Raju et al., 2014). Within the
Myrtaceae, the species belonging to the genera
Corymbia, Eucalyptus and Syzygium are widespread
in tropical and temperate regions of the Southern

hemisphere (Wilson et al., 2001). The evergreen
forest in the high ranges of southern Western Ghats
is the potential center for the distribution of the genus
Syzygium in India. The genus comprises about 1200
species, and has a native range that extends from
Africa and Madagascar through Southern Asia east
through the Pacific. Out of 1200 species reported
from the world, 54 species were reported from India
including the 52 species in the Western Ghats. Most
of the species of Syzygium are economically
important as they are a source of timber, essential
oils, spices, edible fruits, fuelwood and also in folk
medicine.
Because of the high medicinal and economical values,
most of the species of Syzygium are overexploited
for their valuable compounds and thereby they are
under severe threat of extinction. Out of 52 species
of Syzygium reported from the Western Ghats, about
18 species are under threat of extinction and enlisted
in Red List Category by IUCN. Of the 18 species
included under Red list, species like Syzygium
myhendrae (Bedd.ex Brandis) Gamble, S.
parameswaranii Mohanan & Henry and S.
sriganesanii Ravikumar & Lakshmanan were not
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received much attention from conservation biologists.
These species were reported from both Kerala and
Tamil Nadu and they have not any remarkable or
commercial value. But all the three species have edible
fruits which are the food sources for many birds and
animals. The factors like habitat degradation, climatic
factors, lesser seed establishment are affected the
population of these species. To prevent population
reductions, alternative strategies are to be developed
to protect these little known important tree species.
For the assessment of population status of these
species, extensive field trips were conducted in
different forest areas of southern Western Ghats of
Kerala and Tamil Nadu.
MATERIALS AND METHODS
Botanical explorations were conducted in different
forest areas of Tamil Nadu and Kerala. During the
field, specimens were collected, identified,
documented and systematic treatment of the species
was also carried out. The doubtful specimens were
identified by the consultation with reputed herbaria
and also by standard literature. The details regarding
the information on distribution, phenology and threat
status of the species were documented with various
field researchers.
RESULTS
Syzygium myhendrae (Bedd. ex Brandis) Gamble
Medium sized trees, upto 12 m high, bark greyish pink;
branchlets tetragonous. Leaves aromatic, simple,
opposite, estipulate; petiole 2–5 mm long, slender,
glabrous; lamina 3–7 x 2–2.5 cm, oblanceolate or
obovate, base cuneate, apex obtusely acuminate, tip
of acumen obtuse, margin entire, glabrous,
coriaceous; lateral nerves many, slender, close,
parallel, obscure, looped at the margin forming
intramarginal nerves; intercostae reticulate, obscure.
Flowers; petals free, bisexual, small, white, sessile in
terminal corymbose cymes of umbellules, branches
of inflorescence quadrangular; calyx tube 3mm,
turbinate; lobes 4, round, petals 4, caducous; stamens
many, regularly folded at middle in bud, 5mm long;
ovary inferior, 2-celled, ovules many; style filiform,
shorter than the stamens; stigma simple, acute. Fruit
sessile, 7–8 mm across, globose, pink-purple, crowned
by persistent calyx limb.
Phenology: Flowers in June and fruit set in
September.
Distribution and ecology: Syzygium myhendrae
is mainly distributed in Karnataka, Kerala and Tamil
Nadu. However, the distribution of species has been
restricted to a smaller area. The population has
degraded severely and exists in very few forest areas
of Tamil Nadu and Kerala. (A. Image 1&2)
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A)Fig. 1. Tree of Syzygium myhendrae
Fig. 2. Flower of S. myhendrae
IUCN Threat Status: Endangered B1+2C Ver 2.3
Syzygium parameswaranii Mohanan & Henry
Trees, 4-10 m tall, bark smooth, reddish inside;
branchlets tetragonous. Leaves simple, opposite, 2.53 x 1.8-2.5 cm, ovate, round at base, obtuse or
subacute at apex, margins recurved, coriaceous,
sessile; midrib channelled above, prominent below
drying yellowish brown; main nerves numerous,
parallel, evident above, prominent beneath, looping at
the margin; marginal vein very close to the margin;
secondary lateral nerves close, inconspicuous; petiole
1-1.5 cm long, thin, glabrous, channelled above.
Inflorescence 2 x 2 cm, glabrous; subsessile,
condensed, many flowered; peduncle 5-7 mm long,
slender, sub-round or quadrangular. Flowers 17 x 6
mm, funnel shaped, terminal or axillary, clustered pale,
yellow; pedicel 3 mm long, slender, glabrous. Calyxtube 8- 10 mm long, glabrous; lobes 4, 1 x 1mm, ovate,
obtuse at apex, glabrous. Petals 4.3x 2.5 mm,
suborbicular, obtuse at apex, gland-dotted. Stamens
3-5 mm long; filaments dilated at base. Ovary 2 x 1.4
mm, 2-locular with many ovules in each chamber;
style 5-6 mm long; stigma simple. Fruits 1.7 x 0.5 cm,
persistent calyx ring present at the top.
Phenology: Flowers in January and fruit set in April.

Distribution
and
ecology:
Syzygium
parameswaranii is mainly distributed in Kerala and
Tamil Nadu. The previous literature suggested that,
it is an endemic species of southern Western Ghats.
Since being a non-commercially important species,
the distribution is restricted to small areas of Tamil
Nadu and Kerala. Also, there was no synchronous
flowering observed in all the study sites (B. Image
3)

is only reported from Megamalai, Tamil Nadu. It is a
recently described species and reported as a strict
endemic species of Megamalai hills. The population
and mature individuals of their species are growing
in a private tea estate and coffee plantation.
Therefore, there is a chance for fast declining of this
little-known species. The fruits are edible and
medicinally important (C. Image 4,&5)

C)Fig. 4. Flower bud of Syzygium sriganesanii
Fig. 5. Fruit of Syzygium sriganesanii

B)Fig. 3. Flower of Syzygium parameswaranii
IUCN Threat status: Endangered B1 +2C Ver 2.3.
Syzygium sriganesanii Ravikumar &
Lakshmanan
Trees upto 20 m tall; bark smooth, grey; branchlets
distinctly 4-angled, glabrous. Leaves opposite, sessile
in upper portion or subsessile in lower portion, oblongelliptic, rarely ovate or suborbicular, 3.5-8 x 1.5-3cm,
obtuse to rarely shortly acute at apex, entire to
deflexed along margins, coriaceous, glabrous, shiny;
leaf scars distinct and conspicuous; petiole 1 mm long,
twisted; midrib depressed above, raised below; nerves
obscure, close-set, many. Cymes 3-5cm long, 1-3
flowered. Flowers in terminal trichasial corymbose
cymes, 1 cm across.Calyx-tube obconical, 1-2cm long,
glabrous, grooved and truncate at apex, green; tooth
5, triangular, 1x 1 mm, glabrous.Petals suborbicular,
8 mm across, white. Stamens many, subequal, slender,
pale pink. Ovary oblong, 1 mm long. Berries obconical,
2 x 1cm, cuneate at base, with hollow depression at
apex, orange-yellow when mature; seed 1, obconical,
1.8 cm long, fibrous, white.
Phenology: Flowers in April and fruit set in
November.
Distribution and ecology: Syzygium sriganesanii

DISCUSSION
The field study conducted at different forests areas
of southern Western Ghats revealed that the above
three species of Syzygium are endemic to the southern
Western Ghats. The trees grow mostly in the hills
slopes and nearby streams. It also confirmed that, a
lesser number of mature individuals alone existing in
the wild. All the three trees have small berries with
pulpy and edible fruits. The viability of the seeds was
identified as very less (10-13). Most parts of the seeds
were washed away from the soil to nearby streams
and waterfalls.
All the three trees face severe problems due to their
low seed viability, the incursion of exotic trees into
the forest area, an extension of agricultural land, illegal
timber trading, forest degradation and depletion by
human invasion. It has a direct effect on the reduction
of tree population in the natural habitat. Low seed
viability is the major cause of the decline of the
population. The decrease in the population also
affects the retention of animals and birds which use
the fruits as their foods. Their rarity in the Western
Ghats indicates thinner population status and therefore
warrants immediate action for its conservation and
restoration. Species loss or extinction is an inadequate
measure of biodiversity loss so a proper conservation
measure has to be taken for their effective
conservation and regeneration.
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ABSTRACT
Oribatid mites constitute the numerically abundant mesofaunal element of the
soil ecosystem, performing extremely vital roles in ecosystem processes like
biodegradation, organic decomposition and nutrient cycling, bioindication,
biological control and so on. The litter of Acacia auriculiformis on which the
present investigation is focused is a highly recalcitrant material is subjected
to very slow rates of degradation in the soil ecosystem, being rich in lignin
and phenolic compounds. The present study is short term attempt to make an
analysis of the faunal composition of oribatid mites associated with the
decomposing litter of Acacia, carried out in the selected localities of Calicut
University Campus, Malappuram Dt., of Kerala. The oribatid mites extracted
out from the litter were collected into 70% alcohol for taxonomic studies, after
dehydrating in alcohol series and keeping in clearing medium (alcohol:lactic
acid mixed in 1:1 ratio) for varying periods, depending upon the sclerotization
of mite specimens. Identification of the individual species was made following
the identification keys and species confirmation was made following the latest
oribatid catalog of Subias. The results of the study yielded members of 10
genera and 10 families viz. Phthiracaridae, Otocepheidae, Trhypochthoniidae,
Oppiidae, Caloppiidae, Licneremaeidae, Haplozetidae, Scheloribatidae,
Protoribatidae and Galumnidae. Association of both primitive and higher families
of oribatids was observed with Acacia litter, though members of higher families
dominated. Scheloribates was recognized as the dominant genus, followed by
Zetorchella. Members of Allonothrus and Trachyoribates also were found as
common representatives. Members of Pergalumna and Protoribates showed
moderate distribution. However, members of Phthiracaridae, Otocepheidae,
Oppiidae and Licneremaeidae showed only scanty distribution. The paper
further discusses the species diversity of these mites and their relative
distribution pattern in the sites.

INTRODUCTION
Oribatid mites represent one of the most abundant
mesofaunal group exhibiting extreme diversity and
richness in species composition in almost all soil types,
especially in the tropical and temperate ecosystems.
These mites perform several vital roles in ecosystem
processes such as organic decomposition, nutrient
cycling, bioindication, biocontrol and so on. As an
integral component of decomposer food chain they
promote litter degradation through three process; 1)
direct feeding on litter 2) litter fragmentation or
dispersal of microbial propogules 3) feeding and
dispersing microorganisms ( Lussenhop, 1990).
Litter of Acacia auriculiformis A.Cunn. ex Benth,
on which the present study was focused is a highly

recalcitrant material . The litter of Acacia plants
were proved to be the abundant source of lignin
and phenol (Martinez et al. 2010), which in turn
would retard the smooth process of degradation by
the detritivores in the soil ecosystem. Therefore,
degradation of Acacia litter has been recognized as
a very slow process under natural conditions. Being
one of the predominant ingredients of the detritivorous
food chain coupled with the possession of diverse
feeding habits, oribatid mites enjoy distribution in a
wide range of habitats, and play very crucial role in
organic decomposition and subsequent nutrient cycling
in terrestrial ecosystem. However, despite the
dominance of these mites in all types of litter layers
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and their significant role in humification process, no
significant studies have been undertaken so far to
explore the faunal diversity of oribatid mites
associated with Acacia litter and to elucidate the
possible role exerted by these mites in decomposition
of Acacia litter. This prompted to carry out the
present work as a short term attempt to analyse the
faunal composition of oribatid mites associated with
the decomposing litter of Acacia plants growing in
the Calicut University Campus.
MATERIALS AND METHODS
Study site
Collection of Acacia litter was made from selected
plots of Acacia cultivation, located in the Calicut
University Campus, Malappuram Dt. of Kerala. The
University Campus is a secondary shrub jungle,
which spans over an area of 526.36 acres, and it
harbours varied types of vegetation. In isolated
localities of the Campus, Acacia plants (Acacia
auriculiformis have also been planted as a part of
the social forestry programme instituted by the Govt.
of Kerala. For the present study, four sites were
selected, all characterized by monoculturing of A.
auriculiformis.
Collection of acacia litter was done mainly during the
early morning and evening hours for a two months
period, from December, 2016 to January, 2017.
Random samples of Acacia litter were collected after
removing the topmost layer and scooping the
decomposing litter underneath it carefully, without
making any disturbance to the faunal ingredients
residing the litter. The scooped litter were kept in
polythene bags, labeled and immediately transported
to the laboratory for subsequent extraction. In the
laboratory, the litter from the polythene bags were
transferred to the sample container of the open brass
funnel apparatus and kept for extraction under electric
bulbs of 60-100W for 2-3 days. The extracted oribatid
specimens were collected in 70% alcohol taken in
the collection vials which were kept beneath the tail
end of the brass funnels of the extraction apparatus.
For taxonomic studies, the alcohol preserved oribatid
specimens were dehydrated in alcohol series, and
cleared in a clearing medium (1:1 mixture of lactic
acid and alcohol). The cleared specimens were slide
mounted in glycerine / Hoyer’s medium and dried in
an oven. The slide mounted specimens were identified
following the identification keys of Balogh (1972),
Balogh and Mahunka (1986), Balogh and Balogh
(2002) and other relevant literature. Confirmation of
each taxon was made following the latest Oribatid
catalogue of Subias (2004, updated in 2016).
RESULTS
Results of the present study disclosed a very low
composition of oribatid mites in Acacia litter, as
indicated in table-1 and members of 10 genera were
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recovered under 10 families. The oribatid families
identified were Phthiracaridae, Otocepheidae,
Trhypochthoniidae, Oppiidae, Caloppiidae,
Licneremaeidae, Haplozetidae, Scheloribatidae,
Protoribatidae and Galumnidae. Association of both
primitive and higher families of oribatid mites could
be observed along with Acacia litter, though members
of higher families dominated. Scheloribates Berlese,
1908 was recognized as the dominant genus, followed
by Zetorchella Berlese, 1916. Members of
Allonothrus Hammen, 1953 and Trachyoribates
Berlese, 1908 also were found as common
representatives. Members of Pergalumna Grandjean
1936, Galumna von Heyden, 1826 and Protoribates
Berlese, 1908 showed a moderate distribution.
However, members of Phthiracaridae, Otocepheidae,
Oppiidae and Licneremaeidae showed only scanty
distribution.
The species recovered from Acacia litter during the
study were Dolicheremaeus sp., Scheloribates (S)
praecineisus praecineisus (Berlese 1910),
Pergalumna sp., Galumna sp. Zetorchella sp.,
Trachyoribates sp., Allonothrus(A) giganticus
(Haq
1978),
Licneremaeus
sp.,
Protoribates(Trianguis) seminudus(Hammer 1971),
Oppia sp. The phthiracarid member collected during
the study could not be identified up to the generic
level.
Out of the four sites selected, site I showed more
diversity, where as the site III showed the presence
of primitive family like Phthiracaridae. The
distribution of Licneremaeus was found restricted to
site II alone while Dolicheremaeus showed distribution
in two sites. Site IV disclosed the presence of the
Oppiid member. Scheloribates and Zetorchella were
found distributed in all the four sites screened and
were found primarily associated with the degradation
of Acacia litter.
DISCUSSION
Litter of Acacia auriculiformes was found support
only very low diversity of oribatid mites, as observed
during the present study a very less Oribatid diversity.
However, being a very primary work, the recovery
of 10 species under 10 genera and 10 families seems
to be encouraging and more exhaustive and indepth
studies may probably unravel more number of oribatid
taxa associated with Acacia litter. During the present
study, Scheloribates (S.) praeincisus praeincisus
and Zetorchella sp. were recognized as the most
dominant species distributed in all the four localities
studied. Members of Scheloribates generally possess
wide range of distribution and feeding habits and can
survive even in less humid ecosystems (Franklin et
al. 2006). Widely distributed species of Scheloribates
like S. moestus were reported to play very important
roles in litter degradation by increasing the
mineralization of C and N, by accelerating

extracellular enzyme activities, by altering the
molecular chemistry of decomposing litter and by
making variations in initial litter chemistry (Wickings
and Grandy, 2011). , the litter of A. auriculiformis
from Greece (Seniczak and Seniczak, 2006) was
found inhabited by four species of oribatid mites only,
with a domination of Pilogalumna sp . However,
the results of the present study enabled to recover
more number of oribatid taxa, comprising 10 species
under 10 genera and 10 families, thereby revealing
Family

species, Scheloribates (S.) praecineisus
praecineisus in Acacia litter. In the present study,
species like Protoribates (Trianguis) seminudus
and Allonothrus(A.) giganticus are rep showed their
distribution in the localities screened and this seems
to be the first report from the litter of A.
auriculiformis

Species

Sites
Site I

Site II

Site III

Site IV

Otocephidae

Dolicheremaeus sp.

+

-

-

+

Scheloribatidae

Scheloribates (S.)
praeincisus praeincisus

+

+

+

+

Galumnidae

Pergalumna sp.

-

-

+

-

Galumna sp.

+

-

-

-

Caloppiidae

Zetorchella sp.

+

+

+

+

Haplozetidae

Trachyoribates sp.

+

+

-

+

Trhypochthoniidae Allonothrus (A.) giganticus

+

-

-

+

Licneremaeidae

Licneremaeus sp.

-

+

-

-

Protoribatidae

Protoribates(Trianguis)
seminudus

-

-

+

-

Table 1 showing the distribution of Oribatid mites in Acacia litter in four sites, ‘+’ sign
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ABSTRACT
The Neyyar Wildlife Sanctuary is situated in the southern part of Kerala State
in India and is spread over the southeast corner of the Western Ghats. The
sanctuary has a total area of 128 km2and is located between 77° 8’ to 77° 17’
East longitude and 8° 29’ to 8° 37’ North latitude. Although it was declared as
a sanctuary in 1958, only during 1985, when a separate wildlife wing was
setup, the conservation efforts have gathered momentum. The towering peak
of Agasthyarkoodam at an elevation of 1868 m is a prominent landmark and
the highest point. The River has three tributaries namely, Karavalliar, Mullayar
and Kallar. An effort has been made here to apply rapid bio-assessment protocol
associated with aquatic insects as a model approach to monitor the water
quality of Neyyar River. The primary objective of this study was to identify
fresh water Benthic Macro invertebrates including aquatic insects, crustaceans,
mollusks, platy-helminthes etc and to find out the biological water quality
using Biological Water Quality Criteria (BWQC) developed by Central Pollution
Control Board (New Delhi). Aquatic insects and their larvae were identified up
to family level with the help of suitable key. Samples were collected from five
stations of the River Neyyar, from the origin to Poovar, during pre-monsoon
and monsoon period in 2011. The results showed that the un-disturbed upper
river zone has complete sensitive taxa namely Ephemeroptera, Plecoptera and
Trichoptera (Clean, Category A), the other two stations falls under the
category B which is slightly polluted and the last two stations were found
heavily polluted(Category D) due to intensive anthropogenic activities,
according to the Biological Water Quality Criteria (BWQC). The findings of
the study can be used as a biological indicator for river water quality
assessment.

INTRODUCTION
Biological diversity means the variability among the
living organisms from all sources including terrestrial,
marine and other aquatic ecosystems (Harper and
Hawksworth, 1994). This includes diversity
withinspecies, between species,and ofecosystems.
Biological diversity refers to the entire body of
organism, their ecological complexity within the
environment and all the ecological processes in
relation to these systems (Harper and Hawksworth,
1994). Approximately 30 million species are
foundworldwide, of which about 1.4 million have been

briefly described; of these, about 750,000 are insects.
Insects now comprise 75% of all described animal
species and exhibit not only a rich variety of form,
color, and shape, but also a range of ecological
adaptations unexcelled by any other group (Cheng,
1976).
Benthic macro invertebrates are organisms without
backbones that inhabit the bottom substrates (for
example, sediments, debris, logs, macrophytes and
filamentous algae) of their habitats, for at least part
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of their lifecycle (Rosenberg and Resh, 1993). Macro
invertebrates are visible to the naked eye and are
retained by mesh sizes greater than or equal to 200500 micrometers. Benthic macro invertebrates include
insect larvae, annelids (leeches), oligochaetes
(worms), crustaceans(crayfish and shrimp), mollusks
(clams and mussels) and gastropods (snails). Insect
larvae tend to be the most abundant benthic macro
invertebrates in freshwater aquatic ecosystems.

3,Mandapathinkadavu, at its bank and all the waste
product from the farm was found to be released into
the river. The substrate around the station consists
mainly of clay andsand with cobbles. Station 4
Erattinpuram, has an average width of 25 m, with
boulders, cobbles,pebbles, gravel, clay and
macrophytes. Poovar was the last site or the
discharge site where Neyyar River joins the Arabian
Sea (estuary).The Substrate consists of sand and clay.
The sampling was conducted at each site during apreAs benthic macro invertebrates tend to remain in their
monsoon and monsoon season of 2011(Table 1 and
original habitat, they are affected by local changes in
2).
water quality. Some are capable of tolerating high
loads of pollution than others. Thus if the pollution is Benthic sampling
severe or is moderate but sustained over time, the
The procedures employed for sampling of biological
whole community structure may simply in favor of
parameters were developed by Central Pollution
tolerant species. Although the abundance of certain
Control Board (CPCB, New Delhi). Samples were
species may increase, the diversity and species
drawn from five stations of Neyyar River, Various
richness (the number of different species in a given
measurements such as latitude, longitude, altitude,
area) decreases. By assessing indicator species,
temperature, average depth; approximate width and
diversity and functional groups of the benthic macro
main stream flow sites were noted during sampling.
invertebrate community, it is possible to determine
Sampling should be carryout during availability of
the water quality (Cheng ,1976).Kerala has a totalarea
ample amount of sunlight in the field. Benthic (bottom
of 38,863 km2,consists of 14 districts and 44 rivers.
dwelling) larvae were collected and identified from
However many of these are under threat due to
the origin of the river to the discharge site. Sampling
various levels of anthropogenic activities. Wetland
was made from tributaries and from a variety of upland
filling and sand mining are the prime problems
headwaters as well as low land rivers. Collection
threateningthe river systems of the state. The main
methods include the use of benthic nets (D net) and
objective of the study was to evaluate the water
Kick screens. The stream current was used to wash
quality of the River Neyyar, the southernmost river
the specimens physically from the substrates, and the
of Kerala, using benthic macro invertebrates as
aquatic insects were surveyed on cobbles, rock, large
indicator species and thereby to develop a bio map of
woody debris, decaying leaves and dislodgable
the River for further monitoring and conservation
boulders to find the attached larvae and pupae.
purposes.
Identification of specimens to the most refined
STUDY AREA
taxonomic level possible will commence immediately
after the collection with the help of keys for
The Neyyar River is a river of south- western India
identification.
in the Western Ghats. It flows from the
Agasthyamala (also known as Agastharkoodam) hills To assess the actual health of water bodies, CPCB
of Thiruvananthapuram district Kerala State. The has derived a Biological Water Quality Criteria
River passes through Neyyattinkara taluk and finally (BWQC) for water quality evaluation (Table 3). This
meanders its way to the Arabian Sea near Poovar. It system is based on the range of saprobic values and
has a total length of 56 Km. Tributaries include The diversity of the benthic macro invertebrate families
Kallar River, Mullayar River, and the Karavaliyar with respect to water quality. Saprobic score method
River. Several small canals intercept the river and involves a quantitative inventory of the presence of
also the Neyyar irrigation project is implemented macro-invertebrate benthic fauna up to family level
alongthe course of the river.
of taxonomic precision. All possible families having
Saprobic indicator value are classified on a score scale
MATERIALS AND METHODS
of 1 to 10 according to the preference for Saprobic
Sample Stations
water quality. The families which are more sensitive
to pollution are getting a score of 10 while the most
A total of five sample stations were taken for the
pollution tolerant families are getting a score of 1 and
study from the origin of the river to its discharge.The
sampling sites were identified based on a pilot visit. 2 . Abundance scale:Station 1 was present downstream to the dam site
and the water use status is mainly for the hydroelectric
and irrigation purpose. Station 2 (Veeranakavu) has
an average width of 10 m, surrounded by gravel, sand,
macrophytes, detritus matter and clay. A pig farm
was found located near the Station
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A=Single (one individual)

B=Scarce(2-10 individuals)
C=Common(10-50 individuals)
D=Abundant(50-100individuals)

E=Excessive(more than 100 individuals)

RESULTS
Diversity score method involves a pair wise The overall insect composition, abundance and
comparison of sequentially encountered individuals distribution from the sampled points were
and the differences of two specimens can be easily summarized in table 4-7. A total of 57 individuals of
observed up to species level. No taxonomic skill is aquatic insects representing 16 families and 10 orders
required for this process. First observed animal is were successfully collected and identified from
always different and scored as 1 run.When the five stations from Neyyar River during Pre—
next observed isdifferent fromthe last, a new run Monsoon collection and a total of 196 individuals of
starts. The encounter of an individual which cannot aquatic insects representing 20 families and 12
be discerned from the last does not increment the orders were successfully collected and identified
from five stations in Neyyar River during Monsoon
number of runs .
collection. This indicated that the maximum number
To indicate changes in water quality to different of individuals are found in Monsoon time than Pregrades of pollution level, the entire taxonomic groups Monsoon. A modified Biological Monitoring Working
with their range of saprobic score from 1 to 10, in Party (BMWP) score has been developed from
combination with the range of diversity score from 0 collected benthic macro invertebrates across the
to 1 has been classified into five different classes whole stretch of Neyyar River. The taxonomic
of water quality. The abnormal combination of sequence of station 1 was as follows Trichopterasaprobic score and diversity score indicates sudden Diptera-Ephemeroptera-Hemiptera during monsoon
change in environment conditions.
and based on the CPCB BWQC score, it was
included in Class A water quality, which is clean. In
Table 1:Geographical position of sampling stations in Pre-Monsoon taxonomic sequence was as
Neyyar River
follows:Trichoptera-Diptera-Hemiptera and was
included in Class B water quality which is slightly
Polluted. The taxonomic sequence of station 2 was
as follows:Plecoptera-Coleoptera- HemipteraEphemeroptera-Trichoptera-Odonata during
monsoon and based on the CPCB BWQC score , it
was included in Class A water quality, which is clean.
Ephemeroptera, Plecoptera and Trichoptera (EPT)
taxa were significantly abundant in this season,
especially at the upstream. Members of EPT are
Table 2: Physical characteristics of Neyyar River considered to be very sensitive to environmental
stress, thus their presence in high abundance at
during Pre—Monsoon and Monsoon
the upstream signified a relatively clean
environment(Yule 2004). Therefore, EPT were found
to be a potential bioindicators for a clean
ecosystem.The taxonomic sequence of station 2 was
as follows Trichoptera-Diptera- EphemeropteraMollusca during Pre- -monsoon and based on the
CPCB BWQC score, it was included in Class C water
quality, which is ModeratelyPolluted. Chironomidae
was the most abundant and was found in almost all
stations, followed by Tipulidae. They showed no
habitat restriction as they exhibit a great variety of
feeding types. According to Yule (2004)
Table 3: Biological Water Quality Criteria
Chironomidae is probably the most diverse and
abundant group of all stream macro invertebrates.The
taxonomic sequence of station 3 was as follows
Ephemeroptera-Hemiptera-Odonata-CrustaceaMollusca-Trichoptera- Coleoptera during monsoon
and based on the CPCB BWQC score, it was included
in Class B water quality, which is Slightly Polluted.The
taxonomic sequence of station 3 was as follows
Ephemeroptera-Trichoptera
-CrustaceaDipteraduring Pre-monsoon and based on the CPCB
BWQC score, it was included in Class C water quality,
which is Moderately Polluted.The taxonomic
sequence of station 4 was as follows: Ephemeroptera-
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Crustacea-Hemipteraduring Pre-monsoon and based Table 5: Taxonomical distribution of families /genera
on the CPCB BWQC score, it was included in Class of benthic macro –invertebrates of Neyyar River
D water quality, which is Heavily Polluted.The duringPre- -monsoon 2011
taxonomic sequence of station 4 was as follows
Mollusca-Coleoptera- Crustacea-Hemiptera during
monsoon and based on the CPCB BWQC score, it
was included in Class D water quality, which is
Heavily Polluted. The taxonomic sequence of station
5 was as follows Mollusca-Crustaceaduring Premonsoon and based on the CPCB BWQC score, it
was included in Class D water quality, which is
Heavily Polluted.The taxonomic sequence of station
5 was as follows- Ephemeroptera-CrustaceaOdonata- Mollusca during monsoon and based on
the CPCB BWQC score, it was included in Class D
water quality, which is Heavily Polluted.There was a
significant difference of total individuals between the
upstream and downstream stations in both
seasons.The number of individuals was higher at
upstream stations than downstream stations in both
seasons.Class A water quality shows a fair quality of
water suitable for all purposes,class B shows Slight
pollution may be due to some interventions from
human, class C shows Moderate pollution by sewage,
presence of nitrites, sulphate etc in water. Class D
indicates heavy pollution due to many anthropogenic
activities (Bio-monitoring of Rivers CPCB, 2004).
Table 6:Biological Water Quality monitoring of
Neyyar River during Pre--monsoon 2011
Table 4 Taxonomic distribution of families/genera
of benthic macro-invertebrates of Neyyar River
during Monsoon- 2011

Table 7: Biological Water quality monitoring of Neyyar
River during Monoon 2011

DISCUSSION
Water quality of Neyyar River becomes polluted due
to various anthropogenic activities. In the present
study Station 1 (Neyyar Dam) was the only site found
to be clean during the period of monsoon. However,
during pre-monsoon it divert to second category, slightly
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polluted. Since the dam opens only during monsoon,Premonsoon exhibited a decreased flow rate and the total
dissolved solids become high thereby physicochemical
variables influences community structure and function
of aquatic insects (Resh and Rosenberg, 1984; Ward,
1992). The effects of agricultural activities in the river
basin and the practice of fertilizers and associated
chemicals (Lin and Chang, 1990) being drained into
the river has ultimately placed station 2 to be moderately
polluted during pre-monsoon. The discharge site of
the river Neyyar (Poovar) was also found to be
moderately polluted during monsoon due to the
discharge of municipal wastes from the nearby towns.
The site was severely polluted during pre—
monsoonleading to absence of insects. The station
being an estuary, influx of salinity is one of the major
reasons for the absence of fresh water macro benthos.
Apart from this, automobile washdown and bathing,
may also increase the pH of the water resulting in the
absence of benthic community. Comparison of
taxonomic composition and abundance of the aquatic
insects of the Neyyar River indicated major difference
in community structure between the stations. A total
of 10 order of insects include Ephemeroptera, Odonata,
Hemiptera, Trichoptera, Coleoptera, Diptera,
Plecoptera, Lepidoptera, Crustacean and Mollusca.
The maximum abundance of insect was found in the
station 1 during monsoon. The most abundant insect
order belongs to Trichopterataxa, Ephemeroptera,
Mollusca, Odonata, Hemiptera, and Crustacean in
descending order. The order Coleoptera, Plecoptera,
and Lepidoptera was found to be less in number. In
almost all stations Macrosternum (hydropsychidae)
was dominant since this is the most commonly
encountered family of Trichoptera in Asian
streams(Morse et. al, 1994).
The use of benthic communities is a useful tool in the
assessment of water quality and freshwater ecosystem
health. According to (Barbosa et.al 2001) the
taxonomic composition and community structure also
offer important information for these assessments,
starting from the biological knowledge of nutritional
requirements, utilization of available trophic resources
and relationships with the diversity of available habitats.
If the goal is going to be the assessment of community
and population changes (and it is probably desirable),
lower taxonomic determinations will be imperatively
needed. On the other hand, a benefit cost balance must
be considered, due to the increasing need for rapid
and low cost methods to assess water quality and the
necessity of much time for the determination to
taxonomic levels by specialists.
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ABSTRACT
Leaf and bark surfaces provide the ecologically appropriate land scapes
for epiphyllous algae. There has been no through work on diversity of
epiphyllous algae from Pathanamthitta District, Kerala. This is the
preliminary investigation of distribution and ecology of epiphyllous algae
from the district. Taxonomic characterization of epiphyllous algae from
different plants was carried out by systematic field studies and
microscopic examinations. Microscopic features of were observed by
using the Olympus LX 400 Trinocular microscope and photographs were
taken by using BioLinkz Cmos Cam (3.0m pixels) attached to the
microscope. A voucher specimen deposited in the Catholicate College
Herbarium (CATH), Pathanamthitta, Kerala, India with accession number.
Fourteen genera of algae belonging to the class Chlorophyceae,
Cyanophyceae and Bacillariophyceae were the common inhabitants
observed during the study. Phycopeltis and Trentepohlia were the
dominant biofilms on the leaves and bark of the trees. Cephaleuros,
Printzina, Chlorella, Desmococcus Klebsormidium, Stichococcus,
Anabaena, Oscillatoria, Lyngbya, Scytonema, Navicula and Pinnularia
were the other species of algae investigated. All the observed algae were
epiphyllous except Cephaleuros, which lived as endophytically. The
thirteen host plants of algae were Memecylon umbellatum (CATH-12048),
Dryneria cordata (CATH-12017), Cyclea peltata (CATH-12009), Bridelia
retusa (CATH-12042), Aporosa cardiosperma (CATH-12041), Anacardium
occidentale (CATH-12030), Artocarpus incisus (CATH 12001), Lagerstomia
speciosa (CATH 12003), Aporosa cardiosperma (CATH-12041),
Xanthophyllum flavans (CATH-12026), Artocarpus heterophyllous (CATH
12006), Mangifera indica (CATH 1310) and Hevea brasiliensis (CATH
1330). All the accounted epiphyllous algae have high economical and
ecological potentials. Before they are getting depleted due to global
warming, accounting of their diversity would be highly important.

INTRODUCTION
Algae are usually known from marine and fresh water
habitats, they also occur in a wide variety of terrestrial
environments like rocks, metals, bark and leaves
(Hoffmann 1989, Schliching 1975). Terrestrial algae
occur as epiphyllous on tree bark, leaves, rock and
artificial substrata and as endophytes in leaves
(Chapman 1984; Thompson & Wujek 1997).
Epiphyllous algae occur as dark gelatinous, red dark,
white or brown patches. They exposed to air and
absorb water and nutrients directly from the
atmosphere. Many aerophytic algae live life without
water (Lewis & McCourt 2004). Leaf and bark
surfaces provide the ecologically appropriate land
scapes for epiphyllous algae .The chlorophycean
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members forms a biofilm on the adaxial surface of
leaves (Novakova & Neustupa 2015). This biofilm
are mainly seen in forest habitats than urban
environment, it confirms that they are indicators of
air pollution. Their growth is mainly depends on Light
and air humidity. According to Neustupa & Skaloud
(2008) diversity of epiphyllous algal groups is mainly
influenced by light conditions. Trentepohliales are
more adapted to non shade habitats. Trentepohliales
are dominant representatives of epiphyllous Green
algae. Cyanobacteria and Bacillariophyta are
representative groups of epiphyllous community
(Hoffmann 1989, Nakano et al. 1991, Lopez-Bautista
et al .2007) There has been no detailed work on

diversity of epiphyllous algae from Pathanamthitta
District, Kerala. This is the basic investigation of
distribution and ecology of epiphyllous algae from the
district.
MATERIALS AND METHODS
Samples of leaves from different vegetation were
collected from five different sites (each were of about
1-2 acre land) belonging to midland and highland
regions of Pathanamthitta District (9.26010N,
76.96430E) in Kerala. Epiphyllous algae were
collected between August to December 2016 of
southwest and northeast monsoon seasons.
Microscopic features were observed by using the
Olympus LX 400 Trinocular microscope and
photographs were taken by using BioLinkz Cmos
Cam (3.0m pixels) attached to the microscope. Major
characterization and classification of algae was based
on database of Guiry & Guiry (2016). In addition to
that, systematic keys of Printz (1939) and Thomson
& Wujek (1997) were also used. All the algae were
identified up to the species.
Voucher specimens of epiphyllous algae containing
plant twigs were deposited in the Catholicate College
Herbarium (CATH), Pathanamthitta, Kerala, India
with accession number. The permanent slides of five
Phycopeltis species were also kept in the
Phycotechnology Herbarium (CAPH), Catholicate
College, Pathanamthitta, Kerala, India with accession
number.
RESULTS
Altogether fourteen genera of algae were the
common epiphyllous algae belong to the green algae,
blue green algae and diatoms. Green algae examined
during the study belong to four different classes such
as Ulvophyceae, Chlorophyceae, Trebouxiphyceae
and Klebsormidiophyceae. Cyanophyceae and
Bacillariophyceae were the other classes from the
blue green algae and diatoms respectively.
Phycopeltis, Trentepohlia, Cephaleuros, Printzina,
Chlorella,
Desmococcus,
Stichococcus,
Klebsormidium, Anabaena, Lyngbya, Oscillatoria,
Scytonema, Navicula and Pinnularia were the
common epiphyllic algae investigated during the study.
Phycopeltis, Trentepohlia, Cephaleuros and
Printzina are the green algae coming under the class
Ulvophyceae. Phycopeltis appears as discoid thalli
of golden brown and orange red. Their colouration is
due to the deposition of carotenoids and lipids.The
plant body of Trentipohlia is composed of branched,
uniseriate filaments. All the algae were epiphyllous
except Cephaleuros, which lived as endophytically.
Cephaleuros exhibit disc like heterotrichous habit.
Printzina consists of poorly branched erect axes
arising from an extensive system of prostrate
filaments. Chlorella and Desmococcus belongs to
the class trebouxiphyceae. Chlorella is unicellular
with trough shaped chloroplast. Cells of

Desmococcus are spherical or irregular with parietal
chloroplast. Stichococcus and Klebsormidium
included under the class klebsormidiophyceae.
Stichococcus is unicellular with parietal or plate like
chloroplast having no pyrenoids. Klebsormidium is
unbranched filaments with thin parietal chloroplast
and a single pyrenoid covered by starch grains.
Anabaena, Lyngbya ,Oscillatoria and Scytonema
are the blue green algae belong to the class
cyanophyceae. Anabaena is pale blue-green, more
or less entangled with each other without gelatinous
sheath and with intercalary heterocyst. Lyngbya is
dull blue-green to yellowish brown thallus with
colourless sheath. Scytonema is having yellow brown
mucilaginous sheath with false branching. Navicula
and Pinnularia were the common diatoms observed
from the study under the class bacillariophyceae.
Navicula is a boat shaped algae with linear or
lanceolate valves. Raphe is thin and straight. But in
Pinnularia, valves are linear or lanceolate with
capitate apex.
The thirteen host plants of the above algae were
Memecylon umbellatum (CATH-12048), Dryneria
cordata (CATH-12017), Cyclea peltata (CATH12009), Bridelia retusa (CATH-12042), Aporosa
cardiosperma (CATH-12041), Anacardium
occidentale (CATH-12030), Artocarpus incisus
(CATH 12001), Lagerstomia speciosa (CATH
12003), Aporosa cardiosperma (CATH-12041),
Xanthophyllum flavans (CATH-12026), Artocarpus
heterophyllous (CATH 12006), Mangifera indica
(CATH 1310) and Hevea brasiliensis (CATH 1330).
Green algae were the dominant biofilm found on the
different vegetation during the southwest and
northeast monsoon seasons. The species under
ulvophyceae was the major group of epiphytic green
algae. Blue green algae and diatoms were not
frequently observed during the study.
DISCUSSION
Micro algae play a prime role in maintaining
equilibrium between living organism and abiotic
factors (Nassar and Sureshkumar 2013). They also
serve as the indicators of air pollution. All the
epiphyllous algae played an important role in the
environment. Global warming and human
interventions are significantly depleting the diversity
of vegetation in Kerala. Vegetation is a keystone
species and it is very essential to the survival of many
of the algae. Depletion of vegetation directly affects
the existence of the entire epiphyllous algal flora.
Therefore an immediate exploration and conservation
methodologies particularly for epiphyllous algae are
adopted to sustain the environmental balance.
CONCLUSION
All the accounted epiphyllous algae have high
economical and ecological potentials. The major crisis
of world is scarcity of fuels, energy, environmental
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pollution and diminution of oxygen. These threatened
problems can be resolved at certain extent by the
exploration of these photosynthetic floras. They are
the principal source of biofuels, energy, and oxygen
for the future world. They are also involved in
maintaining the structural integrity of vegetation.
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ABSTRACT
Three camera traps were placed in vantage points over a 65 acre
revegetated site in Auroville from 5th August 2016 to 10th September
2016 (37 days). The total sampling effort accounted for 111 trap nights
which procured 137 photographs. Ten species of mammals belonging to 8
families and 4 orders were recorded. Maximum number of species recorded
or reported to occur in the Pitchandikulam forest belonged to Order
Carnivora (7species) and followed by Actiodactyla (1 species),
Lagomorpha (1 species) and Primates (1 species). The most common
species recorded was the Asian Palm Civet (40.9 %) followed by the Small
Indian Civet (16.8%), Grey Mongoose (10.9%), Indian Crested Porcupine
(8.8%), Jungle Cat (8%), Black naped Hare (6.6 %) and Chital (4.4%). The
Golden Jackal and Bonnet Macaque were captured twice (1.5%) and the
Rusty-spotted Cat was recorded only once (0.7%). This is first time in
recent years that the Rusty-Spotted Cat was recorded on the Coramandal
Coast.

INTRODUCTION
Mammals are the most diverse group of wildlife. They
show an amazing diversity of species, forms,
ecologies, physiologies, life histories and behavior.
They provide numerous benefits to us both directly
(e.g., important protein source for many cultures and
rural people) and indirectly (e.g., they play crucial
role in maintaining balanced ecosystems (Rezaul
Karim, 2016). Globally one-third of wild vertebrate
species decline between 1970 and 2006, especially in
freshwater ecosystems (41% decline) and tropics
(59% decline), (Hla Naing et al., 2015).
STUDY AREA
Pitchandikulam (110 59’N-790 49’E) in the Auroville
International Township, Tamil Nadu (Image 1), is a centre
for reforestation programmes on a plateau deeply
scourged by soil and surface erosion. At that time, before
planting started, the land was hardly a welcome scene.
It was a barren dry landscape stretching away in every
direction and one could view the sea about three
kilometers away. Very few tree species were present
in the water courses, mostly a few Palmyra Borassus
flabblifer and some thorny bushes dotted the landscape
(Image 2-3). Currently (2016), the planted area was
three layered forest (Image 4). Birds’ Friends Club,
Pitchandikulam forest conducting regular bird watching
programme, butterfly watching and nature walk to nature
lovers, school students and trainees from different places

in the world ( Image 5). Revegetation programmes
began in 1973 with forays to local scrub jungles and
sacred groves to gather seeds that were then germinated
and planted. A few exotics like Eucalyptus Eucalyptus
spp. and Kaya senegalensis as well as a few native
species from inland regions like Teak Tectona grandis
and Red Sanders Pterocarpus santalinus were planted
in the first years. However, the onus was on the
autochthnous coastal vegetation, referred to as the’
tropical dry evergreen forest ‘(Champion and Seth
1968), ‘Albizia amara – Acacia Boiv. community’
(Mehr-Homji 1973; Puri et. al. 1989), ‘mixed dry
deciduous scrub jungle’ (Menon 1986) and ‘East Deccan
dry evergreen forest’ <www.worldwildlife.org/
ecoregions/im0204>. Whatever term one prefers to use,
it remains an endangered forest type which historically
existed only as a narrow belt along the East Coast from
Vishakapatnam to Point Calimere (Blasco and Legris
1972) which has been systematically eradicated over
much of its range due to anthropogenic influences over
milleniums. In fact it has been estimated that only 4% of
the original forest cover remained in the form of sacred
groves and reserve forests and its conservation status
was assessed as critical (Wikramanayake et. Al,. 2002).
Today secondary succession is well advanced over the
65 acre reforestation site of Pitchandikulam where
woody species dominate after the tenth year (Kinhal
and Parthasarathy 2008).
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to occur in the Pitchandikulam forest belonged to
order carnivora (7species) and followed by orders
Actiodactyla (1 species), Lagomorpha (1 species) and
Primates (1 species). The most common species
recorded was the Asian Palm Civet (40.9 %) followed
by the Small Indian Civet (16.8%), Grey mongoose
(10.9%), Indian Crested Porcupine (8.8%), Jungle
Cat (8%), Black naped Hare (6.6 %), Chital (4.4%).
The Golden Jackal and Bonnet Macaque were
captured twice (1.5%). The most frequency of
species recorded from Pitchandikulam was the Asian
Palm Civet (17 days) followed by Small Indian Civet
( 13 days), Grey mongoose (12days), Indian Crested
Porcupine (10 days) and least Rusty spotted cat (1
day) (table 2). The Rusty-spotted Cat was captured
and recorded only once (0.7%). This is first time in
recent times that it was recorded in Coramandal Cost.
During camera trap study the Asian Palm Civet and
Grey Mongoose mating was recorded.

Image 1. Study area map from Pitchandikulam forest
plantation

The study also recorded one threatened species i.e.
Rusty-spotted Cat, from Pitchandikulam Forest, this
species belonging to the Near Threatened category
of IUCN Red List of Threatened species. Everyone
should realize that the protection of habitat in an
important aspect in conservation of such species.

METHODOLOGY
The present study was carried out from 5th August
2016 to 10th September 2016 to know the presence
and abundance of mammal species in Pitchandikulam.
Before starting the camera trap survey, we did a sign
survey along all the paths for detecting the presence
of indirect evidence like, scats, pellets, footprints and
droppings etc., Each camera trap location was
selected based on frequent presence of indirect
evidence. All field camera traps (SPY POINT, FL7) were operational 24 hours, recorded date and time
for each camera, and had a 15 second delay between
photographs. We placed camera traps on a tree 50
cm from the ground and 1-2 m from the monitoring
area. We aimed the sensor parallel to the ground to
monitor a conical area approximately 1 m in diameter
at 5m distance. Total sampling effort accumulated to
111 trap nights of 37days. IUCN status and Wildlife
(Protection) act 1972 also gathered.
RESULTS AND DISCUSSION
A total of 137 photographs were obtained from three
operating camera traps. A Total tapping effort was
37 days. Ten species of mammals belonging to 8
families and 4 orders were recorded (table 1).
Maximum number of species recorded or reported
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Image. 2-3 A reforestation programmes begun in 1973
Image.4. Three layered forest at Pitchandikulam in
2016

Image.5. Nature walk at Pitchandikulam Forest
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Paradoxurus

Black naped Hare Lepus nigricollis

33

Perspectives on Biodiversity of India Vol. III

Theme 1:
BIODIVERSITY CHARACTERISATION & DOCUMENTATION

EPIPHYLLOUS MEMBERS OF LEJEUNEACEAE
(MARCHANTIOPHYTA) IN KERALA
Chandini V.K. and Manju C.N.
P.G. & Research Department of Botany, The Zamorin’s Gurvayurappan College,
Kozhikode, Kerala- 673014
vkchandvk@gmail.com, manjcali@gmail.com

Keywords:
Diversity, Epiphyllous, Kerala,
Lejeuneaceae

ABSTRACT
Lejeuneaceae constitute the largest family of leafy liverworts. Most of
them prefer to grow as epiphytic micro habitat. Different authors treated
epiphyllous liverworts differently according to their occurrence. Even
though more than 60% epiphyllous liverworts belongs to Lejeuneaceae,
it’s diversity and distribution in Kerala have recently been explored. Here
we attempt to discuss the diversity of epiphyllous Lejeuneaceae members
restricted on living leaf surfaces of vascular plants along with lichens,
algae and fungi. Present morpho- taxonomic study reveals four genera
with 24 species from Kerala. Among these, Cheilolejeunea with two
species, Leptolejeunea with two species, Lejeunea with two species and
Cololejeunea with 18 species are reported. Cheilolejeunea serpentina
mostly seen on bark surface but we observed it with epiphyllous habitat
also. Out of the 18 Cololejeunea species two are reported as new to
science viz., Cololejeunea thamaspocsii Manju et Rajesh sp. nov (inedit)
and Cololejeunea manilalia Manju, Chandini et Rajesh sp. nov. (inedit).

INTRODUCTION
Epiphyllous liverworts are the communities inhabiting
on living leaves along with lichen, fungi and algae.
The most important component of epiphyllous
hepaticae contributed by the members of the family
Lejeuneaceae. Out of 1000 epiphyllous liverwort
about 940 species are reported only from this family,
around world wide (Pocs, 1996). Members of the
family Lejeuneaceae is the largest of leafy liverworts.
Most of its members are epiphytes found in the tropics,
while others can be found in temperate regions. The
main characteristics of the family are leaves are
incubous, presence of amphigastria and the leaves
are divided into lobes and lobules. These groups are
ecologically very significant, which act as substratum
for many other rare species to grow successfully.
About 1700 species of Lejeuneaceae are distributed
in the world (Asthana and Srivastava, 2003; Mizutani,
1961, 1986; Sing and Nath, 2007; Singh and Pocs,
2016; Day et al., 2010; Pocs, et al., 2014). Even
though Kerala is blessed with different climatic
conditions and various forest types to abode members
of Lejeuneaceae, the studies on this group are very
less compared with world distribution. Only random
collections were done on this group from Kerala
(Manju, et al., 2012a, 2012b; Nair et al., 2005, Pocs
et al., 2007; Savitha et al., 2007, Savitha et al., 2008).

Thus the present treatment is an initial attempt to
reveal the diversity and distribution of epiphyllous
Lejeuneaceae members of Kerala.
STUDY AREA
Kerala forms a 580 km long and 50-80 km broad
strip of land on the west coast of Peninsular India
between 8018’ to 12018’ N latitude and 74050’ to 77022’
E longitude. Topographically, Kerala falls into three
regions, viz., the mountainous highland, the undulating
midland, and the coastal low land. It borders Tamil
Nadu along much of its eastern side, the two States
occupying the Southernmost part of the Indian
subcontinent. The northern part of Kerala borders
Karnataka. Presently the area is divided into 14
districts. The land is slopping from the mountainous
Western Ghats on the East with the highest peak
Anamudi (2695 m) followed by Kattumala (2500 m),
and Agasthyarkudam (ca. 1900 m) to the sea shore
of Arabian Sea in the west with 41 west flowing and
three east flowing rivers. About 56 % of the total
area of Kerala is occupied by the Western Ghat
mountains, one among the 25 biodiversity hot spots
of the world. This small state has five National Parks
and 16 Wildlife Sanctuaries including two Tiger
Reserve. Kerala is blessed with a humid tropical
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climate, with up to 3000 mm annual rainfall and a
varied topography, has a wide diversity of habitats
and a correspondingly rich Lejeuneaceae members.
MATERIALS AND METHODS
The specimens from the study area were collected
in different season’s viz., summer, winter and rainy
seasons. Epiphyllous specimens cannot be collected
singly so collected along with the substratum, the
leaves. Two or more species may usually grow
together and hence were collected by giving the same
field number. For identification, fresh materials were
used as far as possible, rest of the specimens were
dried and pressed well.
The materials kept in Herbarium packets are made
by folding thick paper of standard quality 5"x4" sizes.
Specimens will remain fresh and alive for some days
so that it can be examined alive later also. Properly
labeled packets are deposited in the Zamorin’s
Guruvayurappan College herbarium (ZGC).
List of the epiphyllous members of Lejeuneaceae
from Kerala
Cheilolejeunea subopaca (Mitt.) Mizut., J. Hattori
Bot. Lab. 26: 183. 1963.
Representative specimen/s examined: India, Kerala,
Kozhikode, Vellarimala (1950 m) Epiphyllous on
Leptochilus sp., Satheesh 87209 (CALI).
Range: India (Kerala, Sikkim, Assam, West Bengal),
Nepal, Bhutan. Endemic to the Indian subcontinent.
Cheilolejeunea serpentina (Mitt.) Mizut., Hattori
Bot. Lab. 26: 171. 1963.
Representative specimen/s examined: India, Kerala,
Kozhikode, Anakkampoyil, Olichuchattam, (1040 m)
Epiphyllous. Aswathi & Pournami 15318 (ZGC).
Range: In India (widely distributed in Kerala, Tamil
Nadu, Western Ghats of Kanyakumari, Madras), Sri
Lanka, Cameroon, Java, Madagascar, Philippines and
Singapore
Cololejeunea appressa (A.Evans) Benedix, Feddes
Repert. Spec. Nov. Regni Veg. Beih. 134: 31.1953.
Representative specimen/s examined: India, Kerala,
Kozhikode, Kakkavayal Reserve Forest (100m) Jitha,
Manju & Rajesh 395, 396 (ZGC).
Range: It is a Pantropical species distributed in India
(Kerala, Karnataka, Meghalaya, Tamil Nadu,
Andaman and West Bengal) China, Japan.
Cololejeunea foliicola Srivastava & Srivastava,
Proc. Indian Acad. Sci., Pl. Sci. 99: 86. f. 21—49.
1989.
Representative specimen/s examined: India, Kerala,
Kannur, Aralam WLS (750 m), epiphyllous on
Mallotus sp., Manju 99719 (CALI); Khozhikode,
Kakkavayal reserve forest (100m) Jitha,Manju&
Rajesh 391, 398, 392 (ZGC)
Range: It is an endemic species of South India
distributed in Karnataka, Kerala and Tamil Nadu.
Cololejeunea hasskarliana (Lehm. & Lindenb.)
Steph., Hedwigia 29: 72. 1890.
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Representative specimen/s examined: Kerala,
Aralam WLS, Ambalappara (1549 m); on the leaf of
Leptochilus sp., K.P. Rajesh 99844 (CALI);
Ambalapara (1549 m) Chandini V.K. 4377, 4342
(ZGC).
Range: Widespread in tropical and subtropical Asia,
Australia and Oceania. In Aftrica this species found
only in Réunion and Seychelles. In India this species
is distributed in Kerala, Tamil Nadu and Karnataka.
Cololejeunea kashyapii Udar & Srivastava,
Geophytology 15: 64. f. 1-22. 1985.
Representative specimen/s examined: India, Kerala,
Kannur, Aralam WLS (400 m) Manju & K.P. Rajesh
87629, 87630 (CALI).
Range: It is an endemic species of South India
distributed in Karnataka, Kerala and Tamil Nadu.
Cololejeunea lanciloba Steph., Hedwigia 34: 250.
1895.
Representative specimen/s examined: Kerala,
Kannur, Aralam WLS (40m); on leaf of Mangifera
indica L. Manju 99709; Thiruvananthapuram,
Agasthyamalai BR (1000 m) Manju & K.P. Rajesh
106673 (CALI); Chandini V.K. 4066; Kozhikode,
Marippuzha, Anakkampoyil, Pournami & Aswathi
15465a (ZGC).
Range: A widespread Plaeotropic species distributed
from tropical Africa and Asia, Australasia and
Oceania. In India it is distributed in Kerala,
Meghalaya, Eastern Hiamalayas, Karnataka and
Andaman & Nicobar Islands.
Cololejeunea latilobula (Herzog) Tixier, Bryophyt.
Biblioth. 27: 156. 1985.
Representative specimen/s examined: Kerala,
Thrissur, Peechi (100 m), on leaves of Mangifera
indica L., Manju 84647; Kasaragod, Kammadam
Kavu (100 m); Eranakulam, on leaves of Magifera
indica Manju C.N.10482 (ZGC)
Range: Palaeotropic species distributed from Africa
to China and Vietnam and Fiji Islands, widespread in
India.
Cololejeunea madothecoides (Steph.) Benedix,
Feddes Repert. Spec. Nov. Regni Veg. Beih. 134:
81. 1953.
Representative specimen/s examined: Kerala,
Kasaragod, Kammadam Kavu (150 m) Epiphyllous,
K.P. Rajesh 99768 (CALI); Kozhikode,
Peruvannamuzhi, Pannikottoor Reserve Forest (50m),
Leena 864/per 15b, 866/Per5 (ZGC, CALI)
Range: In India it is distributed in Kerala, Tamil Nadu
and Assam. Also distributed in Indochina to Japan
and Borneo.
Cololejeunea nilgiriensis Asthana & Srivastava,
Bryophyt. Biblioth. 60: 27. 2003.
Representative specimen/s examined: India, Kerala,
Aralam KPR 099762 (CALI)
Range: Endemic to the Nilgiri Hills. Reported from
Tamil Nadu and Kerala.
Cololejeunea planissima (Mitt.) Abeyw., Ceylon J.
Sci., Biol. Sci. 2: 73. 1959.

Representative specimen/s examined: Kerala,
Kozhikode, Poyilkavu (20m) Epiphyllous, Chandini
V.K. & Saimol 4390 (ZGC).
Range: In India this species is distributed in Kerala,
Tamil Nadu, Eastern Himalayas and Meghalaya. A
palaeotropic species distributed from East Africa
through tropical and subtropical Asia to Australasia
and Micronesia.
Cololejeunea raduliloba Steph., Hedwigia 34: 251.
1895.
Representative specimen/s examined: Kerala,
Wayanad, Chembra hills (1720 m) Epiphyllous on
Trichomanes proliferum Blume ex Hook., Manju
99681; Kannur, Aralam WLS, (60 m); Epiphyllous
on Trichomanes indicum (C.A.Hameed & Madhus.)
C.A. Hameed, K.P.Rajesh & Madhus. Comb. nov.
K.P. Rajesh 80398 (CALI).
Range: Distributed from the East African Islands
through Nepal, China, Japan, Vietnam, Taiwan, to
Australia, New Caledonia and Fiji Islands (Pócs et
al. 2011). In India it is reported from Assam and
Kerala.
Cololejeunea spinosa (Horik.) S.Hatt., J. Indian
Bot., 22: 166. 1942.
Representative specimen/s examined: Kerala,
Aralam WLS, Ambalapara (1549 m) Chandini V.K.
4339; Malappuram, New Amarambalam RF (1200
m) KPR 111812 b (ZGC).
Range: In India it is distributed in Eastern Himalayas,
West Bengal and Arunachal Pradesh, Tamil Nadu.
Also reported from Japan, China, Korea, Nepal and
Philippines. The present collection is a new record
for the Kerala State.
Cololejeunea udarii G. Asthana & S.C. Srivast.,
Bryophytorum Bibliotheca 60: 40. 2003.
Representative specimen/s examined: Kerala,
Kozhikode, Kakkavayal Reserve Forest (100m), on
fronds of Angiopteris indica Desv. Jitha, Manju
& Rajesh 389, 400 (ZGC); Marippuzha,
Anakkampoyil, Pournami & Aswathi 15465a, 15464
(ZGC).
Range: This Indian endemic species is distributed in
Kerala, Karnataka, Tamil Nadu, Arunachal Pradesh
and Assam.
Cololejeunea sp.1
Representative specimen/s examined: Kerala,
Kannur, Neeliyarkottam kavu (36m) Chandini
V.K. 4385, Peruvannamuzhi, Kakkayam RF (100)
Vinjusha 4398 (CALI).
Note: This species cannot be identified at this time.
Need more time to fix its identity.
Cololejeunea sp.2
Representative specimen/s examined: Kerala,
Kannur, Aralam WLS, Ambalapara (1549 m)
Chandini V.K. 4330 (ZGC).
Note: This species cannot be identified at this time.
Need more time to fix its identity.
Cololejeunea sp.3
Representative specimen/s examined: Kerala,

Kannur, Aralam WLS, Valayamchall, Thullal (1549
m) Chandini V.K. 10436 (ZGC).
Note: This species cannot be identified at this time.
Need more time to fix its identity.
Cololejeunea sp.4
Representative specimen/s examined: Kerala,
Kannur, Aralam WLS, Ambalapara (1549 m)
Chandini V.K. 4341 (ZGC).
Note: This species cannot be identified at this time.
Need more time to fix its identity.
Excluded species
Two species of Cololejeunea viz. C. manilalia and
C. tamaspocsii were identified as new to science. It
is communicated to two different Journals.
Lejeunea subacuta Mitt., J. Proc. Linn. Soc. Bot.
5: 113. 1861.
Representative specimen/s examined: Kerala,
Kozhikode, Kakkayam (770 m) Manju 120137;
Thrissur, Athirappalli (700 m); Foliicolous on Liparis
viridiflora (Blume)Lindl., Manju 106203 (CALI).
Range: Reported from Nepal, Sri Lanka, China, India
(Sikkim, Kerala).
Lejeunea punctiformis Taylor, Synopsis
Hepaticarum 767. 1847.
Representative specimen/s examined: Kerala,
Idukki, Anamudishola, Way to Methapp to Idalymotta
(2330 m) epiphyllous on Leucolejeunea xanthocarpa
(Lehm. & Lindenb.) A. Evans Mufeed 10026
(ZGC).
Range: Distributed in India (Kerala Eastern
Himalayas, Arunachal Pradesh).
Leptolejeunea balansae Steph., Hedwigia 35: 105.
1896.
Representative specimen/s examined: Kerala,
Kasaragod, Kammadam Kavu (100m) epiphyllous,
K.P. Rajesh 80052 b (CALI); Pathanamthitta, Way
to Sabarimala (1800m) Shaji 120470, (ZGC) Ranni,
Gudrikkal Range, Pillapilli (208m) Chandini V.K.
1022, 1020, 10218, 10219, 10221 (ZGC);
Kozhikode, Kakkayam Reserve Forest (840 m)
Subin 10463, 10464 (ZGC); Kannur, Aralam WLS,
Meenmutti (800m) Chandini V.K. 10453 (ZGC).
Range: India (Kerala, Tamil Nadu, Eastern
Himalayas, Arunchal Pradesh, Assam) Widespread
in Andaman Islands, Malaysia, Indonesia and China
to Vietnam.
Leptolejeunea foliicola Steph., Hedwigia 106. 1896.
Representative specimen/s examined: Kerala,
Kozhikode, Kakkavayal (100 m), foliicolous, Jitha,
Manju & Rajesh 393 (ZGC).
Range: In India it is distributed in Kerala and Tamil
Nadu. Also distributed in Japan, Java and Philippines.
DISCUSSION
This preliminary exploration shows the diversity and
distribution of epiphyllous species in Kerala with a
short note on the collections including four genera
with 24 species. Among these, Cololejeunea is the
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largest genus with 18 species, other genera such as
Cheilolejeunea, Leptolejeunea and Lejeunea are
distributed with two species each. Two species are
reported as new to science viz., Cololejeunea
thamaspocsii Manju et Rajesh (inedit) and
Cololejeunea manilalia Manju, Chandini et Rajesh
(inedit). Cololejeunea spinosa is reported from
Kerala for the first time during the present
examination.
Cheilolejeunea
subopaca,
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Cololejeunea folicola, Cololejeunea nilgiriensis
and Cololejeunea udarri are endemic to Indian
subcontinent. Among the 18 species of Cololejeunea
four species could not be identified up to species
level at this time and further investigations are needed
to fix its identity. Genus Leptolejeunea represented
by two species of which, Leptolejeunea balansae
shows wide distribution in Kerala. The microhabitat
of each species varies and prefers a variety of leaves
including Angiosperms and Pteridophytes (Fig.1 &
2).

An interesting finding during the present study is the
occurrence of Lejunea punctformis on the leaf lobe
of Leucolejunea xanthocarpa (Lehm. & Lindenb.)
A. Evans, a lejeuneaceae member itself. Earlier
reports showed that the preferred habitat of Lejeunea
punciformis has been found growing both as
corticolous and as foliicolous in Angiosperm and
Pteridophytes (Dey & Sing, 2012). Another habitat
shift noticed is in case of Cheilolejeunea serpentina
have been earlier reported to occur on the bark
surface but the present collection as epiphyllous.
Cololejeunea tamaspocsii is microscopic, have been
found on the fronds of epiphytic fern Crepidomanes
indicum C.A. Hameed & Madhus. It seems that it is
host specific, confined to C. indicum only. In the type
locality, two species of Crepidomanes viz., C.
indicum C.A. Hameed & Madhus. and C. christii
(Copel.) Copel. grows in plenty. However, it was
noticed that Cololejenea tamaspocsii grows only
on Crepidomanes indicum.

Mastigolejeunea auriculata (Wilson & Hook.) Schiffn.
(Lejeuneaceae: Marchantiopsida) a new record for Peninsular India.
J. Econ. Taxon. Bot. 31: 423-425.
Savitha, A., Nair, M.C., Rajesh, K.P. and Ramani, M.P. (2008).
Cololejeunea latilobula (Herzog) Tixier and Schiffneriolejeunea
pulopenangensis (Gott.) Gradst. (Lejeuneaceae: Marchantiopsida)
two new bryophyte records for Kerala J. Econ. Tax. Bot. 32: 577580.
Singh, S.K. and Pocs, T. (2016) Reinstatement of Cololejeunea
indica Pande & Misra, a name previously synonymous with C.
spinosa (Horik.) Pande & Misra. Cryptogamie, Bryologie et
Lichenologie 37(1): 27-32
Singh, A.P. and Nath, V. (2007).Hepaticae of Khasi and Jaintia
Hills: Eastern Himalayas. Bishen Singh Mahendra Pal Singh pp382
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ABSTRACT
Vultures faced a catastrophic decline in the past three to four decades—
reasons attributed was mainly the effect of organo-chloro drugs, in
particular Diclofenac—however this mostly related to population around
civilisation or cities and villages—no studies in wild population to come
to any conclusion of the effect of this veterinary drug or how it could
have affected them——what was the status in wild in the past decades is
a moot point—no proper study on their numbers or preferred niches in
the past in wild—this paper tries to answer the question with some
systematic study on the last wild habitat for Gyps vultures in Southern
India—Moyar Valley in NilIgiri Biosphere Reserve adjoining the three
states, viz. Tamilnadu, Kerala and Karnataka—the shifting patterns of
nesting—erstwhile sites—distribution etc.—-changes in practices, nomadic
tribes contribution, recent trends, ——habitat influence on sustaining this
seemingly stable population—possible measures to ensure in situ
conservation.

INTRODUCTION
The Greater Moyar Valley extending from Mudumalai
to Bhavanisagar has always been a treasure house
for wild life researchers and naturalists. It bisects
the two Tiger reserves of Bandipur in Karnataka and
Mudumalai in Tamilnadu and continues its journey
through Satyamangalam Tiger Reserve and it is
frequently referred to as Moyar ditch by the British
writers. While this is a significant elephant corridor
in the Nilgiri Biosphere Reserve, the avifauna of this
region has not been studied much, compared to work
on mammals.
Of late, this area has assumed great significance in
view of the presence of the critically endangered Gyps
vultures. While the drastic decline of Egyptian vulture
(Neophron), a common species in this stretch, is a
mystery, the other three species found in South India
have this belt as their home. This has considerably
increased the interest of ornithologists and bird
watchers alike and also the managers of the
ecosystem, i.e., the Forest and Wildlife department.
Hence, under the aegis of Coimbatore Forest Division,
headed by the Conservator of Forest, a systematic
survey was undertaken during February 2015 and a
repeat of it in May 2016.
Objectives and Rationale of the Survey
This area was surveyed only sporadically by amateur
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and professional ornithologists and there was no
concrete data available to build upon. An early study
or rather observation by the eminent naturalist Mr.
ERC. Davidar., recounts the sudden disappearance
of vultures of Sigur Plateau during 1980’s and a
resurgence in the late 1990’s (Vulture news 47). The
next was a sporadic observation of a team researching
on elephant kills observed that it was common to see
vultures in Mudumalai (Fork tail 27(2011) by T.
Ramesh, et.al. The next was a road survey by Dr.
Thirumoorthy and Balaji where the total number of
vultures seen was very few in this area. (Newsletter
for Birdwatchers-39-P9-10). Recently, students of
Government arts college Ooty have taken up some
studies where the number of vulture’s sightings is
quite on the higher side in contrast to the scanty
numbers reported by N.G.O Arulagam. It is to be
noted that both the Gazetteer of Niligiris and erstwhile
British Ornithologists like Jerdon, Whistler, etc.
observed that vultures are very common in Nilgiris,
especially Moyar Valley with scavenger(Egyptian)
vultures being the commonest among Badaga villages
(Prim rose, Jerdon). Thus inconsistent reports were
giving different perspectives. This anomaly has to be
viewed in the light of the fact that very few studies
have been done on vultures in wild. All the population
crash and decline discussed are with reference to

the population that was existing around towns, cities
and villages in huge numbers till early 1990s (Dr. RB
Grubh, personal communication). We do not have
reliable statistics or figures on the numbers that thrived
in this valley before 1990s.
In this back drop, the rapid survey assumes a great
importance since the entire valley was thoroughly
scanned by expert birders at the same time excluding
serious double counts. Also, such an exercise will
reveal the presence of other raptors along with
roosting sites, nesting sites and communal
congregations. Also, it will give a fair number of
vultures that could be using this valley. With a view
to get a fair number of raptors and also their
preferences in this biotope with reference to ground
realities, this survey was organised.
METHODOLOGY AND STUDY AREA
Since the objective is to get a fair number of raptors
within a short time (2 days), encounter rate method
was adopted in place of the regular line transect
method in view of the handicaps posed by the
assumptions of this method, which are:
1. No bird is missed
2. Transect is a straight line
3. Every detection is independent
4. Points/objects are fixed at initial sighting and they
do not move before being detected.
Each team aided with an expert birder was asked to
take a slow trek from early morning (depending upon
visibility factor) for a minimum period of two hours in
a particular path or transects laid for other surveys.
The prime time of noon should not be missed, since
vultures soar only when hot thermals climb. Similarly,
another two hours trek in the evening in another
transect was done. The last transect could be the
repeat of first one or a new one, to cover the area to
satisfaction.
During other times, any interesting observation or
details could be noted to give a fair idea on bird
behaviour and habitat utilization etc.
The study area was extended from Boothanathham
village near Moyar Power Station in Sigur Reserve
and up to Bhavanisagar dam in Sathyamangalam
division all along the course of river Moyar. In view
of the sightings at Singara range and Sigur range,
areas around Singara and Siriyur were also included
(These form the sink habitat of Moyar valley).
Two groups, one from Sigur range led by Mr. S.
Chandrasekaran of Madras Naturalist Society and
the other from Satyamangalam (Bhavanisagar) led
by Mr. C. Sasikumar of Malabar Natural History
Society, were assigned the job of the survey so as to
cover the entire area satisfactorily with 6 camps in
each range. They were assisted ably by expert birders
from Tamilnadu drawn from all districts numbering
24. Two representatives from Bombay Natural History
Society were also present as this exercise was carried
out under the guidance of Dr. S. Balachandran.,

Deputy director, BNHS.,

A Pictorial representation of the study area given
below:
In addition to the observations, the bird watchers were
also instructed to note the direction and time of the
flight of raptors encountered with numbers. This was
done in order to eliminate double counts between
adjacent camps as plotting of these in a map will reveal
the lateral movement of birds. Similarly, roosting sites,
nesting sites are to be clearly marked in the data
sheets.
Twelve camps (12) were pitched in the entire length
of 60 kms (approximate) using the existing antipoaching camps and villages where ever possible.
The total length of time was three sessions of three
hours each, two on day one and one on day two.
RESULTS
The survey totalled a count of 191 & 228 vultures in
2015 &2016.
The number was trimmed to 160 & 195, apprehending
double counts in some areas., like Varaikkattukombai
and Jagulikadavu and further to 140 & 160 (allowing
10-15% margin for observer bias), approximately.
·A total of 28 species of raptor were encountered.
The raptors encountered frequently were only vultures
with white rumped vultures forming a considerable
number.
The notable areas were vultures are seen in huge
numbers are Jagulikadavu, Varaikatukombai and
Siriyur. Two of these, is also the nesting site of white
rumped vultures.The highest numbers of nest were
recorded at Jagulikadavu with 25 and 9 at Siriyur.The
highest roost count was again at Jagulikadavu with
65 birds, white rumpeed vultures.
The highest numbers of long billed vultures were from
Varaikatukombai, around 10 and a few at
Jagulikadavu.
The sighting of red headed or king vulture was low
around 8 in total in various places.
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·
No scavenger vulture was sighted
(Neophron).
Lucky sighting of a tigress with four cubs was at
Belimeenkadavu area.
·
The Assistant Conservator of Forest, Mr.
Premkumar, reported a congregation of 40 plus
vultures near Chockanhalli, but this has not been taken
in the count since it could be the drifting vultures from
other areas for roosting (the time was 5 p.m in the
evening).
Mangalapatti – Enroute Velimeenkadavu has been
known for nesting vultures. The author recorded 4
nests in 2007 and at Thoppalada abandoned nests of
vultures were seen in 2001 numbering more than 50.
However, this survey recorded no nest.
·
Villages like Siriyur, Anaikatty and
Boodanatham in the Nilgiri north division have been
known for the nesting of vultures in the periphery of
the village limits for decades. Here, W.B. and King
vultures
are
seen
nesting(Pers.comm
TRAArundavaselvan) near Anaikatti
·Also, it is a very usual phenomenon to sight
vultures, sometimes in good numbers around
Masinagudi and the Sigur plateau adjoining the Moyar
ditch and elsewhere. The maximum count was 150+
in 2010(Pers.comm. Dr.P.J.Vasanthan-DMO-Ooty)
·Few interior river beds like Araikadavu do have
a fairly good number of nests in certain years.
·2 nests of L.B. vulture around Kookal and one
around Ebbanad slopes were reported by other
researcher(P.Venkitachalam, ATREE)
·Few nests at Chemmanattham was reported by
Arulagam in 2012, but none thereafter

Note: The numbers include all encountered, of
which possible double counts were eliminated,
to arrive at a figure of 135 and 168 in 2015 and
2016. respectively.
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ANALYSIS
Early records of birders like Primrose indicate that
Neophrons or Egyptian Vultures were very common
and can be encountered around Badaga villages.
Interestingly, they are not sighted in this survey and
the last record was in 2007 and before that in 2002.
Though, the reason caited is that it could be due to
improvement in sanitation facilities, keeping in mind
its habit of foraging on offal, this seems to be a
presumptuous one, as other vultures thrive in this
habitat. Also, Neophrons are omnivores and can adopt
to civilization better (Kanpur dump yard in U.P) also
nesting sites are available in the rock cliffs of Nilgiris
were nesting of Long billed vultures are reported
(Venkatachalam, ATREE). We need to analyse this
factor as in Moyar valley it is the Neophron that is
critically endangered!
The sighting of Long billed vultures in the survey is
encouraging as many were seen at different locations
contrary to the expectation that they are very few in
this valley. Recently, some nesting sites were also
seen (Current science - Venkatachalam). However,
there is still more work to be done about their
successful breeding in this wilderness. Interestingly,
some observations of incidence of juvenile Himalayan
griffon associated with Long billed vultures was
recorded near Gulithuraipatti (Dr P.J. Vasanthan.,
Ooty- Indian Birds) and again at Aadicombai in 2016.
It is surprising that King vultures were sighted in less
numbers in this survey as normally they are next to
white rumped in numbers. Also, no nesting of king
vultures has been seen. Earlier, they use to nest at
Annaikkal along with white rumped (TRA.
Arundavaselvan – Pers., comm..,). Similarly, one nest
of king vulture was reported from Singara by Dr. P.J.
Vasanthan (Pers., comm..,). The old records are
also indicate that they were not in huge numbers. A
sustained and exhaustive survey has to be done with
regard to their nesting in this valley.
The most common vulture seen in this survey is white
rumped, whose number will be approximately around
120+. Right now their preferred nesting places are
Jagulikadavu and Siriyur. Even in this fag end of the
nesting season (February end), the number of active
nests were around 30. The crash in population as
reported by ERC. Davider in 1980’s may relate only
to the birds in Sigur, where he attributes the reason to
poisoning of carcasses of tiger kills. It may not be out
of place to record here the death of ten vultures in
Sigur hallah during 2014. The reason for the same
has not been analysed in spite of various teams
working for vulture conservation in this area.
However, Moyar valley is the least studied area with
respect to birds and hence to extend the analogy of
Sigur may not be appropriate here. Also, in an article
in this book elsewhere, one of the author has given
account of old but abandoned nesting sites and
sporadic nesting at other river beds

(S.Chandrasekaran—paper at ARRCN Seminar
Pune 2014)
The total number of vultures may be put around 140,
after discounting for a 10 to 15 percent error in
census. But, this may not be the accurate figure and
the survey has to be done at periodical intervals at
different points of time, especially during breeding
season to arrive at a more reliable figure. As Mr. C.
Sasikumar points out, the vultures seen may be
belonging to the entire Nilgiri Biosphere Reserve and
not only Moyar valley. However, when we take the
nests into consideration, this may not appeal but the
fact remains that the entire Nilgiri Biosphere Reserve
is the vast foraging area for these magnificent birds.
This belt of Moyar valley is a typical savannah type
of forests, though there are pockets where Prosopis
juliflora had invaded and smothered native vegetation
and had impeded the view of the vultures to detect
wild carcasses effectively.
This tropical thorn forest offers a fabulous ground
for herbivores like Blackbuck, Gaur, Chithal, Sambhar
and feral buffaloes(the left out domesticated Toda
cattle in wild about four decades back) which form
the prey base for carnivores like Tiger and Panther,
apart from Hyenas.
Thus, this is an area where natural kills are abundant
and left in wild as there is very minimal population of
humans, except one settlement at Tengumarahada.
This forms the basis of the perennial food chain to
the vultures, almost all through the year, though at
different niches in this vast expanse of wilderness
encompassing Sigur plateau, Moyar valley and
Talamalai plateau.
Naturally, there are pockets where the occurrences
of vultures are well predicted for they follow the route
of the carnivores. Thus, the sudden and big gathering
of them at such places is the usual sight. In addition,
this is the Migratory corridor of the elephants and
well documented. So, natural deaths of pachyderms
provide vultures with adequate food apart from calf
mortalities.
The nesting pattern is also pronounced and mostly in
a few pockets of traditional sites. The note-worthy
site is the nullah near Siriyur village in Sigur plateau,
where year after year the vultures nest in strikingly
regular pattern in the tall Terminalia Arjuna trees.
The maximum nests were 12. However, recent
reports indicate no nesting here. The area of
Thoppahalla was once a regular breeding place of
vultures (white backed) as the personal experience
of the Author reveals and abandoned nests were seen
almost 15 years back and also corroborated by the
local tribes. Recently, in 2007 four (4) nests were
seen by the Author, but for the last few years no
activity seen in this place.
There seems to be some shifting pattern or external
factors that influence the nesting sites.
There is an undercurrent in the preference of sites

by vultures in the wild, in this biotope. They are
invariably closer to “pattis” or cattle pens used by
Nomadic Tribe (Todas) in yester years. It is natural,
for they might have provided dead animals or kills
periodically to these scavengers. It is a symbiotic
relation enforced by customs and practices prevailing
then.
Also, beef eating was a taboo and never indulged in
till late 1980s by majority of the population irrespective
of caste and dead cattle were skinned and carcasses
were thrown to vultures (Mrityunjay Rao on nomadic
tribes of Raichur - article in Blackbuck, Journal of
Madras Naturalists’ Society), providing steady food
chain. This has totally been stopped and beef eating
has become a fad now!
The other 25 species of raptors are the ones generally
seen in a forest biotope. The significant sighting in
Sathyamangalam bird survey (2009) of Amur falcon
and Steppe eagle has not occurred in this survey in
Bhavanisagar area. This coupled with the fact that
Salim Ali’s monumental work, Ten Volumes of Birds
of India & Pakistan, refers to sighting of Amur falcon
in Eastern slopes of Nilgiris indicate that a more
frequent and thorough survey has to be done to bring
out the hidden treasures..
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ABSTRACT
Pale-Capped Pigeon or Purple Wood Pigeon occurs in scattered
populations in Southeast Asia. Columba punicea was once common
throughout much of Southeast Asia, but is now in decline, classified as
Vulnerable (VU) on the IUCN Red List. This bird was reportedly seen in
the Similipal hills of Mayurbhanj at an elevation of about 600–900 m, and
also in the Chandaka Dampara Sanctuary (Chandaka Game Sanctuary), and
near Bhubaneswar. Wild Orissa engaged in the monitoring of presence of
this species in Odisha since 1998, and made direct observations in the
year 2010 in the Chandaka-Dampara and in 2014, 2015 & 2016 in the
Similipal forest areas. Poachers indulge in killing of birds like doves,
pigeons, coucals, egrets, open billed storks, etc. in and around
Bhubaneswar city, with the possibility of Purple Wood Pigeon being
hunted would have happened, as the sites from where observations have
been made are areas where these small time hunters operate. There are a
number of issues concerning the conservation of this vulnerable species
which include nomadism, frugivorous habit, local migrations, similarity
with doves and pigeons, extremely low numbers, fast growing
urbanization, poaching, etc. There is an urgent need to ascertain the
status of this species, close monitoring of the populations which have
been observed, launching programs for controlling small time hunting
through enforcement and awareness, ensuring adequate habitat friendly
zones in known presence areas, controlling growth of real estate,
controlling visitations, etc. Indeed, site-based conservation strategies are
unlikely to be successful unless populations are able to follow seasonal
patterns of fruit-ripening within secure protected sites. Conducting further
surveys to ascertain its current distribution, seasonal movements and
population status, its ecological requirements and the relative effects of
various threats operating across its range, identify and protect
appropriate sites supporting key populations, etc. will be required.
Promotion of improved management and establishment/increase in buffer
zones around protected areas supporting key populations with strict
enforcement of hunting within all protected areas, alongwith awareness
campaigns to reduce pigeon hunting needs to be focussed.

INTRODUCTION
Purple Wood Pigeon or Pale Capped Wood
Pigeon
A strong, swift flier, the pale-capped pigeon (Columba
punicea) was once common throughout much of
Southeast Asia, but is now in decline. The plumage
of the male pale-capped pigeon includes the pale grey
crown that gives rise to this species’ common name.
The upperparts are generally deep purplish-maroon,
changing to a faint green on the neck. The wings and
tail are largely blackish, and the underparts are light
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brown. The eyes and the base of the bill are
ringed with vibrant red. The female pale-capped
pigeon is smaller than the male and, like the juvenile,
is much duller. The plumage is browner all over, and
the head is a much darker brown-grey. Also known
as Purple Wood Pigeon, the size of the male 40.5
cm in length and that of the female 36 cm. The palecapped pigeon occurs in scattered populations in
Southeast Asia. Its range includes parts of northeastern India, Bangladesh, Myanmar, Thailand, Laos,

Cambodia and Vietnam. Historical records indicate
that the pale capped pigeon was once also found in
China, but there are no recent records of this species
occurring there [Birdlife International 2016].
Foraging for food both in the trees and on the ground,
the main component of the pale-capped pigeon’s diet
is fruit found within the forest, such as figs and berries.
Seeds and grain are also important, and it can be seen
feeding in rice fields after the harvest. It has also
been known to eat grit, which helps to grind up food
in the stomach. The pale-capped pigeon is typically
observed individually, or in very small flocks.
Throughout much of its range, the pale-capped pigeon
is thought to be seasonally nomadic, living in some
regions for only part of the year before migrating
elsewhere to breed. This could be due to the seasonal
availability of food in different areas throughout the
year. The pale-capped pigeon lays eggs between May
and June in India and Myanmar, and a few months
earlier in Laos and Vietnam. The nest is constructed
in a small bush or tree, about two to three metres off
the ground, and is made from twigs and sticks picked
from the forest floor. Only a single egg is normally
laid, occasionally there may be two. Both the male
and female bird incubate the eggs. [Collar et. al.,
2001]
Studies have revealed that Canopy level preferences
of Columba punicea encountered while foraging at
Jeypore Reserve Forest was 48% Upper Canopy,
32% Middle Canopy and 20% Lower Canopy (Devi
& Saikia 2012). A bird was observed feeding on the
small fruits of Trema orientalis (aka Pigeon Wood).
Though it perched on a variety of trees, including
Michelia champaca, Grewia disperma, Naringi
crenulata,
Melia
azedarach,
Lannea
coromandelica,
Bankara
malabarica,
Simaroubaglauca, Gargua pinnata, Peltophorum
pterocarpum, Cassia siamea, etc., its distinct
preference for T. orientalis was observed (Kumar
& Mohanty 2016).
It frequents a wide variety of habitats from the
lowlands up to 1,600 m, chiefly primary or secondary
evergreen forest, but also open, deciduous dipterocarp
forest, bamboo, and agricultural fields, particularly in
close proximity to forest. Recent records from
deciduous dipterocarp forest in Cambodia indicate an
association with riverine corridors of bamboo forest.
Some records also originate from small forested
islands and other coastal habitats. It is mainly
frugivorous, although seeds and grain form important
dietary components in some areas. It’s breeding range
and seasonal movements are poorly understood, but
in places it appears to be semi-nomadic, perhaps in
response to food availability. [Collar et. al. 2001]
The population is estimated to number fewer than
10,000 individuals by BirdLife International (2001),
based on available records and surveys. It is placed
in the band 2,500-9,999 mature individuals, equating
to 3,750-14,999 individuals, rounded here to 3,500-

15,000 individuals. The pale-capped pigeon is being
classified as Vulnerable (VU) by the International
Union Conservation of Nature since 1994 by scaling
up the threat perception for this species from
‘Threatened’ (T) since 1988. [Birdlife International
2016]
Distribution of Columba punicea in Odisha
This northeastern bird was reportedly seen in the
Similipal hills of Mayurbhanj at an elevation of about
600–900 m [Jayakar 1967], and also in the Chandaka
Dampara Sanctuary (Chandka Game Sanctuary), and
near Bhubaneswar [Jayakar 1967]. The Bombay
Natural History Society has reported that the globally
threatened Purple Wood-Pigeon Columba punicea
has been reported in Chandaka-Dampara Wildlife
Sanctuary in Odisha by the participants during a
BNHS-IBA workshops. In Singhbhum (Dhalbhum),
Bihar, and the adjacent state of Orissa, the species
was searched for over many years by Mooney
[Mooney 1934] who, on eventually rediscovering it,
concluded that it was “not alone very rare but is
extremely local”. In the 1960s, flocks of up to 15
birds were seen on nine occasions over a three-year
period in the Chandka Dampara Sanctuary, Orissa,
suggesting that the species was a fairly common
visitor to the area between October and February
[Jayakar 1967]. In general, however, the infrequency
of sightings in all these regions, and the extremely
few scattered reports from Maharashtra and Andhra
Pradesh, clearly show that the species is “very rare”
in India although much of its range is little visited by
modern ornithologists [Grimmett et al. 1998]. In India,
the species is largely resident (Ali and Ripley 1968–
1998, Grimmett et al. 1998), although apparently
subject to some local movements [Ripley 1982]; in
some areas (e.g. Orissa) records are seasonal
[Jayakar 1967] [Birdlife International 2016]. During
2010 a single specimen was recorded from the fringe
area [20.300640, 85.798108] viz. Regional Plant
Resource Centre in Ekamra Kanan of the ChandakaDampara Wildlife Sanctuary in Orissa by Wild Orissa
[Panda 2010]. In Similipal in Odisha birds have been
encountered throughout the year with the highest
count involving a flock of 17 birds in the Upper
Barakamura range [Nair 2012]. During August 2013
bird photographers could observe this species in the
Bharatpur Beat/Section of Bhubaneswar Range in
the Regional Plant Resources Centre campus in
Ekambra Kanan area of Bhubaneswar. During 2013
sightings of this species in Similipal forests have been
recorded.
METHODS & METHODOLOGY
With an objective for ascertaining the presence of
Purple Wood Pigeon or Pale Capped Wood Pigeon
Columba punicea the Chandaka-Dampara Wildlife
Sanctuary was specifically chosen for observation
area during the period 2014 to 2016. During 2010 a
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single specimen was recorded from the fringe area
[20.300640, 85.798108] viz. Regional Plant Resource
Centre in Ekamra Kanan of the Chandaka-Dampara
Wildlife Sanctuary in Orissa by Wild Orissa [Panda
2010]. During the period 2014-2016 Chandaka Forest
Range, Dompada Forest Range, Bhubaneswar Forest
Range and Haldia Forest Range were areas which
were surveyed once a day every week. The survey
was done on foot and on certain occasions with
vehicular transport. Wild Orissa member Bira Kishore
Bhujabal interacted with local inhabitants and local
forest staff during the survey period. Surveys were
conducted on weekly basis by systematically walking
on fixed routes. The birds were observed during most
active period of the day i.e. 6:00 AM to 8:30 AM
with the help of 8 X 40 Bushnell binoculars with the
aid of camera for recording observations. Bird
identification manuals were used during the survey
[Ali et. al. 1987] [Ali et. al. 1995] [Grimmett et. al.
2011]. Historical records were examined and
information from local sources were also obtained.
RESULTS
The forested habitat of the Chandaka-Dampara
Wildlife Sanctuary was regularly visited viz. 20142016 Chandaka Forest Range, Dompada Forest
Range, Bhubaneswar Forest Range and Haldia Forest
Range, for signs of presence of Columba punicea,
however excluding the area inside the Regional Plant
Resource Centre, they were not found.
During 2010 a single specimen was recorded from
the fringe area [20.300640, 85.798108] viz. Regional
Plant Resource Centre in Ekamra Kanan of the
Chandaka-Dampara Wildlife Sanctuary in Orissa by
Wild Orissa [Panda 2010].
Over the last few years direct observations of this
species has been made in the Chandaka-Dampara
and Similipal forest areas in the state of Odisha.
Members from Wild Orissa had observed and
photographed a single specimen of this species in the
Ekambra Kanan area in Bhubaneswar during 2010
[20.300640, 85.798108]. This area is an extension of
the Chandaka-Dampara forests.
Chinmaya Bhujabal and Akash Ranjan Rath [Bhujabal
& Rath 2015] from Wild Orissa could observe and
document by way of photographs two specimen of
this species in the Similipal Tiger Reserve in Odisha
during April 2014 and December 2014. The birds
were shy. 26 individuals were documented including
photographed on the Chahala salt lick located at
Chahala in Chahala Range of the Similipal Tiger
Reserve on 26th April 2015. These birds were feeding
on the salt lick.
During the course of monitoring of the fringe areas
of the Chandaka-Dampara Sanctuary near
Bhubaneswar, on many occasions small time hunters
have been apprehended by members from Wild
Orissa. These poachers indulge in killing of birds like
doves, pigeons, coucals, egrets, open billed storks, etc.
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The equipments used by these people are bows and
arrows and catapults. Many of these hunters belong
to migrant labour community which converges to
Bhubaneswar for servicing the booming real estate
sector.
DISCUSSION
Issues in conservation
There are a number of issues concerning the
conservation of this vulnerable species which include
nomadism, frugivorous habit, local migrations,
similarity with doves and pigeons, extremely low
numbers, etc. Having once been patchily common in
its wide distribution, the Pale-capped Pigeon is now
scarce and highly localised as a result of habitat loss
and hunting, threats that are exacerbated by its
apparently unpredictable nomadism. Secondly it is
important to bear in plans regarding the similarity of
this species with that of other doves and pigeons
found in the same areas in Odisha, as hunting goes
on unabated of such doves and pigeons by small time
poachers. The feeding sites for this species are
another area of concern as large scale urbanization
has been going around the Chandaka-Dampara forest
areas in Odisha.
Threats
It undoubtedly suffers the twin effects of
deforestation and persecution in varying proportions
throughout its range. Huge areas of forest have
disappeared in all range countries during the twentieth
century and this has undoubtedly reduced and
fragmented its population significantly [Collar et. al.
2001]. Nomadic pigeons are highly susceptible to
habitat loss, which makes whatever resource they
follow all the patchier in both space and time—a
cardinal element in the demise of the Passenger
Pigeon Ectopistes migratorius and the
endangerment of the Purple-winged Ground-dove
Claravis godefrida. Direct persecution forms the
other major pressure imposed on populations, as
pigeons are a favoured quarry of hunters in all areas.
In West Bengal, intensive hunting was blamed for
the low populations of all game species, including the
Pale-capped Pigeon, and this has probably brought
about its local extinction. While the threat of trade is
presumably minor, it nevertheless exists [Collar et.
al. 2001].
The Chandka Dampara Sanctuary needs renewed
surveillance and improved protection if a population
of the species is found to persist. Forests at Nambor
(37 km2) and East Karbi Anglong (222 km2), both in
Karbi Anglong district, were established as wildlife
sanctuaries in 2000, and the possibility that these areas
support the species should be investigated. [Collar
et. al. 2001]
The major threats in the Chandaka-Dampara Wildlife
Sanctuary are:· Agricultural intensification and expansion

industrialisation
· Urbanisation
· Forest fires
. Man-Animal Conflict
Rapid growth of the city borders and urbanization
has resulted in erosion of biodiversity in the
surrounding areas. There are 5 villages inside the
Sanctuary and 22 on the fringes. Around 562 families
have already been shifted out, but there is still pressure
for fuel wood on the Sanctuary. It has been reported
that awareness among the local people for wildlife is
needed and Wild Orissa, an NGO, is attempting the
construction of an Environmental Interpretation
Centre at Godibari. [Rahmani and Islam 2003]
Hunting is believed to threaten the survival of many
important wildlife species in India. However, few
studies have documented this threat because hunting
is prohibited under the Indian law and is therefore
conducted covertly. Projects offering access to higher
education, promotion of alternative protein use, and
stricter law enforcement should strengthen efforts to
reduce wildlife hunting [Gubbi & Linkie 2012]. It is
possible that killing of Purple Wood Pigeon would have
happened as the sites from where observations have
been made are areas where these small time hunters
operate.
Further findings by Wild Orissa reveal that
urbanization of Bhubaneswar and its surrounding
areas has been going on a much higher scale during
the last two decades and which is now posing a real
danger to the existence of Chandaka-Dampara natural
ecosystem [Wild Orissa 2017]. It has been reported
that Orissa aims at transforming the ChaudwarCuttack-Bhubaneswar-Khurda urban conglomerate
into a metropolis that will replace Kolkata as the ‘hub
of the east’. Going full throttle to achieve this vision,
the region has seen rapid, and ill-planned expansion,
which has isolated Chandaka Bharatpur forest, a part
of the Chandaka sanctuary –– juts into the city and
has practically been severed from the rest of the
sanctuary. Gated colonies, large institutes
(Bhubaneswar has over a hundred engineering
colleges, plus a number of management and other
institutes) and tech-parks have come up in between,
leaving a few elephants trapped permanently inside
the 10 sq km degraded, weed ridden scrub that is
Bharatpur today [Bindra 2012].
Legal Protection
The species is protected by law in India (pigeons are
generically included on Schedule IV of the Wildlife
Act 1972).
SUGGESTIONS
Engaging Local Community
In view of the species attributable habits, it will be
crucial to enlist the support of local communities in
protection of Columba punicea. There is a need for
sustained engagement with them over a long period,

like in Mangalajodi [Nayak 2012], such that effective
protection structure outside the government fold is
placed on the ground.
Protected areas Given the seemingly erratic
movements of the species, it is not perfectly suited to
the establishment of protected areas and requires an
extensive protected area system to ensure the
availability of sufficient sites. The following proposals
are often aimed at areas which this pigeon has only
visited once or twice, and the real requirement is to
maintain enough secure habitat to support its
wandering populations.
Focus should be directed to those areas in which
regular seasonal or semi-permanent presence is
reported. There is a real need to engage local
communities to assume the protection of this species
including monitoring its population and habits. In the
state of Odisha this needs to be immediately executed
for areas on the fringes of Chandaka-Dampara
Wildlife Sanctuary, Similipal Biosphere Reserve, etc.
Control of persecution
Most importantly, pigeon-hunting needs to be
controlled in as many areas as possible throughout
the range of this species; of secondary importance,
trade should be carefully monitored and controlled.
Total hunting bans should be applied rigorously in and
around Chandaka-Dampara Wildlife Sanctuary.
Research
Survey work should seek to identify further populations
of the species and gather data on its status and
ecological requirements throughout its range. In
particular, seasonal movements need to be clarified
so that protection can be targeted in both breeding
and non-breeding ranges. In particular, the location
of important breeding populations needs to be
ascertained. Investigation into the reasons underlying
the general scarcity and apparently erratic distribution
of the species is required.
Ripening of fruit
There is a strong requirement to ascertain as to which
are the fruiting species are used by Columba punicea
for feeding so that mature trees could be safeguarded.
Protecting key sites
Further conservation measures for key sites where
this species occurs, and improving management of
existing protected areas, are the need of the hour.
Awareness Campaigns
Education campaigns are needed to reduce hunting
levels by highlighting the importance of the palecapped pigeon in Odisha. Education programmes
designed to highlight the importance of pigeons in the
ecosystem and to persuade hunters not to shoot them
should be pursued.
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CONCLUSION
Although it has been recorded from numerous
protected areas, their contribution to its conservation
is not known, especially given its seasonal and
nomadic movements. Indeed, site-based conservation
strategies are unlikely to be successful unless
populations are able to follow seasonal patterns of
fruit-ripening within secure protected sites. Conducting
further surveys, particularly in and around ChandakaDampara Wildlife Sanctuary and Similipal Biosphere
Reserve, to clarify its current distribution, seasonal
movements and population status. Conduct research
into its ecological requirements and the relative effects
of various threats operating across its range. Identify
and protect, where appropriate, sites supporting key
populations. Promote improved management and
establish/increase buffer zones around protected areas
supporting key populations. Enforce strict hunting
controls within all protected areas and devise
awareness campaigns to reduce pigeon hunting
wherever this is possible.
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ABSTRACT
Hopea ponga is an economically important timber yielding tree belongs
to the family Dipterocarpaceae. It is an endemic tree of Western Ghats
that distributed in the lowland forest to mid elevation of 1200 m asl. The
tree has been included as endangered in the IUCN red list due to the fast
decline of its population in the last few decades. Since being an
economically important tree species, no proper studies have been
undertaken to explore the potential benefits and for its conservation. On
this background, study on the phenology and floral biology of Hopea
ponga had undertaken to identify the problems and barriers behind its
reproductive cycle. The studies confirmed that the seeds were recalcitrant
and cannot be stored for long time. The fruits and seeds were also
largely damaged by beetles, squirrels and wild pigs. Further, any failure in
the monsoon will result in the failure of its reproductive cycle as the
seeds were recalcitrant. Poor pollinator’s visits, reduced fruit set are the
other factors behind the failure of reproductive cycle of Hopea ponga. In
order to conserve this valuable timber yielding tree species, effective
forest management practices have to be framed and alternate seed storage
technique has to be developed

INTRODUCTION
Hopea is the largest genus among the family
Dipterocarpaceae and has reported with 104 species
throughout the world, of which, 11 species were
reported from India. It has a wide range of distribution
in the Western Ghats from lowland evergreen forest
in the coastal plains to the tropical evergreen forest
(1200 m asl). They constitute important timber for
domestic needs and a source of a variety of minor
products on which many forest dwellers are directly
dependent for their survival (Panayotou and Ashton,
1992). Of the 11 species reported from India, 8 species
are endemic to the Western Ghats particularly to the
states of Karnataka, Kerala and Tamil Nadu. In
particular, the lower altitude, warm and humid part of
Karnataka is most suitable for the species. All the 11
species of Hopea reported from India are under
severe threat and included in the IUCN red list
category. Hopea ponga is a common sub canopy
tree of wet evergreen forests that grows up to 900m
asl and the species is endemic to the Western Ghats.
It is distributed in isolated patches and along the rivers
of the Western Ghats of Tamil Nadu, Kerala,
Karnataka and Maharashtra. It has been also recorded

from all parts of Western Ghats from Agasthyamalai
in the south to some parts of Goa in North. The trees
have a smooth and straight trunk that grows up to a
larger height and the base of the tree may be often
buttressed.
Hopea ponga is an economically important timber
species and the bark of the tree is used as a good
tanning material and astringent with the slow speed
of diffusion (Murali. and Sukumar, 1994). Heartwood
obtained from the tree was used for building
construction, for posts and for making cartwheels
(Janardhanan, 1993). The whole plant was used to
cure piles (Divakar et al., 2013). The methanolic
extract of leaf of Hopea ponga exhibits high
scavenging ability against different free radicals. It
was also found to contain active compounds which
have effective antioxidant and antimicrobial activities
(Rose et al., 2014). Phytochemical screening of
several extracts of Hopea ponga seed wing showed
the presence of different compounds such as Phenols,
Saponins, Flavonoids, Tannins, Terpenes, Alkaloids
and Glycosides. The crude extract of seed wings of
H. ponga exhibits a high degree of antimicrobial
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activity against several pathogenic bacteria (Sukesh,
et al., 2011).
Endemic and economically important species with
restricted geographical distribution have become a
central concern of biologists that are faced with severe
problems by habitat destruction and fragmentation.
Among endemic species, most prone to such effects
are those whose population size is small (Navarro,
and Guitian, 2002). The detailed knowledge on
reproductive behavior of the species is very much
important for the conservation, management and
recovery of endemic and endangered species. Any
intervention in between flowering to fruiting and in
the seed germination will cause a drastic reduction
of tree population in the natural habitat. The studies
on tree phenology and floral biology provide more
data on the problems and factors behind the
reproductive failure of the plant species. On this
background a detailed study on the phenology and
floral biology of Hopea ponga has been undertaken
to identify its rarity and reproductive failure.
MATERIALS AND METHODS
The Population of Hopea ponga was identified by
extensive field trips conducted at various forest areas
of Tamil Nadu and Kerala. The adult trees were
marked and continuously monitored on monthly basis
to record the different phenological events viz., leaf
shedding, leaf flushing, bud initiation, flowering, fruit
development, fruit dispersal and seedling
establishment in the natural habitat. Flowering
phenology from bud initiation to withering of floral
parts were recorded on day to day basis according to
the method suggested by Dafni et al.(2005). The
number of flowers produced per inflorescence,
lifespan of flowers, time of anthesis, time of anther
dehiscence, nectar production and stigma receptivity
were recorded by continuous observation with the
help of handlens (10x). The average number of pollen
produced per anther and per flower was calculated
with the help of haemocytometer. Pollen-ovule ratio
was worked out according to the method suggested
by Cruden (1997). Pollen germination studies in in
vitro were assessed with Brewbacker’s medium with
different concentration of sucrose (2 to 10%). The
viability of pollen was assessed by 2,3,5-triphenyl
tetrazolium chloride test (TTC) (Shivanna and
Rangaswamy, 1992), Di-amino benzendine (Dafni et
al.,2005) and FCR test (Shivanna and Rangaswamy,
1992). The stigma receptivity was estimated by using
hydrogen peroxide on the stigma surface which
indicates the receptivity of stigma by evolving bubbles
(Kearns and Inouye, 1993.).
The pollinators were observed continuously at
different time intervals during the peak flowering
period. The tree was continuously monitored in day
and night to record the floral visitors and pollinators
visiting the flowers. The foraging behavior of floral
visitors were analysed by photography and visual
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observation through high resolution binocular. The
actual time spent by each pollinator per flower was
recorded with the help of stop watch. The foraging
period and the type of food collected by different
pollinators/visitors were also recorded by close
observation. The seeds were also analyzed for
moisture content, viability and germination at different
time period of storage.
RESULTS AND DISCUSSIONS
The viable populations of Hopea ponga were located
at three different study sites viz. Kalakad
Mundanthurai Tiger Reserve in Tamil Nadu and
Ashtamudi Lake and Iringole Kavu Kerala. Hopea
ponga is an evergreen tree and there was no
significant mass leaf shedding observed and
occasionally happens at dry season but the tree
appears with photosynthetic leaves through the year.
The leaf flushing of H. ponga was observed from
the month of June just after the dry season along
with the onset of monsoon in the study area. Leigh
and Windsor (1982) also observed that leaf flush of
the tropical plants is attributed to the onset of rain
after a spell of the dry period. The leaf flushing
continuous for a longer period and it was followed by
flowering in the month of March and April at which
the study site experience dry period (Fig.1). The
flowering was followed by fruiting in the month of
May in Hopea ponga. The fruit development
observed in the dry season and fruit set and dispersal
occurred before or with the onset of monsoon. The
fruits dispersal of species was started during the
month of June at which the study sites receives more
rainfall. This phenomenon ensures the effective seed
germination in the wild. This was strongly supported
by Van Schaik et al. (1993) that fruiting often occurs
at the beginning of rainy season, which presumably
minimize the exposure of seeds to seed predators and
provide maximum time for seedlings to develop the
root systems needed to survive drought during their
first dry season. However, Hopea ponga was a mass
flowering species that has slight oscillation in the
flowering and few individuals observed to develop
flowers once in two years.
Figure 1: Flowering phenology of Hopea ponga

The present result on the floral biology of Hopea
ponga showed that it produced bisexual flowers in
axillary panicle or racemes with 79.56±18.31 flowers
per inflorescence. It produced an average of 4,77,300
± 10,9800 flowers per tree during the peak flowering
period. The continuous observation on the matured
floral buds showed that it has diurnal flowering habit.
Anthesis of flowers started with the opening of petals
in the morning hours from 0700 to 1100 hrs. Flowers
are pale pink to white in color with a mild fragrance
and the petals arranged as twisted at the tip with a
pointed end. The flowers were remained fresh for 3
days from the day of anthesis and the petals were
withered along with the epipetalous anthers. This floral
mechanism showed that the flowers had a short life
span of 3±1days. Each flower consists of 13±2
epipetalous anthers with a short hairy appendage at
the tip. The unopened flowers observed for anther
dehiscence showed that the anthers were dehisced
one day before anthesis which in turn confirmed the
protandrous nature of the flowers. Undehisced mature
anthers of one day before anther dehiscence were
used to analyse for pollen count. The mean number
of pollen grains calculated per anther was
23,555±5812 and it produced an average of
3,53,333.3±87,17 pollen grains and 18±3 ovules per
flower, that resulted in the pollen-ovule ratio as 19629:
1. The morphological studies on the pollen grains
showed that pollen grains were spherical in shape
with the size of 9µm±2.3µm. Further, the observation
of pollen grains through acetolysis confirmed as trizonocolpate (Table 1).

Hopea ponga showed that pollen grains were viable
form the day before anthesis and reduced in the
following days. Pollen viability examined through
various experiments showed a maximum viability of
54.9% with 2, 3, 5-triphenyl tetrazolium chloride test,
53% with Flurochromatic reaction test, 55.9% with
Di-amino Benzidine test and thereafter the viability
get reduced in the subsequent days. Since, being a
protandrous species, the viability of pollen grains
observed as highest at the time of anther dehiscence,
but it has to get reduced one day after anther
dehiscence or at the time of anthesis. The pollen
fertility tested with Acetocarmine staining method
showed a maximum of 62.6% pollen fertility at one
day before anthesis. Fertility of the pollen grains was
also drastically reduced in the subsequent days after
anthesis. The pollen grains of Hopea ponga
incubated for pollen germination showed germination
in a range of sucrose concentration from 2% to 6%.
The in vitro pollen germination studies showed a
maximum percentage (56.2%) of pollen germination
with 4% sucrose concentration at 3 hours of
incubation.
The stigma receptivity of Hopea ponga was reported
as maximum on the day of anthesis and showed 80%
of stigma was receptive by showing pollen adhesion
and germination on the stigmatic surface and reduced
drastically in the upcoming days. The study on H.
ponga showed that maximum receptivity on first two
days and reduced drastically on the third and fourth
day after anthesis (Fig. 2).

Table. 1: Floral biology of Hopea ponga
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Figure 2. : Studies on Stigma receptivity and in
vivo pollen germination in Hopea ponga

The observation on nectar secretion of Hope ponga
showed that it has lower nectar secretion after
anthesis and it showed a maximum of 0.78µl±0.12µl
per flower on the day of anthesis. The concentration
of nectar was also recorded as maximum (32%) on
the day of anthesis. The poor nectar secretion
contributes to the reduced pollinator service in H.
ponga but it was compensated by the mass flowering
which attracts the pollinators in large number. The
amount of nectar secreted in H. ponga was more or
less similar with Shorea roxburghii (Raju et al.,
2011) but the concentration of nectar was
comparatively higher.
Seven different floral visitors were recorded through
periodical monitoring of selected individuals during
the flowering period. Three species of butterflies,
Archopala amantes, Arhopala centaurus and
Triodes minos were recorded as floral visitors of H.
ponga. Butterflies were an active floral visitors and
they visit the flowers actively in the morning hours
from 0800 to 1400 hrs. Archopala amantes and
Arhopala centaurus were recorded in all the three
selected study sites. Triodes minos was recorded
only in the Iringole kavu, Kerala. Archopala amantes
and Arhopala centaurus spent 12± 3 sec. per flower
per visit and Triodes minos spent 10 ± 3sec per flower.
Honey bee (Apis dorsata) was found as an active
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pollinator of H. ponga and they visit the flowers from
the morning time between 0700 to 1500 hrs. and spent
32± 3sec. per flower (Table 2). Honey bees
transferred viable pollen grains between the different
flowers of various individuals marked in a population.
Apis dorsata was recorded as efficient pollinator in
Iringole kavu and Kalakad Mundanthurai Tiger
Reserve and not reported in Ashtamudi lake.
An ant (Oecophylla smaragdina) was also recorded
as a floral visitor in all the three study sites. They
were found as colonies on the floral branches of
Hopea ponga and visit all flowers of the
inflorescence. Oecophylla smaragdina spent 15±
6 sec. per flowers and contributed for the transfer of
pollen grains within and between flowers. Beetles
were also recorded as floral visitors and visited the
flowers mostly from the early bud stage and lay their
eggs on the developing floral buds as well as on the
fully anthesised flowers.
Funambulus palmarum, commonly called as Indian
palm squirrel or three striped squirrels, the only
mammal recorded as a floral visitor in H. ponga.
They actively visited the flowers in the morning hours
from 0700 to 1400 hrs by spending 22±5 sec. per
flower. They also visited all the flowers randomly in
an inflorescence. They fed the young petals which
lead to the withering of petals that leads to the transfer
of pollen grains from the anther to stigma within the
flower. Thus, three striped squirrels indirectly helped
for the pollination of H. ponga. However, very low
number of individuals alone visited the flowers.
Squirrels were also reported as a pollinator in Butea
monosperma (Tandon, et al., 2003). Momose et al.
(1998) reported that squirrels, social bees, and beetles
are some of the dominant pollinators of lowland
Dipterocarps forest in Sarawak of Malaysia.
Hopea ponga produced fruits in mass number with
a pair of two persistent crimson coloured calyx as
wing and it produced an average of 17±2 fruits per
inflorescence and an average of 636±150 fruits per
branch. However, an adult tree produced about an
average of 95,400±22,500 fruits at the single flowering
season. The flower- fruit ratio was calculated as 5:1.
The fruit has a special adaptation for dispersal, in
which, the fruit dispersed up to 15 meters of radius
around the parent tree with the help of its two winged
calyx. The seeds were collected at the time of
detachment and analyzed for the various seed
biological parameters. Analysis on seed moisture
content showed that it has a maximum of 73.2%
moisture content at the time of detachment. The
moisture content of the seeds was drastically reduced
up to 54% within 15 days of storage and seeds stored
for more than 45 days showed less than 1% of moisture
content.
The viability of seeds tested with TTC showed a
maximum of 93.5% viability at the time of detachment

and it has reduced drastically in the following days.
About 58% of the seeds were confirmed as viable
on the 15th day of incubation and the viability was
reduced to 26% on the 30th day of storage and
thereafter, the seeds lost their viability completely.
The seed germination studies conducted in both natural
habitat and in the mist chamber were showed a
maximum germination of 84% at the detached stage.
The germination ability of the seeds was drastically
reduced in the subsequent days and showed 56%
germinability at 15th day. The seeds stored for more
than one month showed no germination and
completely lost their viability.
There is a strong correlation was observed between
the seed moisture content, viability and germination.
The moisture content and viability of seeds get
reduced from the day of detachment which correlated
with the reduction of seed germination (Fig. 3). The
seeds lost their viability completely below 20% of seed
moisture content. The results on seed biology of
Hopea ponga was not similar to the findings of
Sukesh and Chandrashekar (2011) in which, the
germination percentage was slightly lower than their
observation. It has been previously reported that
Hopea ponga failed to germinate when the critical
moisture content has reduced below 27% (Dayal, and
Kaveriappa, 2000) which also coincided with our
result.

pigs. Hopea ponga was also reported to be a host
plant for two species of butterflies Archopala
amantes and Arhopala centaurus, commonly called
as Indian oak blue. Ants are the pest that had nested
in the tree branches and fed the developing ovary as
well as the young floral buds to feed their larvae.
The tree was also well known to infect with galls
inducing insect Mangalorea hopea which produces
galls in leaf axis that looks like sea urchin.
CONCLUSION
The phenological and floral biological studies of H.
ponga showed that there was a severe oscillation in
the flowering season which has a direct reduction in
the production of healthy seeds. Pollinators were also
very low in number and therefore the possibility of
transfer of pollen grains between different populations
is questionable. The seeds were found to have very
short viability and failure in the monsoon will
drastically reduce the germination of seedlings. Seeds
were also severely damaged by beetles and eaten in
vast number by wild pigs and squirrels which reduce
the healthy seedlings in the natural habitat. Further,
illegal timber cutting is one of the major factors for
the fast reduction of this tree population in the past
few decades. Therefore, alternative strategies have
to be developed to store the seeds in large number
for the better seedling development and conservation
of this valuable tree species.
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ABSTRACT
India is a religious country. Temple tanks are important landmarks of our
cultural and traditional history. The origin of these tanks is due to the
necessity of water for ablutions and purifications before entering into the
temple. The temple plan is so conceived that all water from complex is
drained into the tank. Their management has to be scientific with a focus
on storing, augmenting and utilizing water. Jogula Bhavi temple tank is
one such problem whose phytoplankton diversity is discussed in the
present paper. It is left open for the devotees that lead to elevated values
of Physico-Chemical Parameters and presence of certain phytoplankton
such as Cyclotella, Cymbella, Navicula, Nitzchia and Phacus confirmed
the aquatic pollution in the Temple Tank selected for the study.

INTRODUCTION
Indian temple architecture has been an important
design of water storage since ancient times, where
dry and monsoon seasons alternate. Temple tanks in
India are traditional rectangular rain water storage
structures built very near to the temples for the use
of the community. Though in olden times, water in
the temple tank is used for drinking purpose also, now
it is used for bathing and washing only. In recent times,
major temple tanks are facing acute pollution problem
and are emitting a foul odour. Apart from these regular
congregations of humans to celebrate the festivals
often have a severe impact on the temple tank water.
Quite a lot of reports on algae of water bodies from
time to time have been published by many authors.
Pathmanapan et al., (2010) in his reports stress on
Biodiversity of temple tanks. As every water body
exhibits its own peculiarities with regards to its Flora,
Fauna and Physico-Chemical characteristics, Jogul
Bhavi of Savadatti-Yellammanagudda from Belgaum
district was selected for the study as this perennial
tank is highly polluted due to regular mass human
activities, mainly mass bathing. Bathing activity is one
of the important in situ utilization of water bodies,
which demands water quality requirement alien to
the water quality required for drinking purposes.
Several studies have been done on impact of mass
bathing on different water bodies (Kulshreshta and

Sharma, 2006; Bhatnagar and Sagawan, 2009;
Hosmani et al., 2009; Meera Bai et al., 2010; Gupta
et al., 2012).
Belgaum city is a municipal corporation in Belgaum
district in the state of Karnataka, India. It is situated
nearly 2,500 ft (762 m) above sea-level and is the
headquarters of Belgaum district, which borders the
states of Maharashtra and Goa. It is lying at a
distance of 502 km from Bangalore; 515 km from
Hyderabad and 500 km from Mumbai.
Savadatti is the oldest town in Belgaum district in
South India. This wonderful Sylvan region is about
112 Kms from Belgaum, 38 Kms from Dharwad and
58 Kms from Hubli. It has a latitude of 15º 47' N and
longitude of 75º 7' E with altitude of 611 mts. The
temple of goddess Yellamma is a popular pilgrimage
site for Shakti devotees. Everyday hundreds of
pilgrims visit the temple with great devotion. The
congregation is especially large, crossing ten lakh on
two auspicious days, Banada Hunnime and Bharatha
Hunnime. The century old temple of Yellamma is
situated at the top Yellammagudda, amidst picturesque
Ramalinga hills about 5 kms from Savadatti.
“Jogul Bhavi” is the temple tank at the lower part of
the hill. A strange sacred custom is followed by all
age group of devotees here. They need to bathe in
the holy waters of Kunda known as “Yogarbhavi
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Satyamma Kunda’ during festivals, before wearing
new clothes and going for worship. It is a sacred
tank whose waters are believed to cure skin diseases.
In this temple tank ‘Mass bathing’ is an age old ritual.
Mass bathing increases the organic matters in the
water body, apart from impurities like soaps,
detergents, faecal matters of animals and many more
to list.
To evaluate the existing raw material, to review the
changes in water quality, to suggest measures to
restore the aquatic life, to develop remedial measures
to prevent environmental hazards due to mass bathing
and to provide alternatives for bathing and to maintain
water quality in this tank, the present study had been
under taken.
MATERIALS AND METHODS
Water samples were collected from the tanks at an
interval of 30 days from May 2012 to April 2013.
The water samples were collected in acid washed
one litre capacity plastic bottles from a depth of 5-10
cms between 9.30 am to 10.30 am for physio chemical
analysis. All the water samples for different laboratory
analysis were packed appropriately in well-insulated
boxes filled with ice cubes. The samples were
subjected to laboratory analysis and were measured
according to the standard methods followed by APHA
(1998).
For the enumeration of algae composite water
samples were collected separately from study sites
in duly sterilized labelled polythene bottles of one litre
capacity. Care was taken to avoid filamentous algae
and floating debris. For laboratory investigations the
samples were preserved in 5% of formalin followed
by sedimentation, centrifugation, and preservation by
few drops of Lugol’s iodine solution (Welch, 1952).
Microscopic scrutiny of every sample was done
preparing temporary slides to gather information about
number of genera, species present, and their relative
dominancy. Photomicrographs of the studied taxa

Study area—Jogula bhavi on the river bank of
Malaprabha (Renuka sagar)

55

were clicked by High Resolution Microscope present
at USIC, an instrumentation department at Karnatak
University Dharwad. The planktons were identified
using keys provided by Prescott (1951), Desikachary
(1959) and Philipose, M. T (1967). Plankton count
was done by Lackey’s drop method (1938). The algae
identified were recorded as organisms per litre and
tabulated for further studies in both water samples
every month separately.
RESULTS AND DISCUSSIONS
Four classes of phytoplanktons - Cyanophyceae,
Chlorophyceae,
Bacillariophyceae
and
Euglenophyceae were identified in the present study.
Eight species of Chlorophyceae, seven species of
Bacillariophyceae, three species of Euglenophyceae
and two species of Cyanophyceae are mentioned in
the table and the percentage value is represented by
pie chart. Cyclotella meneghiniana was the most
prominent indicator of organic pollution and was
abundant in temple tank during present investigation.
Navicula, Nitzschia, Pinnularia & Cymbella are
the indicators of anthropogenic activity in lakes
(Hosmani et al., 2011); the result draw a parallel
conclusion with our study as this tank is highly disturbed
by human interference.
The water temperature of the temple tank is fluctuating
due to the uncontrolled activities of devotees in the
water. Seenayya (1971) reported that, summer
season has no significant impact on the growth of
Chlorococcales and concluded that it was difficult to
comprehend that temperature was the potent
ecological factor controlling the growth of
Chlorococcales. On the other side, Seenayya (1971)
suggested that a high concentration of carbon dioxide
and bicarbonates affects the growth of
Chlorococcales. Similar observations were made by
Sudeep et. al., (2008) and recorded that Scenedesmus
sp was the most dominant Chlorococcales. All the
above parameters and observations made by these
authors correlate with Savadatti Tank ecology, which
showed temperature more than 25°C throughout the
study period.
Dissolved oxygen (DO) value ranged from 1.5-2.0
mg/L during monsoon, the same was completely nil
during summer. It showed an inverse relationship with
temperature which might be due to oxidation of oxygen
as reported by Patil and Dongare (2006).
Hardness of water is due to presence of soluble
bicarbonates, chlorides and Sulphates of Calcium and
Magnesium ions. All these (Ca-280mg/L, Cl-320 mg/
L, S-32mg/L, Mg-29mg/L) were in high values and
above permissible limit. According to Gupta et al.,
(2012) hardness of pond water is due to regular
addition of large quantities of sewage, soaps,
detergents, etc. are from residential localities.
Savadatti tank exhibits the same conditions.
Decreasing DO and high values of hardness (280400 mg/L) clearly depict the disturbed ecology of

Savadatti tank due to the activities of devotees. The
phosphate concentration above 0.5 mg/L indicates
pollution (Jain et al., 1996). Our study correlates with
the above result as the phosphate values ranged from
6.8mg/L to10.5 mg/L. According to the results given
by Jacklin and Regini (2011) in temple ponds of
Kanyakumari district, Potassium was found high in
summer and low in monsoon. In this respect our
results show low Potassium in summer and high in
monsoon which does not correlate with the above
result. Sodium quantities varied between 58mg/L-69
mg/L during summer in this tank. High sodium content
in the form of chloride and Sulphates makes the salty
taste of water, making it unfit for human consumption.
The raise in Chloride content indicates that the water
has become polluted. Chloride concentrations in
excess of about 250 mg/L can give rise to detectable
taste in water, but the threshold depends upon the
associated cat ions (WHO, 2006). Our study shows
Chloride content more than the permissible limits.
Chacko and Krishnamurthy (1954), proved that a
mixture of cow dung and ash generates blooms of
Oscillatoria, Scenedesmus, Euglena and Phacus
& the application of manure in different
concentrations by using calcium, phosphates,
Sulphates produced rich blooms of Pediastrum
clathratum and Pediastrum duplex , Oscillatoria,
Chlamydomonas, Euglena, blooms of diatoms like
Navicula, Cyclotella and Gomphonema in three
fresh water fish ponds in Madras city. Present study
exhibits similar type of species except Pediastrum
clathratum, Oscillatoria and Gomphonema till
September, which correlates with Physico chemical
parameters such as calcium, phosphates, Sulphates
and Chlorides in high values. According to
Parthasarathi et. al., (2011) with their laboratory
experiment strengthened the hypothesis that intrusion
of saline water can change the phytoplankton
community structure which may have serious
ecological impact.
DISTRIBUTION OF PHYTOPLANKTON IN
SUANDATTI TEMPLE TANK PERCENTAGE
WISE
Table showing Phytoplankton Diversity
Sl No

Phytoplankton

Chlorophyceae
1

Cosmarium sp.

2

Tetrastrum sp

3

Pediastrum duplex

4

Pediastrum simplex

5

Scenedesmus acuminatus

6

Scenedesmus quadrispina

7

Selenastrum gracile

8

Staurastrum sp

Bacillariophyceae
1

Cyclotella meneghiniana

2

Cymbella tumida

3

Navicula sp.

4

Nitzchia acicularis

5

Nitzchia longissima

6

Nitzchia sigma

7

Pinnularia sp.

Euglenophyceae
1

Euglena sp

2

Phacus plueronectes

3

Phacus tortus

Cyanophyceae
1

Microcystis sp.

2

Phormidium sp.

Unhealthy water quality and eutrophication are due
to hasty attitude of people. Human activities include
mass bathing; washing of clothes, holy dips etc, which
impair the Physico -chemical parameters of especially
the temple tank water. As the conditions in water
such as total dissolved Oxygen, free Carbon dioxide,
organic pollutants play a key role; the water quality is
always endangered. The water of this temple tank is
highly polluted and is not fit for drinking or bathing
purpose. Instead of free entries of pilgrims into this
tank; paid entry may be provided to them, allocating
minimum time to complete the holy bath. This will
avoid unnecessary settlement of the crowd inside the
water body. There is a need to institutionalize the right
to information of the communities regarding the
activities that affect their lives. The communities must
also have right to inspect and a right to participate in
the decision - making process about all activities that
may affect their lives. The pollution control bodies
have to be independent of the government in every
sense of the term.
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ABSTRACT
Water birds are generally considered to be a key component in the
wetland ecosystem, as their occurrence in such habitats indicate the
quality of the wetland ecosystem and form the terminal links in many
aquatic food chain, thereby reflect changes originating significantly in the
components of the ecosystem. Birds utilize the pond resources for their
shelter, food and breeding environment and therefore, this niche gets
interacted through these biotic organisms. The dry benthic surface of the
shallow temporary ponds, resulting through the birds population
occurrence and interaction, causing the varying nature of herbaceous
vegetation. Therefore, it is of paramount important in the monitoring of
such wetland ecosystem to enumerate the birds’ diversity and the
associated phyto-diversity on the dry benthic surface of temporary or
ephemeral pond ecosystem. Avian diversity and their population and the
list quadrat on herbaceous vegetation community were done in the
Kanjeerankulam and Chitrangudi Birds Sanctuary Ponds of temporary
nature, located in the Gulf of Mannaar Biosphere region in 2014. The
boundary sketch was made using GPS machine and the birds population
and the herbaceous vegetation, occurred in the dry benthic zone. A total
of 20 different bird species were spotted in Kanjerankulam Bird Sanctuary,
including black ibis (Pseudibis davisoni) and painted stork (Mycteria
leucocephala) are identified as critically endangered, according to the
IUCN status. In Chitrangudi Birds Sanctuary Pond, 50 avian species were
found visited, during the study period. Occurrence of 77 herbaceous
vegetation and 75 plant species respectively were enumerated from the
dry benthic surfaces of Kanjeerankulam and Chitrangudi Ponds. Such
vegetation analysis with the corresponding birds population interaction on
the temporary pond ecosystem helps to develop proper management

INTRODUCTION
Wetlands are biologically diverse, thereby more
productive and also very fragile (Gibbs, 1993), since
they have a dynamic ecosystem functioning. The
complex interactions among and in between the abiotic
and biotic components of wetland system make these
ecosystems as the earth’s most productive
ecosystems (Wonderfrash, 2003). Pond habitats are
one among the inland freshwater ecosystem and they
are specially considered than any other aquatic habitat,
since they hold relatively more of regional diversity
(Biggs et al., 2005) and the pond resources are greatly
utilized.
Phytodiversity analyses have been done to understand
the succession nature of habitat, for a longer period

(Lindborg and Eriksson, 2004). This is further useful
in the perspective of the existing nature of the habitat
(Krauss et al., 2004) and its heterogeneity nature
(Mathias et al., 2007) in terms of components and
their functioning. In the inlands, birds’ population
largely depends upon the fresh water bodies and they
become as a significant diversity nature in the wetland
ecosystem. They occupy several tropic levels
associating themselves through food web in the
wetland nutrient cycle and hence the water birds
diversity is generally considered as indicator of
wetland ecosystem quality. These features cause a
shift over the major ecosystem components (Custer
and Osporne 1977). Avian population study could be
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made into useful model for studying environmental
condition of local landscape, for developing guidelines
and strategies for wetlands management. India faces
several environmental catastrophes and anthropogenic
activities such as ever increasing human population,
wildlife and forest loss leading to habitat fragmentation,
aquatic pollution and other severe biotic pressure,
seriously causing the dwindling status of pond
ecosystem; thereby the avian diversity with the great
dependency over these habitats also getting lost
(Ramesh et al., 2012). Biodiversity conservation is
inevitable to achieve the true goal of sustainability and
in this regard, monitoring of pond ecosystem
components and describing the spatial patterns of
species diversity was the first and foremost important
step in conserving global bio diversity (Lee et al.,
2004; Kattan and Franio 2004; Mahesh et al., 2014).
Plant-animal interaction in terms of food web
establishment for the better ecological functioning,
which is essential to be understood and factors,
favourable to birds niche in the habitat analysis was
given due importance (Ali and Ripley, 1987) This
further helps in identifying conservation measures in
the areas of heavy biotic and anthropogenic
intervenetions (Ramesh et al., 2011). Conservation
measures in the birds sanctuary primarily includes the
monitoring of birds in the migratory season for various
activities in the ecosystem management.
Bird Sanctuaries of Chithirangudi and Kanjeerankulam
are grouped in the category – 1 of Coastal Regulation
Zone (CRZ) of Gulf of Mannar Biosphere Reserve
(Singh, 2003). The objective of the present study was
to investigate the diversity of aquatic vegetation
diversity and avian species in small, shallow temporary
ponds of Chitrangudi and Kanjeerankulam Birds
Sanctuary, Gulf of Mannar Region, Ramnad Distict,
Tamil Nadu. This present study would be useful to
the managers of the forest and wildlife, researchers
and bird watchers.
MATERIALS AND METHODS
Two experimental ponds, viz., Chitrangudi (N 90°
20.086’E 78° 28.640’; Alt. 415 ft) and Kanjeerankulam
(N 90° 21.598’ E 78° 21.798; Alt. 384 ft.), serving as
Bird Sanctuaries, located in Mudhukulathoor Taluk
of Ramanathapuram Disttict, Tamil Nadu State were
selected for the investigation. The eco-climatic
condition of the location is semi-arid; temperature
ranges between 39°C (maximum) and 22°C
(minimum); mean annual rainfall is about 40-50 cm
Both these ponds are temporary or ephemeral and
shallow and water availability period in the ponds are
usually between the months of November and
February, depending upon the rate of precipitation
through north-east monsoon. Earlier, the dry sediment
surfaces of the ponds have been established with
Acacia nilotica trees stand and recently, Holoptelia
integrifoloa were planted, to facilitate harbouring of

59

avian population, mostly migratory nature from
different parts of the countries. These ponds were
declared as Bird Sanctuary by the Government of
Tamil Nadu during the year 1979. These pond has
multiple utility values including sheltering, brooding
and breeding habitat for birds, especially the migratory
birds, besides for irrigation and the dry benthic surface
covers with the emerging herbaceous vegetation.
Boundary sketch was made using a GPS machine
(Garmin Make; CSX Map Model) and illustrated
(Plate 1). Bird survey in these above mentioned bird
sanctuaries were done once in a month for four
months, between the months of November and
February, 2014. Each time, survey was done using
the point counting method, watched using a high
resolution binocular (Nikon Make; ) daily two times,
viz., in the early morning between 6:00 am and 8:00
am and 04:00 pm to 06:00 pm in the evening. Birds
were identified using the standard manual and
monographs on birds (Ali and Parchuly, 1967).
Inventory of the aquatic, semi-aquatic and terrestrial
vegetation on the dry benthic surface of the pond
surface were done using all-out search method. The
plants species were identified using standard flora
and monographs (Gamble and Fischer, 1935; Cook,
1996 and Saini et al., 2010).
Plate 1: Boundary maps of 1) Kanjeerangulam and
2) Chithirangudi experimental ponds

RESULTS AND DISCUSSION
A Check list on the vegetation prepared for
Chithirangudi Birds Sanctuary ponds showed the
presence of 76 species included in 64 genera
belonging to 37 families (Table 1), both the aquatic
forms and also the herbaceous vegetation occurred
on the dry benthic surface of the temporary pond,
following drying. Marsilea quadrifolia L., a floating

hydrophyte, representing as the lonely species,
belonging to Pteridophytic group. Dominant
vegetation occurred in the desiccate pond surfaces,
belong to Poaceae and Fabaceae families, each
representing with 9 species, followed by
Euphorbiaceae family with 6 species and Cyperaceae
family with 4 species and 23 families were found
mono-specific.

Table 1: Check list of aquatic and terrestrial vegetation of Kanjeerankulam and Chitrangudi birds sanctuary
ponds during the presence of water and on the dry benthic regions, during the month of December, 2014 (‘?’
indicates presence and ‘x; indicates absence)
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A total of 50 avian species including migratory and
resident (local area); waterfowls and wading birds
species which are included in 43 genera and are
belonging to 30 families were recorded in
Chithirangudi Birds Sanctuary (Table 2). Ardeidae
was the dominant family with the representation of
five species. In Kanjeerankulam Pond, a total of 20
different bird species, belonging to 19 genera and 17
families were spotted. Black ibis (Pseudibis davisoni)
and painted stork (Mycteria leucocephala) are
identified as critically endangered, according to the
IUCN status. Rest of the avian species is listed by
IUCN as Least Concern category. In the
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Kanjirankulam Birds Sanctuary ponds area, a total
of 77 plant species included in 65 genera, which belong
to 34 families were recorded (Table 1). Similar to
Chithirangudi Pond, here also Poaceae was found as
dominant family with 9 species, followed by
Euphorbiaceae and Fabaceae families with 7 species;
Cyperaceae family had a representation with 5 species
and 19 families were found mono-specific. The wide
spread nature of grasses, over competing the other
vegetation species in the wetland habitat was
supported from the previous study (Sukumaran and
Jeeva, 2011). Vegetation cover in the habitat strongly
relates to the land-use pattern (Kannan and Mahesh,
2016).
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Phytodiversity analysis often reveals a strong
implication over the multifaceted functioning of
ecosystems (Moneterro et al., 2013). Leibold et al.,
(2004) argued that the diversity of local species
community significantly gets affected by the external
interference. In addition to the relationship between
landscape and plant diversity, major kind of ecological
processes, including spatial and temporal scales
(Addicott et al., 1987) largely play a key role in the
habitat functioning.
Biotic interaction in the ponds habitat
Rock Dove, House Sparrow, Indian Peafowl,
Common Myna, Common Kingfisher, Little Egret,
Median Egret, Asian Open bill Stock, White-breasted
Water hen shelters on tree branches of Acacia
nilotica . and Tamarindus indica as their nesting
niche or for their short stay in Chithirangudi habitat.
In Kanjeerankulam pond, Black Ibis and Brahminy
kite birds were found nesting on the A. nilotica, for
which the essentiality of trees with robust branching
pattern is much preferred by migratory birds. Besides
this, the hollow soft stem pieces of Iopomea cornea
plant was used as nesting material by the tree canopy
nesting birds; the wiry plants like Oxystelma
esculantum was used as tying and also interwoven
material by the nesting birds. Invariably to the forms,
many of the aquatic vegetation serve as the feed to
the water fowls. Similarly, Ipomoea aquatic
Common Coot consumes the leaves of Marsilea
quadrifolia L, a floating hydrophyte; Common Teal
was observed with foraging on submerged
hydrophytes. Egrets were observed with their ability
to catch up the flying insects and the perching birds
viz., sparrow, finch, swallow, paradise fly catcher
those visited to the pond consumed the worms,
centipedes and small to medium size insects. The
present study results are in line with the findings of
(Jha, 2013). The features observed in the study
further confirms the emphasis made by Miller (2003),
further on the diverse wetland complexes and their
greatest values in providing habitat for wetland bird
species and also establishing several kind of food
chain and food web, eventually on the sustainability
of the wetland habitat.
CONCLUSION
The ecological components of the wetland and their
interactions are necessarily to be monitored for the
effective management of the fragile wetland
ecosystem. Aquatic vegetation and birds interaction
in the ecosystem, the utility values and ecosystem
services are the major areas of research and analysis,
which are required to be addressed. Such a
comprehensive study would be useful to manage the
sustainable wetland ecosystem for the benefit of the
environment and the associating communities.
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ABSTRACT
India has rich and varied vegetation with a wide range of climatic
condition from the torrid to the arctic. India harbors about 8% of the
total species of the world Belgavi (earlier known as “Venugrama” or the
“Bamboo Village”) is one of the oldest, strong, prominent and well
cultured historical place nestling high in the Western Ghats. The district
lies between 15° 00’ and 17° 00’ north latitudes and between 74° 00’ and
75° 30’ east longitudes. It covers an area of 13,444 Km2. The variation in
the maximum temperature during the year ranges from 270C to 35.70 C
and minimum from 13.90C to 20.60 C. The normal rainfall in the district
decreases from more than 1859 mm in Khanapur taluk in the southwest, to
less than 491 mm in Raybag taluk towards northeasterly direction. Every
specimen was identified with the help of floras, adjoining state and
districts floras and monographs were consulted. All the collected
specimens were deposited in herbarium of Botany Department, Karnataka
Science College, Dharwad. The survey was carried out from 2006 in 10
taluka of Belgaum district. From these 10 taluka and 25 sampling plots
were seleacted based on different types of vegetation patterns and
collected more then 1739 species of which 900 are native and remaining
are alien species, 390 medicinal plant species were documented, in
addition to edible fruits (16), followed by dye yielding plants (06), timber
yielding (18), gum yielding (13) and other species. Aerides maculosum,
Begonia concanensis & Habeneria longicorniculata are having RET
status among the species enumerated.

INTRODUCTION
India has rich and varied vegetation with a wide range
of climatic condition from the torrid to the arctic. India
harbors about 8% of the total species of the world
(Khoshoo, 1996; Bawa, 2010). It is obvious that no
progress in the utilization of local plants and their
products for economic exploitation can really the made
without having definite information about their
availability both in quantity and quality. Therefore it
is very much essential to know the status of a plant in
particular area. The Rio Earth Summit held in 1992
emphasized the need to conserve the biodiversity of
globe, especially the tropics. A thorough investigation
of our flora has become an urgent necessity not only
because of the economic and ecological importance
of biodiversity but also because of accelerated genetic
erosion occurring as a consequence of the destruction
of the forest and other habitats (Manilal, 1998).
Belgavi (earlier known as “Venugrama” or the
“Bamboo Village”) is one of the oldest, strong,

prominent and well cultured historical place nestling
high in the Western Ghats. The old town area with
cotton and silk weavers stands gloriously besides the
modern, bustling, tree-lined British Cantonment. Step
out of the forts and you have a wide choice of temples
and churches to visit. Belgavi has an enviable heritage
and offers much to be discovered. It lies in the zone
of cultural transition between Karnataka,
Maharashtra and Goa with a known antiquity clearly
traceable unto 2nd Century AD. Due to its proximity
with the states of Maharashtra and Goa, Belgavi has
acquired the cultural flavor of these states and blended
it with the local Kannada culture to create a rich
heritage, which is unique in its manifestation. It is
also known as Malenadu or Rain Country and the
vegetation here is verdant green throughout the year.
Belgavi is now marching with a tag of fast growing
district; Belgavi is exactly at the center between
Mumbai and Bangalore.
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MATERIALS & METHODS
Study area
The district of Belgavi is located east of the Western
Ghats and is situated in the northwestern part of
Karnataka state. It is bordered by the state of Goa on
its southwest and Maharashtra state towards its west
and north. The districts of Bijapur and Bagalkot of
Karnataka state lie towards its northeast and east
respectively whereas; the districts of Dharwar and Uttar
Kanara lie towards its south and southwest, respectively.
The district lies between 15° 00’ and 17° 00’ north
latitudes and between 74° 00’ and 75° 30’ east longitudes
(Plate-I, II and III). It covers an area of 13,444 Km2
(Cambel, 2004).
Floristic Survey
Before starting the actual field work the local floras were
gone through, and herbarium of Botany Department,
Karnataka Science College, Dharwad, BSI herbarium,
Pune and CES, IISc. Bangalore was consulted for
becoming familiar with flora of present area. Regarding
NTFP the information was gathered with the help of
local people. RET species were mentioned based on
complied IUCN 1997 Red list by Rao et al., (2003) and
BSI red data book (Ahmedullah & Nayar, 1987; Nayar
& Sastry, 1990).
Every effort was made to collect plants either in
flowering or in fruiting. However which could not be
collected in flowering or fruiting the field numbers of the
same area are given. The collected specimens were
dried in blotters and poisoned and mounted on herbarium
sheets by following standard methodology described by
Jain and Rao (1977).
Every specimen was provisionally identified with the help
of floras and monographs (Hooker, 1872-97.; Talbot, 1909
& 1911; Gamble, 1915-36.; Cooke, 1958.; Bor., 1960;
Blatter, E. and McCann., 1984; Sharma, et al.. 1984;
Thothathri, 1987; Singh, 1988.; Saldanha, 1984 & 1996;
Prasad, and Singh, 2002. etc.), adjoining state and
districts floras (Yadav & Sardesai, 2002; Punekar &
Lakshminarasimhan, 2011) and monographs were
consulted. Some of the doubtful identifications were later
confirmed by matching the specimens with authentic
specimens. All the collected specimens were deposited
in herbarium of Botany Department, Karnataka Science
College, Dharwad.
In the present work Bentham & Hooker system of
classification was followed for the arrangement of
families and nomenclature of taxa was updated with
the recent floras published (Yadav & Sardesai, 2002;
Bhat, 2003; Manjunatha et al., 2004; Punekar &
Lakshminarasimhan, 2011).
RESULT AND DISCUSSION
Floristic Analysis
The survey was carried out from 2006 in 10 taluka of
Belgaum district. From these 10 taluka and 25 sampling
plots were selected based on different types of vegetation
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patterns and collected about 1739 species of which 900
species are native species, 390 are medicinal plant
species were documented, in addition to edible fruits
(16), followed by dye yielding plants (06), timber yielding
(18), gum yielding (13), and other species (includes alien
species). Kanakumbi, Halashi forests were rich in Orchid
species.
The habit wise analysis reveals that, about Herbs (36%),
Shrubs (29%), Trees (26%) and Climbers (9%), among
them alien species, parasytic and aquatic species were
recorded (Fig.1).
The top ten families in the study area are Asteraceae
(16%), Fabaceae and Poaceae (13% each),
Acanthaceae (12), Euphorbiaceae, Bignonaceae and
Verbenceae (9% each), Malvaceae (7%),
Convolvulaceae and Rubiaceae (6% each). Among the
top ten families highest percent of species was noticed
in Asteraceae (16%) and the least is in Convolvulaceae
and Rubiaceae. (Fig.2).
Medicinal Plants
The total of 277 plants were recorded are used in
ethnobotanical treatment. These plants cures about
75 various diseases from 10 different parts of the
plants (Table - 1). Among them herbaceous species
are dominated with 54% followed by shrubs with 16%,
climbers and trees with 15% each. Some plants are
administered orally, some of them applied locally and
other traditional methods. Regarding uses of the
plants, their chemical constituents are given after the
enumeration of every species.
Few species among the 390 species of medicinal
plants, Capparis deciduas is used for 8 aliments,
whereas Aloe vera and Mimosa pudica are 6
different aliments and Desmodium velutinum,
Ocimum tenuiflorum, Terminalia chebula and
Tephrosia purpurea are used in 5 different aliments.
The remaining species are used less than 4 different
aliments.
Table: 1 Number of Plant Parts used for Medicinal
Purpose
Sl.
No.
1
2
3
4
5
6
7
8
9
10

Name of the
plant parts
Root
Bulb
Rhizome
Stem
Bark
Latex
Leaves
Flowers
Seed
Whole plant

Percentage Total number
(%)
of Species
19.13
01.08
01.40
03.24
14.80
01.40
390
41.87
04.69
08.00
09.38

Non-Timber Forest Product (NTFP) Species
The term ‘Non-Timber Forest Products’ (NTFPs)
encompasses all biological materials other than timber,
which are extracted from forests for human use.
Edible fruits: Alangium salvifolium, Annona
squamosa, Buchanania cochinensis, Capparis
decidua, Carrisa carandus, Canthium
coromaendelicum, Ficus racemosa, Gardenia
gummifera, Madhuca longifolia, Opuntia elatior,
Phoenix sylvestris, Phyllanthus emblica,
Semecarpus anacardium, Syzygium cumini,
Tamarindus indica, Ziziphus mauritiana.
Dye yielding plants: Cassia auriculata, Cassia
fistula, Mallotus philippensi, Morinda pubescens,
Terminalia chebula, Wrightia tinctoria.
Fodder plants: Acacia nilotica, Cadaba fruticosa,
Cyndon dactylon, Hardwicikia binata, Lannea
cormandelica, Prosopis juliflora, Sesania sesban
Stylosanthes fruticosa, Wrighta tinctoria.
Vegetables: Amaranthus spinosus, Amaranthus
viridis, Coccinia grandis, Portulaca oleracea.
Endangered & Threatened Plant Species
Threatened species are any species which are
vulnerable to endangerment in the near future.
Aerides maculosum (VU), Begonia concanensis
(T) and Habenaria longicorniculata (VU).
CONCLUSION
*The present study reveals that, about 1739 species
of which 900 wild native species were documented,
of which 390 are medicinal plant. Kanakumbi, Halashi
forests were rich in Orchid species.
* Aerides maculosum, Begonia concanensis &
Habeneria longicorniculata are having threat status
among the species enumerated.
*390 plants were recorded as medicinal plants used
to treat about 75 various diseases by the traditional
healers of Belgaum district.
*The encroachment of forest and fragmentation of
habitats have been witnessed in part of the study area.
The preservation of these natural habitats, however
small they might be, has become crucial along with
the re-orientation of the strategies for the conservation
of biodiversity and the cultural traditions associated
with them.
*Thus, the enumeration of the plant species in ten
talukas of Belgaum district, and their assessment of
the floristic wealth, medicinal importance, rarity and
endemism would provide a strong basis for evolving
measures for their protection. It will surely lead to a
holistic understanding of the current status of the
forest of Belgaum district. The study on medicinal

plants could provide a powerful tool for ensuring
biodiversity conservation through community
participation.
*The tasks at hand are endless and urgent because
with the inevitable and rapid destruction of much of
the vegetation may irretrievably last in the future.
*It is believed that there is an ample of opportunities
that few plant species were left unrecorded, hence it
needs long-term comprehensive study to document
both terrestrial and aquatic flora.
*This data will be useful to Nativaidyas, educational
institutes, forest department, Ayurvedic doctors,
pharmaceutical industries and research scholars for
further study. It is earnestly hoped that the present
work will contribute a much better understanding of
the taxonomy and floristic of Belgaum district.
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ABSTRACT
Mites play an important role in agriculture as many species are plant
feeders causing various types of direct damages. Contrary to the injurious
mites, there are some beneficial mites too which act as our friends by
predating upon phytophagous mites and small insect pests like aphids,
coccids, etc., and thus helps in biological control. Biological control has
been one of the most environmentally safe and most economical modes of
pest management for growers (Cock et al., 2010). Predatory mites are the
most important biocontrol agents not only because those are voracious
feeders but also many of them are abundantly available in the field.
Predatory role has been attributed to various mite families like
Phytoseiidae, Ascidae, Laelapidae, Anystidae, Erythridae, Stigmaeidae,
Bdellidae, Cunaxidae, Tydeidae, Cheyletidae, etc. Many of the prostigmatid
mites belonging to the families Stigmaeidae, Bdellidae, Cunaxidae,
Tydeidae and Cheyletidae are known to be efficient predators of
phytophagous mites and small insects and thereby play an important role
in the biological control programme. There are only a few published works
on the systematic development, longevity and prey consumption of
prostigmatid mites. Considering the above lacuna the present survey
(May 2015 – December 2016) has been undertaken to unravel the
predatory mite fauna (Acari: Prostigmata) on vegetable crops from North
Kerala. The survey yielded 10 species of predatory mites belonging to 6
genera and 3 families, of which 6 species were recognized as new to
science.

INTRODUCTION
During the last two decades, due to random and
indiscriminate spraying of broad spectrum pesticides
for control of agricultural pests in general, many of
the mite pests which were either innocuous or of very
little importance, have assumed the status of major
pests not only in India but many developed countries
as well. Besides, due to repeated use of
organophosphoric compounds and many a times at
their sub lethal doses the mites have developed
resistance / cross resistance making mite control a
more difficult task. To avoid such situation, many
developed countries have either banned or are
planning to bar many pesticides and are switching
over towards developing IPM (Integrated Pest
Management) utilising the natural enemies as one of
the components or are developing organic farming
avoiding uses of all chemical fertilizers, pesticides,
etc. In either case, the natural enemies are becoming
more important strategically and serious efforts are
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being made to explore and identify the potentially
important ones, conserve those and utilise those for
effective mite control programme.
Predatory mites are the most important biocontrol
agents not only because those are voracious feeders
but also many of them abundantly available in the
field. They can provide natural pest control by eating
unwanted pests. These beneficial mites are one way
to maintain pest populations at non-damaging levels
(Ron Patterson and Ricardo Ramirez, 2012).
Predatory role has been attributed to various mite
families like Phytoseiidae, Cheyletidae, Bdellidae,
Laelapidae, Ascidae, Tydeidae, Anystidae and
Erythridae. The most efficient predatory mite known
to control pest mites belongs to the mite family
Phytoseiidae (McMurtry and Croft, 1997).
Prostigmata is a large and diverse group of mites with
about 14,000 known species (Kethley 1990) that have
diversified into most habitats. Suborder Prostigmata

belongs to the order Trombidiformes and comprises
36 superfamilies. Super family Bdelloidea comprises
a moderately assemblage of predatory species
grouped in two cosmopolitan families, Bdellidae and
Cunaxidae (Krantz and Walter, 2009). A prostigmatic
mite consists of parasitic, plant feeding and beneficial
predatory species and are the major group of Acari
in the world. Untill 2011, 26,205 species were
described in this suborder (Zhang et al. 2011).
The groundwork for essential taxonomic studies of
agricultural mites are extremely rare in Kerala.
Consequently, predatory mites have been poorly
investigated in Kerala resulting in insufficient
information about the biology and ecology of these
mites (Mary Anitha 2002). Such information is highly
required for successful integrated pest management
(IPM) programs.
In this paper, we have reported 10 species of
predatory mites belonging to suborder Prostigmata
under 6 genera from 3 families viz., Bdellidae,
Cheyletidae and Cunaxidae which were collected
from Kerala.
METERIALS AND METHODS
Plant inhabiting mites were collected from
various cultivated vegetable fields from May 2015 –
Dec 2016. A total of 9 species belonging to 9 genera
and 6 families of vegetable crops were surveyed.

Predatory mites of comparatively larger size and fast
moving were collected directly from the field. They
were preserved in 70% alcohol until permanent slides
were prepared. Infested plant parts were collected
in polythene bags and transported to the lab and
screened under a stereozoom microscope. Individual
mites were mounted in Hoyer’s medium (Walter and
Krantz, 2009), then dried in an oven at 45 - 47°C for
a week. Specimens were studied and illustrated with
CX 31 Olympus microscope and identified with the
help of relevant literature and expert opinion.
RESULT AND DISCUSSION
The result of the present survey revealed the
occurrence of 10 species of predatory mites belonging
to 6 genera and 3 families of the suborder
Prostigmata. The suborder Prostigmata was
recognized to exhibit the maximum family diversity,
its species diversity was comparatively very low. The
prostigmatid families recovered were Cunaxidae,
Bdellidae and Cheyletidae. Under Cunaxidae a total
of 5 species were recovered. They belong to three
genera viz., Cunaxa, Neocunaxoides and
Dactyloscirus. Family Bdellidae comprised of 3
species under the genera Bdella and Cyta and family
Cheyletidae with a single species under the genus
Chelytus.

Table 1: Distribution of predatory mites with respect to host plants in various Districts
Sl. No

Species
Order:ACARIFORMESSub
order: PROSTIGMATA
Family: CUNAXIDAE Thor, 1902

Host plant

District

Genus: Cunaxa Von Heydon, 1826
Cunaxa bambusae Gupta & Ghosh, 1980
C. grandae* sp nov
C. heydoni* sp. nov
C. womersleyi Baker and Hoffmann, 1948
Genus: Dactyloscirus Berlese, 1916
Dactyloscirus esculentae* sp. nov
Genus: Neocunaxoides Smiley, 1975
Neocunaxoides andrei ( Baker & Hoffmann), 1975

Artocarpus heterophyllus
Coccinia grandis
Manihot esculenta
Benincasa hispida

Palakkad
Kozhikode
Kozhikode
Malappuram

Colocasia esculenta

Malappuram

Cucurbita maxima

Thrissur

Capsicum annum
Benincasa hispida

Kozhikode
Kozhikode

Amorphallus paeonifolis

Kozhikode

Dolichos biflorus

Wayanad

Family: BDELLIDAE Duges, 1834
Genus: Bdella Latreille, 1795
Bdella capsiae* sp. novBdella hispidae* sp. Nov
Genus: Cyta Von Heyden, 1826
Cyta bharathensis* sp nov
Family: CHEYLETIDAE Leach, 1815
Genus: Cheyletus Latreille, 1796
Cheyletus malaccensis Oudemans, 1903

*New species will be published soon
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ABSTRACT
The present study compares the sampling efficiencies of nets, bowls and
an innovative height adjustable modification of passive bowl trapping,
referred to subsequently as the adjustable trap, in sampling bees in a
forested ecosystem in West Midnapore district of West Bengal, India
(location Chandra gram panchayat in Medinipur block; coordinates
22°28’01.2"N 87°09’28.0"E). Monthly sampling using the three methods
over a period of one year, from October, 2014 to September, 2015, yielded
a total of 228 bees, representing 13 species under the families Apidae and
Halictidae, and three nesting guilds, viz., eusocial hive nesters, cavity
nesters and soil nesters. Of the total number of bees sampled during this
period, netting caught 47.8% representing 8 genera and a Shannon
diversity index (H2 ) of 11.078, bowl trapping caught 24.12% representing
7 genera and H2 value of 6.475, and the adjustable trap caught 28.07%
representing 6 genera and H2 value of 7.721. Apis dorsata, the giant
honeybee, was the most abundantly netted species, and was also the
most abundantly sampled bee using the adjustable trap, while,
Lasioglossum albescens, the sweat bee, was the most abundantly bowl
trapped species. Proportionally, net assemblage represented lesser soil
nesters (12.8%) than hive (44%) and cavity nesters (43.1%); bowl
assemblage represented greater soil nesters (47.2%) than hive (36.3%) and
cavity nesters (16.3%); the adjustable trap assemblage represented greater
hive nesters (48.3%) than soil (18.7%) and cavity nesters (32.8%).
Sørensen similarity index value between net and bowl was 0.818, between
bowl and adjustable trap was 0.947, and between net and adjustable trap
was 0.869. The monthly average number of bees sampled by nets, bowls
and adjustable trap were 9.08+8.1 S.D, 4.58+2.7 S.D. and 5.33+7.2 S.D.
respectively. Two-way ANOVA analysis revealed that there was a
significant interaction between methods and seasons on the average
number of bees sampled (F=3.446, df=4, 27, p=0.021). Netting caught more
bees during monsoon (June-September) while the adjustable trap sampled

INTRODUCTION
The study of bees has necessitated the evolution of
several different methods of sampling bees from the
wild which can be broadly classified into active and
passive sampling methods, depending on whether or
not direct human activity is essential in sampling bees
using these techniques (Zou et al., 2012).
Traditionally, active sampling using sweep nets has
long been used to sample bees (Droege, 2010).
Passive sampling involves the use of several passive
traps, viz., vane traps, pan/bowl traps, malaise traps

etc., which are laid out on the ground, erected on
suitable substratum or suspended from heights to
capture bees either by attracting and killing them or
intercepting their flight and catching them (Potts et
al., 2005). Because of the immense diversity in the
structure, taxonomy and behaviour of bees (Kevan
and Phillips, 2001), which is responsible for their wide
range of foraging, nesting, overwintering and social
habits, different trapping methods may be necessary
for sampling bees in different habitats, and also in
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the same habitat (Nardone, 2013).
Passive trapping techniques are gaining popularity
steadily, probably due to the high degree of flexibility
in adopting such techniques and several authors have
experimented with developing newer methods to
suitably sample bees in varied ecosystems all over
the world (Drummonds et al.,1984; Roulston et al.,
2007; Grundel, et al.,, 2011). Researchers have also
modified passive bowl sampling to capture bees from
considerable heights (Vega, et al., 1990; Surcica &
Droege, 2010), especially when bowls/pan traps
placed on ground are covered by dense undergrowth
and become hidden from the bees flying overhead.
In the lateritic tracts of West Midnapore district, there
are patches of open canopied deciduous forests
dominated by Shorea robusta trees (commonly called
Sal) which grow up to >10 meters in height and
annually shed their leaves during the pre-monsoon
(February to May) season. The leaves completely
cover the grounds during that period and the
undergrowth remains littered with dead and decaying
leaves of the Sal till decomposition starts with the
monsoon rains. During this period, however, trees like
Sal, mango (Mangifera indica), Neem (Azadirachta
indica), Palash (Butea monosperma), Shimul
(Bombax sp.) etc., flower profusely. In the postmonsoon there are abundance of wildflowers of
weedy plants like Mimosa pudica, M. himalayana,
Oxalis cornuculata, Luffa cylindrica, Commelina
benghalensis etc. while perennial shrubs like
Lantana camara, Ageratum conyzoides,
Calotropis procera etc. flower all around the year.
As such, sampling bees in these ecosystems
necessitates combination of netting and passive bowl
trapping, both at ground level and above the
undergrowth so as to obtain a comprehensive account
of the bee faunal diversity of these unique ecosystems
(Bhattacharyya, et al., 2014).
The present study was undertaken in one such
forested habitat in West Midnapore district of West
Bengal, to compare the sampling efficiencies of three
different methods of sampling bees, over a duration
of 12 months spanning three seasons, pre-monsoon,
monsoon and post-monsoon. Conventional netting and
bowl trapping were employed and a modification of
bowl trapping, wherein a unique height adjustable
contrivance that placed the bowls at some height from
the ground above the undergrowth, was also employed
for sampling bees (Bhattacharyya, et al., 2014). Such
studies have not been conducted before for sampling
bees in these ecosystems and the objective of the
study was to determine the most suitable means of
sampling in this and similar terrains, prevalent across
several districts of lateritic semi-arid south West
Bengal.
METHODOLOGY
Physiography of study site:
The study site is located in the district of West
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Midnapore in the south-western semi-arid lateritic belt
of West Bengal, India. This region is characterized
by rugged, inaccessible, barren ‘Badlands’ with no
or little vegetation cover, and of very little or no
economic value, developed by active rill and gullying
by running water (Aown & Kar, 2016). The lateritic
belts of south West Bengal experience extreme
climates, with temperatures rising to 42ÚC - 46ÚC
during summer and going down to 8ÚC - 13ÚC during
winters. There are three overlapping seasons, viz.,
monsoon (June-September), post-monsoon (OctoberJanuary) and pre-monsoon (February- May) (Singh,
et al., 2002). The average annual rainfall ranges from
1180 mm to 1428 mm and occurs primarily during the
monsoon season. The characteristic climatic pattern
has facilitated the formation of unique vegetation
classified as Tropical Dry Deciduous type (Champion
& Seth, 1968) in this belt, which is dominated by
Shorea robusta.
The study site is a natural Sal forest under the
Chandra forest range and beat, at Depara
(Chandra Gram Panchayat) [Location:
22°28’01.2"N 87°09’28.0"E] about 700 meters
inwards from the Dherua-Midnapore highway, 21
kilometre from Midnapore Sadar block. This forest
is under the protection of the local forest protection
committee and is maintained by the forest department
as well as periodically (usually once every 15-20
years) harvested by the same for timber in certain
parts along the periphery. This patch of the forest
forms one of the many pockets of natural forests in
Kesheshol mouza, together amounting to about 22.27
acres of forested land area. The forest is situated
along the elephant migration corridor and is surrounded
by agricultural land on all sides.
Sampling: A one-hectare area was demarcated inside
the forest area for carrying out this study. Active
netting was done at shrubs and herbaceous plants
along three belt transects (100 mt length X 2 mt width)
permanently established inside the sampling area, at
least twice during every sampling event, once at the
beginning of the sampling session (around 9.30-10
am) and once before the end of the session (around
1.30 2.00 pm), using hand held nets (procured from
Rescholar Equipment™, Haryana, product code RI69). Similar sampling timings have been previously
employed in sampling bees from tropical forested
ecosystems of Kenya by Gikungu (2006). Besides,
bees seen in flight at any time during the entire
duration of the sampling event were netted, if possible.
The netted bees were immediately killed either in
acetone (in a kill jar) or drowned in 70% ethanol
(Droege, 2010).
Three transects of length 3mt X 3 mt (X shaped)
were laid out inside the sampling area in three
clearings at gaps of 20 meters. Bowls were placed
at an interval of 0.5 meter along the transects inside
the area and were half filled with soap water
(laboratory detergent Extran™: water = 1:10). Initially

all bowls of all three colours, viz., white, UV yellow
and UV blue were used for sampling in a pilot study
but only blue bowls caught bees, so only these were
used for sampling.
A height adjustable trap was designed to sample bees
from height and was set up inside the sampling area
every sampling event. The trap had provisions for
catching bees in four blue coloured bowls containing
soap water. This trap was developed and used in pilot
studies previously by same authors (Bhattacharyya
et al., 2014).
Study was conducted monthly, from October, 2014
to September, 2015.
Bee identification: The bees caught by the three
techniques were identified to the lowest possible taxa
(usually species level) with the help of experts and
by consulting available standard literature (Bingham,
1897; Michener, 2007).
Statistical analysis: For the purpose of comparison
of the sampling efficiencies of the three methods, the
average of total number of bee individuals sampled
were considered, and proportions of different nesting
guilds to which the bees could be classified was
considered. Studying bee communities through the
different guilds to which they belong to has been a
common method adopted by several previous
researchers (Leong & Thorp, 1999; Romey, et al.,
2007; Sheffield et al., 2008; Nardone, 2013).
Data were square root transformed after addition of
a constant 0.5 to each score so as to normalize data
(Sands, 2013; Bhunia, 2013) following which, the
mean total abundance of bees caught by netting, bowl
trapping and the adjustable trap in three seasons were
compared using Two-Way ANOVA followed by
Tukey’s Post Hoc test (Signorini, 2013).
The proportion of individual number of bees belonging
to different nesting guilds sampled by netting, bowl
trapping and the adjustable trap during monsoon, post
monsoon and pre monsoon were compared using ÷2tests, separately (Nardone, 2013).
Shannon-Weiner Diversity index (H2 ), Species
Richness index (Food & Agriculture Organization FAO, 1999), True Diversity index (Jost, 2006) and
Sørensen Similarity index for bee assemblages
sampled by three methods were also computed, and
Shannon-Weiner index for bee assemblages sampled
by the three methods compared using Hutcheson’s t
test (FAO, 1999).
3. Results:
Bee assemblages caught by three methods: A total
of 109 bees were netted from the study site,
representing 13 species belonging to 8 genera and 2
families, Apidae (87.2% of bees) and Halictidae
(12.8% of bees). Apis dorsata was the most
abundantly netted bee (0.15 relative abundance),
while Lipotriches fulvinerva, Nomia sp. and
Xylocopa aestuans were the least abundant bee
species (0.02 relative abundance) netted (Table 1).
Guild-wise, the bees netted could be grouped into

eusocial Hive nesters (44.0% of bees netted), solitary
Cavity nesters (43.1%) and solitary Soil nesters
(12.8%) (Figure 1).
A total of 55 bees were bowl trapped from the study
site representing 9 species belonging to 7 genera and
2 families, Apidae (52.7% of bees) and Halictidae
(47.3% of bees). Lasioglossum albescens was the
most abundantly bowl trapped bee (0.38 relative
abundance), while X.aestuans were the least
abundant bee species (0.01 relative abundance) bowl
trapped in study site (Table 1). Guild-wise proportions
of bees bowl trapped were, Cavity nesters (16.3%),
Hive nesters (36.3%) and Soil nesters (47.2%)
(Figure 1).
A total of 64 bees representing 10 species and 6
genera, under 2 families, Apidae (81.25% of bees)
and Halictidae (18.7% of bees) were sampled from
study site. The most abundant bee species sampled
using this trap was A.dorsata (0.20 relative
abundance), while the least abundant species were
T.iridipennis and Nomia sp. (0.03 relative
abundance) (Table 1). More hive nesters were caught
using this trap (48.3%) than cavity nesters (32.8%)
and soil nesters (18.7%) (Figure 1).

Table 1: Species of bees sampled by three methods
along with their relative abundances
Sl. Species
No: Netting
1
2
3
4
5
6
7
8
9
10
11
12
13

Family
Bowl

Apis cerana
Apidae
Apis dorsata
Apidae
Apis florea
Apidae
Braunsapis mixta
Apidae
Ceratina binghami
Apidae
Lasioglossum albescens Halictidae
Lipotriches fulvinerva Halictidae
Nomia sp.
Halictidae
Nomia strigata
Halictidae
Trigona iridipennis
Apidae
Xylocopa aestuans
Apidae
Xylocopa auripennis Apidae
Xylocopa nasalis
Apidae

Relative abundance
Adjustable
trapping
Trap
0.08
0.15
0.09
0.12
0.05
0.03
0.02
0.02
0.03
0.11
0.02
0.10
0.11

0.07
0.15
0.11
0.04
0.00
0.38
0.00
0.09
0.00
0.04
0.02
0.09
0.05

0.14
0.20
0.10
0.01
0.00
0.15
0.00
0.03
0.00
0.03
0.01
0.15
0.14

Figure 1: Proportion of nesting guilds and bee families
sampled by the three methods
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Comparison of bee assemblages sampled using
three methods: Monthly average number of bees
caught by netting was 9.08+8.1 SD (observed) and
2.89+1.14 SD (transformed), that trapped by bowls
was 4.58+2.7 SD (observed) and 2.14+0.72 SD
(transformed), and caught by the adjustable trap was
5.33+7.2 SD (observed) and 1.99+1.4 SD
transformed.
Two-way ANOVA analysis revealed that there was
a significant interaction between methods and seasons
on the average number of bees sampled (F = 3.446,
df = 4, 27, p = 0.021) (Table 2). Netting caught more
bees during monsoon while the adjustable trap
sampled more bees during the pre monsoon period
(Figure 2). There also was a marginally significant
main effect of methods (F = 3.422, df = 2,27, p =
0.047) on the average number of bees sampled. Nets
captured a significantly higher proportion of bees than
the adjustable trap (Mean difference = 0.895, p =
0.022) but the difference between mean numbers
sampled by nets, bowls and the adjustable trap were
not significantly different at 5% level (Figure 3).
Season showed a significant main effect on the
average number of bees sampled by the three
methods (F = 5.748, df = 2,27, p = 0.008), with the
average number of bees sampled during post
monsoon being significantly lower than that sampled
during pre monsoon (Mean difference = 1.238, p =
0.002). Average number of bees sampled during
monsoon and post monsoon, and monsoon and pre
monsoon were not significantly different (Figure 3).

significantly higher proportions of cavity nesters than
bowl during premonsoon, but it failed to catch any
bee during the postmonsoon season (Table 3; Figure
4).
Ecological indices of bee assemblages: The
assemblages of net and bowl in the study site shared
9 species and had a Sørensen similarity index value
of 0.818. The assemblages of net and the adjustable
trap shared 10 species and had a Sørensen similarity
index value of 0.869. The assemblages of bowls and
the adjustable trap shared 9 species and had a
Sørensen similarity index value of 0.947.
The Shannon diversity index values of net and bowl
bee assemblages was found to be statistically
significantly different (Hutcheson’s t = 4.262, df =
80.96 p<0.001). The Shannon diversity index values
of the adjustable trap and net assemblages was found
to be statistically significantly different (Hutcheson’s
t = 3.783, df = 123.61 p<0.001). The Shannon diversity
index values of the adjustable trap and bowl
assemblages was found to be statistically not
significantly different (Hutcheson’s t = 1.273, df =
100.32 p>0.05).
Conversion of the respective Shannon diversity index
into true diversities (following Jost, 2006), indicated
that the netted assemblage had a higher diversity than
the bowl trapped assemblage and the trap assemblage,
while the adjustable trap had a higher diversity than
the bowl assemblage (Table 4).

Table 2: Results of Two-Way ANOVA analysis between mean number of individuals
sampled by three methods at the study site during three seasons.
Dependent
Independent
Variable
Variable
Average number Methods
of bees sampled
Seasons
.008**
methods X
seasons

Sum of
Squares
5.533

df

F

Sig.

2

Mean
Square
2.766

3.422

.047*

9.293

2

4.647

5.748

11.142

4

2.785

3.446

.021*

* = value significant at 0.05 level of á; ** = value significant at 0.01 level of á
Results of ÷ 2 test indicate that nets sampled a
significantly higher proportion of cavity nesters than
bowls during monsoon and a higher proportion of hive
nesters than bowls during postmonsoon. Bowls caught
a significantly higher proportion of soil nesters than
nets during all three seasons, while bowls caught a
significantly higher proportion of soil nesters than the
adjustable trap only during the premonsoon. Bowls
also caught lower proportions of cavity nesters than
the trap during monsoon, but the difference was not
statistically significant. The adjustable trap caught
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DISCUSSION:
In the study site, overall, nets caught more colony
nesters than bowls and the adjustable trap, while
bowls sampled a higher proportion of soil nesters than
the nets and the adjustable trap. This is probably due
to the nesting preferences of the bees since soil
nesters would be easily attracted to bowls placed on
ground (Fortel et al., 2014) and several authors have
documented greater proportions of soil nesting bees
being caught in bowls/pans (Giles & Ascher, 2006;
Sardinas & Kremen, 2014). Cavity nesters would

Figure 3: Mean (transformed) number of bees (+/2 SE) sampled by 3 methods (left) and 3 seasons
(right) at study site

Figure 2: Effect of interaction of seasons and methods
on average number of bees sampled using 3 methods
at study site (2014-2015).

Table 3: Results of X2 test of pairwise comparisons between three different sampling methods determining the proportions of different nesting guilds of bees sampled by the three methods in different seasons at
study site
 

 
 

!" 

" 

 
!#$




 

!#$


%& 


 

 
 

 
 

'&  

()!**
(+!+,

 





  

(-!-+
(+!+.,,





 

 

/
 

!" 

 

" 



 

!#$




 

!#$




(-!0
(+!++,,





%& 








'&  

(.!0
(+!++,,





  
 

/ 
 

!" 

" 

 

!#$




 

!#$


%& 










'&  

(*!10
(+!++,,

()!.+
(+!+),




  

(*!0
(+!++,,

()!11
(+!+,




 ! " !

74



Figure 4: Proportions of individuals of different nesting guilds sampled during monsoon (left), postmonoon
(right) and premonsoon (bottom) by 3 methods in study site. (Within each guilds bars with different letters
vary significantly)
most frequently be visible on leaves, flowers, stems
of plants (Sardinas & Kremen, 2014), making netting
them easy. The proportion of hive nesters caught by
the three methods were not very different. This could
possibly be caused by the widespread foraging natures
of honeybees, which are the ubiquitous hive nesters.
While the nets and the adjustable trap sampled a higher
proportion of bees belonging to the Apidae family,
than bees from the Halictidae family, bowls sampled
comparable proportions of bees from both the
families.
Nets had higher species richness, Shannon diversity
index and True diversity (effective number of species)
than bowls and similar species richness, Shannon
diversity index and True diversity (effective number
of species) than the adjustable trap. The bee
assemblage of the trap had higher species richness,
higher Shannon diversity and True diversity than the
bee assemblage of bowls, but their Shannon diversities
were not significantly different. Similarity indices
indicate that the bee assemblages sampled by bowls
and trap had higher similarity than the assemblages
sampled using nets and bowls and nets and the
adjustable trap.
Season seems to have a significant effect on the
success rate of different methods in the study site.
Nets caught higher mean proportion of bees during
postmonsoon than bowls and the adjustable trap, while
the adjustable trap sampled higher proportions of bees
during premonsoon. The average number of bees
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sampled by nets in monsoon was higher than the other
two methods, while bowls had a higher average score
for monsoon than only the adjustable trap. This
observation might be explained by the fact that during
postmonsoon, most of the floral bloom occurs in herbs
and shrubs at the ground level or at breast height,
making netting the bees foraging on the said flowers
easier compared to during premonsoon, when in the
study site, most of the understory is covered by the
shed leaves of deciduous trees like Shorea robusta.
The bees would be attracted to the blue colours of
bowls laid out on the ground or elevated at a height
and be sampled thereby, and the higher proportions
of bees sampled by the adjustable trap during pre
monsoon suggest the same. It has been suggested by
Sardinas and Kremen (2014) that bowls attract bees
in lieu of flowers. The greater mean proportion of
bees sampled by the adjustable trap over that sampled
by bowls, during pre monsoon, is possibly because of
greater foraging honeybees on Shorea robusta
blooms, about 10 feet above ground, hence closest to
the sampling bowls on the adjustable trap than the
ones laid out on the ground. This study site, being a
forest dominated by Shorea robusta trees, floral
blooms here during pre monsoon are mostly the
flowers of this tree, too high from the reach of nets
and ground-placed bowls, while during post monsoon,
some bloom occurs on the herbs and shrubs of the
undergrowth, but these would be too low for the reach
of the adjustable trap. Bees, being motile insects,
however, are free to move wherever they feel there
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might be potential food, in the form of nectar and/or
pollen, as evidenced by the scent and sight of bright
coloured flowers, especially UV blue, which is
particularly attractive to bees (Yoest, 2012), and are
thus unwittingly caught by the blue bowls placed on
the ground or elevated at a height, depending on floral
availability in the vicinity varying with seasons. The
greater proportions of bees sampled by nets during
post monsoon than bowls and the trap may be
explained by the higher occurrence of flowers on
ground and breast height level which enabled sampling
them using nets easier. This observation is in synchrony
with similar observations elsewhere in the world
(Wilson et al., 2008; Nardone, 2013).
When all three methods were employed, the three
seasons showed varied successes with three trapping
methods with respect to the sampling of different
nesting guilds of bees. During monsoon, guild-wise
comparisons revealed that nets were particularly
efficient in sampling cavity nesting bees while bowls
caught higher proportions of soil nesters than nets.
The proportions of hive nesters caught by the two
methods did not vary. And, proportions of different
guilds sampled by the adjustable trap during monsoon
was also not significantly different from the
proportions of the same guilds sampled by nets and
bowls. During post monsoon, the adjustable trap failed
to catch any bees (for the obvious absence of flowers
at height), while the bowls caught higher proportions
of soil nesters than nets and nets caught higher
proportions of hive nesters than bowls. During pre
monsoon, bowls caught higher proportions of soil
nesters than both nets and the trap, while nets and
the trap caught more cavity nesters than bowls.
Overall, in this study site, soil nesters seem to be
caught particularly more by bowls in all seasons, and
cavity nesters were caught more by nets and trap
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than bowls depending on the season. Nets were more
successful in catching hive nesters only during post
monsoon.
The present study, based in lateritic West Midnapore
district of West Bengal, provides some insight into
the suitability of bee sampling methods in a forested
site. Such studies to determine the suitability of
sampling techniques to sample bee fauna is absent in
forested ecosystems of India. Gadagkar, Nair,
Chandrasekhar and Bhat (1993), performed such
sampling suitability studies for ant species diversity
in forested ecosystems of the Western Ghats and
recommended the use of a combination of several
different techniques to sample ants in that ecosystem.
The current study, although based on a different
ecosystem and focussing on a different insect fauna,
also reveals similar observations. From the study it
may thus be concluded that conventional netting and
passive bowl trapping techniques differ in the
efficiency of sampling different bee species belonging
to different nesting guilds. The sampling methods also
vary in their efficiency depending on the season. The
innovative height adjustable trap that was designed
for sampling bees was particularly effective in
sampling bees during premonsoon, when the Shorea
robusta trees were in bloom. A combination of
different sampling methods including the conventional
netting and bowl trapping techniques along with
innovative modifications of the conventional methods,
like the adjustable trap, appear to be essential for
effective sampling of bees in these ecosystems.
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ABSTRACT
The diversity of the genus Fissidens Hedw. in Kerala along with its
habitat preference and distributional range is enumerated with a total of 28
taxa including two varieties, one sub species and one unidentified taxa.
Among these, one species is new to science (inedit). F. enervis Sim. is
new record to Asia (Bruggeman-Nannenga et al., 2016). F. asplenioides
Hedw., F. biformis Mitt., F. pallidinervis Mitt. and F. walkeri Broth. are
new records to the state of Kerala. F. kammadensis Manju et al., F.
macrosporus Dixon, F. longtonianus Z. Iwats. & Tad. Suzuki and F.
walkeri Broth. are endemic to South India. F. anomalus Mont. is
restricted to Shola forests but F. crispulus Brid., F. bryoides Hedw., F.
ceylonensis Dozy & Molk., F. flaccidus Mitt. and F. pellucidus Mitt. are
common species in the study area.

INTRODUCTION
The members of the monotypic family Fissidentaceae
Hedw. in the order Dicranales H. Philib. ex M.
Fleisch. are acrocarpous, haplolepidous and distinctive
in its complex leaf structure. The plant is
characterized by its unique leaf structure consisting
of a dorsal lamina, ventral lamina, two vaginant
laminae and a single peristome ring of 16 teeth.
Majority of the species are distributed in the warm,
humid tropics with the number decreasing as latitude
increases. The first documentation of these taxa was
initiated by Hedwig (1801) with four species. Then
Müller in 1848 published a synopsis of Fissidens
including 20 species from Neotropics and temperate
South America followed by Mitten with 68 species in
1869. First report of Fissidens from Kerala is by
Brhl (1931) followed by Srinivasan (1974), Vohra et
al. (1982) etc. A total of 22 species with 6 varieties
and two sub species reported from Kerala (Nair et
al., 2005; Manju et al., 2008a). Iwatsuki and Suzuki
(2005) reported a new species Fissidens
longtonianus Z. Iwats. & Tad. Suzuki from Idukki
district and Manju et al. (2008b) reported F.
kammadensis Manju et al. another new species from
Kasaragod district in Kerala state.
Kerala, the southernmost state in India got its unique
topography and climate by the presence of Western
Ghats (Sahyadri) in the East and Arabian Sea in the
West. The highest point in the state is Anamudi hills
of Eravikulam National Park in Idukki district. The

elevation of the area is about 2,695 m (8,842 ft).
Chembra Peak, Banasura Peak, Vellarimala,
Agasthyamala etc. also shows high degree of
diversity with many unexplored pockets. This
increases the relevance of taxonomic studies
especially in lower groups. The present study reports
28 species of Fissidens including two varieties and
one subspecies. The study also highlights the habitat
preference of each species in Kerala (Table 1, Figure
1).
Figure 1. Pie chart showing the habitat preferences
of different species

MATERIALS AND METHODS
The members of the genus Fissidens thrive well in
all habitats except in marine water. They are found
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as epiphytes, on rocky patch, terrestrial forms and in
submerged condition. The specimens were collected
from different microhabitats of the study area during
different seasons. The important steps in the
taxonomy of Fissidens is collection from different
microhabitats, preparation of herbarium by using
brown paper packets of standard size 5"x4", giving
taxonomic description, preparation of illustration and
photographs and finely giving the name. Photographic
documentation includes macro photo documentation
from the field itself and microscopic photo
documentation by using Labomed Luxeo 4z and
Labomed LX-400 & LX-500 camera attached
microscopes. The specimens were identified by
consulting with Dr. Bruggeman-Nannenga, the
Netherlands, by consulting authentic literatures
(Daniels, 2010; Daniels and Daniel, 2013; Gangulee,
1969; Nair et al., 2005; Bruggemann-Nannenga, 1997
& 2013; Pursell, 2007; Iwatsuki and Suzuki, 1982;
Bruggeman-Nannenga and Pursell, 1995) and by
comparing authentic specimens from Natural History
Museum. Properly labelled packets are deposited in
the Zamorin’s Guruvayurappan College Herbarium
(ZGC) based on the classification by Shaw & Goffinet
(2000).
Result
1.Fissidens anomalus Mont. Ann. Sci. Nat., Bot.,
sér. 2 17: 252. 1842.
Type: India: Nilgherris, Perrottet s.n. (holotype PC).
Habitat: Epiphytic in Shola forests. Also on rocks in
shola forests.
Distribution: China, Nepal, Sri Lanka, Myanmar,
Thailand, Vietnam, Indonesia, Philippines, India
(Himalaya, Western Ghats of Kerala and Tamil Nadu)
(Pursell, 2007; Daniels & Daniel 2013).
Examined Specimen: India, Kerala, Idukki District,
(Mathikettan Shola NP, 1200 m), 20.03.2014,
Rajilesh,V.K. (ZGC1024).
2.Fissidens asplenioides Hedw. Sp. Musc. Frond.
156. 1801.
Type: Jamaica, Swartz s. n.
Habitat: On land cuttings
Distribution: Australia, Bioko, Brazil, Cameroon,
Caribbean, Chile, Colombia, Comoros, Costa Rica,
Democratic republic of the Congo, El Salvador,
Guatemala, Guinea, Honduras, Kenya, Madagascar,
Malawi, Mexico, New Zealand, Panama Peru,
Philippines, Reunion, Rwanda, South Africa,
Suriname, Tanzania, Uganda, United states (Alabama,
Georgia, Kentucky, Louisiana, Mississippi, North
Carolina, South Carolina), Zambia, Zimbabwe (Pursell,
2007; TROPICOS), India.
Examined
specimen:
India,
Kerala,
Thiruvanathapuram district (Ponmudi, Attupara,
1100m), 08.11.2001, Saju, K.A. (ZGC80303).
3.
Fissidens biformis Mitt., J. Proc. Linn. Soc.
Bot. 2: 141. 1859.
Type: Sri Lanka
Habitat: On land cuttings.

Distribution: Sree Lanka (Type), East Nepal, South
India (Gangulee, 1969).
Examined Specimen: India, Kerala, Wayanad
District (Muthanga Range, 870 m), Manju, C.N.
(ZGC 84395).
4.
Fissidens bryoides Hedw., Sp. Musc.
Frond.153. 1801.
Type: Europe
Habitat: Common species in all type terrestrial
habitats except epiphytic.
Distribution: Cosmopolitan (Daniels & Daniel,
2013).
Examined specimen: India, Kerala, Malappuram
district (Canoly’s plot, 600 m), 24.07.2013, Manjula,
K.M. (ZGC 666).
5.Fissidens ceylonensis Dozy & Molk., Ann. Sci.
Nat. Bot. ser. 3, 2: 304. 1844
Type: Sri Lanka (Ceylon), Königs.n.
Habitat: Common species in all terrestrial habitats
such as soil, land cuttings, termite mounds, rock,
tree trunk etc. Common in open areas, evergreen
and deciduous forests.
Distribution: China, Nepal, Sri Lanka, Thailand,
Vietnam, Malaysia, Indonesia, Philippines, New
Zealand, Yunnan, Sumatra, Java, Borneo,
Moluccas, Iran, India. (Dehradun, Darjeeling,
Himalaya, Sikkim, Uttar Pradesh, West Bengal,
Western Ghats of Kerala, Tamil Nadu) (Gangulee,
1969; Nair et al., 2005).
Examined Specimens: India; Kerala, Wayanad
district (Periya, 780m) 06.10.2013, Manju, C.N.
(ZGC 885), Kozhikode district (Maripuzha, 637m),
18.07.2013, Manjula, K.M. (ZGC 612 A),
Malappuram district (Kakkancheri, 68m),
05.09.2013, Manjula, K.M. (ZGC 516).
6.
Fissidens crenulatus Mitt., J. Proc. Linn.
Soc., Bot. 1 (Suppl.): 140. 1859.
Type: Burma, Prome, Wallich 1170 (BM).
Habitat: Land cuttings, soil, rock, epiphytic on bark
and on rhizome of Pteridophytes.
Distribution: East Nepal, Myanmar, Sree Lanka,
Vietnam, China, Philippines, Italy, India (West
Bengal, Orissa, Assam, Maharashtra, Kerala,
Tamil Nadu and Karnataka) (Tan & Iwatsuki,
1991; Gangulee, 1969; Nair et al., 2005; Daniels
& Daniel, 2013).
Examined Specimens; India, Kerala, Wayanad
district (Kuruva dweep, 900m), 26.09.2013,
Manjula, K.M. (ZGC 866), Kannur district (Aralam
WLS, Meenmutty fall, 800m), 04.02.2003, Manju,
C.N. (ZGC 87498).
7.
Fissidens crispulus Brid. var crispulus,
Musc. Rec. suppl. 4: 187. 1819.
Type: Réunion [Insula Borbonia], 1803, Bory St.
Vincent s.n.
Habitat: Common species present in all altitudinal
ranges along with many other species of Fissidens
and also other bryophytes.
This species is the most common member of
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Fissidentaceae in Kerala. Its tolerance is very high
compared to other species and it can habituate to
a wide range of terrestrial and epiphytic habitats
such as, soil, wet and dry rocks, bark, land cuttings,
cement wall, decayed matters, etc. along with
other Bryophytes and lower plant groups.
Distribution: Cosmopolitan (Indian distribution;
Andaman & Nicobar Island, Darjeeling, Khasia
Hills, Upper Assam, Bihar, Chhotanagpur, West
Bengal, Orissa, Western Ghats of Kerala and
Tamil Nadu). (O’ Shea, 2006; Nair et al., 2005;
Gangulee, 1969; Daniels & Daniel, 2013).
Examined Specimens: India, Kerala; Wayanad
district (Kuruva dweep, 900m), 25.09.2013,
Manjula, K.M. (ZGC 858), Malappuram district
(Canoli plot, Nilambur, 40m), 24.07.2014, Manjula,
K.M. (ZGC 671 B), Palakkad district
(Nelliyampathy, 1200m), 13.07.14, Manjula, K.M.
(ZGC 1138 A), Kozhikode district (Marippuzha,
637m), 18.07.2013, Manjula, K.M. (ZGC 612 B,
613, 614, 616).
8.Fissidens crispulus var. robinsonii (Broth.)
B.C.Tan & Choy., J. Bryol. 24: 47. 2002.
Type: Philippines: Mindanao, W. I. Hutchinson 7607
(lectotype H-BR); Panay, Iloilo Prov. Robinson
18105 (isolectotype H-BR).
Habitat: On soil cuttings, wet and dry rocks in
plantations and moist deciduous forests.
Distribution: China, Philippines, Singapore and India
(Himalaya, Andaman and Nicobar Islands,
Western Ghats of Kerala and Tamil Nadu) (Nair
et al., 2005; Daniels & Daniel, 2013).
Examined specimens: India, Kerala; Wayanad
district (Wayanad Wild life sanctuary, 1978
plantation, 883m), Manju, C.N. 84348, Thrissur
district (Peechi-Vazhani WLS, Inside Park, 89m),
Chandini & Mufeed (ZGC 10499).
9.Fissidens crispus Mont., Ann. Sci. Nat., Bot., sér.2
9: 57. 1838.
Type: Argentina, sylvis Provinciae (holotype: PC)
Habitat: On soil and land cuttings in evergreen and
shola forest.
Distribution: Mexico, Central America, (Costa Rica,
El Salvador, Guatemala, Honduras, Nicaragua,
Panama), South America (Argentina, Bolivia,
Brazil,Chile, Colombia, Ecuador, Paraguay, Peru,
Uruguay, Venezuela), Canada, India (Kerala)
(Pursell, 2007).
Examined specimens: India, Kerala; Palakkad
district (Nelliyampathy, 900m), 12.07.2014,
Manjula, K. M. (ZGC 1098A, 1093A).
10.Fissidens enervis Sim, Trans. Roy. Soc. South
Africa 15: 187, 1926.
Type: Natal, Pietermaritzburg, Town Bush Valley,
Sim 9899 (lectotype designated by Magill, 1981)
PRE!)
Habitat: On land cuttings, exposed roots and soil in
evergreen forest, associated with F. crispus
Mont., F. crispulus Brid. and Philonotis hastata
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(Duby) Wijk & Margad.
Distribution: South Africa, India (Western Ghats).
(Bruggeman-Nannenga et al., 2016 reported the
same collection as new record for Asia)
Examined specimens: India, Kerala, Palakkad
district (Nelliyampathy, 900-1200 m) 12.07.2015,
Manjula, K.M. (ZGC 1093 c, 1098 b, 1138 b).
11.
Fissidens firmus Mitt., J. Proc. Linn. Soc.,
Bot., Suppl. 2: 139. 1859.
Type: Ceylon, Adam’s Peak.
Habitat: On Soil along with F. hollianus Dozy &
Molk. Also on water flowing rocks and submerged
on rocky patches in evergreen forest.
Distribution: Sree Lanka, Thailand, India (Tamil
Nadu, Kerala) (Bruggeman-Nannenga et al.,
2015, Vohra et al. 1982).
Examined Specimens: India, Kerala, Palakkad
district (Nellyampathi, Vellarimedu, 400 m),
17.08.2014, Maya, C.N. (ZGC 1192). Wayanad
district (Noolpuzha, 1200m), 19.06.2014, Dhanya
(ZGC 1053 B).
12.
Fissidens flaccidus Mitt., Trans. Linn. Soc.
London 23: 56. 6 f. 18. 1860.
Type: Niger Expedition, Vogel s.n.
Habitat: On land cuttings, stones, tree base, concrete
wall, soil and wet rock.
Distribution: Cosmopolitan. (Indian distribution;
Lower Bengal, Western Himalayas, Bombay,
Khandala, Tamil Nadu, Madhyapradesh, Haryana,
Kerala, Goa) (Nair et al., 2005; Gangulee, 1969;
O’Shea, 2006; Wijk et al., 1959-1969; Iwatsuki
& Suzuki, 1995).
Examined Specimens: India, Kerala; Palakkad
district, (Chathanpara, 200m), 08.07.2014,
Manjula, K.M. (ZGC, 1068), Nelliampathy
(Anamada, 1000m), 13.07.2014, Manjula, K.M.
(ZGC 1131); Malappuram district (Near Civil
station, 65m), 21.09.2013 Manjula, K.M. (ZGC
833), Nilambur (Canoli Plot, 40m), 24.07.2013,
Manjula, K.M. (ZGC 669).
13.
Fissidens ganguleei Nork. in Gangulee,
Moss. E. India & Adj. Reg. 2: 527. 1971.
Type: India: Darjeeling, Tongloo, Kurz 2302.
Habitat: On tree bases in evergreen forests.
Distribution: China, Japan, Nepal, and India
(Darjeeling, Tamil Nadu, Kerala) (Gangulee, 1969;
Daniels & Daniel, 2013).
Examined specimens: India, Kerala; Kozhikode
district (Vallikattu Kavu, 53 m), 27.09.2014, Jyothi
& Mithun (ZGC3804, ZGC3828).
14.
Fissidens hollianus Dozy & Molk., Bryol.
Jav. 1: 4. 4. 1855.
Type: Indonesia: Java, Holle 13
Habitat: On soil and land cuttings in evergreen forest.
Distribution: Japan, China, Philippines, Laos,
Thailand, Myanmar, Indonesia, Vietnam, Malay
Peninsula, Indonesia, New Guinea, Malesya,
Japan, Thailand, Burma, India (Kerala, Andaman
Island, Tamil Nadu) (Eddy, 1988; Daniels &

Daniel, 2013; Nair et al., 2005).
Examined specimens: India, Kerala; Wayanad
district (Noolpuzha, 1200m), 19.06.2014, Dhanya
(ZGC 1053 A). Kannur district (Theyyottukavu,
50m), 23.08.2002, K.P. Rajesh (ZGC 84692).
15.
Fissidens
involutus sub
sp. curvatoinvolutus (Dixon) Gangulee, Mosses
of E. India 2: 548. 1971.
Type: India; Uttar Pradesh, Saharanpur bot. Gard.,
1863. Bell s. n (E)
Habitat: Common species in open soil, land cuttings
and rocks.
Distribution: Myanmar, Nepal, Thailand, Vietnam,
India (Bihar, Eastern Himalaya, Madhya Pradesh,
Western Ghats of Gujarat, Maharashtra, Tamil
Nadu and Kerala) (Gangulee, 1969; Daniels &
Daniel, 2013).
Examined specimen: India, Kerala, Malappuram
district (Calicut University campus, 40m),
10.10.2007, Manju,C.N. (ZGC106382(1))
16.
Fissidens kammadensis Manjucet al.,
Acta Biol. Hung. 50: 160. 2008.
Type: Kerala, Kasaragode district, Kammadam kavu
(K.P.Rajesh, 80049).
Habitat: On shaded, humid earth bank and on the
Myristica roots close to soil.
Distribution: India (Kerala). Endemic to Kerala.
Examined specimens: India, Kerala, Kasaragod
district (Kammadam Kavu, 100m), 01.10.2001,
K.P.Rajesh (ZGC80049, 80050); Kozhikode
district (Vallikattu Kavu, 53 m), 27.09.2014, Jyothi
& Mithun (ZGC 576).
17.
Fissidens kurzii Müll. Hal., Linnaea 37:
163. 1871-1873 [1872].
Type: Patria, Bengalia septentrionalis, inter Douk et
Titalya, 28. Oct. 1868: S. Kurz.
Habitat: On land cuttings and on bark.
Distribution: Burma, India (N. Bengal, Kerala)
(Gangulee, 1969)
Examined specimens: India, Kerala; Palakkad
district (Parambikulam WLS, 700m), 09.10.2007,
Sreenivasan (106398 B). Wayanad district
(Kuruva dweep, 975m), 25.09.2013, Manjula,
K.M. (ZGC 859, ZGC 860 A).
18.
Fissidens longtonianus Z. Iwats. &
Tad.Suzuki, J. Bryol. 27: 244. 2005.
Type: South India, Idukki district, Kulamavu.
80802(B. Rajeevan). (Holotype NICH)
Habitat: On twigs of large trees in evergreen forests
and herbs in semi evergreen forest.
Distribution: India, Kerala (Idukki and Kozhikode)
(Iwtsuki & Suzuki, 2005, Present collection).
Endemic to Kerala.
Examined Specimens: India, Kerala; Kozhikode
district (Malabar WLS, Kakkayam, 720m),
14.11.2014, Manjula, K.M. (ZGC 3902).
19.
Fissidens macrosporus Dixon, J. Indian
Bot.2: 179. 1921.
Type: India, Karnataka; Gairsoppa falls, Kanara

district, Dixon (6463)
Habitat: Epiphytic on branches and twigs along with
Syrrhopodon parasiticus (Brid.) Besch. in
evergreen forest.
Distribution: India (Kerala and Karnataka) (Dixon,
1921; Manjula et al., 2015). Endemic to South
India.
Examined Specimens: India, Kerala, Wayanad
district (Kuruva dweep, 900 m), 25.09.2013,
Manjula, K.M. (ZGC 861A, 862 A, 865 A).
20.
Fissidens manilalia (inedit)
Type: India, Kerala (Kozhikode district),
Meenchanda.
Habit: On bark
Distribution: India (Kerala)
Examined specimens: India; Kerala, Kozhikode
district (Meenchanda, 20m), 24.08.2011, Manju,
C.N. (ZGC 6387A, ZGC 16161), 13.08.2014,
Manjula, K.M. & Chandini, V.K. (ZGC 15996),
04.10.2015, Deepa, K.M. (ZGC 16051),
29.06.2016, Manjula, K.M.& Deepa, K. M. (ZGC
16082 A, ZGC 16083A, ZGC 16084A)
21.
Fissidens orishae Gangilee, Nova Hedwigia,
8; 140. 1964.
Type: India, Orissa, (Eastern Ghats), Ganjam,
Gangulee 3727 (CAL).
Habitat: On bark of large trees in evergreen forests
Distribution: India (Orissa, West Bengal, Kerala)
(Gangulee, 1969)
Examined specimen: India, Kerala; Wayanad
district (Kuruva dweep, 900m), 25.09.2013,
Manjula, K.M. (ZGC 860A).
22.
Fissidens pallidinervis Mitt., J. Linn. Soc.,
Bot. 12: 592. 1869.
Type: Tarapoto, ad rivulumMarono-yacu (2000 ped.),
Andes Peruvianae [Peru], R.Spruce 536.
Habitat: Epiphytic on bark and branches of large
trees especially some evergreen trees like Albizia
saman (Jacq.) F. Muell. along with Calymperes
erosum Mull. Hal.
Distribution: Malawi, Uganda, Brazil, Florida,
Louisiana, China, Indochina, Malaysia, Africa,
America, East Nepal, Ceylon, India (Kerala, Tamil
Nadu) (Foreau, 1961 as Fissidens minutus
Thwaites & Mitten, O’Shea, 2006; Gangulee,
1969).
Examined Specimens: India, Kerala; Kozhikode
district, (Arts college campus, 20m), 13.08.14,
Manjula, K.M. & Chandini, V.K. (ZGC 1174),
24.08.2011, Manju, C.N. (ZGC 6387 C).
23.
Fissidens pellucidus Hornsch.,Linnaea 15:
146. 1841.
Type: Suriname: Weigelts.n.
Habitat: On soil, land cuttings and rock. A common
species in all the altitudinal ranges in between msl1300 m along with other Bryophytes.
Distribution: Cosmopolitan in tropics. (Pursell, 1994,
2007; Manju et al., 2008).
Examined Specimens: India, Kerala; Kozhikode
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district, (Vellarimala, 998m) 18.07.2013, Manjula,
K.M. (ZGC 618 B, ZGC 818 B, ZGC 681 B),
Wayanad district (Periya, 744m), 06.10.2013,
Manju, C.N. (ZGC 901), Malappuram district
(Manoor, 16m), Chandini, V.K. (ZGC 802).
24.
Fissidens speluncae Broth., Hedwigia 50:
124. 1910.
Type: Sri Lanka [Ceylon], in einer Felsenhçhle der
Nanu Oya Schucht.
Habitat: On soil, land cuttings and roots of higher
plants.
Distribution: Sri Lanka (type), India (Kerala)
(Present collection).
Examined
Specimens:
India,
Kerala;
Thiruvananthapuram district (Agasthyamalai
Biosphere Reserve, 1300m) 12.12.2013, Rajilesh,
V.K. (ZGC 732A), Malappuram district (Canoli
plot, Nilambur, 50m), 24.07.14, Manjula, K.M.
(ZGC 671 A). Idukki district (Way to Munnar from
Marayoor, Munnar Udumalpet road, 1168m),
05.02.2014, Manjula, K.M. (ZGC 996).
25.
Fissidens subbryoides Gangulee, Bulletin of
the Botanical Society of Bengal. 11:60. 1957.
Type: India: Assam, Tea Dept. 1194 (named by
Hampe as F. subbryoides, holotype BM).
Habitat: On soil, land cuttings and rocks.
Distribution: China, Fiji, Vanuatu, India (Kerala,
Tamil Nadu, Assam) (Gangulee, 1969).
Examined specimen: India, Kerala; Malappuram
district (Calicut University campus, 40m),
23.09.2007, Manju, C.N. (ZGC106379).
26.
Fissidens walkeri Broth., Rec. Bot. Surv.
India 1(12): 315. 1899.
Type: Sirsi, Earth-bank of stream, Anmod (3265).
Habitat: On rocks and on twigs in evergreen forest.
Distribution: Fissidens walkeri Broth. is endemic
to South India- Tamil Nadu (Daniels, 2010) and
Karnataka (Brotherus, 1899 (Type) & Dixon,
1921) and Kerala (present collection).
Examined Specimens: India, Kerala; Kozhikode
district (Malabar WLS, Kakkayam, Thattittapara,
760m), 14.11.2014, Manjula, K. M. (ZGC 3906),
Wayanad district, (Vellamunda, 1140m), 20.05.14,
Manju, C.N. (ZGC 1031 A).
27.
Fissidens zollingeri Mont., Ann. Sci. Nat.,
Bot., sér.34: 114. 1845.
Type: Java, in terra turfosa, coll. Zollinger (1604).
Habitat: Common species in all altitudinal ranges with
a variety of habitat such as open land, on brick, on
land cuttings and soil in homestead to evergreen
forests.
Distribution: Philippines, Myanmar, Sree Lanka,
North & Central Vietnam, Malay, Sumatra, Java,
New Guinea, Samoa, Fiji, Tahiti, India (Andaman
Islands, Karnataka, Madhya Pradesh, Uttar Pradesh,
W. Bengal, Gujarat, Karnataka, Kerala, Maharashtra,
Tamil Nadu (Gangulee, 1969; Daniels & Daniel, 2013;
Nair et al., 2005).
Examined Specimens: India, Kerala; Kozhikode
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District (Wayanad churam, 600m), 13.07.14, Mithun
Venugopal (ZGC 1241 B). Pokkunnu (ZGC campus,
80m), 25.08.2015, Manjula, K. M. (ZGC 1200).
28.
Fissidens sp.
Habitat: On soil
Examined specimen: India, Kerala, Kozhikode
District (Thurayil Kotta, Kunnamangalam, 20m),
11.07.2015, Manjula, K.M. & Deepa, K.M.
(ZGC4290B).
DISCUSSION
Present investigation is a detailed study about the
diversity of the genus Fissidens Hedw. in Kerala
along with its habitat preferences. A total of 26
species with two varieties and one sub species are
recorded. Among these, F. crispulus Brid., is the
common species in all altitudinal ranges followed by
F. ceylonensis Dozy & Molk., F. flaccidus Mitt., F.
pellucidus Mitt. and F. bryoides Hedw. F. manilalia
(inedit) is a new species to science, F. enervis Sim is
recorded as new to Asia by the authors based on
same collection (Bruggeman-Nannenga et al., 2016).
F. asplenioides Hedw., F. biformis Mitt., F.
pallidinervis Mitt., F. javanicus Dozy & Molk. and
F. walkeri Broth. are new records to Kerala. F.
kammadensis Manju et al., F. macrosporus Dixon,
F. longtonianus Z. Iwats. & Tad. Suzuki and F.
walkeri Broth. are endemic to South India. One
unidentified species is also reported in the present
study which needs further investigation to reveal its
identity. Six taxa are strictly epiphytic in habitat and
F. anomalus Mont. is restricted to high altitude shola
forests. F. crispulus Brid., F. flaccidus Mitt. and F.
ceylonensis Dozy & Molk. are most diversified
members showing high degree of habitat variation.
F. crispulus Brid. and F. firmus Mitt. show aquatic
habitat also.
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ABSTRACT
Invasion by alien species along with habitat loss is the leading cause of
species extinction and endangerment worldwide. We assessed the
diversity of invasive alien species (IAS) in Wayanad Wildlife Sanctuary
(one of the main protected areas located in the Nilgiris Biosphere
Reserve) to see whether the density and diversity were associated with
canopy cover. This study was carried out in the pre-monsoon season
from January to March 2015, when deciduous trees shed their leaves and
the canopy is relatively open. The sanctuary covers a total area of 344.44
km2 with a core zone of 111 km2 area. A total of 45, 20×20m quadrats in
different areas of the sanctuary were sampled. The total area sampled was
18000 m2 (= 1.8 ha). The type of canopy cover (evergreen or deciduous)
was also recorded. A total of 22 invasive alien plant species belonging to
nine families was recorded. Out of this, 14 species (64%) belong to the
Neotropics, 5 species (23%) to Africa, 2 species (9%) to West Indies and
1 species (4%) to South East Asia. Eupatorium odoratum (42.8 ± 6.3)
had the highest density followed by Lantana camara (13.6 ± 3.2).
Eupatorium odoratum was significantly and negatively correlated with
canopy cover (Pearson’s correlation coefficient = -0.38, p = 0.03),
whereas L. camara was not associated with canopy cover (Pearson’s
correlation coefficient = -0.09, ns). This suggests that E. odoratum is
more sensitive to the light levels than L. camara. This study provides
little insights into the status of invasive alien species in an area known
for its high levels of endemism. Policy efforts should be directed to
address the problems of introduction, spread and management of invasive
alien species.

INTRODUCTION
Invasion by alien species considered to be the second
leading cause of species extinction and endangerment
after habitat loss (Lowe et al. 2000), is responsible
for a number of current ecological and societal
concerns (Alpert 2006).The success of invasive alien
plant species (IAS) in their introduced areas is because
of many reasons such as fewer or no pathogens and
predators, faster growth rates, greater biomass
production, early maturity and higher seed output
which makes them highly competitive and able to
invade empty niches (Gordon 1998, Drake et al.
2003). Sharma et al. (2005) reiterates that their
greater adaptability through phenotypic plasticity to
wide range of environmental conditions and their
ability to secrete allelopathic chemicals helps these
species to successfully colonize the new habitats.
In order to explain the higher rates of success of
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invasive plants,invasion biologists have come up with
many hypotheses, for example, Fluctuating Resource
Hypothesis (Davis et al. 2000), Empty Niche
Hypothesis (Mack et al. 2000), Enemy Release
Hypothesis (Keane & Crawley 2002), Evolution of
Increased Competitive Ability (Muller-Schareret al.
2004) and Novel Weapon Hypothesis (Callaway &
Ridenour 2004). None of these hypotheses explains
the phenomenon completely buteach explains a
different phase of invasion process (Sharma et al.
2005).
Invasive alien species, such as Lantana, Parthenium
and others, are widespread in Indian protected forests,
where they have replaced the understory, reducing
forage for wild herbivores (Hiremath & Sundaram
2013). In order to control these species we need to
have an understanding of their ecological

requirements. Studies have shown that Lantana
camara prefers wetter habitats. Open forest canopies
are more prone to invasion (Charbonneau & Fahrig
2004) because canopy openness increases seed rain
and the increased light levels favor the germination
and growth of alien species.
In this study we assessed whether tree canopy cover,
which affects light levels in the forest understory, is
associated with density of IAS in Wayanad Wildlife
Sanctuary, an important protected area in Kerala.
STUDY AREA
The study was carried out in Wayanad Wildlife
Sanctuary (Figure 1), one of the main protected areas
in the Nilgiris Biosphere Reserve of Western Ghats.
Its boundaries are adjoined with Mudumalai National
Park (Tamil Nadu) and Nagarhole and Bandipur
National Parks (Karnataka). The Sanctuary is situated
between the geographical coordinates of 11°202 12°72 N and 75°282 -76°362 E at an altitudinal
gradient from 850m to 1147m asl (Easa & Sankar
2001). Established in 1973, the sanctuary covers a
total area of 344.44 km2 and is divided into two parts
of smaller 77.67 km2 and larger 266.77 km2 area
with a core zone of 111 km2. Out of all the four ranges
the smaller portion consists of only Tholpetty range
whereas the larger portion comprises Muthanga,
Kurichiat and Sulthan Bathery ranges. Kabani is the
main river flowing across sanctuary.
Figure 1. Study area and study plots

The vegetation is of southern moist or dry mixed
deciduous or of west-coast tropical
evergreen type. A considerable portion of land (about
110 km2) is under different types of plantations viz.
teak, eucalyptus, bamboo, silver oak, pine (Narayanan
et al., 2011). Due to its high endemism Nayar (1997)
has included Wayanad-Silent Valley area in the three
hotspot endemic centers of Kerala, the other two being
Agasthymalai and Anamalai High Ranges. Wayanad

Wildlife Sanctuary receives an annual rainfall of 1200
to 1700 mm from the South West monsoon (May to
September), and the North East monsoon (October
to December).
METHODS
Sampling
This study was carried out in the pre monsoon season
from January to March 2015, when deciduous trees
shed their leaves and the canopy is relatively open.
Both plantations and natural forests were included in
the survey. The plantation forests were of eucalyptus
and teak, the former for pulp and the latter for timber
production. A total of 45 quadrats of 20×20m size
were sampled, nine in Tholpetty range and 12 each
in the other three ranges. The total area sampled was
18000 m2 (= 1.8 ha).All the plant species with a height
of 10 cm and above were recorded and after proper
identification only invasive alien species were
considered. The GPS coordinates, the type of canopy
cover (evergreen or deciduous) and the percentage
of canopy cover were also recorded. Most of the
sampling was done in natural forests except few
quadrats in eucalyptus and teak plantations and near
tribal settlements in the sanctuary.
Canopy cover estimation
The canopy cover measurement was done by
hemispherical photography (Evans and Coombe,
1959). For this the photographs of overhead canopy
were taken approximately 1 m above the forest floor.
In each plot a total of three photographs starting from
one edge (0m), centre (10m) and to the other edge
(20m) were taken. The photographs were
subsequently analyzed on computer by drawing a grid
of 64 squares on each photograph and percentage
canopy cover calculated by averaging the three values
of same plot.
Species identification and data analysis
Species were identified with the help of Gamble
(1923), Manilal & Sivarajan (1982) and Reddy (2008).
Some online resources like IUCN’s ‘Global Invasive
Species Database’(http://www.issg.org/database),
CABI’s ‘Invasive Species Compendium’(http://
www.cabi.org/isc/) and ‘India Biodiversity Portal’
(http://indiabiodiversity.org/) were accessed whenever
required. All data analyses and statistical tests were
carried out using Microsoft Excel. Light sensitivity
comparison of species was done by Pearson
Correlation Test. The Shannon and Simpson
testswere used for relative abundance and
dominance.
RESULTS
Species diversity
A total of 22 species of invasive plants belonging to
nine families (Table 1) was recorded during this study.
The invasive species were native to four different
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geographical regions: 64% of species (14 species)
were from the Neotropics, 23% (5 species) from
Africa, 9% (2 species) from West Indies and 4% (1
species) from South East Asia. Thirteen species were
herbs (59%), 7 species were shrubs (33%) and there
was one species (4%) each of tree and climber.
Asteraceae was the dominant family with 6 species
(27%) followed by Caesalpiniaceae (4 species-18%),
Lamiaceae (3 species-14%), Verbenaceae, Poaceae

and Euphorbiaceae (2 species each), Mimosacceae,
Solanaceae and Asclepiadaceae (1 species each)
(Table 1). In plantations, the density of invasive plants
was very high but the species richness was low.
Eupatorium odoratum and Lantana camara
constituted more than 75% of the understory. The
native plants were very few or absent in these
plantations.

Table 1. Invasive alien species recorded
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Effect of shade
The deciduous canopy had an understory density of
4.2m-2 and evergreen canopy had 3.4 m-2 (Figure
2). The species density was not correlated with the
canopy cover (Pearson’s correlation coefficient = 0.244, ns, Figure 3).
Figure 2. Relation of species density to canopy cover
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Light sensitivity of Eupatorium odoratum and
Lantana camara
However, when individual species were examined,
the density of Eupatorium odoratum was
significantly and negatively correlated with canopy
cover (Pearson’s correlation coefficient =-0.38, p =
0.03), whereas the density of Lantana camara was
not associated with canopy cover (Pearson’s
correlation coefficient = -0.09, ns) (Figure 4).
DISCUSSION
In this study we found that Wayanad Wildlife
Sanctuary supports a large number of invasive alien
species, the majority of which have their origin in
tropical America. Apart from the species recorded
in the plots, Ipomea sp. and Euphorbia hirta were
also noted in this region. Some plants like Synadenium
grantii and Leonotis nepetifolia were observed to
be closely associated with settlements and
wastelands. The dominant species were Eupatorium
odoratum and Lantana camara.
Our finding that Eupatorium odoratum is
comparatively more sensitive to light than Lantana
camara is in agreement with many other studies.
For instance, Tripathi et al. (2012), and Tripathi &
Yadav (2012) have shown that E. odoratum grows
better in open sunny places than under the shade.
Ambika (2007) also confirms that quality and quantity
of light is crucial for the survival, growth and
development of this plant.
When comparing the density under different canopy
types, deciduous canopy understory has more density
of invasive and native plants than evergreen canopy.
Previous studies (Sajeev et al. 2012) have shown
that Mikania micrantha which is widely distributed
in Wayanad is scant in the forest understory. Our
study indicates that restoration of degraded forests
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and increased canopy cover would considerably
reduce the prevalence of some species such as
Eupatorium odoratum, whereas the effect on others
would be marginal.
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ABSTRACT:
The Western Ghats is one of the biodiversity hotspots in the world. It
has a greater proportion of endemism as well as severe habitat loss due
to various anthropogenic pressures.The wide variation of rainfall patterns
coupled with the complex geography, produces a great variety of
vegetation types formed in the Western Ghats. The present study was
carried out in Sathuragiri hills within the Grizzled squirrel wild life
sanctuary of Western Ghats, Tamil Nadu. All trees (e”30 cm GBH) and
lianas (e”3.5 cm GBH) were enumerated in the 100 numbers of 20m × 20m
quadrates which was established in different elevation gradients ranging
from 200m to 1400m. Forest types were classified based on the plant
species composition. Various forest disturbances were quantified based on
disturbance scores. The baseline data on floristic diversity, inventory,
disturbance index and carbon stock assessment may helpful in developing
conservation strategies for this degrading forest ecosystem.

INTRODUCTION
India is located in the junction of three biogeographic
realms namely Afro-tropical, Indo-Malayan and
Paleo-arctic. India harbours about 9% of the total
species of the world. India having 2.4% of global area,
exhibits 12.51% of floral diversity and 6.67% of faunal
diversity. India has about 48,000 plants species
representing about 10% of world’s flora (Hajra &
Mudgal, 1997). The Western Ghats is one of the
biodiversity hotspots in the world.This important
biogeographic zonehas a greaterproportion of
endemism, covering 1,720 endemic species (i.e about
40%) out of 4,500 flowering plants (Kaveriappa and
Shetty 2001).The Western Ghats covering c.
125,035.19 km2 (64.95% area of global biodiversity
hotspot), along an elevational gradient of 300– 2700
m. The Western Ghats experience heavy annual
rainfall, while the eastern slopes are drier; rainfall
decreases from south to north face. The wide variation
of rainfall patterns in the Western Ghats, coupled with
the region’s complex geography, produces a great
variety of vegetation types (Conservation
International). These include scrub forests in the lowlying rain- shadow areas and the plains, deciduous
and tropical rainforests up to about 1,500 meters, and
a unique mosaic of montane forests and rolling

grasslands above 1,500 meters. The forests of the
Western Ghats have been faced with tremendous
pressure from anthropogenic factors and dramatically
impacted by the demands for agricultural land, timber
and built-up land. (Chitale et al., 2014).
The Tropical forests holds large stores of carbon, yet
uncertainty remains regarding their quantitative
contribution to the global carbon cycle (Chave et al.,
2005). Majority of CO2 flux to the atmosphere origin
from the burning of fossil fuels and the conversion of
tropical forests to agricultural production (Paustian
et al,. 2000). Reduction of atmospheric CO2 can be
achieved either through reducing anthropogenic
emissions of CO2 or creating and/or enhancing C
sinks in the biosphere (Lal, 2008). Therefore, ability
of forests trees and other vegetation as terrestrial
carbon sinks to absorb CO2 emissions and mitigate
the climate change, has attracted wide attention
(Bargali, 2011). In the forest ecosystem, the biomass
density can be estimated using destructive sampling,
aerial survey and using forest inventories. In India,
estimate of biomass using direct measurement through
destructive sampling and aerial surveys are not
available for many of the forests types. Due to lack
of such data, this study is an importantaddition to
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assess the diversity and estimation of carbon stocks
in the forests of Sathuragiri hills, Western Ghats.
MATERIALS AND METHODS
Study site
The present study site, Sathuragiri hills located on
the eastern slope of Western Ghats (9.42’ – 9.44’ N
and 77.37’ – 77.41’ E). This hill range is an off shoot of Western Ghats,that is connected to the
northern side of Varushanadu hill ranges(Fig.1). The
major forest types includes West Coast Tropical
Evergreen Forest (1A/CA), Tirunelveli Semievergreen Forest (2A/C3), West Coast Semievergreen Forest (2A/C2), Southern Moist Mixed
Deciduous Forest (3B/C2)and Southern Dry Mixed
Deciduous Forest (5A/C3) (Champion and Seth,
1968). The elevation ranges varies from 200m to
1275m. The terrain is primarily rocky with steep
slopes, ridges and valley. Many streams cut through

Sathuragiri hills and act as a perennial source of water
in this area. Tamil Nadu Forest Department took over
Sathuragiri hills in 1951 and now it is a part of
Grizzledsquirrel wild life sanctuary, which was
established in 1988 under the wild life protection act
(1972). This is a scared place, people are believing
still the ancient siddhas are living in and around the
hilly region. Along the forested area, there are a
number of idols and pilgrimage worship is common.
This is an important place for rich in plant diversity
as well as abundant of medicinal plants. As a result,
the anthropogenic pressure has been increasing
considerably. Hence, this floristic inventory is timely
appropriate on human impacted Sathuragiri hills.
Climate
The present study site, Sathuragiri hillsis a semi-arid
monsoonic zone in Tamil Nadu.The climatic data such
as rainfall, temperature and relative humidity are
available (2009-2014) for Srivilliputhur area (Fig. 2).

Table 1. Consolidated details of woody plant inventory (species diversity, density and indices) and carbon
stock assessments (Basal area, Above ground biomass, Below ground biomass, Total biomass and Carbon
stock) across different elevation gradient in Sathuragiri hills, Western Ghats, Tamil Nadu.
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Maximum of mean Annual temperature is 35°C. The
month of May and June showing high temperature of
37.13, 36.61°C respectively, while the month of
December to February experiencing minimum
temperature and relative humidity. The mean
temperature of the coldest month ranges from 25°C
at low elevations to 11°C at high elevations. Rainfall
is receiving high in October and November and the
mean annual rainfall is 708.5 mm yr-1. Relative
humidity also high in the same period (October and
November). Length of dry season is 6 months (March
to September).
FIELD METHODS
Floristic diversity inventory
Woody plant species (trees and lianas) inventory was
carried out in 100 numbers of 20m × 20m quadrates
(4 ha area). Within the quadrat seedlings and saplings
were counted in 5m × 5m quadrates to evaluate the
regeneration capacity. Shrubs also enumerated in the
same smaller units. Sampling quadrats were
established in different elevation gradients, ranging
from 200m to 1400m. Forest types were classified
based on the plant species composition. All trees (e”30
cm GBH) and lianas (e”3.5 cm GBH) were measured
at 1.3m from the rooting point in all sampling quadrats
established in different elevations. Plant species were

identified by regional floras (Gamble and Fischer,
1915–1935; Hooker, 1872–1897; Matthew, 1991) and
consulted with regional herbaria (Botanical survey
of India, Southern Circle, Coimbatore and French
Institute, Puducherry). Herbarium specimen made
and deposited in Department of Plant Sciences,
Madurai Kamraj University, Madurai.
Forest Disturbance
Each and every sampling quadrats are assessed their
disturbance levels by the following fourteen
disturbance criteria tabulated below (Table 3). Those
criteria are evaluated based on visual estimation by
the corresponding scores: Nil- 0; Low-1; Medium-2;
High-3.
In another approach, the cut stems were counted
when conducting the floristic inventory of each
sampling quadrats. The intensity of disturbance has
calculated using the values of number of cut stumps
by total number of stems of all woody plants including
cut stumps in each fragment (Rao et al. 1990).
Formula:
number of cut stems
Total number of stems of all woody species including cut stems in
each fragments

Table2.Top ten woody plant species diversity, family, abundance and important value index (IVI) in Sathuragiri
hills, Western Ghats, Tamil Nadu.
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Table 3. Disturbance criteria and corresponding disturbance scores developed across the different elevation
gradients in Sathuragiri hills, Western Ghats, Tamil Nadu.

Carbon stocks assessment
Field measurements such as bole height, girth diameter,
basal area of wood plants are used as variables. The
present study site is a dry zone, which receives <
1000 mm rain year -1 . Hence a regional level
approach of biomass and carbon stocks estimation
were employed by the following regression equations:
Tree - Above ground biomass calculated by Brown
(1997).
AGB=[10 (-0.535+Log 10 basal area)] - Dry forests
(<900 mm rainfall)
Tree - Below ground biomass calculated by Cairns
et al. 1997.
BGB=[EXP(-1.0587+0.8836*LN(AGB)]
Tree carbon stock estimated by 50% of the total
biomass (IPCC 2005).
liana - Above ground biomass calculated by Schnitzer
et al. (2006).
ABG=[EXP(-1.484 + 2.657*LN(D)]
liana - Below ground biomass calculated by (Cairns
et al. 1997).
BGB=ABG *0.26
liana - carbon stock estimated by 50% of the total
biomass (IPCC 2005).
RESULTS AND DISCUSSION
Floristic diversity
Woody plant inventory and carbon stock assessments
was carried out inthe different elevation gradients of
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Sathuragiri hills, Western Ghats. A total of 3,795 woody
stems were enumerated in the 4 ha area across
different elevation gradients. About 267 plant species
from 60 families and 165 genera were documented
(Table 1). Among them 185 tree species were
belonging to 46 family and 119 genera whereas 83
lianas which belongs to 53 genera and 31 family. Most
species were belongs to the families Euphorbiaceae
& Rubiaceae (19 each), Ebenaceae (12), Lauraceae
(11), Mimosaceae & Tiliaceae (10 each) and
Moraceae (9). Across the different elevation gradients
woody plant diversity and its abundance were
moderate in mid elevations and greatest in high
elevation quadrates (Table 1). The top ten woody
plants species were tabulated along with their family,
abundance and important value index (IVI) in Table
2. Predominant tree species are Anogeissus latifolia,
Drypetes porteri, Miliusa eriocarpa and Canthium
dicoccum var. umbellatum. Predominant lianas are
Jasminum calophyllum, Capparis brevispina,
Derris ovalifolia and Loeseneriella obtusifolia,
(Plate 1). Some of the tree and liana species were
distributed just a single individual in the whole inventory
i.e. Trees: Macaranga indica, Memecylon
lawsonii, Sterculia urens; Lianas: Cryptolepis
buchanani, Elaeagnus indica, Salacia reticulata.
A total of 17 RET category species were recorded in
the present inventory. Among them, 3 rare, 2
endangered, 8 vulnerable and 6 Lower Risk/least
concern taxon were documented.

Forest Disturbance
Across the different elevations, low to middle
elevation forests are experiencing more disturbance
by anthropogenic activity. Now a days, this site is
frequently visiting by pilgrimage who are dumping
plastics and other wastes. The forest bridle path
towards temple, particularly at lower elevation area
are commonly occurring forest clearance for
construct temporary shops. This is clearly evident that
the lower elevations (200-400 and 400-600m) scored
more whereas middle and higher elevations scored
less disturbance values (Table 3). In another approach,
the enumerated hundred quadrats of different
elevations, almost all sampling units having cut stems.
In the lower elevation area, particularly deciduous
forests, majority of tree individual had cut in ground
level. This is clearly evident in the stand structure
which is more stems fall in lower girth class and multistems formed from the cut stems (Fig 5 a & b).
Carbon stock assessment
The biomass and carbon stocks of woody plants (tree
and liana) were low in lower elevation (200-400m),
very high in mid elevation (400-800m) and moderate
in high elevation(>1000 m). It is clearly evident that
Table 1. Many researchers has estimated biomass
and carbon stocks in Indian forests. Hingane (1991)
estimated total phytomass carbon pool and carbon
density of India’s forests at 2,587 Tg carbon and 49.2
Mg carbon per hectare area. Ravindranath et al.,
(1997) estimated the standing biomass of Indian forest
to be 8,375 Mt for the year 1986, of which the carbon
storage was reported to be 4,178 Mt. Dadhwal et
al., (1998) using FAO inventory for ecological zones
estimated the carbon pool at 3,117 Tg carbon and
carbon density at 60.2 Mg carbon per hectare.
Regional terrestrial carbon accounting is very
important to address global climate change mitigation,
particularly in tropical areas. The quantification of
biomass is required as this kind of primary inventory
data to understand pool changes and productivity of
tropical forest. While concern about socio-economic
point of view, forest biomass is the only renewable
energy source easily available to human being. Over
the year, due to anthropogenic activity the size of
carbon pool has diminished (Bolin 1977).
The CO2 concentration has been gradually increasing
from a preindustrial level of 279 ppm through 393.84
ppm in 2012 to 395.15 ppm in August 2013 and the
expected concentration of CO2 in 2100 will range
from 540 to 970 ppm (IPCC, 2001; NOAA, 2013)
and this will lead to increase the temperature by 1.8
to 4°C. A rise in the global mean temperature of
0.74°C has been recorded, and hence the
climatologists are calling for an urgent action to curb
global warming (IPCC, 2007; Kerr, 2007; Sharma et
al., 2011). Therefore, the International Panel on
Climate Change (IPCC) in its fourth assessment
report has strongly recommended to limit the increase

in global temperature below 2°C as compared with
pre-industrial level (i.e. measured from 1750) to avoid
serious ecological and economic threats. Hence the
present work may give an immense information about
carbon stocks of a fragile forest ecosystem in a part
of Western Ghats and aid to help implement program
in this forest for the sustainability.
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ABSTRACT
Biodiversity education and learning is an ever challenging for biodiversity
understanding, management and conservation. What are the ways for the
learning in a simplest way is not yet practiced. Every individual would
like to involve in doing their best, hence environmental study centre is
working to breed the next generation conservator, therefore we
(environmental study centre) involved high school students of shimoga,
dist. Karnataka. The present global experiments of nature like global
warming and climate change and how our ecosystem is coping with the
vagaries of nature, how one can learn regarding adaptation. Phenology
was introduced to high school students to look in to trees phenological
patterns since from July -2009 till date from their surrounding with
different geographical area. The recorded observation from 2009 to 2011,
mature adult 25 tree species above 20 cm girth class is presented. They
recorded leaf, flower and fruiting phenology patterns in the middle of the
every month based on per cent of phenophases for urban as well as
forest trees. Phenological patterns varied between and with in the area, as
we covered at community level, not specific to particular genus or
species. Students are more curious to look how a tree shifts from one
phenophases to next, which they never felt earlier as its response too
indicate our regional environmental impact. Based on phenological
observation we (students) are making phenophases calendar to check the
duration and intensity of phenophases regionally. Probably this may be
the first data from India to have environmental consciousness for tree
species involving high school students usually it does not aim to
uncover mechanisms underlying ecological patterns in the process of
addressing the impact of changing (rainfall and temperature) pattern. The
phenological calendars help us to address the perturbation at a regional
level. This may serve as a base data for the study area as well as other
phenological observer data to look how it differs in space and time.

INTRODUCTION
Our global land surface is being transforming due to
human activities, and it adversely affects the climate
and in turn they have a significant impact on remaining
or adjacent forest ecosystem. We have good research
data for forest ecosystem, when we look in to our
urban ecosystem / human habitat how our natural or
domesticated / cultivated trees, animals and birds
response is very meagre and we need such
observation and long term data to understand urban
environment and its impact. Climate change / global
experiments are predominant every where, its

intensity and affect may vary, how to measure and
record these with less investment and more
involvement, researcher, academicians and social
scientists are keen to look and purse such action and
research.
Volunteer participation in ecological studies has
become a mainstay of research aimed at the
conservation of biodiversity. Although observations
of amateur naturalists have been important for
centuries, citizen science projects have proliferated
in the past decade, with the ability to track the
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ecological and social impacts of large-scale
environmental change through the Internet (Lepczyk
et al. 2009). Citizen science invites the public to
participate in both scientific thinking and data collection
(Cooper et al. 2007, Irwin 2001). Participants in
ecological projects, typically outdoor hobbyists, are
able to access learning materials and protocols, gather
data, and enter them online into centralized, relational
databases, where they can view results using
interactive graphs and maps.
In urban and suburban environments, citizen science
can match ecological monitoring data with data on
human attributes, including educational/health
statistics and participants’ residential practices such
as pesticide and water use, energy consumption, pet
ownership, and residential habitat management, to
better understand the impacts of cultural and
behavioral practices on ecological response variables
(Field et al. 2010). Citizen science projects with
research-oriented goals must develop methods for
assessing and improving the quality of their volunteercollected data. (McDonough MacKenzie, et al.,
2016). Tropical forest plant communities display
various phenological patterns. Different forest types
are considered to be indicators of the amount and
annual distribution of rainfall (Walter, 1971), because
seasonal variation in tree water status constitutes a
major determinant of tropical tree phenology
(Borchert et al., 2002). Is leaf life span (intensity,
duration) is relative to reproductive (flower and fruit)
phenology of forest and urban trees is not yet
documented and what factors are responsible is poorly
understood. Patterns of flowering in vegetation within
the urban landscape have gained increasing attention
in the last decade, particularly in Europe and North
America demonstrating differences in their phenology,
compared with plants outside the urban landscape
(Altermatt 2012; Neil and Wu 2006). Understanding
of community wide patterns in phenophase is essential
for understanding the functioning of ecosystem and
scientific management of natural resources. This type
of study will help to understand various phenophases
in the global climatic change scenario at local level.
Urban phenology data or study is least known, as it
helps community involvement to address climate
change regionally, public health, urban tree
management and urban dwellers life style etc.,
MATERIALS AND METHODS
Study area
The present study was conducted in Thammadihalli
(N – 130.57.9.71; E – 750.24.8461) and Ullur (N –
14 0.08.515 1; E – 75 0.06.248 1) of shimoga dist,
Karnataka, the vegetation of the Thammadihalli
shows dry deciduous forest type and rainfall varies
from 50-550 mm and Ullur is a moist deciduous to
semi evergreen forest type rainfall varies from 601110 mm differs in two study area (Fig. 1and 2). The
present data were collected by government high
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school eco-club students of 8 and 9 standards as
climate change initiative program from Biodiversity
Education and Research Lab, Environmental Study
Centre, Shimoga, Karnataka.

Figure -1. Leaf, flower and fruit bud phenology in
Thammadihalli.

Figure -2. Leaf, flower and fruit bud phenology in
Ullur
METHODOLOGY
Woody stems above 30 cm diameter at breast height
with clearly visible canopy trees were marked in an
urban area with 10 Km radius. A total of 599
individuals of 24 tree species from Thammadihalli and
793 individuals of 22 tree species from Ullur these
were marked and individuals monitored for leaf bud,
flower bud and fruit bud phenophases once in month
(Nanda et al., 2009, 2013,) from July 2009 to till data.
Here we are presenting here two year data from (July
– 2009 to June 2011). The marked individual species
were identified using various regional floras (Gamble
and Fischer 1998; Saldhana 1996; Yoganarasimhan
1990; Ramaswamy 2001; Neginhal 2004). The
numbers of tree species selected and monitored are
presented. (Table 1).

Table 1- Tree species studied
No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

Scientific name
Achras sapota
Aegle marmelos
Anacardium occidentale
Anona squamosa
Artocarpus integrifolia
Azadiracta indica
Bauhinia racemosa
Bombax malabaricum
Butea monosperma
Dalbergia latifolia
Ficus bengalensis
Ficus religiosa
Lagerstroemia lanceolata
Mangifera indica
Michelia champaca
Millingtonia hortensis
Polyalthia longifolia
Pongamia pinnata
Psidium guajava
Pterocarpus marsupium
Santalum album
Syzygium cumini
Tamarindus indica
Tectona grandis
Terminalia bellirica
Terminalia paniculata
Terminalia tomentosa
Sapindus trifoliatus
Total

common (kannada)
Sapota mara
Bilva mara
Godambi mara
Seethapala mara
Halasu mara
Bhaevina mara
Basavana pada
Buruga
Muthuga
Betae
Aalada mara
Arali mara
Nandi mara
Mango mara
Sampige mara
Akasha mallige
Kambda mara
Honge mara
Paerale mara
Honne mara
Shree Gandha
Naerale mara
Hunase mara
Saguvani
Tharae kai mara
Hunalu mara
Matthi mara
Antuvala mara

Thammadihalli Ullur
4
20
0
2
29
66
33
27
53
86
49
8
6
0
3
0
10
0
15
0
11
48
15
4
2
69
81
91
4
19
5
0
7
9
15
0
44
54
5
13
12
5
34
86
70
46
72
23
0
30
0
21
0
41
20
25
599
793

name

STATISTICAL ANALYSES We performed Spearman’s rank (rs) correlation to
Table – 2. Results of spearman’s rank (rs) correlation. establish the relationship between frequency of
species responding to leaf bud / young leaf, flower
bud and fruit bud phenology during corresponding
Phenophases
Study area
and 1-2 month lag periods, amount of total rainfall,
Thammadihalli Ullur (Sagar)
received in a month were computed using procedures
(Shimoga)
given by Zar (2007).
Leaf bud

0.32, (p<0.1)

0.32, (p<0.1)

one-month lag

0.45, (p<0.03)

0.46, (p<0.02)

two–month lag 0.52, (p<0.01)

0.33, (p<0.1)

Flower bud

0.38, (p<0.06)

0.10, (p<0.9)

one-month lag

0.61, (p<0.002)

0.15, (p<0.4)

two–month lag 0.63, (p<0.002)

0.35, (p<0.1)

Fruit bud

0.16, (p<0.4)

-0.29, (p<0.1)

one-month lag

-0.14, (p<0.6)

-0.40, (p<0.05)

two–month lag -0.02, (p<0.9)

-0.13,(p<0.5)

RESULTS – In Thammadihalli leaf initiation peaks
were from February to March and in December,
flower bud peaks during November and December
and fruit bud peak during July to September (Fig -1).
In Ullur leaf bud peak in July, flower bud in February
and July, fruit bud in January and April (Fig -2).
Whereas rainfall had significant positive influence on
leaf bud / leaf flush during the corresponding and lag
periods in both the study area. Flower bud had positive
influence in Thammadihalli area, whereas in Ullur it
has no significance influence and rainfall had no
influence on fruit initiation or fruit bud. (Table -2).
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DISCUSSION
The noticed phenophases are distributed in all the
months as the data covers species of dry deciduous,
moist deciduous, semi evergreen to evergreen types.
The data of tree species comprising urban, avenue,
backyard and forest trees show different responses
and the existence of harmony within and between
species.Hence individuals need to be described
separately as they get overlapped. In near by forest
ecosystem or a sanctuary study on phenology shows
little resemblance to leaf, flower and fruit bud
phenology (Nanda, 2009). Most of the phenological
activities happen during the early of the dry season in
evergreen forest and in dry season in dry forest.
(Nanda et al., 2011).
Phenological patterns of forest trees and urban trees
did not show any resemblance as now a days most
of the trees are domesticated eg. Tectona grandis,
Mangifera indica. etc. Leaf lifespan, which is
determined by leaf phenology, is a comprehensive
index reflecting plant behaviour and function. It is
considered as an adaptive strategy of plants developed
in the long-term adaptation process aimed at obtaining
the maximum photosynthetic yield and maintaining
efficient nutrient utilisation (Kikuzawa, 1995). The
relationships between the meteorological variables and
the associated biological responses are crucial not
only for predicting urban tree phenological responses
to climate change but also for identifying the carbonuptake period and examining the seasonal exchanges
of water and energy between land surface and
atmosphere (Chen and Xu 2012). Human-dominated
environments are often subjected to increased
nutrient and moisture regimes which have the potential
to influence the flowering phenology of plants. The
number of flowers per tree significantly predicted the
presence of nectarivorous parrots in streetscapes. This
study demonstrates that the flowering phenology of
plants within streetscapes can differ from continuous
forest, with remnants appearing to be intermediate.
This increased flower productivity within urban
landscapes may be partially responsible for the high
abundance of nectarivorous parrots within some
cities. (Davis et al., 2016). Tamarindus indica L.
belongs to family Fabaceae, is an important woody
perennial tree species that is found throughout the
tropics for its beauty as an ornamental, adaptability
to variable climatic and edaphic conditions and fruit
production (El- Siddig et al., 1999). The amount of
solar/infrared radiation may also influence behaviour
of street trees. Solar and infrared radiation on the
tree or buds themselves has shown to be particularly
important in the flowering of Cherry Blossoms
(Prunus yedoensis) in Japan (Ohashi et al. 2012) and
coffee plants (Coffea arabica) in America (Rodriguez
et al. 2011).
CONCLUSION
In the present study, we find that there are significant
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correlations between leaf bud, flower bud and fruit
bud. Unfortunately we do not have temperature data
and other parameters to check the multiple factor
influence. An understanding of the phenological
patterns in different geographical regions and of
factors underlying these patterns is important and
assist conservation scientists in predicting
consequences of perturbations such as atypical
climatic events or global warming.
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ABSTRACT
Flowering Plant diversity studies of Pooyyamkutty forest was conducted
during the period of 2013-2016. The study resulted in documentation of
720 flowering plant species of which 136 species are endemic to Western
Ghats. Eight species were newly described and one is rediscovered from
the study area.

INTRODUCTION
Floristic documentation is the first and basic step in
plant diversity conservation programmes. It involves
extensive exploration, identification and
documentation. This provides adequate and
convenient information about individual plants. The
major tropical evergreen forests with higher rate of
endemism in Western Ghats have a noteworthy
contribution towards the rich flora of India.
The forests of Kerala is a part of Southern Western
Ghats and harbours many endemic and rare plant
species. It is estimated that about 5094 taxa of
flowering plants are there in Kerala of which 1710
are endemic to either Western Ghats or Peninsular
India (Sasidharan, 2011).
A detailed exploration and investigation are needed
to know about the endemism, rarity and threats in an
area. But such exhaustive studies are lacking may
be due to the lack of experts and funds. In the case
of Kerala state, the floristic studies were completed
in 12 of 14 districts and also in the protected areas of
Idukki District. But still there are many interior forest
areas which remained as unexplored. Pooyyamkutty
is such a forest area in Ernakulam distrcit where the
floristic study is completely lacking.
MATERIALS AND METHODOLOGY
Field work & Herbarium preparation: For collection and preservation of plant specimens,
the procedure given by Jain and Rao (1997) was
followed. Several field trips of duration ranging from
2 to 4 days were made at regular intervals to various
parts of the Pooyyamkutty from 2013 to 2016, and
made intensive and extensive collection of plants.
Extensive exploration and field studies conducted
throughout the study area and collected plant

specimens for laboratory studies. Each collected plant
specimen identified using relevant literatures. The
collected plant specimens be prepared as herbarium
and deposited at SNM College Herbarium (SNMH).
STUDY AREA
Pooyyamkutty forest is a part of Western Ghats,
situated in eastern part of Ernakulam district of Kerala
with a wide range of vegetation from lowland
evergreen forest to high altitude shola and grasslands
in an area of 262 km2. The longest river in Kerala,
Periyar is flowing through this forest.
RESULTS
A total of 720 plant species were collected and
identified from the study area which are belongs to
554 genera and 133 families. The dominant families
in terms of number of species are Papilionaceae (56),
Euphorbiaceae (52), Rubiaceae (44), Poaceae (40)
and Acanthaceae (32).
This study resulted in the collection of 136 taxa
endemic to Western Ghats. Rubiaceae (14), Poaceae
(12) and Euphorbiaceae (10) are the three families
having more number of endemic species. Impatiens
is the largest genus possessing higher number of
endemic taxa (8) in the study area. Acranthera
anamallaica Bedd., Desmos viridiflorus (Bedd.)
Safford, Lagenandra keralensis Sivad. & Jaleel are
the some of the Western Ghats endemic species
collected from Pooyamkutty forest area.
41 species collected are belongs to the any of the
threat category of IUCN (IUCN, 2001; Nayar &
Sastry, 1987, 1988, 1990). Five of them such as
Dipterocarpus bourdillonii Brandis, Discospermum
sphaerocarpum Dalz. ex Hook. f., Drypetes

101

Table 1. List of RET species collected from the study area.
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malabarica (Bedd.) Airy Shaw, Henckelia
meeboldii (Sm.&Ramaswami) Webber & Burtt.,
Piper barberi Gamble are belongs to the Critically
Endangered category of IUCN. An endemic and rare
species of Western Ghats, Phyllanthus macrocalyx
Mull. Arg. is re-discovered during this study after a
gap of 142 years and a threat status is given to it as
“Critically Endangered” as per IUCN criteria.
During this study 8 species were newly described
such as Sonerila sreenarayaniana Sunil etal,
Arundinella pradeepiana Sunil & Naveen,
Garnotia variyamensis Sunil etal, Anisochilus
shoolamudianus Sunil, Isodon purpurescens Sunil,
Phyllanthus balakrishnanii Sunil etal, Thottea
adichilthottiana Sunil & Naveen and Isachne
edamalayarense Sunil et al. Peristylus tentaculatus
(Lindl.) J.J. Smith. (Orchidaceae) collected from the
study area is reported first time from India.

DISCUSSION
Documentation of 720 flowering plant species
including rare and endemic species from 262 km2
area of Pooyamkutty forest implies its floristic wealth.
Lowland evergreen forest and high altitude shola and
grass lands contributes the majority of rich diversity
of Pooyamkutty forest. The riparian vegetation along
the Periyar River adds uniqueness to the floristic
diversity in the area.
Once, this area was popular among environmentalists
and conservationists as it was a proposed site for the
construction of a hydroelectric power station. Later,
the project was abandoned by considering the
vegetation spread over the area. The present study
supports the decision taken by the government to
refuse the project as it reveals Pooyamkutty as a
home for many endemic and rare species. If the
project had sanctioned, the rich diversity of
Pooyamkutty would not have exist as today.
Information on the exact geographical location of
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endemic and rare plants in their natural habitat will
be helpful in the construction of their distribution map
which can be used as a tool in the plant conservation
programmes.
Apart from the rich diversity of Pooyamkutty area,
invasion of some alien species such as Clidemia hirta
(L.) D. Don, Mikania scandens has been observed
in some deciduous forests in the study area. If this
invasion continues in the same way the native diversity
may be affected in near future.
Description of 8 new species and re-discovery of a
rare species shows the relevance of Pooyyamkutty
forest area. It is our duty to conserve the habitat and
diversity of this area atleast as seen in today.
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ABSTRACT
Lakes provide critical habitat for an amazing array of plants and animals.
The study delineates the assessment and documentation of biological
diversity in lakes of Mysuru as a part of the report "Evolving sustainable
conservation strategies for water bodies of Mysuru- Nanjangud LPA" by
Environmental Management and Policy Research Institute. Five major lakes
i.e. Uttanahalli Kere, Hadjana Kere, Subedar Kere, Shetty Kere and
Mariappana Kere were selected to assess the biodiversity in Mysore
taluk. Biodiversity is used as a tool to analyze the health of Lake
Ecosystem. Biological diversity of few important parameters like
phytoplankton, zooplankton, aquatic plants, benthos, aquatic insects,
odonates, fishes and birds were documented through standard procedures
and recorded for four seasons (monsoon, post monsoon, summer and
winter) during the year 2014-2015.
Phytoplankton, namely
Bacillariophyceae, Chlorophyceae, Cyanophyceae and Eugleanophyceae;
zooplanktons such as Calanoids, Ciliophora, Cladoceraons, Copepods,
Harpacticoids, Ostracods, Cyclopoids, Rotifers and Zoo flagellate; 33
species of Aquatic plants; 07 species of benthos; 14 species of odonates;
39 species of aquatic insects; 09 varieties of fishes; birds diversity varied
from season to season and in total 54 species of birds were recorded
during the study. To understand the significance of the existing
biodiversity, it is necessary to understand the benefits it provides the
lakes and also its relevance for the future. All these observations indicate
that the lakes have a rich biodiversity but are in turn vulnerable to the
human intrusion.

INTRODUCTION
Lakes in any urban region are ecological security
zones and true indicators of sustainable rural and
urban development (Sahana and Jagannatha, 2007).
Lakes are complex ecosystems with many species
of animals and plants interacting with each other and
their environment. Water and biodiversity are
interdependent. Healthy lakes and their banks not
only provide us with a number of environmental
benefits but they influence our quality of life and
strengthen our economy by providing habitat to
aquatic and semi aquatic plants and animals, which
in turn provide food for many terrestrial animals and
they add to the diversity of the landscape.
Mysuru is a heritage city of Karnataka and also one
of the most popular tourist places in India. The
objective of the study is to assess the biodiversity of
five major lakes i.e. Uttanahalli Kere, Hadjana Kere,

Subedar Kere, Shetty Kere and Mariappana Kere in
Mysore district. Biological diversity of few important
parameters like phytoplankton, zooplankton, aquatic
plants, benthos, aquatic insects, odonates, fishes and
birds are documented and recorded for four seasons
(monsoon, post monsoon, summer and winter) during
the year 2014-2015.
METHODOLOGY
Five major biotic diversities in water bodies are
documented for the following parameters: *Phytoplankton- The qualitative and quantitative
analysis of phytoplankton was done by Lackey's drop
method (Lawrence and Mayo).
*Zooplankton- For the quantitative analysis of
zooplankton, water was collected from the surface
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with minimal disturbance and analysed using
Sedgwick-Rafter cell with dimensions of 50 x 20 x 1
mm, following the method given in (APHA, 1998).
The zooplanktons were identified up to a taxonomic
precision of species level by using standard
identification keys (Edmondson, 1959; Battish, 1992;
Dhanapathi, 2000; Altaff, 2003).
*Aquatic flora-The aquatic plants were studied using

wooden frame quadrat (1m x1m). The vegetation was
classified based on their growth position in all the water
bodies which are Emergent, free floating, submerged
and rooted plants. Density, frequency and abundance
of plant species were determined as per method of
Curtis and McIntosh (1950).
*Benthos-The Ekman Bottom Grab (0.0015m2)
sampler was used for sampling.
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*Odonates-The adult Dragonflies and Damselflies
were identified by sight for 30 min and documented
individuals were identified using field manual
(Subramanian, 2007).
*Aquatic Insects-Sampling was done at five different

sites on each lake. Collection of the insects was done
using a circular Dip-net (nylon) with the mesh size of
0.5 mm (Martin et al., 1977, Thani and Phalaraksh et
al., 2008).
*Fishes-The fishes from the water were collected
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by capturing them with the help of local fishermen
using gill net with mess size of 8mm and drag nets.
The species identification was made by the methods
by using the manual of Freshwater and Marine Fishes
of Karnataka. Fishes collected were counted on basis
of species and total number of each species caught
per lake and recorded in a catch composition specially

prepared data sheet.
*Bird Population-Random stratified sampling method
was applied to study the bird population in the selected
water body (Mark Huff et al., 2000). The birds were
identified using Binoculars (Olympus 10 X 50) and
guide Birds of Indian subcontinent (Grimmett et al.,
2011).
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Table-6. Family and Common name for the
documented birds (Class: Aves) in and around the five
major waterbodies
DISCUSSION
Five major biotic diversities in water bodies are
documented for the parameters- phytoplankton,

zooplankton, aquatic plants, benthos, aquatic insects,
odonates, fishes and birds.
The total number of aquatic species recorded during
the monsoon, post monsoon, winter and summer
seasons are 25, 34, 34 and 22 respectively (Table1).
Limnobium spongia and Lemnar minor (free floating)
is maximum in Uttanahalli Kere (28/m2) during
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monsoon. During summer season, highest number of
Azolla caroliniana is observed at Uttanahalli Kere (20/
m2). Ipomoea aquatic (emergent) is maximum in
Mariappana Kere during post monsoon. Aquatic plant
density has increased in post monsoonseason
compared to monsoon season. In the present
study, the phytoplankton’s fluctuated seasonally and

its density was high during hot-dry and low during
cool-dry seasons because of temperature (Table- 2).
The maximum number of Euglenophyceae is recorded
in Subedar Kere (45/ml) and Desmidaceae in
Mariappana Kere (32/ml).
Zooplankton
population fluctuates seasonally; more population of
zooplankton is recorded during post monsoon and
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winter season (Table-2). In all water bodies,
zooplankton is rich during winter and comparatively
low in summer season. Maximum number of
Celiophora 11/ml is observed in Hadjana Kere and
Mariappana Kere during monsoon and winter season.
Maximum number of Ostracods 11/ml is observed in
Hadjana Kere during monsoon season and maximum
number of Cladocerons was observed during post

monsoon season at Uttanahalli Kere and minimum
was observed during summer season.
Benthic organisms are found more often in larger
amounts generally in unpolluted water. Benthos is also
used as indicator of water quality. Totally, 07 species
of benthos are documented in five major water bodies
(Table-3). Maximum density is in summer season and
minimum density is in monsoon season. Tubifex
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granifera belonging to family Tubificidae (pollution
tolerant species) is present in Bogadi Mariappana
Kere (29/m2 during post monsoon. This represented
that the waterbody is polluted.
Total odonates in monsoon, post monsoon, winter and
summer seasons are 14. Seasonal distributions of
odonates in the five major waterbodies are tabulated
in Table- 3. Most abundant species are Ditch jewel
(34/m2) at Subedar Kere, Common hooktail (32/m2)
and long legged marsh glider (25/m2) during post
monsoon season in Hadjana Kere. Maximum
population density is in post monsoon season. The
present study shows that the dragonflies are sensitive
not only to the health of waterbodies but also to the
major landscape changes, especially in the riparian
zone.
Total of 39 species of aquatic insects are documented
(Table- 4&5).Maximum population of aquatic insects
is observed in Diving Beetle (16/10swp.) at
Mariappana Kere, Mosquito larva (15/10swp.) at
Shetty kere, moths (14/10swp.) at Mariappana Kere
during winter season.
Diversity of fish mainly depends upon the biotic,
abiotic factors, types of the ecosystem, age etc. of
the water body. Totally, 09 varieties of fishes are
recorded from the water bodies (Table- 5), within
that, Catla & Tilapia are in most of the five water
bodies as native fish species. At present, Shetty Kere
and Bogadi Mariappana Kere have been leased to
private parties for fish culturing and marketing.
Cyprinus carpio, Labeo rohita, Cirrhinus mrigala and
Catla catla are the economically important and
cultivable fishes documented in the water bodies. The
study shows that the fish diversity decreased due to
the deterioration of water quality increased beyond
the limits.
During the study, a total of 54 bird species were
counted and recorded during the study (Table-6).
Commonly found birds in and around the water bodies
are Black Drongo, Common Coot, Little Cormorant,
Little Egret, Indian Pond Heron, Small Blue Kingfisher,
Spotted Dove and White breasted Kingfisher. A rare
bird, Black ibis, is observed only in Hadjana Kere,
Undabatti Kere. The factors affecting the aquatic
bird population in water bodies are weeds, fish
population and other anthropogenic activities. Proper
maintenance of water bodies would further attract
more aquatic bird population.
CONCLUSION:
The water bodies are major life supporting systems
facing ecological degradation today, due to the
irrational human interference and unsustainable
development. Water and biodiversity are
interdependent. In reality, the hydrological cycle

decides how biodiversity functions. Passing through
biodiversity ecosystems, water is cleansed and made
fit for consumption.
Biodiversity is essential for stabilization of ecosystem
protection of overall environmental quality for
understanding intrinsic worth of all species on the
earth. It is necessary to ensure that the use of water
from the ecological habitats should be within
sustainable limits without any environmental stress
so that it doesn’t affect the biodiversity or its
productivity. The knowledge on the ecology of
Mysuru city and scope for better utilization of them
for sustaining flora and fauna production are still
lacking. Hence, in view of deterioration of
environment, documentation of fauna from all the
ecosystems has become important to know the
present status of biodiversity.Concerted efforts are
needed to preserve, conserve and augment our native
diversity both at species and varietal/generic levels.
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ABSTRACT
Papaya (Carica papaya L.1753) is cultivated extensively all over the
tropical countries including India and it is grown as a common fruit in
large areas of the country. Both phytophagous and predatory mites show
close association with the plant, and the former group often induces
significant yield loss. Predators, as natural enemies consume several
preys during their development and thereby maintain pest populations in
non-injurious levels. An increase in predatory population seems to afford
protection from excessive pest attack. Thus, a focus on the prey-predator
relationship is vital in chartering pest management programmes. In the
present study, the common species of mites, representing the
phytophagous and predatory categories inhabiting the leaves of 12 Nos.
of papaya plants grown in adjacent localities of the Calicut University
Campus, Kerala were considered for studying their nature of interaction.
Each leaf sample was examined under a stereozoom microscope and the
abundance of each mite species, either the pest/ predatory category was
recorded separately, excluding the immature stages. A total of 892 mite
specimens representing 12 species under 10 genera and 6 families were
counted, of which 231 represented the phytophagous group while 661
represented the predators. The dominant species of pest mite was
recognized as T.urticae (22%) and the predatory mites were E. papayensis
(19.3%) followed by A. aerialis (17.8%). Predatory mites constituted the
largest proportion (74%) of acarine fauna and the phytophagous group
was found to comprise 26% on papaya plants. Shannon-Wiener index (H)
of the predatory mite species was found higher (1.91) than that of the
phytophagous species (0.52), thereby establishing a higher diversity index
(88%) of the predatory mites when compared to that of the phytophagous
mites which reached only 47%, corresponding to the estimated maximum
theoretical diversities (uniformity indexes of 0.88 and 0.47 respectively).
Results of correlation studies established a significant positive relationship
(R=0.7614) between the phytophagous and predatory mite populations.

INTRODUCTION
Papaya is cultivated as a major fruit crop extensively
in the tropical countries and it is grown in large areas
of India also. The plant supports varied groups of
mites, representing the phytophagous and predatory
categories, of which the former one often leads to
significant yield loss. However, the predators
generally afford protection to the plant from excessive
pest attack, by actively devouring different kinds of
prey and thereby maintaining the pest populations
below the economic injurious levels.
Among the phytophagous mites, members of the
family Tetranychidae have been reported in
association with papaya plants and around 30 species
have been reported to inhabit on the crop on a global

level (Bolland et al. 1998). Spider mites of the genus
Tetranychus are considered as major pests, enjoying
polyphagous habit worldwide, mainly distributed in
semitropical and tropical areas (Jeppson et al., 1975).
Mites belonging to other phytophagous families viz.
Tenuipalpidae, Eriophyidae and Tarsonemidae are also
reported to be associated with papaya (Mesa et al.
2009). Of the various groups of predatory mites
harbouring on papaya plants, members of Phytoseiidae
show dominance and these mites have gained much
recognition owing to their increasing utility in the
biological control programmes of pest mites (Moraes,
2002). During the present study, an attempt was made
to record the diversity of mites associated with papaya
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plants growing in the adjacent areas of Calicut
University Campus and also to establish the pestpredatory relationship of mites associated with the
crop. Such a focus on the prey-predator relationship
is thought to be vital in chartering pest management
programmes.
MATERIALS AND METHODS
For screening the diversity of mites associated with
papaya, 12 Nos. of plants growing in the adjacent
localities of Calicut University Campus, Kerala were
selected. Random samples of leaves (5 Nos.) were
collected from each plant, and kept individually in
plastic bags and transferred to the laboratory. Each
leaf sample was examined under a stereozoom
microscope and the number of each mite species,
either the pest/ predatory category was recorded
separately, excluding the immature stages. The
number of individual species was noted and the
specimens were slide mounted in Hoyer’s medium
and kept in an oven to attain proper drying and
clearing. The cleared specimens were identified
following relevant keys/literature. Repeated
observations were made and the mean number of
pest/ predatory mite population per plant was
calculated.
RESULT
Results of field sampling of papaya leaves enabled to
recover a total of 892 mite specimens representing
12 species, 10 genera and 6 families. Of these, 231
specimens represented the phytophagous group while
the remaining 661 represented the predators. Of the
6 families of mites recovered, 2 families viz.
Tetranychidae and Tenuipalpidae constituted the
phytophagous group (26%) while the remaining 4
families viz. Phytoseiidae, Tydeidae, Cunaxidae and
Stigmaedae represented the predatory group (74%).
Predatory mites were found to comprise 70% of the
mite genera while the remaining 30% was
represented by the phytophagous group.
Table: 1-Species diversity and relative abundance
of mites associated with Carica papaya
Acarine
Family

Tetranychidae
Tenuipalpidae
Phytosiidae

Tydeidae
Cunaxidae
Stigmaeidae

Phytophagous mites
abundance

Tetranychus urticae
Eutetranychus orientalis
Dolichotetranychus sp.
Predatory mites
Amblyseius aerialis
Amblyseius
channabasavannai
Euseius papayensis
Typhlodromus sp.
Tydeus interrruptus
Proctotydaeus sp.
Cunaxa capreolus
Cunaxa womersleyi
Zetzellia sp.

Relative
(in %)

22
2.60
1.30

17.80
6.20
19.30
4.10
9.90
10.40
2.90
2.30
1.20

The phytophagous mites were found to represent 3
species, 3 genera and 2 families while the predators
could be categorized as 9 species under 7 genera
and 4 families. The phytophagous species recovered
from papaya leaves were Tetranychus urticae Koch,
Eutetranychus
orientalis
Klein
and
Dolichotetranychus sp. while the predatory mites
were Amblyseius aerialis Muma,
A.
channabasavannai Gupta and Daniel, Euseius
papayensis Mary Anitha, Typhlodromus sp.,
Cunaxa capreolus Berlese, C.womersleyi Baker
and Hoffmann, Tydeus interruptus Thor,
Proctotydeus sp., and Zetzellia sp. The dominant
species of phytophagous mite was recognized as
T.urticae (22%) and less abundant species was
E.orientalis (2.60%) and Dolichotetranychus sp.
(1.30%). The dominant species of predatory mites
were E. papayensis (19.30%) and A. aerialis
(17.80%) and the percent of distribution was observed
as : Proctotydeus sp.(10.40%), T.interruptus (
9.90%),
A.channabasavannai
(6.20%),
Typhlodromus sp.(4.10%), C.capreolus (2.90%),
C.womersleyi (2.30%) and Zetzellia sp. (1.20%)
(Table.1). Predatory mites constituted the largest
proportion (74%) than that of phytophagous mites
(26%) and the species diversity of predatory mites
(75%) was also found be higher when compared to
phytophagous species (25%).
Shannon-Wiener index (H) of predatory mite species
was found higher (1.91) than that of the phytophagous
species (0.52) the and maximum diversity (Hmax)
also was higher for predatory species of mites (2.19)
when compared to that of the phytophagous group of
mites (1.10). Thus the results of the study enabled to
establish a higher diversity index (88%) for predatory
mites when compared to that of the phytophagous
mites (47%), corresponding to the estimated maximum
theoretical diversities (uniformity indexes of 0.88 and
0.47 respectively) (Table.2). Results of correlation
studies helped to establish a significant positive
relationship (R=0.7614) between the phytophagous
and predatory mite populations. The increase in pest
mite population also resulted in an increase in predator
mite population as observed during the present study.
DISCUSSION
Association of diverse species of mites representing
the phytophagous and predatory categories was
recognized during the present study on papaya plants
growing in the adjacent localities of Calicut University
Campus. The predatory mites showed the maximum
diversity and abundance with respect to families,
genera and species, when compared to the respective
taxa of phytophagous mites. Phytophagous mites
have been reported as the common pests in gardens
and orchards, feeding on many fruit trees and
vegetable crops (Dreistadt et al., (1994). The three

114

species of phytophagous mites recovered during the
present study were T.urticae, E.orientalis and
Dolichotetranychus sp., the former two represented
the family Tetranychidae and the latter one
represented the family Tenuipalpidae. Among these,
the most dominant species was T.urticae and this
finding is in agreement with the earlier observations
(Van, 1985; Bolland et al.,1998) which established
the species as a major polyphagous pest of many
cultivated plants. The species was recorded to exhibit
a wide host range in Mexico including papaya plants
(García, 1981; Rodríguez-Navarro, 1999).
The species, E. orientalis showed a very close
association with papaya and this finding supports the
polyphagous habit of the species. The wide host range
of E. orientalis enable the species to inhabit on more
than 85 species of plants belonging to 28 families (
Lal and Mukherji, 1979). Like spider mites, false
spider mites also have been reported to induce serious
crop losses, including fruit crops like papaya
(Haramoto, 1969). Results of the present study
seems to support the earlier findings by recording the
presence of Dolichotetranychus sp. on papaya
plants and the species is known to exhibit worldwide
distribution pattern.
Plant inhabiting predatory mites, especially members
of the family Phytoseiidae effectively suppress the
populations of pest mites as well as soft bodied insects
like thrips, scale insects, mealy bugs, aphids etc. These
mites have been recognized as important regulators
of high densities of phytophagous mites (Mc Murtry
and Croft, 1997). In the present study, the association
of various phytoseiid species like A. aerialis,
A.channabasavannai,
E.papayensis
and
Typhlodromus sp. could be recorded on papaya
plants. Of these, A. aerialis and E.papayensis were
the dominant species, seen in association with the
spider mites on papaya. These species were already
recorded from plants like Kachnar and citrus in various
districts of India like Arunachal Pradesh, Bihar and
Karnataka (Gupta, 2003). The association of these
species with tenuipalpid mites on betelvine was also

on record from West Bengal (Karmakar and Gupta,
2011). Another phytoseiid member viz. E.papayensis
also was recovered during the study as a dominant
species. The species was first described as a new
taxon from the leaves of papaya plants of North
Kerala (Mary Anitha, 2006) and its association was
usually observed along with spider mite infestation.
Apart from phytoseiid mites, predatory mites belonging
to other families like Cunaxidae, Stigmaeidae and
Tydeidae were also collected during the study .
Cunaxids are known to occupy both in soil as well as
on plants and are recognized as predators in natural
and agricultural ecosystems (Muma,1960; Walter,
1988) feeding on varied types of pests. The two
species of cunaxids recovered during the study were
C. capreolus and C.womersleyi and these species
were seen in association with the pest mites on papaya
plants. Further studies are warranted on the feeding
habits of the above species to exploit their predatory
potential on pest mites infesting papaya plants.
Among the predatory mites, members of the family
Tydeidae constitute a dominant group, generally
distributed in the arid, semiarid and temperate
ecosystems (Andre´ et al., 1997; Noble et al., 1996).
During the present study, two species of Tydeid mites
viz. T.interruptus and Proctotydaeus sp. could be
collected from the leaves of papaya plant. The
presence of tydeids in association with the pest mites
on cassava pants as observed during the present study
seems to be encouraging as it would help in
suppressing the pest mite population under natural
condition. The study also helped to encounter a
member of the family Stigmaeidae, viz. Zetzellia sp.
Members of Zetzellia have already been recorded
as one of the most important groups of predatory mites,
after Phytoseiidae (Santos and Laing, 1985).

The prey-predator relationship observed during the
current study when subjected to statistical revealed
a higher Shannon-Wiener index (H) value for the
predatory mites (1.93) when compared to that of the
phytophagous mites (0.52) . The correlation
coefficient (0.7614) showed a significant positive
Table: 2- Diversity index of the phytophagous and relationship between the phytophagous and predatory
predatory mites associated with Carica papaya
mite population, suggesting that the increase in pest
mite population would lead to a corresponding increase
Parameter
Absolute numbers Proportions (%)
in predator mite population also on the papaya plants
Pr
Ph
Total Pr
Ph
studied. The predatory mite population showed an
Abundance
661
231
892 74
26
abundance when the pest mite population flourished
Number of species 9
3
12
75
25
in the field, as it ensured ready supply of food. The
Number of genera 7
3
10
70
30
Number of family 4
2
6
67
33
predator population might be influenced by the biotic
H
1.91
0.52
2.12 - -and abiotic factors operating in the natural habitat
Hmax
2.19
1.1
2.39 - -(Sathe and Bhosale, 2001) and it is dependent on
J'
0.88
0.47
0.84 - -various factors like abundance of prey and their hosts,
Pr: Predatory, Ph: Phytophagous, H: Shannon-Wiener season, climate and ethology of the predator cum
diversity index, Hmax: maximum diversity, prey (David, 1993). When all the above conditions
J':Uniformity index
operate in an optimum level, the predatory mite
population also would show a tremendous increase.
Probably, this would be the reason for the per cent
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increase observed during the present study in the
predatory mite population on the papaya plants
examined.
Maximum species diversity was recorded for the
predatory mites during the present study when
compared to that of the phytophagous species.
Although phytophagous mites displayed an increasing
trend in population density on papaya plants, a
corresponding increase was enjoyed by the predatory
mite population also. This suggests that increasing
population of pest mites normally would serve to make
a ready and abundant supply of food for the predatory
mites which in turn would lead to build up their
population in a rapid rate. This seems to be
encouraging as far as the biocontrol programmes are
concerned as it would promote natural suppression
of pest mites and maintenance of their general
equilibrium position always below the economic injury
levels, by the increasing predatory mite population in
the field conditions. This definitely would ensure
protection to fruit crops like the papaya plants from
mite pests under natural conditions.

326.
Noble, J.C., Whitford, W.G., and Kaliszweski, M., (1996). Soil and
litter microarthropod populations from two contrasting ecosystems
in semi-arid eastern Australia. Journal of Arid Environments. 32,
329–346.
Rodríguez-Navarro, S. (1999). Ácaros In Catálogo de insectos y
ácaros de los cultivos agrícolas de México. Sociedad Mexicanade
Entomología, México. 136-138 pp.
Santos, M.A. and Laing, J.E., (1985) Stigmaeidae predators. In:
Helle, W. & Sabelis, M.W. (Eds.). Spider mites: their biology, natural
enemies and control. V.1B. Amsterdam: Elsevier Science : pp 197–
203.
Sathe, T.V and Bhosale, Y.A.,(2001). Insect pest predators. Daya
publishing house, Delhi: 124pp.
Van Impe, G.,(1985). Contribution à la conception de stratégies de
contrôle de l’acarien tisserand commun, Tetranychus urticae Koch
(Acari : Tetranychidae), Ph.D. thesis, Université Catholique de
Louvain: 283 pp.
Walter, D.E., (1988). Predation and mycophagy by endeostigmatid
mites (Acari: Prostigmata). De:Exp. Appl. Acarol., 4: 159–66.

REFERENCES
André, H. M., Noti, M. I. and Jacobson, K., (1997). The soil
microarthropods of the Namib desert : A patchy mosaic. J. Afr.
Zool., 111 : 499-517.
Bolland, H. R., Gutierrez, J. and Flechtmann, C. H. W., (1998).
World catalogue of the spider mite family(Acari: Tetranychidae).
Leiden, Boston Köln, Brill: 392 pp.
David, D., (1993). Insect Pest Management. CAB International:
604 pp.
Dreistadt, S.H. Clark, J.K. and Flint, .L., (1994). Pests of landscape
trees and shrubs: an integrated pest management guide. Oakland:
Univ.Calif. Agric. Nat. Res. Pub: 3359pp.
García, E., (1981). Modificaciones al sistema de clasificación
climática de Köppen. Ciudad de México: Universidad Nacional
Autónoma de México: 252pp.
Gupta, S. K., (2003). A monograph on plant inhabiting predatory
mites in India. Part II: Order: Mesostigmata. Mem. Zool. Surv.
India. 20(1): 185pp.
Haramoto, F.H., (1969). Biology and control of Brevipalpus
phoenicis (Geijskes) (Acarina:Tenuipalpidae). Technical Bulletin,
Hawaii Agricultural Experiment station, 68: 63 pp.
Jeppson, L. R., Keifer, H. H. & Baker, E. W., (1975). Mites
injurious to economic plants. Berkeley, Los Angeles, London,
University of California Press. U. S. A.: 614 pp.
Karmakar, K and Gupta, S.K., (2011). Diversity of mites (Acari)
on medicinal and aromatic plants in India. Zoosymposia, 6: 57–
62.
Lal, L. and Mukherji, S. P., (1979). Seasonal history of three
phytophagous mites at Varanasi (Uttar Pradesh). Indian Journal of
Acarology, 4 (2): 68-77
Mary Anithlatha, S., (2006). A new species of predatory mite
(Acarina: Phytoseiidae :Amblyseius) from Kerala. J.Ent.Res., 30(1)
: 179-181.
Mc Murtry, J.A. and Croft, B.A., (1997). Life-styles of phytoseiid
mites and their role in biological control. Ann. Rev. Entomol., 42:
291–321.
Mesa, N. C., Ochoa, R., Welbourn, W. C., Evans, G. A. and de
Moraes, G. J. (2009). A catalog of the Tenuipalpidae (Acari) of the
world with a key to genera. Zootaxa, 2098: 1-185.
Moraes, G.J. de., (2002). Controle biológico de ácaros fitófagos
com ácaros predadore: p.225-237. In J.R.P. Parra, P.S.M. Botelho,
B.S. Corrêa-Ferreira and M.S. Bento (eds.), Controle biológico no
Brasil: Parasitóides e predadores, São Paulo, Manole: 635p.
Muma, M. H., (1960). Predatory mites of the family Cunaxidae
associated with citrus in Florida. Ann. Ent. Soc. Amer., S3: 321-

116

Perspectives on Biodiversity of India Vol. III

Theme 1:
BIODIVERSITY CHARACTERISATION & DOCUMENTATION

POPULATION DISTRIBUTION AND FLORAL BIOLOGY OF
TRICHOPUS ZEYLANICUS SSP. TRAVANCORICUS BURKILL EX
K. NARAYANAN (DIOSCOREACEAE)
Sasi Kala Nambi and Ramasubbu Raju
Department of Biology, The Gandhigram Rural Institute
- Deemed University, Gandhigram - 624302, Dindigul, Tamil Nadu, India
racprabha@yahoo.com

INTRODUCTION
Trichopus zeylanicus ssp. travancoricus Burkill ex
K. Narayanan is locally know as Aroghyapacha or
Arogyapachai which means the green that gives
health and vitality. Trichopus zeylanicus distributed in
India, Malay Peninsula, Sri Lanka and Thailand. In
India, the species reported as endemic to the Southern
Western Ghats with restricted distribution in
Agasthyamalai Biosphere Reserve Travancore and
Tirunelveli hill. It is a one of the ethno medicinal plant
grows near to the wet banks of streams and rivulets
of the dense forests of Agasthyamalai hills of Southern
Western Ghats, India. Indigenous nomadic community
(Kani) settled life in the forests of the
Agasthyamalai hills. The kani tribe has been
contributed to bring the multifarious uses of this wild
plant to the present medicine world. The tribal claim
that one can live days together without food and still
remain energetic and can go on performing even
very vigorous physical work by eating few fruits of
Trichopus and claim that to remain healthy, agile,
young and resistant to various disease on infections,
one should consume the fresh fruits of
Aroghyapachha regularly (Pushpangandan et al.,
1988). The unripened fruits of Trichopus zeylanicus
ssp. travancoricus are highly rejuvenative and are
used by the Kani tribe to ameliorate fatigue
(Pushpangadan et al., 1988). The seeds are reported
with content of rich in saponins and the preparations
from the leaves, stem and seeds are used as a health
tonic (Sharma et al., 1989). The Kani tribe is the
benefit sharers of the patented drug, Jeevani prepared
from Arogyapacha (Jayaraman, 1996). The plant is
treated as Indian ginseng because of the similar
pharmacological properties of Panax ginseng
(Anilkumar et al., 2002). Trichopus zeylanicus
possesses several pharmacological activities and
medicinal properties such as choleretic, aphrodisiac,
hepatoprotective, mast cell stabilization
(Subramoniam et al., 1997, 1998, 1999), adaptogenic
(Singh et al., 2005) and cardioprotective (Velavan et
al., 2009). The active fraction of the plant is reported

to be effective on phagocytosis by peritoneal
macrophages and humoral immune responses in mice
(Subramoniam et al., 2000). The plant is possessing
antioxidant and DNA protecting properties of antifatigue (Tharakan et al., 2005, 2006). The effect of
T. zeylanicus leaf extract on the energy metabolism
and stimulation of sexual behavior by an increase the
number of mounts and mating performance in mice
have been documented (Evans et al., 2002;
Subramoniam et al., 1997).
METHODOLOGY
The phytochemical, pharmacological and economic
potential of this species has been already articulated
by several authors for the last few decades. But, no
reports on the in depth study on floral biology and
other basic aspects about this species. Since being a
economically potential species care should be taken
on basic biology for the sustainable utilization. In this
background, a study has been conducted to analyse
the floral biology of this little known species.
POPULATION STUDIES
The distributional status of T. zeylanicus ssp.
travancoricus was checked with extensive field trips
conducted at various forest areas of Tamil Nadu and
Kerala. The extended of occurrence, area of
occupancy and the number of mature individuals were
recorded by the guideline of IUCN (Mace et al.,
1992). The percentage of seedling emergence, the
rate of mortality of seedlings and rate of seedling
establishment were also studied in natural habitat at
different time periods.
PHENOLOGY
The plants were periodically monitored for different
phenological events covering leaf flushing, flowering,
anthesis, fruit initiation and development, and seedling
establishment in the natural habitat. The flowering
phenology was observed at natural habitat according
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to the method suggested by Dafni et al. (2005). To
estimate the reproductive ability, flower–fruit ratio
was calculated by randomly selected 20 flowers and
allowing them to set fruit, further the ovule–seed ratio
was also calculated. The initiation, development and
maturation of flowers were observed on a daily basis
during the flowering season and the lifespan of
flowers, time of anthesis and time of anther
dehiscence and stigma receptivity were recorded by
continuous observation. Further, the morphological
characters of flowers were analysed at different
developmental stages under dissection microscope.
Pollen–ovule ratio was worked out according to the
method suggested by Cruden (1977). The stigma
receptivity was also assessed by hydrogen peroxide
test in which bubbles of oxygen evolved from the
stigma when submerged in hydrogen peroxide (Kerns
and Inouye, 1993). The natural fruit set rate was
observed at different study sites.
RESULTS
Trichopus zeylanicus ssp. travancoricus Burkill ex
K. Narayanan Nair, Kew Bull. 48:127-128, 1993;
Mohanan & Sivadasan, Fl. Agasthyamala 2002;
Nayar et al. Fl. Pl. Kerala – A Handbook 2006.
Trichopus zeylanicus ssp. travancoricus (Bedd.)
Burkill Sivarajan et al. Kew Bull. 45: 353-359; Nair,
Kew Bull. 48:127-128, 1993; Mohanan & Henry, Fl
Thiruvananthapuram 1994. Trichopodium
travancoricum Bedd. Sivarajan et al. Kew Bull. 45:
353-359; Trichopus zeylanicus Gaertn. Rama Rao,
Fl. Pl. Travancore 1914; Gamble, Fl. Pres. Madras
1928-1936; Sivarajan et al. Kew Bull. 45: 353-359.
Small, rhizomatous, glabrous, perennial herbs; rhizome
1-4 cm long, with slightly ascending tips, covered with
scales, older parts loose scales and dying off
progressively; scales closely set, chaffy, lanceolate,
acute or acuminate, 5-8 mm long; roots many, fibrous,
wirey stem 3-10 from the axils of scales, petiole-like,
each terminating in a solitary, petioled leaf, terete,
longitudinally striate or faintly ribbed, 7-8 cm long,
purplish; petiole like the stem, but dorsally grooved,
4-20 cm long; lamina highly variable in size, shape
and venation, broadly ovate, deeply cordate, truncate
or cuneate at base, wavy at margin, acute at apex, 57 nerved from base with another pair of nerves running
along the whole leaf margin; fertile branch terminal
on the stem, but pushed towards one side by the
petiole which usurps the line of the stem, short, sessile,
densely clothed with scaly, lanceolate bracts similar
to the scales on the rhizome; leaves and flowers of
this plant shine like grey-black stone; flowers 1-6 on
each plant, hermaphrodite; pedicel filiform, 2-8 cm
long; perianth of 6 subequal lobes in two series,
campanulate, 3-10 mm long, constricted above the
'gynostemium', lobes lanceolate, apiculate, broader
and saccate at base, keeled on the back; stamens 6,
filaments short, flat, united with the top of the ovary
and base of style, anthers 2-celled, connective broad,

projecting and meeting by their edges making a roof
over a chamber; ovary inferior, 3-loculed with two
superposed ovules in each chamber; style short, stout;
stigma 3, each 2-lobed, lobes fleshy, erect at first and
reflexed later, always included in the staminal
chamber; fruit capsular, 3-lobed, 3-winged, ellipsoid
or trapezoid, 1 -5 x 1 cm, opening by irregular rupture
of the fruit wall; seeds 2-6, oblong or ellipsoid, covered
with dense brownish tomentum, ventrally flat and
ruminate, to 4 x 2 mm.
Vernacular name: Tamil: Arochyappachai, Nilakottai;
Malayalam: Arochyappacha
Materials examined: MH Acc: No: 166487, 10.x.1992,
Inchikkuzhi, coll. R. Gopalan; MH Acc: No: 166488,
10.x.1992, Inchikkuzhi, coll. R. Gopalan; MH Acc:
No: 166089, 28.iii.1991, Kannikatty Rain Forest, coll.
R. Gopalan; MH Acc: No: 166090, 28.iii.1991,
Kannikatty Rain Forest, coll. R. Gopalan; MH Acc:
No: 107169, 23.iii.1979, Vallachithodu, Lower
Kodayar, coll. A.H.Henry; MH Acc: No: 107170,
23.iii.1979, Vallachithodu, Lower Kodayar, coll.
A.H.Henry; MH Acc: No: 51676, 1901, Kannikatti;
MH Acc: No: 51677, 1901, Kannikatti; MH Acc: No:
51678, 1901, Kannikatti; 1873, Tirunelvelli hills, coll.
R.A. Beddome. GUH Acc: No: 152, 22.viii.2015,
Rosemalai, coll. R. Ramasubbu & G. Manikandan;
GUH Acc: No: 298, 19.ii.2016, Sornagiri, coll. R.
Ramasubbu & Felix Irudhyaraj; GUH Acc: No: 322,
16.ix.2016, Kannikatti, coll. R. Ramasubbu & N. Sasi
Kala.
Distribution and ecology: Trichopus zeylanicus ssp.
travancoricus grows near to the wet banks of
streams and rivulets of the dense forests of
Agasthyamalai hills of Southern Western Ghats, India.
The plant is endemic to Thiruvananthapuram district
of Kerala and the Tirunelveli district of Tamil Nadu.
POPULATION STUDIES
The current study on exploration and observations
on individuals of T. zeylanicus ssp. travancoricus
conducted at three different study sites viz. Kannikatti
(Tamil Nadu), Sornagiri and Rosemalai (Kerala) of
Agasthyamalai Biosphere Reserve. The study
revealed that, Kannikatti, reported with more number
of mature individuals and the area of occupancy is
less. Average of 17.6±1.51 individuals have been
observed at per meter plot and the population was
observed as patches nearby streams and shady areas
with heavy litter.
PHENOLOGY
The phenological events of the species were noticed
through periodical field visits. The tender leaves were
pale yellowish green colour and 2 folded before
opening as normal form. During the initiation of fresh
leaf, the size of the petiole was 4-6 cm, then it extend
upto 7-18 cm when the leaf attain maturity. The leaf
flushing was started at July and it was extended upto
November and mass leaf shed was not observed
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while, the plant dried off, albeit the plant was emerged
at after the monsoon. The leaf flushing was followed
by mid of August and the plant start to initiate the
flowering. The peak flowering period was observed
at September to October which extended upto
December. At the same time, the flower initiation was
also started and the mass fruiting was observed at
November and extended upto March. The flower
emerged from the swollen part of the petiole like stem
and the pedicel pushed towards one side by the petiole
which usurps line of the stem. Flower solitary with a
pedicel of about 16 cm long and actinomorphic. Tepals
trimerous arranged in two rows, polypetalous,
lanceolate in shape and apiculate at the tip and dark
brownish with meroon colour at the center and sandal
with white at tip. Androecium comprising 6 stamens
arranged in 2 whorl which alternate and opposite to
the trifid stigma. Stamens have short filament, anther
2 celled, orange in colour which attached with the
gynoecium and formed the gynostemium which
making the flower is more attractive.. Fleshy, wet, 2
lobed trifid stigma at the center of the flower. Even,
the floral characters were depicted in table 1.
Although, the developmental stages of the flower to
fruit were observed and the percentage was
calculated as 85±3.53. The pollen ovule ratio was
calculated and exhibited as 1:1. The seeds are
covered with dense brownish tomentum and the
surface of the seed has hard ridges and furrows. The
fruits were foraged and damaged at natural habitat.
The seedlings from seeds were not found in the natural
habitat and the preliminary studies on seed propagation
did not yield good results. è :
Table 1. Floral characters of Trichopus zeylanicus
ssp. travancoricus
Floral characters
Inflorescence
Flower
Flowering period
Flower colour
Odour
Flower opening
Anther dehiscence
Mean no. of anthers
per flower
Pollen grain shape
Stigma type

Observations
Solitary
Hermaphrodite,
actinomorphic
September-December
Dark brown colour with white
colour at the end of the tepal
Absent
0009-1100 hours
On the day of anthesis
6/ flower
Spherical
Trifid, wet

CONCLUSION
The present study reveals that, the population has
severely fragmented and exist in few places and seed
predation also considerably reduces the population
distribution. In this connection, alternative strategy
has to be needed to protect the Trichopus zeylanicus
ssp. travancoricus.
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ABSTRACT
Earthworms are the major terrestrial organisms found in the soil and are
also called as "ecological engineers". They are also known as farmer’s
friend because of its role in sustainable agriculture. Earthworms have the
ability to digest and convert low quality organic matter into a nutrient
rich vermicast. The activity of earthworm also enhances nutrient cycling,
formation of humus and help in soil structural development. During last
four decades, an extensive quantity of chemical pesticides and fertilizers
were used to boost up crop yield from agricultural land which resulted in
good yield and productivity but caused a steep fall in the number and
biodiversity associated with cropland ecosystem. Earthworms are one of
those soil organisms which mostly harmed due to agricultural management
practices. The diversity of earthworm and their distribution is also affected
by varying biotic and abiotic factors such as vegetation type, land
history, regional climate and soil properties etc. Punjab is land of
agriculture and various agricultural practices are use for crop production.
To know the affect of agricultural practices, the present study was carried
out to know the ecological and taxonomic distribution of earthworms in
different land use pattern in Punjab. Earthworms were collected from
different sites with various environment niches like agriculture fields,
gardens, nurseries, along the river and road side etc by hand sorting and
digging method. The collected earthworms were preserved in 5% formalin
solution and examined carefully in the laboratory by using earthworm’s
identification keys. Total five species of earthworms belonging to the
families Megascolecidae and Octochaetidae were identified: Metaphire
posthuma, Lampito mauritti, Amynthas morissi, Eutyphoeus waltoni and
Eutyphoeus incommodus. Metaphire posthuma was the mostly distributed
species because of its endogeic ecological nature. Due to anecic nature,
other four species were abundantly found in gardens and nurseries.

INTRODUCTION
Earthworms (belonging to the Phylum Annelida, Order
Oligochaeta, Class Clitellata) are known to be the
most important soil organisms (Lee, 1985), which
contribute in the functioning and stability of soil
processes (Singh et al., 2016a).Earthworms also play
an important role in mixing of mineral soils and plant
materials. Earthworms are very attractive both for
scientists studying the biological component of
cultivated soil and for farmers concerned with
monitoring the quality of their soils and assessing the
effects of different cultural practices (Pelosi et al.,
2014). In 1977, Bouche classified the earthworms
into three categories on the basis of ecological
distribution in soil (Table 1). 1) Endogeic earthworms:
These are geophagus and are found in the soil layer

with organic and mineralized matter. They are large
or small sized worms with weak pigmentation. 2)
Anecic earthworms: They are phytophagus and play
an important role in mixing nutrients from deep layers
to surface by casting. They are large sized with
pigmentation only at the anterior and posterior end.
3) Epigeic earthworms: They live on surface litter or
dung, small sized with uniform body colouration and
tolerate variable range of temperature. Various studies
reported that the disturbance and degradation of
natural forest affect the number of earthworm and
their distribution (Baretta et al,2007; Chandran et al.,
2012).
The distribution of earthworm is usually variedfrom
one place to another and their numbers fluctuate in
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relation to the physico-chemical parameters, moisture,
temperature, pH and texture of the soil (Singh et al.,
2016 b). Changes in land use patterns have also
directly affected the distribution of earthworm
population in different agro-climatic regions
(Lalthanzara et al., 2011). There are about 1800
species of earthworm widely distributed all over the
world (Edwards and Bohlen, 1996) which constitute
80% of the total soil invertebrate’s biomass
(Nainawate and Nagendra, 2001). Kooch et al.,
(2008) reported that there are total 3627 species
known worldwide. India is one of the important mega
biodiversity countries and only 11.1% of earthworm
diversity is available out of total global earthworm’s
diversity (Suthar, 2011) which includes about 408
species of earthworms placed in 10 families and 69
genera (Dash, 2012). Indian earthworm fauna is
predominantly composed of native species, which
constitute about 89% of total earthworm diversity in
the country (Julka and Paliwal, 2005). In present study,
ecological and taxonomic descriptions of the
earthworms were studied in different land use patterns
of Punjab.
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morphologically and dissected for diagnostic
taxonomic character such as spermathecae (number
& location), prostate gland (location & shape),
prostomium shape, and clitellum position. Shanon
Wiener index, Margelef Species richness and Pielou
evenness index were used to study the diversity index
of earthworms.
Table 2: Description of study sites with vegetation.
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MATERIALS AND METHODS
The Punjab state is divided into three zones i.e. Majha,
Malwa and Doaba. The study was conducted at
different sites of Majha region of Punjab, India. Most
of the Majha region of Punjab lies in a fertile, alluvial
plain with two rivers viz. Ravi & Beas. Earthworms
were sampled from different sites for three
consecutive seasons (Table 2). Earthworms were
sampled by the hand-sorting method up to 30 cm deep
by using quadrats (30 × 30 cm2 area) for each
sampling site. Moisture content was measured with
a digital soil moisture meter (Micro make). Soil texture
was measured by using method of Bouyoucos (1962).
The collected samples of earthworms with appropriate
amount of soil were placed in polythene bags labeled
with place name, date of collection, surrounding soil
biota etc and brought to the lab for further study.
Earthworms were washed in fresh water and sorted
on the presence or absence of clitellum. Earthworms
were narcotized in 70% ethyl alcohol and fixed in
5% formalin for 6-8 hours and finally preserved in
5% formalin. The preserved samples were studied

RESULT AND DISCUSSION
In this study, total five species of earthworms were
found in different land use patterns. These five species
are: Metaphire posthuma (Vaillant), Lampito
mauritti (Kinberg), Amynthas morissi (Beddard),
Eutyphoeus waltoni (Michaelsen) and Eutyphoeus
incommodus (Beddard) belonging to two families
Megascolecidae and Octochaetidae.The taxonomic
description of above said five species is given in Table
3. Out of these five species, Metaphire posthuma
was found at all collection sites including agricultural
fields and undisturbed lands while others four species
were found at undisturbed grasslands and botanical
gardens. The distribution and abundance of these
species is given in Fig 1.
The abundance of Metaphire posthumaat all
collection sites especially at agricultural sites was due
to its endogeic ecological nature. This burrowing
nature of earthworm protects it directly from effects
of insecticides & pesticides and mechanical
disturbance produced during agriculture management
practices. Thus, they can live upto 60-100 cm below
the ground and can escape from the effect of chemical
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fertilizers, pesticides and other agricultural
management practices while others species are of
anecic ecological nature and face maximum effect
of agricultural management practices. Roarty and
Schmidt (2013) also observed that earthworm
biodiversity was less in conventional farming site as
compared to permanent and undisturbed fields. During
conventional farming deep ploughing of field is the
standard method for field preparation (Roger-Estrade
et al 2010) which disturb the anecic species of
earthworms. Heavy soil cultivation and tillage
practices damage the earthworms burrows which also
disturb the anecic species of earthworms (Chan
2001). Crittenden et al., (2014) also observed that
ploughing decreased earthworm abundance and
continued to decrease at subsequent samplings.
Intensive use of chemical fertilizers and pesticides
also has harmful effect on the distribution of
earthworm’s species in agricultural lands. Trensder
(2008) also observed that application of nitrogen
fertilizers reduced the microbial biomass by an
average 15% and regular use of the same elicited
strong decline in microbial abundance. Guo et al.,
(2010) revealed that soil pH decreased substantially
by 0.45-2.20 units in field fertilized with mineral N, P
and K while soil pH did not changed in unfertilized
control. This decrease in pH in agricultural fields may
be another reason for less diversity of earthworms in
agricultural or cultivated fields. It was observed that
M. posthuma has been completely adapted to
physical disturbance, intensive use of insecticide and
pesticide and human intrusion.

geF
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2: Diversity index (H), Species richness (DMg) and
Evenness (E) at different study sites.

Species diversity index of earthworms in different
sites is given in Figure 2. The value of ShannonWeiner index usually ranges from 0 to 4. A value
near 0 indicates that every species in the sample is
the same, whereas a value near 4 indicates that the
numbers of individuals are evenly distributed between
all the species. In the present study, it was ranged
from 0.11 at site VII to 0.37 at site III. The ShannonWeiner diversity index was 0.37 and 0.34 at site III
and VI with 3 species of earthworm from each siteand
only single species of earthworm was identified from
Mp: Metaphire posthuma; Am: Amynthas morrisi; site VII, which has a lowest diversity index (0.11).
Lm: Lampito mauritti; Ew: Eutyphoeus waltoni; Higher earthworm diversity was recorded in gardens
and nurseries due to low usage of inorganic pesticides
Ei: Eutyphoeus
and insecticide. Sharma and Bharadwaj (2014)
studied Shannon-Weiner diversity index at agricultural
fields and Gardens, which was 1.19 and 1.33
respectively. The value of Pielou evenness ranged
between 0 to 1 while species richness index has no
limit value and shows variation depending upon the
number of species. The closer the value to 1 means
the more even is the distribution of species. Species
richness index and Pielou evenness were zero at those
sites where only one species of earthworm was found.
In this study, species richness and Pielou’s evenness
lies from 0 to 0.6 and 0 to1 respectively. The highest
species richness 0.60 was in site VI i.e garden and
nurseries and low (0) in agriculture field, while Pielou’s
evenness value was maximum (0.53) in site X and
zero at those sites where only one species of
earthworm was found in different sites.High species
richness and evenness was observed at site VI (0.60)
erugF
i and site X (0.53) respectively, which may be due to
m
ocnm
iu
use of organic manure. This clearly supports the
Figure 1: Diversity and abundance of earthworms hypothesis that organic farming systems promote
biological diversity (Suthar, 2009). Crittenden et al.,
species at different study sites
(2014) also observed that organic farming has higher
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abundance of earthworms, biomass and Shannon
diversity than conventional farming. They also
reported that mean species richness was significantly
reduced from 4 to 2 after ploughing.
CONCLUSION
This study provides the information on ecological and
taxonomic distribution of earthworms in different land
use patterns in Majha region of Punjab. Total five
species of earthworm has been identified, i.e. M.
posthuma, L. mauritti, A. morissi, E.incommodus
and E. waltoni. M. posthuma is most abundant in
agricultural fields, while the other four species are
mostly found in gardens and nurseries. This study
also concluded that earthworm’s distribution is more
in those fields where negligible or small amount of
chemical fertilizers were used like gardens and plant
nurseries while agricultural field has low earthworm
diversity because of use of high dose of fertilizers
and pesticides.
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ABSTRACT
Vikram Sarabhai Space Centre (VSSC), Thiruvananthapuram is the major
Research Centre of Indian Space Research Organization. The station is
spread over in seven campuses, with a total area of about 1100 acre, out
of which nearly 30-40 % occupied by office and laboratory complexes.
The rest area sustains a varied ecosystem, typical of tropical coastal belt
including fresh and brackish marshy areas, mangroves, coastal vegetation
and inland deciduous vegetation. Though established in 1963, a study
and documentation of the biodiversity of the campus was not done so far.
The present investigation is the first attempt to document the floristic
wealth of the campus. During 2015-16 periods intensive exploratory
studies were conducted in the various campuses of VSSC, throughout all
seasons and taxonomic investigations were made. A total of 350 plants
belonging to100 families coming under Ferns, Gymnosperms and
Angiosperms were collected and documented. The Flora consists of 147
herbs, 112 shrubs and 91 trees. Out of these 202 are native plants and 148
exotics. 9 species endemic to the country were reported. 3 mangrove
species, 15 mangrove associates and 20 typical coastal plants were also
recorded. Voucher specimens of all the collections are maintained at
Herbarium, Tropical Botanic Garden and Research Institute (TBGT). A
detailed floristic account with photographs is under preparation. The
vegetation of the campus is fairly good and efforts may be taken to
conserve the vegetation even when more and more developmental
programmes are undertaken. Plans for enriching the vegetation and
greening more areas is also suggested.

INTRODUCTION
Biodiversity refers to the whole set of life forms that
exist on this earth. Different forms of living things
that inhabit in similar environments also interact with
each other. Biodiversity is highly necessary for all
living organisms especially in plants. Loss of
biodiversity creates the imbalance in the ecosystem.
Plant diversity is most important because it regulate
the functioning of all ecosystems, as well as provide
with many direct and indirect benefits. Based on the
conservation theme VSSC initiated a programme
“Study of floristic documentation of VSSC campus”
with the help of JNTBGRI taxonomists.
Vikram Sarabhai Space Centre (VSSC) is the lead
Centre of Indian Space Research Organisation
(ISRO) under the Department of Space (DOS),
Government of India. The centre is located at

Thumba, near Thiruvananthapuram, the capital city
of Kerala State, in south west corner of the country.
Thumba, a coastal village, was selected in the early
sixties to locate India’s first rocket launching station,
“Thumba Equatorial Rocket Launching Station”
(TERLS) because its nearness to the geomagnetic
equator. TERLS is the one of the largest campus of
VSSC. Other six main campus of VSSC situated in
Thumba region are Veli Research Complex (VRC),
Administrative and Training Facility (ATF), Rocket
Propellent Plant (RPP), Rocket Fabrication Facility
(RFF), Integrated Structural Testing Facility
(INSTEF) and 70 ACRE, together hold about 1100
acre land, where 30-40 % are occupied by office
and laboratory complexes. The remaining area
consists of varied natural habitats wherein plants
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sustain their own suitable ecosystem such as
terrestrial, aquatic, marine, marshy etc. Besides a
number of exotic species, mainly introduced as
ornamentals to landscape the building premises also
form part of the vegetation.
The study aimed at the documentation of the floristic
wealth of VSSC campus with supplementary data
such as Herbarium both specimens and digital
version, photographs etc. Publication of a “Hand Book
Flora of VSSC Campus” for future reference, easy
identification and maintenance of plants is also
envisaged.
.
MATERIALS AND METHODS
Field study and collection: The authors visited
different areas of VSSC campus during 2015-16
period, at regular intervals to record the floristic wealth
and collect the plant samples. Specimens were serially
numbered and field characters were noted.
identification and preparation of herbarium: Herbarium
specimens were prepared following standard
procedure. The specimens were identified using
previous floral records and help of specimens in
herbaria such as Madras Herbarium, TBGT etc.
Properly labeled herbarium specimens were
deposited in TBGT herbarium.

In a campus-wise analysis TERLS campus, which is
the largest habitats maximum species (202 sps)
whereas least number is found in the 70 ACRE region
(73 sps). Graphical representation of total number of
plant species present in each campus is given below
(Graph 1).
Graph 1

RESULT AND DISCUSSION
The present floristic study pertain to the Pteridophyte,
Ggymosperm and Angiosperm flora found at the
different campuses of VSSC. Totally 361 plant species
were recorded under 100 plant families. They include
8 species of pteridophytes, 3 species of Gymno
sperms and 350 species of Angiosperms. As usual
flowering plants form the major group, of which 289
species in 230 genera were Dicotyledons and 61
species in 52 genera were Monocotyledons. The
statistical analysis of angiospermic plants is shown in
the (Table 1). Ten Most dominant plant families and
one of the most dominant species of each family in
the study area is as shown in (Table 2). Considering
plant forms, 147 species were herbs, 112 shrubs, 91
trees and 4 species were aquatic plants. Distribution
wise, 202 species are native plants where as 148
species are exotic.
Table 1: Statistical analysis Angiosperms of VSSC
campus.
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Pteridophytes recorded from the campus are
Acrostichum aureum L., Adiantum latifolium
Lam., Cheilosoria tenuifolia (Burm.f.) Trevis.,
Christella dentata (Forssk.) Brownsey & Jermy,
Drynaria quercifolia (L.)J.Sm., Lindsaea
ensifolia Sw., Lygodium flexuosum (L.) Sw. and
Pteris praetermissa T.G.Walker etc. Araucaria
heterophylla (Salisb.) Franco, Cycas revoluta
Thunb. and Platycladus orientalis (L.) Franco
etc are the gymnosperms found.
Endemic plants: 9 species endemic to the country
recorded are Artocarpus heterophyllus Lam.,
Biophytum veldkampii A.E.S.Khan & al, Cajanus
cajan (L.)Millsp., Helicanthes elasticus (Desv.)
Danser, Memecylon depressum Benth., Moringa
oleifera Lam., Ochna gamblei King ex Brandis,
Santalum album L. and Terminalia paniculata
Roth.
Rare plants: 17 species included in the IUCN red list
were also recorded (Table 3). Conservation strategies
to preserve these species is also suggested.
Mangrove plants: Marshy area of the campus
provides suitable environmental conditions for the
growth of mangrove species. The natural mangrove
species growing here are Acanthus ilicifolius L.,
Avicennia officinalis L., Exoecaria agallocha L.
and Sonneratia caseolaris (L.) Engl. Besides 15
mangrove associates are also recorded, to mention
important ones such as Barringtonia racemosa
(L.)spreng.,Cerbera odollam Gaertn., Flagellaria
indica L.,Calophyllum
inophyllum L., Morinda citrifolia L.etc.
Coastal plants: Mainly coastal area covered by
Canavalia rosea (Sw.) DC., Casuarina

equisetifolia L., Crotalaria laburnifolia L.,
Euphorbia rosea Retz., Ipomoea pes- caprae (L.)
R. Br., Launaea sarmentosa (Willd.)Sch.Bip.ex
Kuntze, Opuntia stricta (Haw.)Haw., Spermacoce
hispida L.etc.
Economically important plants: Majority of the
plants documented are of recorded economic
importance such a Medicinal, Timber yielding, Food,
Fibre, Oil etc. Some important economically important
plants mentioned below:
Medicinal Plants: Aegle marmelos (L.) Corrêa,
Andrographis paniculata (Burm.f.) Nees, Centella
asiatica (L.) Urb., Hemidesmus indicus (L.) R.Br.
ex Schult., Justicia adhatoda L., etc.
Timber Yielding Plants: Artocarpus hirsutus
Lam., Mangifera indica L., Swietenia mahagoni
(L.) Jacq, Tectona grandis L.f., Thespesia
populnea (L.) Sol. ex Corrêa etc.
Food: Anacardium occidentale L., Annona
reticulata L., Cajanus cajan (L.)Millsp.,
Syzygium cumini (L.) Skeels , Tamarindus
indica L. etc.
Fiber yielding plants: Caryota urens L., Borassus
flabellifer L., Dregea volubilis (L.f.) Benth. ex
Hook.f., Ficus religiosa L. and Triumfetta
rhomboidea Jacq.etc.
Oil yielding plants: Azadirachta indica A.Juss.,
Cinnamomum verum J.Presl, Combretum
indicum
(L.)DeFilipps,
Erythroxylum
monogynum Roxb., Eucalyptus globulus Labill.
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etc.
CONCLUSION
Floristic study of VSSC campus revealed that a
wide range of floral diversity occupy the study area.
361 plant species belongs to 100 families in all life
forms were recorded. Special groups such as
mangroves, parasites, epiphytes, marine and coastal
species all make the flora very diverse. Leguminosae
is the largest family contains 34 species in 28 genera.
Based on the overall floristic wealth TERLS campus
attains the top position with 202 species. The campus
also represents endemic and rare plants. 17 IUCN
red listed plants are also recorded. The study also
suggests the importance of conservation of the plant
diversity in the campus.
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ABSTRACT
Sacred groves are patches of climax vegetation protected by ancient
people on religious grounds subtended by cultural practices. The plant
biodiversity and population structure of woody plants (>20 cm gbh) of
four sacred groves (Ilayavayal, Palavakkam, Perunjunai, Virachilai) were
enumerated. A total of 69 plant species belonging to 59 genera and 35
families were recorded. Grove-wise, Ilayavayal grove had 13 flowering
plant species belonging to 12 genera and 9 families. Palavakkam grove
had 34 species (including 5 lianas) belonging to 30 genera and 22
families. Perunjunai grove had 30 species (including 3 lianas) belonging to
28 genera and 18 families. In Virachilai grove, 35 species (including 4
lianas) belonging to 30 genera and 22 families were recorded. In all Albizia
amara was the dominant species followed by Atalantia monophylla and
Euphorbia antiquorrum. Genus-wise Ziziphus had four species followed
by Acacia and Diospyrus each with three species, and Albizia, Derris,
Strychnos each with two species. Family-wise, Rubiaceae was the top
most family with five species followed by Fabaceae-Mimosoideae and
Rhamnaceae each with four species and Rutaceae with three species.
The stand density was 621 stems ha-1 in Palavakkam grove, 501 stems
ha-1 in Perunjunaigrove, 386 stems ha-1 in Virachilai and 279 stems ha-1 in
Ilayavayal grove. Based on the IVI, four species viz. Pterospermum
canescens, Strychnosnux-vomica, Atalantia monophylla and Ventilago
maderaspatana constitute two-thirds of the IVI in Palavakkam grove. In
Virachilai, Albizia amara and Commiphora caudata together constituting
94.62 of the IVI. In Perunjunai, along with Albizia amara, Atalantia
monophylla and Euphorbia antiquorrum accounted almost half of the
IVI. Again, Albizia amara alone had one third of the IVI in Ilayavayal
grove. Ficus benghalensis (689 cm gbh) in Palavakkam is important as a
key stone species.
Of the four groves, based on the vegetation structure, Virachilai grove is
well protected in contrast to Perunjunai which is heavily degraded.

INTRODUCTION
Sacred groves are patches of natural vegetation
dedicated to local deities and one of the best
examples of traditional in-situ conservation
practices by religious and cultural traditions.
Sacred groves are found in wide range of
ecological situations from few trees to several
hectares. Extensive studies conducted on
biodiversity of sacred groves indicated that they
are treasure houses of medicinal, rare, endemic
and endangered plants, regulators of watershed,

recreation centers of urban life, vegetable
garden for botanist, gene bank for economic
species, paradise for natural lovers and
laboratory for environmentalist (Vartak, 1983;
Vartak et al. 1989, Chandran et al. 1998,
Ramanujam, 2000, Sukumaran and Raj, 2010)
The existence of sacred groves has been
reported in many parts of Asia, Africa, Europe,
Australia and America (Hughes and Chandran,
1998). Sacred groves are also reported in
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Ghana, Nigeria, Syria, Turkey and Japan (Gadgil
and Vartak, 1976).
Sacred groves in India
Indian societies comprise several cultures, each
with its own set of traditional methods of
conserving nature and its creations. Sacred
groves are found all over India. Most of the
sacred groves are reported from Western Ghats,
North Eastern India and Central India (Gadgil
and
Vartak,
1976;
Burman,
1992;
Balasubramanian and Induchoodan, 1996).
Sacred mangroves with some religious signature
were reported from Maharashtra, Goa, Tamil
Nadu and West Bengal (Untawale et al. 1998).
Wherever the sacred groves existed, the
indigenous traditional societies, which have a
spiritual relationship with their physical
environment, sustain them.
Despite the impetus to the sacred groves
initiated in India information on their distribution
and plant wealth in the plains of the Tamilnadu
and Puducherry belt has been scanty. MeherHomji (1986) reported the protection conferred
by a termite mound protecting a forest patch at
Puthupet near Pondicherry. Recently the
biodiversity and forest structure and ethno
floristic survey in sacred groves around
Pudukottai have been studied (Mani and
Parthasarathy, 2007; Reddy and Parthasarathy,
2006)
In this background the patterns of belief system
and stand structure in four sacred groves, with
the objective of understanding linkage between
culture and conservation have been studied. This
paper describes the floristic richness and
vegetation analysis of these groves and
highlights their botanical significance.
MATERIALS AND METHODS
Study Area
The present study was conducted in four inland
tropical dry evergreen forest, namely
Ilayavayal(IV),
Palavakkam
(PV),
Perunjunai(PJ) and Virachilai(VC) which are
located in Pudukottai district of Tamil Nadu,
India. Geographically it is locatedbetween 78.25’
and 79.15’ E Longitude and between 9.50’ and
10.40’ N Latitude. The total areas of four
groves are 24.4 ha.
Methods
Floristic composition of each grove was
analysed during periodical field visits spreaded
over different seasons. Total of 8 plots
(50x25m) were laid randomly in each grove

excluding the temple structures. Though the
herbaceous ground flora was not listed quadratwise, the most common ones were recorded.
All trees (only in living species) e”20 cm girth
at breast height (gbh) were recorded and
confirmed using the publications of Gamble and
Fisher (1915-1935), Henry et al. (1987, 1989),
Nair et al. (1983) and Mathew (1981, 1982,
1991, and 1993). Botanical nomenclature
followed in the text conforms to the Flora of
Tamil Nadu by Nair and Henry (1983) and
Henry et al. (1987, 1989) and cross checked
with International Plant Names Index
(http://www.ipni.org/ipni/plantnaesearchpage.do).
Phytosociology
Following Murpy and Lugo (1986), trees, shrubs
and lianas were enumerated and phytosociological parameters viz, density, frequency,
basal area was determined as per Cottam and
Curtis (1956). For calculating basal area of
multi-stemmed trees, the girth of each stem was
measured individually and added up. Importance
Value Indices (IVI) computed by adding of
relative density, relative frequency and relative
basal area for the species for a maximum of
300, as it gives the relative contribution of the
species to the stand structure.
Shannon-Wiener diversity index and Simpson’s
dominance index for each grove is calculated.
Plants were assigned the threat status with
reference to the Red Data Book Nayar and
Sastry (1987, 1988, 1990) improved by Nayar
(1996). Also consulted a list of plant species
assessed for threat status by recently Foundation
for Revitalization of Local Health Tradition,
Bengaluru (FRLHT).
Bio-cultural perspectives
The grove Virachilai had a well-built modern
temple with concrete horse images in the centre
of the grove, the presiding deity is Ayyanar.
Perunjunai grove is 1.2 km away from the
habitation; the idols of the presiding deity is
open to the sky. From the protection angle, the
presence of Ayyanar temple in the center
ofIlayavayal grove is significant. The people of
the nearby villages have been abiding the faith
in the powers of the presiding deity and in
Palavakkam grove is nearly informal, a simple
stone is considering as idol. Among the four
groves IV and VC are associated with regular
worship pattern, while remaining two groves
associated with occasionally and annual
festivals. Taboos and restrictions: Axing of wood
and collection of fallen trees and branches are
banned.
Information on the location of the groves and
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the temple complex were recorded by direct
observations during the field visits. Traditions,
beliefs, taboos, restrictions and folklore pertaining
to each temple were recorded from the
devotees. Wherever possible, the conversations
were also recorded on audiotapes.

Diversity Indices
The Shannon index values, 1.9 in IV, 2.8 in PV,
2.7 in PJ, 2.8 in VC, are indicates that rich
diversity. Simpson index values,0.19 in the grove
IV and other groves had0.1, suggests the
dominance of several species in the stand.

RESULTS

DISCUSSION

Floristic composition
The Ilayavayal grove had 13 species belongs to
12 genera and 9 families of angiosperms (Table1). Among the genus-wise Acacia is dominant
with two species and others are represented by
single species each. Family-wise FabaceaeMimosoideae is dominant with four species
followed by Fabaceae-Caesalpinoideae with two
species and other families with single species
each.
In Palavakkamgrove, 34 woody species
belonging to 30 genera and 22 families. Among
the genus Ziziphus is recorded as dominant
with three species followed by Albizia and
Strychnos each with two species and all other
generas with single species only. FabaceaeMimosoideae and Rhamnaceaeis dominant family
with four species each.
The Perunjunai grove has 30 species belongs to
28 genera and 18 families. Ziziphus and
Diospyros is the dominant with two species
each. In Virachilai grove, totally 35 woody
species belongs to 30 genera and 22 families
are present. Diospyros is the dominant species
followed by Acacia, Derris and Ziziphus.

The four sacred groves at IV, PV, PJ and VC
together measuring 24.4 ha, accounted for 69
species representing 59 genera and 35 families,
which is floristically significant (Table-1).Only
three species, Albizia amara, Azadirachta
indica and Euphorbia antiqurum occurred in
all the four groves. Data on vegetation analysis
indicate that the stand density of the four
groves, ranging from 279 to 621 stems per
hectare, compares poorly with the other groves
in this coastal sector (Table 2).

Phyto-sociology
The Ilayavayal grove had a density of 279
stems ha-1. It is distinctly dominated by Albizia
amara together with Wrightia tinctoria,
Holoptelea integrifolia and Euphorbia
antiquorrum. These species constitute three
fourth of the IVI. The total Basal area of the
stand is 11.98m2 ha-1while the Biovolume is
123.75 m3 ha-1. The stand density of
Palavakkam grove is 621 stems ha-1.
Pterospermum canescens is the dominant
species and has highest IVI. The Basal area
and Biovolume of the grove is 21.52 m2 ha-1,
311.84 m3 ha-1.
In Perunjunai grove has a density of 501 stems
ha-1. Atalantia monophylla and Euphorbia
antiquorrum, together with Albizia amara,
Benkara malabarica and Strychnos nuxvomica constitute half of the IVI. The grove
Virachilai has a density of 386 ha-1, basal area
of 16.42 m2 ha-1 and bio volume of 237.87 m3
ha-1.Albizia amara and Commiphora caudata
together constituting one third of the IVI.

Based on the data, the patchy vegetation at VC
has a mixture of deciduous and evergreen trees
forming an apparently two layered forest. Tall
and robust trees of Tamarindus indica, Albizia
amara, Acacia nilotica, Azadirachta indica,
Ficus benghalensis and Manilkara hexandra
constituted the upper storey. Medium sized trees
of Drypetes sepiaria, Atalantia monophylla
Ziziphus oenoplia occurred in the lower storey.
Such as two layers structure is a special type
of formation confined only to the south east
coast of India and north east part of Srilanka
(Rao and Meher-Homji 1993).
In IV trees of Azadirachta indica, Albizia
amara, Delonix elata and Wrightia tinctoria
constitute a storey, medium sized trees of Rhus
mysorensis and Catunaregam spinosa formed
a sub-canopy layer. However the collective
dominance of Acacia nilotica, Cassia
javanica, Dichrostachys cinerea, Gyrocarpus
asiaticus and Holoptelea integrifolia which
were exuberant.
The grove PV, Pterospermum canescens,
Strychnosnux-vomica, Pleiospermium alatum,
Acacia nilotica, Albizia amara, Drypetes
sepiaria, Atalantia monophylla trees are
forming two layer structures. Five species of
lianas recorded in this grove have grown fairly
well and presence of robust keystone tree
Ficus benghalensis is significance. In PJ, an
assemblage of short and lowly branched stems
of Atalantia monophylla and well branched
Albizia amara. The cultural dimension has
weakened the link of belief system to
conservation, this grove is facing multiple threat
factors.
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Table -1 Phyto-sociological analysis of woody taxa (e”20 cmgbh)

Table – 2, Comparative analysis of woody taxa of the sacred groves
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CONCLUSION
Despite the cultural and religious traditions
protecting the groves, evidences of deleterious human
impacts are plenty in the study sites and demand
serious consideration. The encroachment of the PV
grove proper for agricultural purpose indicates the
slackening of the religious hold on people. As
degradation of forest and fragmentation of habitats
have been rampant world-wide, preservation of
natural habitats, however small they might be, has
become imperative, the reorientation of the strategies
for conservation of biodiversity towards associated
with them (Ramakrishnan et al., 1998), assumes
significance in this context.
The present study revealed the stand density
and tree diversity of the sacred grove is low compared
to other inland tropical dry evergreen forest in this
region. Tree diversity varies from place to place,
mainly due to variation in biogeography, habitat and
disturbance. Human disturbance pattern also affect
the structure and composition of forest sites. The
studied groves are associated with cultural and
religious traditions of the local people as sacred groves.
These groves are contributed to the conservation of
biodiversity by providing habitat for plants and food
for faunal communities. Thus the enumeration of the
groves in the Pudukottai and assessing their floristic
wealth would provide a strong basis for evolving
measures for their protection.
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ABSTRACT
Taxonomic studies on four endemic species of Amomum viz. A.
agastyamalayanum, V.P. Thomas & M. Sabu, A. cannicarpum (Wight)
Benth ex Hook., A. newmanii M. Sabu & V.P. Thomas and A. nilgiricum
V.P. Thomas & M. Sabu were carried out. Detailed description,
distribution, Ecology, nomenclatural notes, etc. are also provided. IUCN
status of each taxon has been evaluated based on the data. Many
accessions of all taxa were conserved in the germplasm conservatory of
Catholicate College Botanical Garden.

INTRODUCTION
The Genus Amomum Roxb. is characterized by
having radical inflorescences, an absence of involucre
of sterile bracts, reduced lateral staminodes and welldeveloped anther crests (Thomas et al., 2016). In
India, where the genus is represented by 22 species,
it is mainly distributed in Peninsular India, on the
Andaman and Nicobar Islands and with a centre of
distribution in northeastern India (Thomas & Sabu
2012; Thomas et al. 2010). Sabu (2006) reported six
species of Amomum from South India. Thomas et al.
(2009) and Thomas et al. (2012a) added Amomum
fulviceps Thwaites and A. nilgiricum V.P.Thomas
& M. Sabu respectively from the Western Ghats.
The discovery of A. agastyamalayanum V.P.
Thomas & M. Sabu, and A. newmanii M. Sabu &
V.P. Thomas (Thomas et al., 2012b) and A.
sahyadricum V.P Thomas & M. Sabu (Thomas et
al., 2013), raised the number of taxa to 10 in
Peninsular India.
MATERIALS AND METHODS
Live specimens of A. agastyamalayanum, A.
newmanii, A. nilgiricum and A. cannicarpum were
collected from different parts of Western Ghats.
Taxonomic studies were carried out in the laboratory,
detailed descriptions were made and photographs
were taken. The conservation status of each taxon
under study was evaluated against the criteria (IUCN,
2001 and IUCN, 2012). The voucher specimens were
prepared and deposited Catholicate College
herbarium (CATH). Live specimens are conserved
at Catholicate College Botanical Garden.

RESULTS AND DISCUSSION
Amomum agastyamalayanum V.P. Thomas & M.
Sabu (Edinburgh J. Bot. 69(2): 313-321).
Type: INDIA, Kerala, Thiruvananthapuram Dist.:
Agastyamala, Athirumala, 2 March 2008, V.P.
Thomas & A.V. Prasanth 103039 (CALI!).
Rhizome stoloniferous, creamy white inside. Leafy
shoots 90"170 cm tall, slender, diffuse. Leaves 8"23
per shoot; lamina lanceolate, base cuneate, margin
glabrous, apex acuminate and curled, glabrous on both
surfaces. Inflorescence many flowered, arise from
the rhizome under soil. Bract obovate to obovateoblong, pale green tinged with pink, coriaceous, margin
ciliate, apex acute, puberulous towards base externally,
glabrous internally. Bracteole tubular, 2-lobed, lobes
equal, membranous, pale green tinged with pink,
unilaterally split, margin ciliate, pubescent externally,
glabrous internally. Flower 1.8"2 cm long, yellow.
Calyx usually 2 or 3-lobed, ecuspidate, pale green
tinged with pink, unilaterally split, pubescent towards
base and lobes, glabrous internally. Corolla tube pale
yellow, pubescent externally, villous towards mouth
within and glabrous towards base; dorsal corolla lobe
oblanceolate, pale yellow, apex tinged with pink, margin
ciliate towards base, hooded at apex, ecuspidate;
lateral corolla lobes oblong, pale yellow, margin ciliate
towards base, puberulous towards apex externally,
glabrous internally. Labellum obovate, 3-lobed,
midlobe clefted, pale yellow towards periphery and
dark towards centre, red patch at centre towards base
form design, margin entire, pubescent towards base
internally. Lateral staminodes small, subulate, yellow,
glabrous. Stamen 0.7"0.9 cm long; pale yellow,
puberulous; connective glabrous; crest fan-shaped,
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slightly lobed, pale yellow, glabrous. Epigynous
glands 2, oblong. Ovary ovate-oblong, pubescent
externally. Capsule globose to slightly oblong,
echinate, red to maroon, calyx persistent. Seeds many,
angular, black, aromatic, arillate; aril white.
Flowering & Fruiting: February”July.
Distribution: India (Kerala: reported only from
Agastyamala Hills of Thriruvananthapuram District).
Ecology: Found growing as undergrowth in the
evergreen forest at high altitude.
IUCN status: Critically Endangered (CR B2ab(i,ii+
B1ab(iii). The taxon has been evaluated against the
criteria (IUCN, 2001; IUCN, 2012) and found the
area of occupancy is estimated to be less than 10
Km2 and habitat is severely fragmented, and known
to exist only in a single location. A continuous decline
in quality of habitat and extent of occurrence is
noticed.
Amomum cannicarpum (Wight) Benth. ex Baker
in J.D. Hooker, Fl. Brit. India 6: 240. 1892.
Elettaria cannicarpa Wight, Icon. Pl. Ind. Orient.,
6: 17, t. 2007. 1853 (‘cannaecarpum’).
Cardamomum cannicarpum (Wight) Kuntze, Revis.
Gen. Pl. 686. 1891.
Lectotype: Tamil Nadu, Koonoor [Coonoor],
Huliculdroog, R. Wight s.n. (K!).
Epitype: “Elettaria cannaecarpa” in Wight, Icon
Pl. Ind. Orient. 6: t. 2007.1853.
Rhizome non-stolonifeous, stout, robust, pale yellow
inside. Leafy shoots 150"300 cm tall, robust, clump
forming. Leaves 14"20 per shoot; lamina lanceolate
to elliptic-lanceolate, base cuneate to rounded, margin
ciliate, apex acuminate, glabrous on both surfaces.
Ligule bilobed, lobes slightly unequal in length, 0.8"2
cm long, chartaceous, apex acute, pubescent
externally. Inflorescence many flowered, arise from
the rhizome under soil; peduncle 2"8 cm long. Outer
bract broadly lanceolate, red, coriaceous, margin
glabrous, pubescent externally, glabrous internally;
inner bracts oblong, chartaceous, red, wrinkled at
centre, margin glabrous, apex rounded, pubescent on
both surfaces. Bracteole tubular, 2-lobed, red,
unilaterally split, pubescent externally, glabrous
internally. Flower 3.6"4.7 cm long, yellow. Calyx 3lobed, pink, lobes interconnected by membrane and
partially united on one side, unilaterally split, pubescent
towards apex, puberulous towards base externally,
glabrous internally. Corolla tube cream with pink tinge
towards base, c. 0.4 cm wide at mouth, pubescent
externally, villous towards mouth within; dorsal corolla
lobe ovate-oblong, yellow, pale towards base, margin
ciliate towards base, hooded and sub-cuspidate at
apex, pubescent externally, puberulous internally;
lateral corolla lobes oblong, argin ciliate towards base,
pubescent externally. Labellum obovate, unlobed,
uniformly creamy-white, slightly clefted at apex,
margin wavy, pubescent in median portion inside and
throat. Lateral staminodes small or reduced. Stamen
1.3"1.4 cm longcreamy-white, pubescent within;

connective puberulous, produced into a crest; crest
truncate to obscurely lobed, creamy-white, lateral
sides thickened with a mass of tissue; anther thecae
oblong, creamy-white, base rounded, apex nearly
acute, glabrous, rarely puberulous near base; dehiscing
throughout their length. Epigynous gland single, split
at one side, creamy-white, apex slightly lobed,
glabrous. Ovary oblong, densely pubescent externally;
locules 3; ovules many on axile placentae. Capsule
globose, densely echinate, spine apex slightly curved,
dark maroon, dehisced by splitting of valves, calyx
persistent. Seeds many, angular, black, aromatic,
arillate; aril white.
Flowering & Fruiting: February “November.
Distribution: India (Kerala, Tamil Nadu). Endemic
to Southern Western Ghats of Kerala and Tamil Nadu.
Ecology: Growing as undergrowth in the deep
evergreen forest and shola forests above 1100 m.
Etymology: The specific epithet ‘cannicarpum’ was
applied to the species due to the resemblance of the
fruits with that of Canna.
IUCN Status: Endangered (EN). The species is
collected only from two localities on Western Ghats
at high altitudes and are very rare. The survival of
the plant in ex situ environment is found to be very
difficult. No populations were located in the Southern
Kerala and adjacent part of Tamil Nadu and
Karnataka. A. cannicarpum is here given the status
of Endangered: EN B1ab (ii, iii) (IUCN 2001 &
2012). The extent of occurrence is estimated to be
55 km2 and known to exist only in three localities.
Continuing decline in area of occupancy and the low
percentage of germination may be the reason for
decline in the population. Another major threat to the
population is forest fire which extends from the grass
land to the adjacent shola forest. Clearing of trekking
path in the forest also cause damage to the existing
population.
Amomum newmanii M. Sabu & V.P. Thomas
Edinburgh J. Bot. 69(2): 313-321.
Type: INDIA, Kerala, Thiruvananthapuram Dist.:
Agastyamala, 8 km from Athirumala towards
Bonnacaud, 2 March 2008, V.P. Thomas & A.V.
Prasanth 103042 (CALI!).
Rhizome non-stoloniferous, stout, robust, creamywhite inside. Leafy shoots 100"200 cm tall, robust,
clump forming. Leaves 20"30 per shoot; lamina
lanceolate, base cuneate, margin glabrous, apex
acuminate and pubescent, glabrous on both surfaces.
Ligule entire, lanceolate, 2.8"3.8 cm long,
membranous, usually not caducous, pale green, margin
ciliate, apex rounded, puberulous to glabrous
externally. Inflorescence c. 7.5 cm long, many
flowered, arise from the rhizome under soil. Bract
obovate chartaceous, maroon, margin ciliate, apex
rounded, puberulous externally, glabrous internally.
Bracteole tubular, 2 or 3-lobed, membranous, white,
unilaterally split, puberulous externally, glabrous
internally. Flower 5"5.5 cm long, pale yellow. Calyx
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2 or 3-lobed, membranous, white, each lobe with a
minute sub-apical cusp, apex slightly emarginate and
ciliate, unilaterally split, puberulous externally, glabrous
internally. Corolla tube 2.3"2.4 cm long, pale yellow,;
dorsal corolla lobe ovate, pale yellow, tinged with pink
apex, margin ciliate, hooded at apex, ecuspidate,
glabrous on both surfaces; lateral corolla lobes oblong,
pale yellow, margin ciliate towards apex, apex slightly
folded, glabrous on both surfaces. Labellum obovate,
3-lobed, midlobe clefted, pale yellow towards
periphery, deep yellow in middle with red streaks at
centre, margin wavy and crumbled, pubescent near
throat inside. Lateral staminodes subulate, base
reddish and pubescent. Stamen 1.8"1.9 cm long; pale
yellow, pubescent externally, glabrous within;
connective pubescent; crest truncate, slightly lobed,
pale yellow, glabrous. Epigynous glands 2, oblong,
creamy-white. Ovary obconic, pubescent externally.
Capsule globose, densely echinate, green, calyx not
persistent. Seeds many, angular, brown, aromatic,
arillate; aril white.
Flowering & Fruiting: February”July.
Distribution: India (Kerala: Reported only from
Agastyamala Hills of Thiruvananthapuram District).
Ecology: Growing as undergrowth in the evergreen
forest above 1000 m.
IUCN status: Critically Endangered (CR
B1ab(iii)+B2ab(i,ii). The taxon has been evaluated
against the criteria (IUCN, 2001; IUCN, 2012) and
found the area of occupancy is estimated to be less
than 10 Km2 and habitat is severely fragmented, and
known to exist only in a single location. A continuous
decline in quality of habitat and extent of occurrence
is noticed.
Amomum nilgiricum V.P. Thomas & M. Sabu
Phytokeys 8, 2012: 99-104.
Type: INDIA, Kerala, Palakkad Dist.: Silent Valley
National Park, 1.5 km from Walakkad towards
Sispara, 3 April 2009, V.P. Thomas & M.C. Shameer
115574 (CALI!).
Rhizome stout, robust, creamy-white inside. Leafy
shoots 200"400 cm tall, robust, clump forming. Leaves
14"20 per leafy shoot; lamina lanceolate to ellipticlanceolate, margin slightly straight, apex acuminate,
tomentose and pale beneath. Ligule entire, lanceolate,
4.5"9 cm long, chartaceous, drying, persistent, apex
acute, pubescent to tomentose externally, glabrous
within. Inflorescence many flowered, arise from the
rhizome under soil. Bracteole tubular, 2-lobed,
unequally split, membranous, red, margin ciliate, apex
acute, pubescent externally, glabrous within. Flower
4.7"5.2 cm long, yellow. Calyx 2 or 3-lobed, pale red,
membranous, split nearly equal, margin ciliate, apex
acute, pubescent externally, glabrous within. Corolla
tube pale yellow, pubescent externally, glabrous
internally except near mouth; dorsal corolla lobe
oblong, yellow, margin ciliate, apex hooded,
ecuspidate, pubescent externally, glabrous within;
lateral corolla lobes oblong, yellow, margin ciliate, apex

nearly rounded, one side slightly folded, pubescent
outside, glabrous within. Labellum obovate to
rhomboid, unlobed, uniform yellow, margin entire, apex
clefted, pubescent inside along the median part.
Lateral staminodes absent. Stamen 1.1"1.2 cm long;
pale yellow, broader towards base, rarely minutely
pubescent; connective rarely pubescent externally;
crest inconspicuous, yellow, apex emarginate, rarely
puberulous; anther thecae oblong, creamy-white, base
nearly rounded, apex rounded, pubescent; dehiscing
throughout their length. Epigynous glands 2, oblong.
Ovary globose, densely pubescent externally.
Capsule globose, red, echinate, spines stout,
pubescent externally. Seeds many, slightly oblong,
black, aromatic, arillate, glabrous; aril white.
Flowering & Fruiting: March”November.
Distribution: India (Kerala: reported only from the
Silent Valley National Park of Palakkad District).
IUCN status: Critically Endangered (CR
B1ab(ii,iii)+B2ab(i,ii)). The taxon has been evaluated
against the criteria (IUCN, 2001; IUCN, 2012) and
found the area of occupancy is estimated to be less
than 10 Km2 and habitat is severely fragmented, and
known to exist only in a single location. A continuous
decline in quality of habitat and extent of occurrence
is noticed.
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ABSTRACT
Homegardens in traditional agroforestry systems are considered as
sustainable production systems with multiple functions. Homegardens are
also the sites of conservation of both wild and domesticated plants.
Indigenous knowledge of tribal communities associated with their
homegardens reveal its effectiveness in food security and biodiversity
conservation. The present study aims at comparing the floristic diversity
of homegardens among three tribal communities (Irula, Muduga &
Kurumba) living in Attappady region of Kerala. Overall 112 homegardens
were sampled for assessing the diversity and semi-structured interview
was conducted with the tribal owners for understanding the usage of
various plant species. Diversity indices such as Shannon diversity index,
Evenness index, Simpson index, Margalef index and Sorenson similarity
index was calculated. A total of 184 plant species belonging to 67
families were recorded from the sample plots. Asteraceae was the
dominant family represented by 15 genera and 15 species, followed by
Fabaceae (14 genera and 15 species) and Euphorbiaceae (8 genera and 10
species). Habit wise analysis of the species reveals that 43% of herbs,
26% shrubs, 19% trees and 12% climbers. Considering the usage of
species 38% were edible, 28% were ornamental and 23% were medicinal.
The number of species in the homegarden ranges from 1 to 28 with the
mean of 10.46. Comparing the distribution of species among the three
communities, home gardens of Muduga people has the highest plant
diversity with Shannon diversity index (2.17) with an Evenness (E) of 0.87
and Simpson index was 0.86. Diversity was observed its lowest in the
gardens of Irula community, which falls under the Low Rainfall Zone,
where with the calculated Shannon diversity index (1.45) with an
Evenness (E) of 0.82 and Simpson index was 0.69. There was high
similarity of plant species composition between Muduga and Kurumba
(Sorenson coefficient 66%) than between Irula - Kurumba (Sorenson
coefficient 59%) and Irula- Muduga (Sorenson coefficient 57%). The
homegardens of the tribal households in Attappady is rich and diverse
with many useful plant species. The study indicates that home gardens
are still contributing considerably to the food security and day-to-day
usages such as fodder, medicine, ornamental, timber, fuel and raw
materials, of tribal communities in Attappady valley.

INTRODUCTION
Homegardens (otherwise known as backyard
gardens, kitchen gardens, dooryard gardens, and
household gardens) are a typical type of traditional
agroecosystem, being intensively managed lands close
to human dwellings (Niñez, 1987; Peyre et al., 2006).
Homegardens can be considered an integral part of
human civilization, right from the stage humanity learnt
agriculture and started their permanent settlement.
In later stages home gardening become a regular

feature of rural landscape due to their potential for
local subsistence, food security and nutrition.
Moreover, homegardens supply much needed variety
in daily food and in some cases they also contribute
to household income (Garrett et al., 1994). The
homegarden agro-ecosystem is closer to the natural
ecosystem in structure and functions due to its
species composition, diversity, architecture and
recycling of nutrients and water. The species
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composition, plant diversity and management level
vary considerably depending on the soil, climate,
market, cultural opportunity and cultural background
of the people (Brown, 1987). Tribal homegardens in
particular have many species characterized by their
maximum utility and ecological functions. Indigenous
knowledge of tribal communities associated with their
homegardens reveal its effectiveness in food security
and biodiversity conservation. Though traditional agroforestry systems have known for their contributions
in ecological and sustainable livelihood systems, their
transformations also reflects the changing human
value systems, and its impacts on function and
composition of homegardens (Wiersum, 2006).The
present study aims at comparing the floristic diversity
of homegardens among three tribal communities
(Irula, Muduga & Kurumba) living in the Attapady
region of Kerala and their extent of plant usage in
the changing scenario of cultural and socio-economic
situation.
MATERIALS AND METHODS
Study Area
Attappady is one of the two extensive east sloping
plateaus on the Western Ghats of Kerala which covers
an area of 750 Km2. It is situated in Palakkad District
of Kerala State which lies between 10055’ - 11014’
latitude and 76027’- 76048’ E longitude. Attappady
forms the drainage basin of river Bhavani, which is a
tributary of river Cauvery and one of the three east
flowing rivers in Kerala. Annual rainfall ranges from
700mm-3000mm (GOK, 1976a). Due to its peculiar
rainfall and geographical location, the area has
different agro-ecological zones and associated
vegetation formations. The highest concentration of
tribal people is found in Wayanad (17.4 percent),
followed by Idukki (14 percent) and Palakkad (10.89
percent) (Chathukulam et al., 2012). Attappady holds
56.41% of tribal population in Palakkad district. Three
different ethnic groups, viz. Kurumbas, Irulas and
Mudugas are living in 180 settlements across different
altitudinal and rainfall zones of Attappady (GOI 2011).
Tamil and Malayali settlers are also living in the valley.
Attappady (GOI 2011). Tamil and Malayali settlers
are also living in the valley.

Data collection
A botanical inventory was conducted in the
homegardens of eight selected hamlets
(Thazeboothayar, Kottiyarkandi, Melekallamala,
Dundoor,Melam anjikandi, Kalkandiooru,
Nattakkalchundapetti, Kadambara) representing
three different tribal communities of Attappady valley
(Fig 1). Data collection was carried out from January
2014 to January 2016. A total of112 homegardens
selected in the study represents 30% of the total
households sampled randomly for assessing the
diversity and semi-structured interview was conducted
with the tribal owners for understanding the usage of
various plant species (Martin, 1995 and Cotton, 1996).
All species, including seedlings and saplings, and the
number of individuals of each species per garden were
noted. Taxonomical identification of plants is done at
the Kerala Forest Research Institute (KFRI), Peechi,
Thrissur.
Data analysis
Diversity Indices are used to assess the level of
biodiversity in systems. Shannon Weiner index
(Shannon & Weiner, 1949), Margalef Index (Margalef,
1958), Evenness index (Magurran, 1988) and
Simpson’s index (Simpson, 1949) were employed to
determine the species richness, evenness and
dominance of the species in the homegardens.
Sorenson’s Index of Similarity (Sorenson, 1948) was
used to assess the levels of similarity in species
selection across different communities.
RESULTS
Structural characteristics of homegardens
Homegardens are characterized by 3-4 vertical
canopy strata. In all selected hamlets homegarden is
almost similar in structure. The upper layer has a
height of >15m and was composed of multipurpose
tree species represented in the canopy layer such as
Bombax ceiba, Tamarindus indica and Tetrameles
nudiflora. The canopy layer is between 10 and 15m
with species such as Areca catechu, Artocarpus
heterophyllus, Gmelina arborea, Mangifera
indica, Syzygium cuminii, and Bamboo sp. The
intermediate layer was categorized between the
heights of 5 and 10 m and was dominated by Citrus
spp., Cocos nucifera, Ficus religiosa, Azadirachta
indica. The layer which composed of shrubs like
Hibiscus rosa-sinensis, Manihot esculenta, Carica
papaya, Musa paradisiaca has the height of 1–5 m
and lower layer was less than 1m, mainly composed
of vegetables, ornamental herbs and some species of
medicinal value.
Floristic composition and plant diversity
Of the total 112 homegardens studied, the number of
species per garden varies with the size of the
homegarden. All households in the study hamlets
possess homegardens adjacent to each household.
The number of species in the homegardens ranges
from 1 to 28 with the mean of 10.46 (Table1). Mean
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Fig2. Use category of species
number of species per garden and average size of
the garden found to be highest in Kurumba and
Muduga communities than Irula community. A total
of 184 plant species belonging to 160 genera and 67
families were recorded from the sample homegardens
(Table 2). Out of 184 species, 160 (87%) were
dicotyledonous plants, while 24 (13%) as
monocotyledons. Of the 67 families, 66 belong to class
angiosperms and only one species from pteridophyte.
While categorizing the species under families,

Asteraceae (18 species) found to be the dominant
family followed by Fabaceae (14 species), Solanaceae
(10 species) and Euphorbiaceae (10 species). Habit
wise analysis of the species reveals that 43% of herbs,
26% shrubs, 19% trees and 12% climbers.
Considering the plant composition, about 58% plant
species are cultivated and 42% found to be wild.
Comparing the distribution of species among the three
communities, home gardens of Muduga people has
the highest plant diversity (Shannon diversity index

Table 2. Species Compositions and usage in tribal home gardens
Scientific name

Family

Habit

Uses

Habitat

Abelmoschus esculentus (L.) Moench

Malvaceae

Herb

Edible

Cultivated

Acalypha hispida L.

Euphorbiaceae

Shrub

Ornamental

Cultivated

Aerva lanata(L.)Juss.ex Schult

Amaranthaceae

Herb

Cultural, Medicinal

Wild

Ageratum conyzoides(L.)

Asteraceae

Herb

Medicinal

Wild

Albizia amara (Roxb.) Boivin

Fabaceae

Tree

Medicinal, Construction timber

Wild

Allamanda cathartica L.

Apocynaceae

Climber

Ornamental

Cultivated

Allium cepa L.

Liliaceae

Herb

Edible

Cultivated

Aloe vera (L.) Burm. f.

Liliaceae

Herb

Cultural, Medicinal

Cultivated

Alternanthera sessilis(L.) R. Br. ex DC.

Amaranthaceae

Herb

Edible

Wild

Amaranthus blitum L.

Amaranthaceae

Herb

Edible

Wild

Amaranthus caudatus L.

Amaranthaceae

Herb

Edible

Wild

Amaranthus spinosus L.

Amaranthaceae

Herb

Edible

Wild

Amaranthus tricolor L.

Amaranthaceae

Herb

Ornamental

Cultivated

Amaranthus viridis L.

Amaranthaceae

Herb

Edible

Wild

Amorphophallus paeoniifolius(Dennst.) Nicolson

Araceae

Herb

Edible

Cultivated

Anacardium occidentale L.

Anacardiaceae

Tree

Edible

Cultivated

Ananas comosus (L.) Merr.

Bromeliaceae

Shrub

Edible

Cultivated

Angelonia salicariaefolia Humb. & Bonpl

Scrophulariaceae

Herb

Ornamental

Cultivated

Angiopteris evecta (J.R. Forst.) Hoffm.

Marattiaceae

Herb

Edible

Wild

Annona squamosa L.

Annonaceae

Tree

Edible

Wild
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(2.17) with an Evenness (E) of 0.87 and Simpson
index was 0.86). Diversity of species was observed
having direct influence with the amount of rainfall.
The lowest diversity was found in the Irula home
gardens where the rainfall is also the lowest (Shannon
diversity index (1.45) with an Evenness (E) of 0.82
and Simpson index was 0.69). When comparing the
distribution of species among the tribal homegardens,
there is a high similarity of species composition
between Muduga and Kurumba (Sorenson coefficient
66%) than between Irula - Kurumba (Sorenson
coefficient 59%) and Irula- Muduga (Sorenson
coefficient 57%).
Usage of plants
Of the total of 184 species, 38% were found to be
edible, 24% were ornamental, 24% were medicinal

and 5% were cultural use (Fig 2). Among food plants,
fruits consists of 42 species (47%), leaves and tender
leafy shoots of 23 (26%), pods and seeds of 10 (11%)
and tubers of 6 (7%) species. A total of 51 plant
species with medicinal value were recorded from the
homegardens. The majority of medicinal plants are
herbs 23 (45.1%) followed by shrubs 16 (31.4%),
trees 10(19.6%) and climbers 2 (3.9%). Highest
diversity of ornamental plants can be found in the
homegardens of Irula and Muduga communities than
Kurumba. Ten species of plants were found to be
used for the cultural practices such as puberty
ceremonies, worshipping deities, marriage
ceremonies. Other use categories such as firewood,
construction timber, fence, fish poison, shade tree,
fodder accounts for 8% of total plant use diversity.

Areca catechu L.

Arecaceae

Tree

Edible

Cultivated

Artocarpus heterophyllus Lam.

Moraceae

Tree

Edible

Cultivated

Asclepias curassavica L.

Asclepediaceae

Herb

Ornamental

Cultivated

Asclepias physocarpa (E. Mey.) Schltr.

Asclepiadaceae

Herb

Ornamental

Cultivated

Asparagus racemosus Willd.

Liliaceae

Climber

Edible

Wild

Asystasia gangetica (L.) T. Anderson

Acanthaceae

Creeper

Edible

Wild

Azadirachta indica A. Juss.

Meliaceae

Tree

medicinal

Wild

Bacopa monnieri (L.) Pennell

Scrophulariaceae

Herb

Medicinal

Cultivated

Basella alba L.

Basellaceae

Climber

Edible

Wild

Benincasa hispida (Thunb.) Cogn.

Cucurbitaceae

Climber

Edible

Cultivated

Biophytum reinwardtii(Zucc.) Klotzsch

Oxalidaceae

Herb

Medicinal

Wild

Biophytum sensitivum(L.) DC.

Oxalidaceae

Herb

Medicinal

Wild

Boerhaavia diffusa L.

Nyctaginaceae

Herb

Edible, Medicinal

Wild

Bougainvillea glabra Choisy

Nyctaginaceae

Shrub

Ornamental

Wild

Brassica juncea (L.) Czern.

Brassicaceae

Herb

Edible

Cultivated

Brassica oleracea L.

Brassicaceae

Herb

Edible

Cultivated

Brugmansia arborea (L.) Sweet

Solanaceae

Shrub

Ornamental

Cultivated

Bryophyllum pinnatum(Lam.) Oken

Crassulaceae

Herb

Ornamental

Cultivated

Cajanus cajan (L.)Millsp.

Fabaceae

Shrub

Edible

Cultivated

Calotropis gigantea (L.) W. T. Aiton

Apocynaceae

Shrub

Cultural, Medicinal

Cultivated

Canna indica L.

Cannaceae

Shrub

Edible

Wild

Capsicum annuum L.

Solanaceae

Herb

Edible

Wild

Capsicum frutescens L.

Solanaceae

Herb

Edible

Cultivated

Cardiospermum halicacabum Wall.

Sapindaceae

Climber

Medicinal

Cultivated

Carica papaya L.

Caricaceae

Shrub

Edible

Wild

Casuarina equisetifolia L.

Casuarinaceae

Tree

Ornamental

Cultivated

Catharanthus roseus (L.) G. Don

Apocynaceae

Herb

Ornamental

Cultivated

Ceiba pentandra (L.) Gaertn.

Malvaceae

Tree

Saleable product

Cultivated

Celosia argentea L.

Amaranthaceae

Herb

Edible

Cultivated

Chenopodium album L.

Chenopodiaceae

Herb

Edible

Wild

139

Chromolaena odorata (L.) King & H.E. Robins.

Apocynaceae

Shrub

Medicinal

Wild

Chrysothemis pulchella (Donn ex Sims) Decne.

Gesneriaceae

Herb

Ornamental

Wild

Citrus limon (L.) Burm. fil.

Rutaceae

Tree

Edible

Wild

Citrus maxima (Burm. f.) Merr.

Rutaceae

Tree

Edible

Cultivated

Clerodendrum chinense (Osb.) Mabberley

Verbenaceae

Shrub

Ornamental

Cultivated

Clerodendrum infortunatum L.

verbenaceae

Shrub

Ornamental

Cultivated

Clerodendrum thomsoniae Balf.

Verbenaceae

Climber

Ornamental

Cultivated

Coccinia grandis(L.) Voigt

Cucurbitaceae

Climber

Edible, Medicinal

Wild

Cocos nucifera L.

Arecaceae

Tree

Edible, Construction timber

Cultivated

Codiaeum variegatum (L.) A. Juss.

Euphorbiaceae

Shrub

Ornamental

Wild

Coffea arabica L.

Rubiaceae

Shrub

Edible

Cultivated

Colocasia esculenta (L.) Schott

Araceae

Herb

Edible

Cultivated

Commelina benghalensis L.

Commelinaceae

Herb

Edible

Cultivated

Cordia monoica Roxb.

Boraginaceae

Tree

Edible

Wild

Cosmos sulphureus Cav.

Asteraceae

Herb

Ornamental

Wild

Crossandra infundibuliformis (L.) Nees

Acanthaceae

Shrub

Ornamental

Wild

Croton bonplandianum L.

Euphorbiaceae

Herb

Medicinal

Cultivated

Cucurbita maxima Duch Ex Lam

Cucurbitaceae

Climber

Edible

Cultivated

Cuphea hyssopifolia Kunth

Lythraceae

Shrub

Ornamental

Wild

Curcuma aromatica Salisb.

Zingiberaceae

Herb

Medicinal

Cultivated

Curcuma longa L.

Zingiberaceae

Herb

Medicinal

Cultivated

Cynodon dactylon (L.) Pers.

Poaceae

Herb

Cultural

Cultivated

Dahlia Pinnata Cav.

Asteraceae

Herb

Ornamental

Cultivated

Dioscorea pentaphylla L.

Dioscoraceae

Climber

Edible

Wild

Duranta erecta L.

verbenaceae

Shrub

Ornamental

Cultivated

Dysphania ambrosioides(L.) Mosyakin & Clemants

Chenopodiaceae

Herb

Medicinal

Wild

Eclipta prostrata L.

Asteraceae

Herb

Medicinal

Cultivated

Epipremnum pinnatum (L.) Engl.

Araceae

Climber

Ornamental

Wild

Erythrina indica L.

Fabaceae

Tree

Medicinal

Cultivated

Euphorbia hirta L.

Euphorbiaceae

Herb

Cultural, Medicinal

Cultivated

Euphorbia pulcherrima Willd. ex Klotzsch

Euphorbiaceae

Shrub

Ornamental

Wild

Ficus glomerata Roxb.

Moraceae

Tree

Edible

Wild

Ficus religiosa L.

Moraceae

Tree

Edible

Cultivated

Foeniculum vulgare Mill.

Apiaceae

Herb

Edible

Wild

Garcinia gummy-gutta (L.) N. Robson

Clusiaceae

Tree

Edible, Medicinal

Cultivated

Gerbera jamesoni Bolus ex Hook. f.

Asteraceae

Herb

Ornamental

Cultivated

Gliricidia sepium (Jacq.)Walp.

Fabaceae

Tree

Fence

Cultivated

Glycosmis mauritiana (Lam.) Tanaka

Rutaceae

Shrub

Medicinal

Cultivated

Gomphrena globosa L.

Amaranthaceae

Herb

Ornamental

Wild
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Jatropha curcas L.

Euphorbiaceae

Shrub

Medicinal, Saleable product

Cultivated

Kalanchoe blossfeldiana v. Poelln.

Crassulaceae

Herb

Ornamental

Cultivated

Lablab purpureus (L.)Sweet

Fabaceae

Climber

Edible

Cultivated

Lantana camara L.

verbenaceae

Shrub

Edible, Ornamental

Cultivated

Lawsonia inermis L.

Lythraceae

Shrub

Medicinal

Cultivated

Leucas aspera (Willd.) Link

Lamiaceae

Herb

Medicinal

Cultivated

Luffa acutangula (L.) Roxb.

Cucurbitaceae

Climber

Edible

Wild

Macrotyloma uniflorum (Lam.)Verdc.

Fabaceae

Climber

Edible

Cultivated

Malpighia glabra L.

Maplighiaceae

Shrub

Edible

Cultivated

Mangifera indica L.

Anacardaceae

Tree

Edible, Construction timber

Cultivated

Manihot esculenta Crantz

Euphorbiaceae

Shrub

Edible

Cultivated

Melia dubia Cav

Meliaceae

Tree

Medicinal, Construction timber

Cultivated

Michelia champaca L.

Magnoliaceae

Tree

Ornamental

Wild

Mirabilis jalapa L.

Nyctaginaceae

Herb

Ornamental

Cultivated

Mitragyna parvifolia (Roxb.) Korth.

Rubiaceae

Tree

Medicinal

Cultivated

Momordica dioica Roxb. ex Willd.

Cucurbitaceae

Climber

Edible

Wild

Moringa oleifera Lam.

Moringaceae

Tree

Edible, Medicinal

Wild

Morus alba L.

Moraceae

Shrub

Edible

Wild

Murraya koenigii (L.) Spreng.

Rutaceae

Shrub

Medicinal, Edible

Cultivated

Musa paradisiaca L.

Musaceae

Herb

Edible,Cultural

Wild

Nerium oleander L.

Apocynaceae

Shrub

Ornamental

Cultivated

Ocimum basilicum L.

Lamiaceae

Herb

Cultural, Medicinal

Cultivated

Ocimum gratissimum L.

Lamiaceae

Shrub

Cultural, Medicinal

Cultivated

Ocimum tenuiflorum L.

Lamiaceae

Herb

Cultural, Medicinal

Cultivated

Oxalis corniculata L.

Oxalidaceae

Herb

Edible

Cultivated

Passiflora foetida L.

Passifloraceae

Climber

Edible

Wild

Phaseolus vulgaris L.

Fabaceae

Climber

Edible

Wild

Phoenix loureiroi Kunth

Arecaceae

Shrub

Edible

Cultivated

Phyllanthus acidus (L.) Skeels

Euphorbiaceae

Tree

Edible

Wild

Phyllanthus emblica L.

Phyllanthaceae

Tree

Edible

Wild

Phyllanthus amarus L

Euphorbiaceae

Herb

Medicinal

Wild

Pimpinella heyneana (DC.) Kurz

Apiaceae

Herb

Edible

Wild

Piper nigrum L.

Piperaceae

Climber

Edible

Wild

Pithecellobium dulce (Roxb.)Benth.

Fabaceae

Tree

Edible

Cultivated

Platycladus orientalis (L.) Franco

Cupressaceae

Tree

Ornamental

Wild

Plectranthus amboinicus (Lour.) Spreng.

Lamiaceae

Herb

Medicinal

Cultivated

Plumbago zeylanica L.

Plumbaginaceae

Herb

Medicinal

Wild

Portulaca grandiflora Hook.

Portulaceae

Herb

Ornamental

Wild

Portulaca oleracea L.

Portulaceae

Herb

Edible

Cultivated

Pseudarthria viscida(L.)Wight & Arn.

Fabaceae

Shrub

Medicinal

Wild

Psidium guajava L.

Myrtaceae

Tree

Edible

Wild

Punica granatum L.

Punicaceae

Shrub

Edible

Wild
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Saccharum officinarum L.

Poaceae

Herb

Edible

Cultivated

Salvia coccinea P.J. Buchoz ex Etl.

Lamiaceae

Herb

Ornamental

Cultivated

Santalum album L.

Santalaceae

Tree

Medicinal, Construction timber

Cultivated

Scadoxus multiflorus (Martyn) Raf.

Amaryllidaceae

Herb

Ornamental

Cultivated

Scoparia dulcis L.

Scrophulariaceae

Herb

Medicinal

Cultivated

Senna alata (L.)Roxb.

Fabaceae

Shrub

Medicinal

Wild

Senna tora (L.)Roxb.

Fabaceae

Herb

Edible, Medicinal

Wild

Sesbania grandiflora (L.) Poir.

Fabaceae

Tree

Edible

Wild

Sida acuta Burm. fil.

Malvaceae

Shrub

Medicinal

Wild

Sida rhombifolia L.

Malvaceae

Shrub

Medicinal

Wild

Solanum lycopersicum L.

Solanaceae

Herb

Edible

Cultivated

Solanum lycopersicum L.

Solanaceae

Herb

Edible

Cultivated

Solanum melongena L.

Solanaceae

Herb

Edible

Cultivated

Solanum nigrum L.

Solanaceae

Shrub

Edible, Medicinal

Wild

Solanum pimpinellifolium L.

Solanaceae

Herb

Edible

Wild

Solanum torvum Sw.

Solanaceae

Shrub

Edible, Medicinal

Wild

Solidago canadensis L.

Asteraceae

Herb

Ornamental

Cultivated

Spondias pinnata (L. fil.) Kurz

Anacardiaceae

Tree

Edible

Wild

Strychnos potatorum L. fil.

Loganiaceae

Tree

Fish poison

Wild

Syzygium cumini (L.) Skeels

Myrtaceae

Tree

Edible

Wild

Tabernaemontana divaricata (L.) R. Br. ex Roem.
& Schult.

Apocynaceae

Shrub

Ornamental

Cultivated

Tagetes erecta L.

Asteraceae

Shrub

Ornamental

Cultivated

Talinum fruticosum (L.) Juss.

Portulaceae

Herb

Edible

Cultivated

Tamarindus indica L.

Fabaceae

Tree

Edible

Wild

Tanacetum parthenium (L.) Sch. Bip.

Asteraceae

Herb

Ornamental

Cultivated

Tectona grandis L.f.

Verbanaceae

Tree

Medicinal, Construction timber,
Firewood

Cultivated

Thunbergia alata Bojer ex Sims

Acanthaceae

Climber

Ornamental

Wild

Tithonia diversifolia (Hemsl.) A.Gray

Asteraceae

Shrub

Ornamental

Cultivated

Vetiveria zizanioides (L.) Nash

Poaceae

Herb

Medicinal

Wild

Vigna unguiculata (L.)Walp.

Fabaceae

Climber

Edible

Cultivated

Vitex negundo L.

Verbenaceae

Shrub

Medicinal

Wild

Withania somnifera (L.) Dunal

Solanaceae

Herb

Medicinal

Wild

Xanthium indicum L.

Asteraceae

Herb

Medicinal

Wild

Zea mays L.

Poaceae

Herb

Edible

Cultivated

Zephyranthes minuta (Kunth) D.Dietr.

Amaryllidaceae

Herb

Ornamental

Cultivated

Zingiber officinale Roscoe

Zingiberaceae

Herb

Edible

Cultivated

Zinnia elegans Jacq.

Asteraceae

Herb

Ornamental

Cultivated

DISCUSSION
Structure of tribal homegarden found to be similar to
tropical homegardens (Nair and Sreedharan, 1986)
which consist of herbaceous layer near the ground, a
tree layer at upper levels, and intermediate layers in
between. A total of 184 plant species recorded from
homegardens of three tribal communities. 170 species
were recorded from an inventory made in 228

randomly selected homegardens in the Kerala (Sankar
and Chandrashekara 2002) and 179 species from 80
homegardens in a village (Jose 1991). Majority of
the plant species recorded in the tribal homegardens
are typical plants found in homegardens throughout
the tropics e.g., banana, coconut, jack fruit, guava,
mango, papaya, citrus, etc (Mendez et al., 2001;
Nautiyal et al., 2008). These plants provide a basis
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for self-sufficiency in food for households. Mean
Shannon indices in study area are 1.4 to 2.1 which
falls in the range from 0.93 to 3.00 widely reported in
tropical homegardens (Karyono, 1990). In the
households studied, 78 wild plant species were
recorded from the homegardens which showed that
homegardens are also a home to many wild plant
species, thus they serve as a repository of wild plants.
In the tribal homegarden, about 38% of species were
found to be edible, 24% were ornamental, 24% were
medicinal and 5% were cultural use. On an average,
73 % to 87 % of total number of species present in a
homegarden of Kerala is being used by the home
gardeners for one or more purposes (Chandrashekara
and Baiju, 2010). The high percentage of useful plant
species in tribal homegardens in Attappady valley
reflects that tribal people are actively managing useful
plant species in the homegardens. Presence of 23%
of medicinal plants in the homegardens clearly
showed that medicinal plants still play an important
role in healing of people’s ailments. This authenticate
with the finding of Kingston et al. (2006) and Das
and Das (2005) who also reported that homegardens
preserve large number of plant species having
medicinal properties.
CONCLUSION
The homegardens of the study area is home for many
useful plant species diversity and it contributes food
security and livelihood of the tribal people by providing
food plants, fodder, medicinal, timber and construction.
The study brings to put forth the biodiversity value of
the tribal homegardens. It is revealed that they are
rich repository of wild as well as cultivated plants.
Besides homegarden have been helping in the
conservation of genetic diversity of ethnobotanical
species.
ACKNOWLEDGEMENT
We are grateful to Dr. A P Thomas, Director,
Advanced Centre of Environmental Studies and
Sustainable Development for giving necessary
support. The research project was funded by
Department of Science and Technology, New Delhi
( DST-INSPIRE).We are thankful to Irula tribal
assistants, Pappal and Nanji, for assisting in our field
visits and various tribal elders for providing necessary
information.
REFERENCES
Brown, D. F., (1987). Observaciones preliminares sobre huertas
familiares en una comunidad Chontal deTabasco. In: Memorias del
primer Coloquio Internacional de Mayistas. Centro de Estudios
Mayas, Universidad Nacional Autonoma de Mexico, Mexico D.F
pp. 1146.
Chathukulam, J., Reddy, M. G., and Rao, P. T. (2012). An
Assessment and Analysis of Tribal Sub-plan (TSP) in Kerala.
Research Unit for Livelihoods and Natural Resources.
Cotton CM (1996). Ethnobotany: Principles and applications.
John Wiley and Sons Ltd. Chichaister, England
Das, T., and Das, A. K. (2005). Inventorying plant biodiversity in

homegardens: A case study in Barak Valley, Assam, North East
India. CURRENT SCIENCE BANGALORE, 89(1), 155.
Garrett, H. E., Buck, L. E., Gold, M. H., Hardesty, L. H., Kurtz, W.
B., Lassoie, J. P., Pearson, H. A. and Slusher, J.P. (1994).
Agroforestry: An Integrated Land-Use Management System for
Production and Farmland Conservation. Resource Conservation
Act (RCA) Appraisal of U.S. Agroforestry, USDA Natural Resources
Conservation Service, pp. 58.
GOI. (2011). General Population Table, Kerala Part. Directorate
of Census Operation, Census of India, Government of India,2011
Human Development Complete Report” (PDF). Retrieved 201305-30.
GOK. (1976). Integrated Tribal Development Project for
Attappady. Kerala State Planning Board, Government of Kerala,
Trivandrum.
Jose, D. (1991). Homegardens of Kerala: Small and marginal
farmers’ response to change in agrarian structure and environmental
constraints. Dissertation, Agricultural University of Norway,
Norway.
Karyono, I. (1990). Home garden in Java: their structure and
function. Tropical Home Gardens, 138-146.
Kingston, C., Mishra, B. P., Nisha, B. S., Jeeva, S., Livingstone,
C., and Laloo, R. C. (2006). Diversity and distribution of
economically important plants in traditional homegardens of
Kanyakumari district, Tamil Nadu, southern Peninsular India.
Journal of Nature Conservation, 18(1), 41-54.
Magurran, A. E. (1988). Ecological Diversity and its Measurement.
Croom Helm, London.
Margalef, R. (1958). Information theory in ecology. General
Systematics, 3, 36-71.
Martin GJ (1995). Ethnobotany: A Method Manual. Chapman and
Hall, London, 268p.
Méndez, V. E., Lok, R., and Somarriba, E. (2001). Interdisciplinary
analysis of homegardens in Nicaragua: micro-zonation, plant use
and socioeconomic importance. Agroforestry systems, 51(2), 8596.
Nair, M.A. and C. Sreedharan. (1986). Agroforestry farming system
in the homesteads of Kerala, Southern India. Agroforestry Systems
4, 339-363.
Nautiyal, S., Vimla, B., Rao, K. S., and Maikhuri, R. K. (2008).
The Role of Cultural Values in Agrobiodiversity Conservation: A
Case Study from Uttarakhand, Himalaya. Journal of Human
Ecology, 23, 1-6.
Ninez, V. (1987). Household gardens: theoretical and policy
considerations. Agricultural Systems, 23(3), 167-186.
Peyre, A., Guidal, A., Wiersum, K. F., and Bongers, F. J. J. M.
(2006). Dynamics of homegarden structure and function in Kerala,
India. Agroforestry Systems, 66(2), 101-115.
Sankar, S. and Chandrashekara, U. M. (2002). Development and
Testing of Sustainable Agroforestry Models in Different
Agroclimatic Zone of Kerala with Emphasis on Socio-cultural,
Economic, Technical and Institutional Factors Affecting the Sector.
KFRI Research Report 234. Kerala Forest Research Institute,
Peechi, Kerala, India.
Shannon, C. E. and Weier, W. 1949. The Mathematical Theory of
Communication. University of Illinois Press, USA pp. 1 – 117.
Simpson, E. H. (1949). Measurements of diversity. Nature, 163,
188.
Sørensen, T. A. (1948). A method of establishing groups of equal
amplitude in plant sociology based on similarity of species content,
and its application to analyses of the vegetation on Danish
commons. K dan Vidensk Selsk Biol Skr 5, 1 – 34.
Wiersum, K. F. (2006). Diversity and change in homegarden
cultivation in Indonesia. In: B.M. Kumar and P.K.R. Nair, editors,
Tropical homegardens: A time-tested example of sustainable
agroforestry, Springer Science, Dordrecht. The Netherland, pp.
13-24.

143

Perspectives on Biodiversity of India Vol. III

Theme 2
MARINE BIODIVERSITY

KEYNOTE ADDRESS:
MARINE BIODIVERSITY CONSERVATION AND MANAGEMENT IN INDIA
Nammalwar P
Former Principal Scientist, CMFRI-ICAR and Project Advisor / Guest Faculty, EMRC,
Department of Media Sciences, Anna University, Chennai - 600 025
drnrajan@gmail.com, drnamrajan@yahoo.com

Keywords:
Coastal marine ecosystems,
Exclusive Economic Zone,
Habitat loss, Marine aquatic
resources, Marine
biodiversity, Conservations
and management.

ABSTRACT
The coastal marine ecosystems play a vital role in India’s economy by
virtue of their natural resources, potential habitats and wide biodiversity.
India has a long coastline of 8129 kms with Exclusive Economic Zone
(EEZ) of 2.5 million sq.km which is an important area both for exploration
and exploitation of natural resources. Marine biodiversity affords
enormous economical, environmental and aesthetic value to human kind.
Humans have long depended on marine aquatic resources for food,
medicine and materials as well as for recreational and commercial purposes
such as fishing and tourism. Marine organisms also rely upon the great
biodiversity of habitats and resources for food, materials breeding and
larval disposal environment. This interdependence is essential and
maintaining a balance between them is cardinal. But the marine
ecosystems are deteriorating at an alarming rate. The factors responsible
for it are over exploitation of species, introduction of exotic species,
pollution from urban, industrial, and agricultural areas as well as habitat
loss and alteration of water diversion, excessive use of water resources
etc. As a result, valuable marine aquatic resources are becoming
increasingly susceptible to both natural and manmade environmental
changes. The present paper deals with the strategies to protect and
conserve marine biodiversity which are necessary to maintain the balance

INTRODUCTION
The coastal marine areas contain some of the world’s
most diverse and productive biological systems. They
include areas of complex and sophisticated
ecosystems, such as enclosed sea and tidal systems,
estuaries, salt marshes, coral reefs, sea grass beds
and mangroves that are sensitive to human activities,
impact and interventions. Pressure on these systems
is growing more intense. The coastal marine
environment plays a vital role in India’s economy by
virtue of their resources, productive habitats and wide
biodiversity.
The world oceans and seas are linked to many bodies
of freshwater through coastal areas and the two forms
and independent ecosystem that spawns much of the
world’s marine life. The Rio De Janeiro Earth Summit,
(1992), the World Bank and other development
practitioners are emphasizing an Integrated Coastal
Zone Management (ICZM) approach. Integrated
Coastal Zone Management (ICZM) provides unifying
framework for protecting and managing the world
oceans and coastal areas consistent with
environmentally sustainable management (Turner and

Bateman, 2001). Since, 1993, the World Bank has
promoted the establishment of Integrated coastal Zone
planning and management in client countries through
(a) awareness creation and capacity building (b)
investment and (c) partnerships. These efforts have
parallel support for marine environmental protection,
including pollution control and conservation of marine
bio diversity. (Stuart et al., 2001)
The marine and coastal areas play an even more
important role today, since they provide protein from
fish and other seafoods. The current problems of
environment destruction in tropical coastal seas, and
the effects on the productivity of fish and other
seafood from these areas are therefore are of primary
importance. Continued destruction of estuaries and
lagoons, mangrove forests, seagrass beds and coral
reefs in the tropical third world countries will mean
the difference between life and death for millions of
poor people and for many others, the difference
between a life in reasonable health and malnutrition,
disease and starvation. There is now considerable
evidence that for marine areas in the tropics, there is
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a clear correlation between the productivity of coastal
ecosystems (particularly in mangrove forests,
seagrass beds and coral reefs) and the productivity
of fisheries. The use of Integrated Coastal Zone
Management (ICZM) as a toolbox to develop coastal
resources in a sustainable manner and to mitigate
conflicts between users has proven to be a possible
solution in many countries. The ICZM is a method
that can lead to sustainable development because it
has the advantage of securing government
participation as well as stakeholder involvement.
The sustainability of coastal zone is a growing concern
worldwide. There is rapid ongoing destruction of many
of the marine and coastal resources essential to human
beings throughout the Third world countries. Siltation
and nutrition rich discharges from agriculture, waste
discharges from industries and urbanistations are
among the most important causes of coastal resources
degradation. The major underlying factor is the rapid
population growth that is taking place in most tropical
countries. The courses are particularly venerable and
often experience the highest growth rate of more than
5% per year. Coastal degradation cannot be solved
within the traditional sectors like fisheries and
shipping. What is required are integrated coastal zone
management and projects, to address all the factors
that have impacts on coastal zones. Major steps have
been taken in several countries to halt negative trends
which will be implemented ICZM programmes that
will address the coastal resource user conflicts (Clark,
1996; Colin and David, 1997; Ramachandran, 2001).
In India, as rapid development and population
continues in coastal areas, increasing demands are
expected on natural resources and on the remaining
natural habitats along the coast. Unless corrective
measures are undertaken, environmental degradation
and over exploitation will erode marine and coastal
biodiversity, undermine productivity and intensify
socio-economic conflicts over the increasingly scarce
resources of the coastal areas. Current sectoral
approaches to the management of coastal and marine
resources have generally not proven, capable of
conserving the marine and coastal biological diversity.
This problem is more serious in Indian context that
has a long coastline of 8129 kms with Exclusive
Economic Zone (EEZ) of 2.5 million sq.kms. This
zone suffers from the absence of an integrated
attention to conservation and development. Since
these regions form a vital link between the terrestrial
and aquatic ecosystems their conservation is essential
to maintain the ecological balance and biodiversity. A
well-defined biodiversity lessons learnt in other regions
of the world is proposed for implementation in several
different types of regional scale coastal marine
ecosystems. Various conservation and management
strategies for sustainable use of coastal marine
biodiversity are suggested for socio-economic
development in India.

Maintenance of species diversity
A major need for biodiversity maintenance is
protection of special or critical, littoral habitats
including mangrove forest, coral reef, seagrass
meadows, shallow water bodies like shallow water
lagoons and beaches. While it is useful and practical
to focus on individual habitat types or species, one
must not forget that they exist only as components of
wider coastal systems. The complexity of biotic
systems and interrelatedness of their components
require that each coastal water ecosystems be
managed as a system. The need to preserve the
biological systems and the method for doing so are
terrestrially derived. Therefore, they require
modification to fit to coastal habitats. Few oceanic
species are in danger of extinction because of habitat
damage. But along the coast and beaches many
species of turtles jeopardized by habitat degradation
and loss. Five aspects of marine biological diversity
are paramount for consideration (Ray and McCormick
Ray, 1992). 1. The diversity of marine fauna is much
greater than for terrestrial fauna at higher taxonomic
levels. 2. The marine fauna is also much well
known.3. Most marine species are widely dispersed.
4. Most marine communities are highly patchy and
variable in species composition. 5. The response type
to environmental perturbations is relatively small.
Major strategic objectives for ICZM is to preserve
the habitats of the species that have been designated
as especially valuable are in danger of extinction.
Therefore, an important motivation for designating
“Ecologically Critical Areas” (ECA’s) for special
conservation is species protection; other purposes
might be protection of specially productive or scenic
natural resources. Threats to the productivity of unique
biological systems of the coastal zone, species and
their habitats arise from development activities and
their side effects, including reef and beach mining,
shoreline filling, lagoon pollution, sedimentation and
marine construction activities that are quite distinct
from those on land. The strategy plan must recognize
that species and the habitats of coastal zones are so
different from their terrestrial counterparts as to
require different and special forms of conservation.
For example, coral reefs, beaches, coastal lagoons,
submerged seagrass meadows and intertidal
mangrove forests have no counterparts in terrestrial
systems. In addition to habitat management, there may
be other appropriate actions to be taken under the
ICZM programmes, for example, banning exploitation
of endangered species.
Man made changes have the effect of reducing the
number of species inhabiting the area. For example,
eutrophication leading to lowered oxygen
concentration in the water and the sediments limits
the number species to those few to tolerate those
conditions. In areas where large-scale aquaculture is
practiced, the cultured species often occupy a
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disproportionately large amount of the habitat, forcing
out many of the natural species. A case in point is in
the mangrove forest of Southeast Asia where there
has been great development of ponds for shrimp
culture. Many of these operations rely on the natural
spawning of shrimps to provide juveniles for
introduction to the ponds, yet the mangrove
ecosystems are so damaged in many areas that the
natural shrimp populations are declining. In general,
most adverse impacts on coastal ecosystems are
characterized by decreasing species diversity.
Monitoring of species diversity is therefore a useful
technique for assessing damage to the system and
maintenance of good species diversity is a positive
management objective.
Among several plants and animals inhabiting the
coastal ecosystems including the coral reefs,
mangroves and estuaries only some species are
exploited for human use. However, such species are
often irrationally exploited with powerful harvesting
techniques, sometimes leading to collapse of their
respective habitats. It is, therefore, appropriate to deal
with the question of biodiversity management from
the point of view of “species – habitat” units in the
case of the more sensitive and vulnerable ecosystems
in the coastal zone.
Protected areas in India
Protection of species requires protection of their
special habitats as well as preventing the hunting and
harvesting them (fig.1). World concern regarding loss
of biodiversity is neither felt equally in all nations nor

Protected areas in India

all members of society equally share it. It stems from
realization that humans have been transforming the
oceans as dumping grounds for their wastes and
modifying the natural composition of its environment.
Preserving biodiversity is an important reason for
protecting natural area. Endangered species are major
beneficiary of coastal habitat protection, for example:
Coastal birds, turtle and even marine mammals. Other
protections for species are mostly regulatory that is
providing legal protection against killing and disturbing
endangered species whether inside or outside a
designated area.
Some marine ecosystems- coral reefs for example
have high species diversity but despite increasing
marine pollution and degradation of coastal habitats,
there is little evidence for an imminent major loss of
marine biodiversity at the species level. This may be
due to partly to lack of knowledge but an important
factor is the typical marine life history. Marine species
live in wide-open systems, the sea being continuous
around the earth and have greater ranges and
fecundity than the terrestrial species. This confers
on them a greater resilience to exploitation and
environmental change. Similarly endemism is rare.
Many marine species particularly fish and
invertebrates are so called strategists, producing large
number of seeds, but having short lives. Recent
species extinction is almost unknown among marine
organisms with a planktonic larval stage and among
the many species of migratory, highly mobile and wide
spread fishes. Species that are large bodied, long
lived, and slow breeding, producing few offspring with
much parental investment. A few known cases of
marine extinction in historic times include marine
mammals.
The first Marine National Park in India came into
existence in the Gulf of Kutch (Pirotan area) in 1980
followed by Gulf of Mannar and Wandoor Marine
National Park in the South Andamans (Table.1&2).
A marine park is a reserve and should be managed
along several ecological principles and should serve
many relevant purposes such as habitat and species
preservation, scientific research, recreation and
financial gains. Though these three marine habitats
have been declared as protected areas, delineation
of the core areas and the park limits and regulations
on various human activities in the protected areas
remain to be implemented. Proposals have been
initiated to establish marine parks and preserves in
Malvan-Vengrula (Coast of Maharashtra), Mincoy,
Kavaratti, Chetlat, Kadamat and Kalpeni (in
Lakshadweep).
Table.1 Category-I Marine Protected Areas (National
parks and Sanctuaries)
(MAPs having entire areas in intertidal/subtidal or
sea water-mangroves, coral reefs, lagoons, estuaries,
beaches etc.,)

146

Table.1 Category-I Marine Protected Areas (National parks and Sanctuaries)
(MAPs having entire areas in intertidal/subtidal or sea water-mangroves, coral reefs, lagoons, estuaries, beaches etc.,)

Table.2 Category II: Marine Protected Areas

(Islands MPAs in Andaman and Nicobar and Lakshadweep Islands, which have major parts in marine ecosystem
and some part in terrestrial ecosystem)
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Biosphere Reserves in Marine Areas

Areas rich in biodiversity
The priority towards the conservation of marine
biodiversity is to identify / locate the areas, which
are highly critical and rich in species distribution and
their favourable habitats (Ray, 1991). Species diversity
can be made as the criteria for ranking the areas for
conservation (Grassle et al., 1991). An area that
harbors smaller assemblage of species is to be given
more importance, evolutionary significance, ecological
importance and endangerment. An area with lower
diversity might be better at providing ecological
services important to people. Species diversity differs
markedly on both ecological and biogeographic special
scales. On an ecological scale, it is important to
conserve coral reefs and mangrove forests, which
are unusually species rich for its ecosystem type
(Bakus, 1994). On a biogeographic scale, using
species diversity/richness as the sole criterion for
priority conservation. Areas of high biodiversity may
not be most critical to the sea as a whole, for various
reasons (Sasikala, 2004). Coral reefs generally have
high species diversity but tend to be low in other
biological attribute such as endemism. The salt
marshes, mangrove forests and seagrass beds can
have special importance than coral reefs because they
serve as significant nursery areas and their
productivity supports important food webs (DeRoy
and Thadani, 1992). Moreover, some areas are
especially important seasonally because they are
critical to key elements of marine biological diversity,
even if their diversity is low. These include courtship,
spawning areas, nursery grounds, and migration areas
and stop over points. The areas rich in productivity,
spawning grounds, nursery grounds, migrations are
to be protected.
Marine Biodiversity in India
The marine ecosystem is a varying profile. The
coastline encompasses almost all type of intertidal
habitat from hyper saline and brackishwater lagoons,
estuaries and coastal marsh and mudflats to sandy
and rocky shore. The sub-tidal habitats are equally
diverse among the coastal wetlands, estuaries,
mangroves, coral reefs and coastal lagoons which
are areas of rich biodiversity. Each local habitat reflex
prevailing environmental factors and is further
characterized by its biota. Thus the marine fauna itself
demonstrate gradient of change throughout the Indian
coast. Among the total 32 animal phyla 15 are
represented by taxa in the marine eco system. They
may constitutive either migratory or resident species.
The former includes pelagic crustaceans,
Coelenterate (Medusae), Cephalopods, fishes,

reptiles, birds and mammals. The benthic macro fauna
comprises residence species of polychaets, bivalves,
gastropods, sipunculas and mud- borrowing fishes.
Among invertebrates the sponges, phoronids and
echinoderms generally do not prefer an estuarine
ecosystem. In Indian estuaries, species diversity
seems to be maximum in the molluscs. About 245
species belonging to 76 genera under 54 families have
been catalogued. Other important taxa, polychaeta
are represented by about 167 species belonging to 97
genera under 38 families. Maximum diversity has
been reported in the much studied Hooghly- Matla
estuary (West Bengal). Macro organisms and
meiofauna of Indian estuaries are not properly
investigated. Estuarine mud may contain rich variety
of bacteria, flagellates, ciliates, nematodes, ostracods,
harpacticoid copepods, rotifers, gastrotriches,
arachnids, and tardigrades. Free swimmers or nekton
are important components of marine biodiversity and
constitute important fisheries of world. The dominant
taxa in the nekton are fish, others being crustaceans,
molluscs, reptiles and mammals. Out of the total
22,000 finfish species, about 4000 species occur in
the Indian Ocean of which 1800 species are reported
in the Indian seas. A majority of the nektonic species
is found in coastal waters. It is estimated that 40
species of shark and 250 species of bony fishes
represented the oceanic fishes (Table.3).
Among reptiles, sea snake and turtle are important
and represented world wide by 50 and 7 species
respectively. These are generally oceanic forms but
a majority of them visit the shore at some part of life.
About 26 species of sea snake belonging to one family
hydrophiidie, and 5 species of sea turtle were reported
in seas around India. Oceanic island seem to harbor
more reptiles in their marine environment. All the sea
snakes and 4 species of turtles in their marine
environment are known from island of Andaman and
Nicobar. Nesting sites of amphibious snake were
reported from the south and north Andaman Island.
Sea turtles visit the shore during breeding season to
lay their eggs. The visit of these turtles to the shore
especially Olive ridley is spectacular site on the sandy
beach of Gahirmatha near Bitarkanika in Orissa. The
Andaman and Nicobar islands have the nesting
beaches for the leatherback the hawksbill and the
green turtle in addition Olive ridley. The seashore
offers the variable feeding and breeding grounds for
a number of birds. It is difficult to define precisely
the avian component of marine biodiversity and there
are special species, exclusively dependent on the
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marine ecosystem, while a few are generalists without
much dependents on it.
From the available data, it has been inferred that 12
family, 38 genera and 145 species occur in coastal
eco system. Marine mammals belong to 3 orders ie.,
Sirenia, Cetacea and Carnivora. About 120 species
are estimated to occur in world seas and of these 30
are reported from seas around India. But a majority
of these is found in oceanic forms and occasionally a
few individuals may get stranded on the shore. The
sea cow occurs in near shore water.
Table.3 Marine Biodiversity in India
GROUP
No.of
species
1
Algae
724
2
Protista
750
3
Mesozoa
12
4
Porifera
486
5
Cnidaria
842
6
Ctenophore
12
7
Gastrotricha
98
8
Kinorhyncha
10
9
Platyhelminthes
550
10
Annelida
440
11
Mollusca
3370
12
Bryozoa
200
13
Crustacean
2934
14
Merostomata
2
15
Pycnogonia
16
16
Sipuncula
35
17
Echiura
33
18
Tardigrada
10
19
Chaetognatha
30
20
Echinodermata
765
21
Hemichordate
12
22
Protochordata
119
23
Pisces
1800
24
Amphibia
3*
25
Reptiles
26
26
Aves
145
27
Mammalia
29
* in estuaries/ Mangroves

S.NO

Strategies for Conservation and Management
of Marine Biodiversity in India
The Indian coast is indented by a number of rivers,
which forms estuaries at their confluence with the
sea. The complex coastal ecosystems are comprised
of estuaries, lagoons, mangroves, backwaters, salt
marshes, mud flats, rocky shores and sandy stretches.
Besides, there are three Gulfs, one on the east coast,
the Gulf of Mannar, and two on the west coast, Gulf
of Kutch and Gulf of Camby. The two island
ecosystems i.e. Lakshadweep and Andaman and
Nicobar Islands, add to the ecosystem diversity in
India. The Gulf of Mannar, Gulf of Kutch and the
two island ecosystems have rich coral reefs and
mangroves harboring valuable marine biodiversity
(Anon, 1998; Nammalwar and Edwin Joseph, 2002;
Kannaiyan and Venkatraman 2008).
A well-defined set of biodiversity lessons learnt in
other regions of the world is proposed for

implementation in several different types of regional
scale marine ecosystems (Venkataraman, 2003),
which needs biodiversity information data bank
(Madhav Gadgill and Seshagiri Rao, 1998). These
information will permit meaningful comparisons across
different habitats of the causes and consequences of
changes in biodiversity due to human activities. This
lesson requires significant improvement in taxanomic
expertise for identifying marine organisms and
documenting their distribution, knowledge of local and
regional natural patterns of biodiversity and in
understanding in the processes that create and
maintain these patterns in space and time. (i) Need
for rapid expansion in taxonomy in order to interpret,
manage, conserve and use biodiversity sustainability
and the need to pool together the existing data from
all sources by forming an information network of all
agencies in the country. (ii). Priority for the biodiversity
conservation to understand what values are important,
which genes/ species/habitat and how much
biodiversity should be conserved. (iii). Improve the
methodologies for different programmes, evolve more
effective policy and target with priority. (iv). Practice
of the biodiversity conservation programme with
precise definition and clear targets. (v). Recognition
of priority of the communities. (vi). Application of
anthropogenic objectives of maintaining biodiversity
so that it is of possible value to the mankind. The
conservation of coral and mangrove habitats has
attained great significance in developing countries in
the context of its functional role in ecological and
socio-economic sustainable development and the
Ministry of Environment and Forest, Govt. of India
can formulate decisive policies for conservation and
the management of coral and mangrove habitats along
the Indian coast (Anon,2002; Kathiresan and Qasim,
2005 ; Nammalwar 2008).
The species (oyster, octopus, porpoises, whales, sea
fishes, sea turtle, sea cow) at risk are quite different
from terrestrial ones. The occurrence of endangered
and threatened species is less in the sea because it is
an open system with few boundaries to migration.
While several of the sea mammals and sea turtles
are endangered, the fishes and shellfishes are usually
not. The species protection by designating protected
natural reserves is relatively inexpensive and simple
to administer. This strategy can be implemented on a
site-specific basis, and commensurate with available
information, staffing or expertise. It can be reinforced
with regulatory measures that combine “wetside”
(estuarine or marine area) protection with “dryside”
(shorelines) management strategies offering the
possibility of managing whole coastal ecosystems. But
first, it is necessary for ICZM process to identify
during strategy planning, the critical coastal habitats
that merit high degree of protection, so they can be
addressed specifically in the Master Plan (Gustavson
et al., 2000).
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East Coast of India
The development of coherent and directed
multidisciplinary research program for the east coast
is considered a priority. This region has a major but
not well-understood influence on climate. It contains
major recreational values, and potential for tourism
which requires further investigation. The area
supports the valuable finfish, a growing aquaculture
industry and a high level of biodiversity that has not
been studied intensively. This biodiversity includes,
particularly in southeastern waters, a high degree of
diversity of species unique to Indian marine
ecosystems.
Although the east coast is highly productive, there
are signs that this environment is under pressure.
Several bays and estuary systems are under threat
from degradation, for example Palk Bay, Gulf of
Mannar, Pulicat Lake, Chilka Lagoon and Krishna
and Godavari Estuaries. Major seagrass losses have
occurred in Palk Bay and Gulf of Mannar. Major
Fisheries are under threat or in decline. The prawn
fishery suffered a major collapse some years ago,
and some species show that its spawning population
is reduced to dangerously low levels (Nammawar
et.al 2007)
As a first step, collaborative linkages between
research Institutes and Universities should be
strengthened, for the purpose of better existing
research activity, and developing new multidisciplinary
programs in priority areas. The activity would include
studies designed to improve understanding of
biodiversity and biological processes, and the
development of new long-term monitoring programs.
Such targeted collaborative research programs are
important to the development of the knowledge base
as an under pinning to the effective operation of
resource based marine industries in the area, and to
protection against environment threats. Specific
initiatives would include:
·Studies on the ecosystem dynamics of east coast of
India;
·Establishing long-term monitoring programs and
baseline data sets; and
·Establishing field research stations in Andaman and
Nicobar Islands.
West Coast of India
There is a strong case for establishment of a
multidisciplinary research facility in the west coast to
develop an understanding of the region’s marine
resources and ecosystems. The major demand for
marine science is to build the basic knowledge needed:
·For the continuing sustainable use of marine
resources, including traditional uses by Lakshadweep
islanders;
·For the continuing success of growing commercial
fishing, and aquaculture and pearl industries;
·To understand the marine environment that supports
oil and gas industry; and

·Supportive research activity such as mapping of
seabed topography, studies designed to improve
understanding of biodiversity and biological processes,
the designed and implementation of monitoring
fisheries development, and development of an
understanding of industry impact programs, and
research supporting sustainable use of marine
environment.
The shared borders with Pakistan, Bangladesh,
Maldives and Sri Lanka, and large coastlines
supporting similar tropical marine ecosystems in other
areas, are further considerations in planning the
management of resources in this region, and encourage
the concept of joint research programs.
Strategies for Sustainable Development
The investigation of marine biodiversity possesses a
considerable scientific and conservation challenge
because of the great size and relative inaccessibility
of marine ecosystems (UNESCO, 1992). The scale
of marine systems and the mixing dispersion and
transport that occur in the oceanic medium require
different thinking and investigative processes. Marine
pollution, eutrophication (inshore and offshore),
sedimentation and silting from coastal run off may
outweigh the direct impacts on species (e.g., fishing),
or even the indirect effects of climate change. Entire
watersheds are obviously involved. Habitat protection
is the most serious need for coastal and marine
biodiversity. However, this need is very often
obscured by different view by the overlaying waters.
A spectrum of measures from overall regulation to
area specific protection and spectrum of scales from
local to global must be involved ( Salm and Clark,
1989). There is an urgent need therefore, to establish
strictly, comparative data bases for various groups of
marine organisms on both global and regional scales,
to test the hypothesis relating to the evolutionary and
ecological constrains on diversity, and to provide a
proper scientific basis for the implementation of
conservation measures. The International Association
of Biological Oceanography (IABO) in co-operation
with UNESCO has launched an international cooperative programme on biological diversity during
1990. The major objective of the programme is to
understand biological diversity within the context of
the structure and function of ecosystem. The IABO/
UNESCO International Marine Biodiversity
programme is of particular importance to global
change research given the forecasted climatic
changes and their implication for the function of
natural and man identified marine ecosystems, within
the context of sustainable development. It is extremely
important to select representative ecosystems for
experimental studies that involve improving the
outcome of this prediction, as well as for long-term
monitoring of biodiversity, in estuaries, lagoons, coral
reefs, mangroves and salt marshes believed to be
vulnerable to pronounced climatic and environmental
change. One of the most important problems is the
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necessity to tackle simultaneously global climatic
changes, marine biodiversity and sustainable
development (Lasserre, 1992). As part of that effort,
much more attention and visibility needs to be given
to the link between pollution regulation and the
ecosystem function of biological diversity. An
understanding of marine biodiversity is indispensable
for advances in all fields of biology, including ecology,
fisheries and aquaculture conservation and pollution.
These areas of research are equally important for
both developed and developing countries.
Conservation of Marine Biodiversity through
Coastal Zone Management
Some coastal ecosystems are particularly at risk,
including saltwater marshes, coastal wetlands, coral
reefs, coral atolls and river deltas. Other critical
resources, such as mangroves and seagrass beds,
submerged systems and mud flats are at risk from
climate change impacts, exacerbated by
anthropogenic factors (Masan, 1999). Changes in
these ecosystems could have major negative effects
on tourism, freshwater supplies, fisheries and
biodiversities that could make coastal impacts on
important economic concern. Coastal zones comprise
of aquatic systems including the network of rivers,
the estuaries, the coastal fringes of sea and continental
shelf and its slope. The functional value of diversity
concept encourages analysis to take such a wider
perspective and examine changes in large-scale
ecological processes, together with the relevant
environmental and socio-economic driving forces. At
the global scale, while climate has fluctuated
throughout time, a global warming scenario could lead
to accelerated sea level rise, changes in rainfall
patterns and storm frequency or intensity and
increased siltation. The consequences may include
shore-line erosion and associated loss of habitats, such
as salt marshes, mangroves and mud flats. An
economic multiplier effect would then be generated
leading to, for example, loss in tourism income and
fisheries productivity, together with the increased cost
of water supply and biodiversity conservation. In
principle, the core objective of coastal zone
management is the production of a socially desirable
mix of coastal environmental system states, products
and services. A future, more integrated coastal zone
management process should include:
·Integration of programmes and plans for economic
development, environment quality management and
ICZM
·Integration of ICZM with programmes for such
sectors as, fisheries, energy, transportation, water
resources management, disposal of waste, tourism
and natural hazards management.
·Integration of responsibilities for various tasks of
ICZM among the level of government- local state/
provincial, regional, national, international and
between the public and private sectors.

·Integration of all elements of management, from
planning and design to implementation, that is,
construction and installation, operation and
maintenance, monitoring and feedback and evaluation
over time.
·Integration among the disciplines; for example,
ecology, geomorphology, marine biology, economics,
engineering, political science and law. Integration of
management resources of the agencies and entities
involved.
The Integrated Coastal Zone Management process
should aim to unite government and the community
science and management and sectoral and public
interest. It should inter alia improve the quality of
life human communities who depend upon the coastal
resources while maintaining the biological diversity
and productivity of coastal ecosystems (Clark, 1992).
The rapid industrialization along the coast especially
in the areas along the metropolitan cities has caused
enormous damage to the coastal ecosystem. Hence,
the laws governing the coastal land use should be
framed with a view to promoting the economic
development designed in tune with the coastal
ecosystem.
Threats to marine biodiversity could be categorized
which include; habitat loss, population, pollution,
natural disasters and over exploitation. Destruction
of thousands of mangrove forests and coastal
wetlands for the construction aquaculture farms in
certain
coastal states were reported. Besides these threats,
the coral reefs are also subjected to man made
pollution such as heavy metals, fertilizers and sewage
and industrial wastes.
Together, the unintended consequences of over
fishing, by-catches and habitat degradation can alter
the very biodiversity, productivity and resilience of
marine ecosystems on which economically valuable
species and fisheries depend (Menon and Pillai, 1996).
Key Challenges
Conservation of marine biodiversity in India can be
best managed by the following guidance;
1.Revitalizing the 200 year tradition of marine
biodiversity inventorying in order to interpret, manage,
censor and use bioresources in sustainable manner.
2.Reconstruction/restoration of lost habitats.
3.Reduction of discards, by-catch being thrown
overboard.
4.Establishment and management of marine protected
areas.
5.Ecosystem based fisheries management
6.Formulation of effective policy measures
7.Economic values of biological resources of coral
reef ecosystem of India in the international market
and impact due export revalidated.
CONCLUSIONS
The biodiversity/bioresources of many habitats is
under threat and although seas cover the major part
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of our earth, far less is known about the biodiversity/
bioresources of marine environment than that of
terrestrial ecosystem. Unless we have firmer idea of
the diversity of a wide range of marine habitats, we
have little hope of conserving biodiversity or
determining the impact of human activities such as
mariculture, fishing, dumping of waste and pollution.
Therefore, recognition of scale of the problems and
the nature of underling causes, will definitely lead to
a best way of conserving the marine biological
diversity of India. \
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ABSTRACT
The Maharashtra state of India is an important hub for the operation of
dolnets. Dolnets, a kind of non-selective bag net are the second most
revenue generating gear in the state. There is an increased habitat
degradation observed in creek ecosystem due to human interventions.
Fishermen of creek areas dominated by subsistence fishing, who are more
vulnerable to the venomous organism contact during fishing operations
and their knowledge about the conservation status of some venomous
aquatics are far lacking. Though various research has done regarding
venomous aquatic species and their interaction in marine fishermen nets,
such studies in creeks are limited. A study was conducted in Karanja and
Bhayander creek of Maharashtra where dolnets are the topmost
contributor to the fishery. On-board fortnight sampling was done in this
study area and the opinions of fishermen’s about the conservation status
of poisonous species are collected from August 2016 to January 2017. A
total of 4 sea snakes, 2 stinging jellyfish, 1 stinging catfish were observed
all along the study period. The study reflects that there is a lack of
conservation awareness against the venomous aquatic creatures especially
in reference to sea snakes and bycatch issues of these species are to be
addressed by involving fishermen for further management.

INTRODUCTION
Maharashtra state of the India is an important hub
for the operation of dolnets-a kind of non-selective
bag nets which are the second most revenue
generating gear in the state. Usage of dolnets is
famous along North west coast of India due to its
suitability to operate in tidal conditions prevailing and
consumes low fuel per unit catch. The dolnets
operation in North-West coast of our country is an
age old practice and it is described as ingenuity fishing
practise (Setna, 1949) who first described the
operation of dolnets. But recent researchers blame
the dolnets due to its destructive behaviour of catching
juveniles indiscriminately. The bycatch propositions
of juveniles were observed largely in this net due to
smaller mesh size, so it filters wide spectrum of
shellfish, finfish, sea snakes, jellyfish and debris etc.
The operation of these nets is restricted mainly to the
shallow water of coasts, estuaries, creeks etc. with
good tidal currents. These places were generally found
to be breeding and nursery grounds of many aquatic
organisms. Though the intervention of venomous
organisms in each dolnet operation is common, its

catch data in previous studies are incomplete due to
most catch composition studies on dolnet are landing
based data. On-board sampling has conducted in this
study to overcome the inefficient data hurdle to
overcome the data gaps. The dolnet operations are
dominated by traditional subsistence fishermen and
they are more vulnerable to the venomous organisms
attack during net operations due to inadequate
emergency medical facilities. Though most of the
venomous organisms like striped eel catfish, spotted
scat, jellyfish venomations causes severe pain and
some members like sea snake are more venomous
even leads to deathswhichwere noted back in different
parts of the world. The indigenous awareness of
fishermen against these venomous organisms though
well exist but once in a while they are coming across
accidental venomations and the fishermen knowledge
on the conservation status of venomous species was
far lagging.
MATERIAL AND METHODS
A study has been conducted at Karanja and
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Bhayander creek of Maharashtra coast where dolnets RESULTS AND DISCUSSION
are the topmost contributor to the fishery. On-board Table 1: The diversity and density of venomous
fortnight sampling has done in this study area and the organisms at Bhayander and Karanja creek
opinion of fishermen about conservation status of
venomous specieshas collected through Key
informants (n=30) from August 2016 to January 2017.
The venomous organisms are identified at the field
itself based on identification keys and articles such
as (Rasmussen, 2001, Kottelat, 2001, Carpenter, and
Niem, 2001 and Cornelius et al 2001).
STUDY AREA
Station1: Karanja creek (Lat. 18° 50' 40.78"N and
Long. 72° 57' 40" E) situated in Raigad district of
Maharashtra and the creek is located along the
eastern shore of Mumbai harbour opposite to Coloba,
encircles the village Karanja and having covers of
mangroves along its margins. Karanja creek is only
10 Km away from the Jawaharlal Nehru port, so lots
of container storage companies were located along
the creek banks.
Station 2: Bhayander creek (Lat 19R”19’03.60'’N
and Long. 72R”52' 09.52'’E) located in Thane District
of the Maharashtra state, the creek is emptied with
Ulhas river which also has considerable amount of
mangroves.
Fig. 1: India map

Fig. 2: Google map (2-02-2017) of the Bhayander
and Karanja creek showing the fixed dolnet stations
along its banks

The cod end mesh sizes of the dolnets were noted as
8-10 mm in both the study area. A total of 8 venomous
organisms observed during the study period in dolnet
fishing operation. Beaked sea snake, as well as
spotted scat, was observed all along the study period.
Chrysaora calliparea was abundant in December
month alone. Fishermen occasionally get injured by
venomous organisms during net operations. Fishermen
doesn’t bring the jellyfish and sea snake to landing
centre, they simply throw the catch back to same
waters but in some instances like lack of time duration
to do segregation (which is suitable for creek regions),
the fishermen are forced to bring the whole net with
unsegregated catch to landing place to carry catch
segregation and they dump the bycatch including sea
snake into the land, where it has observed that
predation by street dogs and some birds difficult them
to return back to the creek for survival. During
interview with the fishermen, none of the fishermen
aware of the sea snakes are schedule species under
Wild Life (Protection) Act, 1972.
Suggested management measures
*While studying the dolnet catch composition, the
bycatchhas to be included for better data and onboard sampling has to be followed to record the actual
total catch of the particular gear for better
management decisions.
*Knowledge about conservation status and their role
has to be taught to fishermen through awareness
programmes.
*Medicinal facilities for such a venomous organism
accidents can be improved in nearby hospitals to easy
access of fishermen.
*Trainings are required to the fishermen about safe
handling of venomous organisms is needed.
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CONCLUSION
The threats of fishermen to venomous aquatic species
and venomous species to fishermen are noted in this
study. A further study of tracking sea snakes migration
towards estuaries and creeks has to be attempted
for effective conservation decision making.
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ABSTRACT
Renewable estuarine seaweeds are of commercial importance and are
feedstock for biofuels. Algae based biofuels is emerging as viable
alternatives considering the looming threat of fossil fuels delectation and
efforts towards the mitigation of impacts of global warming. The seaweeds
owing to their renewability, ability to sequester carbon with considerable
biomass stock are emerging as viable biofuel. The seaweeds are
endowed with higher rate of carbon dioxide fixation than conventional
land based biomass crops. The potential of seaweeds as feedstock for
biofuel is dependent on their chemical composition. The coastline of
centre of south-west India is heterogeneous with diverse habitats of low
lying sandy beaches, river mouths and creeks interrupted by promontories
of the Western Ghats and low laterite hills flanking the Arabian Sea. The
rocky coast particularly makes good substratum for attachment of
macrophytic seaweeds. Along this coast these seaweeds constitute
important but rather unexplored living resources. They belong to three
major classes namely Chlorophyta (green algae), Phaeophyta (brown
algae), and Rhodophyta (red algae). Exploratory surveys in the coast of
Uttara Kannada district revealed the presence of 24 seaweeds species
belonging to 14 genera and 17 families. These include commercially viable
algin yielding Sargassum ilcifolium, agar yielding Gracilaria corticata,
and edible ones like Enteromorpha intestinalis and Ulva lactuca.
Chlorophyta (Chaetomorpha media, Enteromorpha intestinalis, Ulva
lactuca) Phaeophyta (Padina tetrastromatica, Sargassum ilcifolium) and
Rhodophyta (Gelidium corticata, Gracilaria corticata, Grateloupia
lithophila) are chosen for biochemical characterization and prioritised
based on carbohydrates and assessed bioethanol potential. Also,
seaweeds were chosen for cultivation at local levels to support
supplemental livelihood options for fishing communities.

INTRODUCTION
Seaweeds have been used as sources of food, fodder,
fertilizer, for production of agar, carrageenan, algin
etc. (Levering et al., 1969; Chapman, 1970; Roesijadi
et.al, 2010).Nutritional value of seaweeds is quite high
being rich in protein, carbohydrate and lipid for
commercial use or for possible human consumption,
as they are widely consumed as food in Asian
countries (Robledo and Pelegrin ,1997; Dennis,
2003).Limited information only is available on the
biosynthesis pathways of seaweed polysaccharides
but they are known to fulfill variety of functions and
show a corresponding range of structures. Structural
studies on different seaweeds shows that proportion
of sugars vary from genus to genus as well as among
species belonging to same genus.
Plant biomass rich in sugar, starch and oil serves as

feedstock for first generation biofuel; however, their
diversion for biofuel production conflicts with their
traditional uses as food. Biomass rich in lingo-cellulosic
materials and residual biomass are regarded as
sources for second generation biofuels. Cultivation
of such lignin-rich biomass competes with arable land
required for edible crops (Yanagisawa et al., 2013).
Thus, the prospects of biofuel synthesis from algal
biomass (macro and microalgae) has opened new
vistas for third generation biofuels (Allen, 2013) in
the light of the raging food fuel debate sparked of by
uses of biofuel from these conventional feed stocks,
competing for lands being used for growing food
crops. The concept of using algae as energy feedstock
dates back to the late 1950s (Chen et al., 2009). There
are several reports documenting the potential of algal
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biomass to generate biofuels (Vunjak-Novakovic et
al., 2005; de Morais and Costa, 2007; Ratledge and
Cohen, 2008).Algal biomass, especially from
seaweeds, serving as excellent renewable feedstock
for biofuel production, while being free of food-fuel
debate, have many advantages over the land based
cellulosic and lignin biomass.
Seaweeds consist of polysaccharide with only
negligible lignin content (0.03g/kg DW) (Allen, 2013).
Conversion of carbohydrate contained in seaweeds
into ethanol is free of delignification process
(Yanagisawa et al., 2013). Biochemical composition
of seaweeds is an important factor for screening out
the potential biomass feedstock for bioethanol
production. Macro algae or seaweeds have the
advantage of yielding high biomass with high starch/
cellulose content, desirable prerequisites for
fermentation by appropriate microorganisms for
bioethanol production (Rodjaroen et al.,2007; Jung et
al., 2013).
Green algae have polysaccharides in the form of
starch (i.e., a-1,4-glucan) and lipids but their
proportions are small (1–4% for starch; and 0–6%
for lipids) (Bruton et al., 2009). Ulva and
Enteromorpha sp. have water-soluble ulvan and
insoluble cellulose (38–52% dry wt.) in their cell walls
(Lahaye and Robic, 2007). Red algae are different
from green and brown algae in the synthesis and
metabolism machinery of carbohydrates. The unique
carbohydrates from red algae are floridean starch
and floridoside, similar to general starch, but absent
in green and brown algae (Sze, 1993; Yu et al., 2002).
Floridean starch is an a-1,4-glucosidic linked glucose
homopolymer and accounts for up to 80% of the cell
volume in red algae (Yu et al., 2002). The major
polysaccharide constituents of red algae are galactans
such as carrageenan (up to 75% dry wt.) and agar
(up to 52%), which are the most commercially
important polysaccharides from them (Lobban and
Wynne, 1981; McHugh, 2003). A major
polysaccharide from brown algae, alginic acid (i.e.,
alginate), accounts for up to 40% dry wt., being the
principal material of the cell wall (Draget et al., 2005).
Laminarin, a unique polysaccharide of brown algae,
constituting up to 35% dry wt. is characterized by b1, 3-glucans (Mautner, 1954 Adams et al., 2011). Their
laminarin contents vary depending on seasons and
water depth, which affect nutrient conditions for
growth of macro algae (Adams et al., 2011, Mautner,
1954, Jung et al., 2013). The objective of this paper is
to provide biochemical composition of seaweed
resources occurring along Uttara Kannada coast,
especially of estuarine seaweeds, and on their
unrealized potential as a feedstock for bioethanol
production.
MATERIAL AND METHODS
Seaweed sampling: Potential macroalgal or
seaweed samples were collected from west coast,

Uttara Kannada district. Of the eight species,
considered 3 species Ulva lactuca, Chaetomorpha
media and Enteromorpha intestinalis are from
Chlorophyta, 3 species Gracillaria corticata,
Grateloupia lithophila and Gelidium pusillum from
Rhodophyta, 2 species Padina tetrastromatica and
Sargassum ilcifolium from Phaeophyta. Further, the
study focused on seaweeds from the estuary at the
confluence of the Aghanashini River with the Arabian
Sea a location practically unstudied with respect to
seaweeds and their biochemical characterization. The
focus was mainly on green macroalgae Ulva lactuca
and Enteromorpha intestinalis. Seaweeds were
handpicked randomly along the 10-50m stretch of the
rocky shore, closer to the river mouth, during low
tide. Samples were cleaned of all epiphytes by rinsing
in the seawater and drying in shade for 3-4 days.
Thereafter the dried seaweeds were heated to 5060oC for 15-20 min, ground using mortar and pestle,
and sieved to get powder of< 0.1mm, stored in air
tight covers for further analysis.
Biochemical analysis: Soluble (potentially available)
carbohydrate were extracted using phenol-sulphuric
acid method (Dubois et al. 1956). Protein content
was estimated by biuret method (Raymont et al.
,1964). Total lipid content of the sample was
determined gravimetrically using chloroformmethanol mixture (Folch et al. 1956).
RESULTS AND DISCUSSION
Composition of seaweeds and their potential
uses:
Eight species of seaweeds namely Ulva lactuca,
Chaetomorpha media and Enteromorpha
intestinalis (from Chlorophyta), Gracillaria
corticata, Grateloupia lithophila and Gelidium
pusillum (from Rhodophyta), and Padina
tetrastromatica and Sargassum ilcifolium (from
Phaeophyceae family) were collected from Uttara
Kannada coast, for biochemical composition analyses.
U. lactuca was the only species found during all
seasons (monsoon, post-monsoon and pre-monsoon)
in detectable amounts, whereas species like S.
ilcifolium were collected duringtheir peak growth
period in post monsoon. Collection of G. pusillum, a
tuft forming macroalgae, during their growth season
(monsoon) was a difficult a task; therefore, it was
collected during their peak period in pre monsoon. C.
media, E. intestinalis, and G. lithophila occur in all
seasons, but inaccessibility to the site restricted their
collection only during peak growth season. Due to
prolonged emersion period, these species undergo
stress and dry out during pre-monsoon season.
G.corticata and P.tetrastromaticawere collected
during post monsoon, also being their peak growth
season (Ramachandra and Deepthi, 2016).
Protein content of seaweeds varied from 5.52%21.20%, maximum recorded being E.intestinalis
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(21.20±0.01%) followed by C. media (19.47±0.19%),
U.lactuca (17.77±0.02%), G. corticata
(14.71±0.02%), S. ilcifolium (12.67±0.01%), P.
tetrastromatica (10.29±0.02%) and minimum in G.
pusillum (7.22±0.02%) and G.lithophila
(5.52±0.01%). (Fig.1) In fact, brown seaweed protein
fraction is low (3-15% DW) as compared to green
or red seaweeds (10-47% DW) (Fleurence, 1999).
In India, green and red seaweeds with respect to their
higher protein content would serve as a potential
source of food proteins for human and animal nutrition
and find a place in aquaculture as fish feeds. Red
seaweeds are also used as food additives especially
as food dyes (Fleurence, 1999).

Fig.2. Carbohydrate concentration of seaweeds
Lipid content ranged from 0.55% -6.03%, maximum
lipid recorded in U. lactuca (6.03±2.87%), G.
pusillum (3.71±1.42%), E. intestinalis (2.77±0.08%),
P. tetrastromatica(2.79±2.33%) and G. lithophila
(2.41±1.26%) minimum lipid content recorded in S.
ilcifolium (1.86±0.01%), C. media (0.57±0.01%), G.
corticata (0.55±0.16%). (Fig.3)

Fig. Protein concentration of seaweeds
Total Carbohydrate composition ranged from 11.78
% to 37.05%, maximum carbohydrate content was
observed in E. intestinalis (37.05±0.08%) followed
by G. pusillum (31.61±0.15%),G. corticata
(29.56±0.29%), G. lithophila (24.26±0.46%), and U.
lactuca (21.58±0.07%). The minimum carbohydrate
concentration was observed in C. media
(13.08±0.11%), S. ilcifolium (13.95±0.05%) and P.
tetrastromatica (11.78±0.02%). Dhargalkar et al.
(1980) from the Maharashtra coast and Shoba et al.,
(2001) from Kovalam coast reported similar results
with maximum value of carbohydrate content in
Rhodophyta members than in Chlorophyta and
Phaeophyta. (Fig.2). Contrastingly in our study,
maximum carbohydrate content was observed in
Chlorophyta followed by Rhodophyta. The high
content of carbohydrate in red algae might be due to
higher phycocolloids content in their cell walls (Yu,
2002, Dhargalkar et al., 1980), as the carbohydrate
reserves of red algae are usually stored in the form
of small grains that lie in the cytoplasm outside the
chromatophores (Smith, 1938; Pereira and Neto,
2014).Seaweed polysaccharides are not digested by
human intestinal enzymes, therefore regarded as a
source of dietary fibre and food ingredients.
Occurrence of diseases (diabetes, obesity, heart
diseases, cancers etc,) associated with low fibre diets
can be decreased with intake of seaweed dietary fibre
(Wong & Cheung, 2000).

Fig.3. Lipid concentration of seaweeds
There is considerable change in biochemical
composition seasonally; the seaweeds are usually high
in protein, alginic acid and low in carbohydrate during
pre-monsoon. Whereas, during the monsoon as
photosynthesis increases, so does the sugar content
(e.g. mannitol) and there is a corresponding decrease
in proteins and alginic acid (Marinho-Soriano et al.,
2006).Rosemberg and Ramus (1982) related
reduction in protein contents to the carbohydrate
synthesis to periods of maximum growth and
increased photosynthetic activity. The synthesis of
carbohydrate is also favored by light intensity,
temperature and decrease of nitrogen, while for the
proteins these parameters act inversely (Rosemberg
and Ramus, 1982; Rotem et al., 1986). Thus, the
active period of carbohydrate synthesis is
characterized by decrease in protein concentration
in seaweed and vice-versa (Marinho-Soriano et al.,
2006). Environmental factors such as water
temperature, salinity, light, and nutrients differing with
seasonal periods influences the synthesis of nutrients
in seaweeds (Lobban et al., 1985; Dawes, 1998;
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(Ramachandra and Deepthi, 2016; Benjama and
Masniyom, 2012)
Seaweeds are predominantly used worldwide as
sources of phycocolloids, thickening and gelling agents
for various industrial applications including food items
(Yaich et al.,2011)Seaweeds are consumed plentifully
in the Far east and Asia Pacific (Wong and Cheung,
2000). According to Chapman & Chapman (1980)
daily requirement of vitamin A, B2 and B12 and two
thirds of vitamin C are provided in 100g of seaweeds
(Ortiz et al., 2006).
Seaweed biomass as source of biofuel
Ideal characteristics of the energy crops are high yield
(maximum production of dry matter per hectare), low
energy input to produce, low cost, composition with
least contaminants and low nutrient requirement.
Seaweeds satisfies these characteristics as they have
the ability to grow at a fast rate and yield huge
amounts of biomass. The high yields are due to their
requirement of less energy for the production of
supporting tissue than land plants, and they have the
capability to take up nutrients over their entire surface
(Wei et al., 2013, Milledge et al., 2014, Ramachandra
and Deepthi, 2016).
Polysaccharides present in green seaweeds are
cellulose and starch; red seaweeds havecellulose and
floridean starch and brown seaweeds are cellulose
and laminarin. These polysaccharides are excellent
potential sources for chemical and biofuel production.
Hydrolysis is an essential step in conversion of biomass
for biofuel production (Kim et al., 2014). Hydrolysis
of these polysaccharide produces glucose which is
the primary feedstock for bioethanol production (Wei
et al., 2013; Yanagisawa et al., 2013). Not all the
polysaccharides are easily hydrolysable and yield
glucose as the product, therefore careful consideration
needs to be done in selecting seaweeds for Bioethanol
production. Wi et al., 2009 observed that the amount
of bioenergy produced by the biomass of red seaweed
is greater than any other source of biomass. Many
studies regard red algae such as Gelidium amansii,
Kappaphycus alvarezii, Gracilaria verrucosa,
Gracilaria edulis composed of cellulose, glucan and
galactan, as potentials feedstock for bioconversion
to ethanol (Table 1) (Wi et al., 2009; Kim et al.,
2010;Ramachandra and Deepthi, 2016; Yoon et al.,
2010).
Although red seaweeds are popular candidates for
bioethanol production, in our study area, Ulva lactuca
and Enteromorpha intestinalis are found in
extractable amount and we advocate more scientific
attention towards promoting research on these
seaweeds, which have also good presence in
estuarine areas. Both these from estuarine region can
be exploited as raw material for food and energy
production. Uses of Ulva sp. and Enteromorpha
sp.as food sources is already known, and to some
extent also their utilization for bioenergy production.

Table 1. Yield and concentration of sugar and ethanol
produced by hydrolysis of macroalgae

Ulva species is popularly referred to as “sea lettuce”.
Suganya et al., (2013) claim Enteromorpha sp. as
valuable renewable raw-material for biofuel
production. Kim et al (2014) obtained 20.1g/L of total
reducing sugar (feedstock for bioethanol production)
elucidating further studies on the use of E. intestinalis
for bioenergy production. Reducing sugar of 0.45 g/g
was recorded from Ulva sp. revealing it to be a
potential feedstock for bioethanol production (Trivedi
et al., 2013).Bruhn et al., (2011) based on land based
experimental cultivation experiments reported
production of 45 t DW ha -1 y-1 of U. lactuca, which
is2-20 times the production potential of conventional
terrestrial energy crops such as wheat straw, willow,
miscanthus or maize also 3 times the production of
brown algae in temperate waters (Trivedi et al., 2013).
Therefore, these two seaweeds are chosen as
potential feedstock for Bioethanol production as well
as raw material for food industry. The vast estuarine
flood plain expanse can gainfully be utilized for
production of seaweed biomass. In India, cultivation
of these economically important seaweed species in
large scale, using the underused estuarine waters will
be appropriate eco-friendly, low input venture
especially for extracting biofuel, while lesser amounts
can be used for food industry and their higher presence
in the estuary can strengthen food webs in the
estuarine areas. Their utilization as potential sources
of biofuel will be helpful in mitigating global warming,
unlike the fossil fuels, while also sparing cultivable
land resources for agriculture and forestry, crucial
for food security and biodiversity of the country.
Seaweed farming can actively involve women who
are seldom engaged in fishing activities, generating
more self-employment opportunities.
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ABSTRACT
Indian Rivers are some of the last global frontiers of rich freshwater diversity,
endangered and threatened species. Among these Kerala holds a major position
being rich with 44 rivers. Unfortunately, the water sources are under extinction
by the detrimental action of human either through agricultural practices or
industrialization. The present study focuses the Diversity of planktons in
Tirur Ponnani river, Malappuram, Kerala, which is 48km (30mi) in length at
latitude 10æ%885’and longitude 75æ%919'. The river originates from Athavanad
in Tirur taluk and flows South West to Thirunnavaya and North West to
Elamkulam, where it turns to South West and joins with Bharathapuzha near
the coastal town Ponnani, Malappuram. The diversity of plankton was
observed from October 2015 to July 2016 on a weekly basis along with the
physico chemical parameters like temperature, pH, salinity, DO and hardness.
Phytoplanktons identified in the river are mainly composed of the members of
Chlorophyceae, Cyanophyceaea, Bacillariophyceae, Desmidiaceae and
Euglenophyceae while zooplanktons noticed were of Calannus sp., Cyclops
sp., Diaptomus sp., Moina sp., Nauplius, Ostracod and Brachionus sp. and
some unidentified copepods. Among them, Chlorophyceae was dominating
with 25 species. Analysis of the data in relation to different seasons showed
that the highest number of planktons were occurred in pre-monsoon than in
monsoon and post monsoon. The diversity of plankton and their diversity
indices along with water quality status of the river systems was discussed
and reveals that phytoplankton are more abundant than zooplankton.

INTRODUCTION
The biological engines of the planet are Rivers,
watersheds and aquatic ecosystems. Regrettably,
large dams, pollution, encroachment, sand mining,
deforestation and bad management practices are
major extortions to riverine biodiversity and river
dependent communities. Since, these factors are
responsible for all aspects of rivers like ecological,
social, cultural, religious, aesthetic, tourism-related and
economic, the challenging issue is to improve the
current knowledge of its biodiversity so that it would
aid in sustainable management of the ecosystem
through suitable conservation measures.
The best indicator of healthy aquatic ecosystem is
the biological density of that ecosystem. The aquatic
contaminants such as fertilizers and detergents along
with urbanization, industrialization and increased
agricultural practices have significantly contributed
to the toxicity of aquatic ecosystem. It is therefore,
necessary to control the trophic level of aquatic
habitat either by biological or chemical method. Many

researchers have made attempts to study the trophic
status based on plankton diversity. Planktons, is the
assemblage of free floating microorganisms which
wander at the mercy of wind or currents.
Phytoplankton is used as a bio indicators of water
quality since they respond quickly to toxins and
chemicals in aquatic system and also serves as a food
for development and growth of zooplankton.
Planktons are an important biological phenomenon in
nature, as entire array of life depends on it and being
an integral component of aquatic ecosystem. It is also
responsible for primary productivity of water body.
The physico chemical parameters like DO,
temperature and pH of water body are also directly
correlated with its productivity. According to recent
studies, the most suitable season for the growth of
phytoplankton in freshwater rivers is pre monsoon
for the reason that long duration of sunshine period,
increased salinity and pH. On the contrary, heavy
rainfall, high turbidity, reduced salinity, temperature,
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pH and low nutrient concentration along with
consumption of phytoplankton by zooplankton and
fishes etc. reduced the production of phytoplankton
in post monsoon season. During monsoon, wave
action of currents and influx of rain water acts as
limiting factors for phytoplankton population. Vast
seasonal rainfall and heavy discharge of water during
monsoons results in high flushing rate of phytoplankton
in most of the water bodies in the tropical countries
like India. Consequently, the evenness and
productiveness of biotic component is variable. In the
trophic structure and events in the reservoir
ecosystem Plankton constitutes major link by virtue
of drifting habit and short turnover period. A rich
plankton community is the hallmark of Indian rivers
that can be attributed to abiotic factors and nutrient
load variability.
Among the Indian states, Kerala was luxuriant with
44 rivers and other aquatic bodies and Tirur
Ponnani river has a pivotal role being an important
water resource and livelihood for people in Malabar
region. Taking account of literature and carried work,
we have decided to assess planktonic diversity from
this river in terms of taxonomic richness and density
which would help in understanding diversity indices
of biological community. The present investigation was
conducted to analyze plankton diversity mass from
Tirur Ponnani river for a period of 10 months, which
shows level of contamination in the aquatic body under
study. This is of the first published from this area.
MATERIALS AND METHODS
Study area and geographical location
The present study was carried out in the freshwater
body, Tirur Ponnani river, Malappuram, Kerala, which
is 48km (30mi) in length at latitude 10æ%885’and
longitude 75æ%919'. The river originates from
Athavanad in Tirur taluk and flows South west to
Thirunnavaya and North west to Elamkulam, where
it turns to Southwest and joins with Bharathapuzha
near the coastal town Ponnani, Malappuram. The
river is navigable and forms part of west coast water
transport system. This river is noted for mangroves
and is home to many varieties of birds.
Field sampling and analysis
Samples were collected and assessed in each week
from October 2015 to July 2016 from the sampling
station. Collection of plankton was made by filtering
50 L of water sample through bolting silk net No.25
(64 ¼). Water samples were collected in Amber –
colored bottle to prevent discoloration of algae.
Samples were preserved in Lugol’s iodine solution
(1v/100v) and 70% alcohol which maintain the fragile
structure of animals and also helpful for settling the
sample. Sedge Wick – Rafter counting cell at 40x
magnifications was used for quantitative analysis of
phytoplankton and zooplankton (Sedgwick, 1988).

Routine analyses of physicochemical parameters
were carried out. Three indices were used to obtain
estimation of species diversity, richness and species
evenness.
Measurement of diversity
The most widely used index for estimating the species
diversity is Shannon - Weaver index (Shannon and
Weaver, 1949) given by formula, Shannon Index (H)=
- (Pi * ln Pi).In the Shannon index, p is the proportion
(n/N) of individuals of one particular species found
(n) divided by the total number of individuals found
(N), ln is the natural log, £ is the sum of the
calculations, and s is the number of species. Here, a
high value of H would be a representative of a diverse
and equally distributed community and lower values
represent less diverse community. A value of 0 would
represent a community with just one species.
Measurement of evenness
Shannon’s equitability (EH) measures the evenness
of a community and can be easily calculated by diving
the value of H with H_max, which equals to ln S
(S=number of species encountered). Its value ranges
between 0 and 1, with being complete evenness.
EH=H/H_max=H/lnS
Measurement of species richness
Margalef’s index was used as a simple measure of
species richness (Margalef, 1958). Margalef’s index
= (S – 1) / In N ,S = total number of species N = total
number of individuals in the sample In = natural
logarithm
RESULTS
Phytoplankton analysis
Phytoplankton of freshwater habitat as green algae,
blue green algae, diatoms, desmids etc. are important
among aquatic flora. They are ecologically significant
as they form the primary link in food chain for all
aquatic animals (Misra et al., 2001). Five groups of
phytoplankton population as Chlorophyceae,
Cyanophyceae, Bacillariophyceae, Desmidiaceae,
and Euglenophyceae were recognized from the
present study. Relatively, with 25 sps. Chlorophyceae
was dominating in the category which was followed
by Cyanophyceae with 10 sps. While the family
Bacillariophyceae included nine species,
Desmidiaceae showed seven diversified species in
the selected area. The indication from
Euglenophyceae was only three species. The selected
river’s phytoplankton diversity in each Family was
as follows:
i) Chlorophyceae:
The family Chlorophyceae was represented by 25
species: Ankistrodesmus falcatus, Arthrodesmus
convergens, Chlorella sp., Cladophora sp.,
Closterium sp., Cylindrocapsales oedogoniodes,
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Cylindrocapsa involuta, Desmidium sp., Euastrum
sp., Microspora sp., Micrastrias mahabules sp,
Netrium digitus, Oedogonium sp., Pediastrum sp.,
Rhizocolonium sp., Scenedesmus sp., Sorastrum
spinulosum, Spirogyra sp., Stigeoclonium
lubricum, Pandorina cylindricum, Tetraspora
lacustris, Ulotrix zonato, Uronema elongate,
Volvox aureas, Xanthidium sp. Among them the
Chlorella sp., Microspora sp., and Spirogyra sp.
were present throughout the study period, with
Spirogyra being higher in number. The second
dominant representative of these genera were
Xanthidium sp., Odegonium sp., Euastrum sp.,
Rhizocolonium sp., and Closterium sp. Of these
Xanthedium sp., was absent in early months of post
monsoon season. Comparatively, all these candidates’
species were higher in pre monsoon with an
exception by Odegonium sp. which increased in Post
monsoon season. Least number was represented by
Ankistrodesmus
falcatus,
Arthrodesmus
convergens, Cylindrocapsales oedogoniodes,
Cylindrocapsa involute, Micrastrias mahabules,
Netrium digitus, Pediastrum sp., Sorastrum
spinulosum, Stigeoclonium lubricum, Tetraspora
lacustris and Ulotrix zonato.
ii) Cyanophyceae
The family Cyanophyceae includes Aphanocapsa sp.,
Chroococcus sp., Gleocapsa sp., Lyngbya sp.,
Microcystis sp., Nostoc sp., Oscillatoria sp.,
Phormidium sp., Schizorthrix locustris, Spirulina
sp. Of these Microcystis sp., and oscillatoria sp.
were present throughout the study period and
markedly show an increase in pre monsoon season.
Lynbya sp., Nostoc sp., and Spirulina sp. were the
second dominant components in the group, which
were absent in post monsoon season. But
Phormidium sp. and Schizorthrix locustris were
absent in pre monsoon and monsoon season.
iii) Bacillariophyceae
The family Bacillariophyceae was represented by 9
genera and was found to be maximum in pre monsoon
season and minimum in monsoon period. They
comprise Fragilaria sp., Gomphonema intricatum,
Gyrosigma attenuatum, Melosira sp., Melosira
granulate, Navicula sp., Nitzschia sp., Synedra sp.,
and Surirella elagans. Melosira sp. was the only
organism which was present throughout the study
period. It was followed by Synedra sp. and
Fragilaria sp. Melosira granulate and Gyrosigma
attenuatum were completely absent in post monsoon
and monsoon season. On the contrary in pre monsoon
season, they were quite high in number. Nitzschia
sp. shown lack of presence during monsoon but were
higher in pre monsoon.
iv) Desmidiaceae
The family Desmidiaceae was represented by 7

genera consisting of Closterium sp., Cosmarium sp.,
Euastrum sp., Micrasterias sp., Penium cylindrus,
Sphaerozosma sp., Staurastrum sp. Closterium sp.
were absent in last months of post monsoon and
gradually shown an increase during the early months
of pre monsoon.Though, Cosmarium sp. was
dominant among them, it was absent in October,
November and May. Being the second dominant
component Micrasterias sp. was observed in all
months except in February. Sphaerozosma sp.,
Staurastrum sp. were entirely lacking in pre monsoon
and monsoon period. Despite of the presence in post
monsoon and monsoon, Euastrum was fully missing
in pre monsoon.
v) Euglenophyceae
This family showed least dominancy with 3 species.
Euglena acus, Trachelomonas granulos and
Phacus pleuronects. While Euglena acus was
present during post monsoon, Trachelomonas
granulosa was only present during early month of
pre monsoon, i.e, February where as Phacus
pleuronects was present only during pre monsoon
season. The members were least in number on
comparison with other families.
Phytoplanktonic population in the working area
showed order of dominancy among the species with
regards to number as follows: Chlorophyceae >
Cyanophyceae > Bacillariophyceae > Desmidiaceae
> Euglenophyceae. Season wise comparison of
phytoplanktons of the river given in figure 1.
Zooplankton analysis
The major group of zooplankton observed during study
period was Rotifer, Copepoda, Moina and Ostracod.
Quantified data related to species diversity showed
four species of Copepoda and one species of Rotifera
along with one species of Ostracoda and Moina. It
also comprised Nauplius, which were observed
throughout study period with denser in post monsoon
season.
i) Copepoda: Copepods constitute planktonic group
of both freshwater and marine habitats. In the present
work, we found four groups viz. Calanus, Cyclops,
and Diaptomus. The highest number was shown by
Calanus sp. followed by Diaptomus sp. with a
prevalence in pre monsoon season. Cyclops sp. was
observed high during Monsoon and some unidentified
copepods were also observed during the study period.
ii) Rotifera: Rotifers, these are tiny wheel animals,
considered as natural water purifiers because they
perform clean up service in the slow moving aquatic
bodies. In the study, this genus includes Brachionus
sp. which was not observed during November and
March. It shown high density in pre monsoon followed
by monsoon and post monsoon season. It was highest
in number among zooplanktons.
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iii) Moina: Moina sp. was not observed during early
months of post monsoon (October &November).
Despite, it was dominant in post monsoon while
comparing with other seasons.
iv) Ostracod: It was denser in pre monsoon season
as compared with post monsoon. They were
completely absent in monsoon. The plankton diversity
of river was given in table 3.
Shannon - Weaver index is employed to assess the
planktonic species diversity of this river. During the
study, Shannon – Weaver index of diversity is found
a little low in post monsoon season, being a least in
October. However, Species diversity is found a little
higher in January compared to other post monsoon
months. In pre monsoon and monsoon season very
nearly same species diversity with almost similar
Shannon- Diversity index with an exception in
February with least value. While comparing the
evenness, November and December showed
comparatively more evenness in post monsoon season
whereas in January the species was not evenly
distributed. However, in monsoon and post monsoon
season the evenness was nearly same except in
March, which showed a more evenly distribution.
Margalef’s index was used to compare the richness
and observed that all months in post monsoon were
less rich in species diversity. On the contrary, January
has more species richness among all months’ despite
of its less evenly distribution of species. Although all
months of pre monsoon and monsoon season showed
uniform richness, February has less species richness.
The values of biodiversity indices were represented
in table2.

Physico chemical parameters of Tirur Ponnani
river
In the present study physico chemical parameters
during the study were given in table 1. Fluctuations in
temperature from 23°c to 27°c was observed. The
maximum temperature was noted during May(27°c)
and lowest during January(23°c). The pH of the
water body was acidic in nature that is 6-6.5. The
highest pH (6.5) was recorded during April and lowest
during December and June (6). The salinity of the
water sample showed fluctuation during the period
of study. The salinity ranges from 0-0.51. It has been
found to be maximum during March (0.5) and lowest
during December and June (0). The DO content in
the water sample ranges from 2.8-5.5 mg/l. Maximum
value of DO was found in the month of November
(5.5mg/l) and minimum (2.8mg/l) during March and
May. Hardness of the water sample shows fluctuation
from 0.03-0.4.the highest value was obtained during
January and February (0.4-each) and lowest (0.03)
during December.
As per their nutrient status,
age, morphometry and other physicochemical factors,
plankton study showed seasonal variation in all
sampling sites. The statistical data in the present study
showed that planktonic population was maximum in
pre monsoon and monsoon season as compared to
post monsoon season. Percent composition of
phytoplankton throughout the study period showed
Chlorophyceae 46.29%, Cyanophyceae 18.51%,
Bacillariophyceae 16.665%, Desmidiaceae 12.96%
and Euglenophyceae 5.55%. The study on plankton
diversity showed some genera which act as bio
indicators of organic pollution hence it can be said
that the water body is slightly organically polluted.

Table 1: Physico chemical parameters of the river

Table 2: Diversity indices of the species from the river
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Table 3. Enumeration of Phytoplankton occurring in Tirur Ponnani river during the study period.
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DISCUSSION
In the present study, 54 species of phytoplankton and
8 genera of zooplankton were noted. The recorded
phytoplankton belong to the following five families,
Chlorophyceae, Cyanophyceaea, Bacillariophyceae,
Desmidiaceae and Euglenophyceae. The zooplankton
noticed were Calannus sp., Cyclops sp., Diaptomus
sp., Moina sp., Nauplius, Ostracod and Brachionus
sp. Among phytoplankton, Chlorophyceae was the
dominant family with prevalence by Chlorella and
Spirogyra. The species Chlorella was more in pre
monsoon season while Spirogyra in post monsoon.
Calanus sp. was dominant in summer season and
Cyclops was the least represented zooplankton in
river. This study shows that the water body shows
good phytoplankton productivity. Reduction in number
of zooplankton may be due to dumping of waste and
grazing of higher organisms in the river.
Phytoplankton ecology play an important role for
indicating the eutrophication. This river provides an
assessment of cultural eutrophication which controls
light and temperature on phytoplankton. This water
is getting polluted mainly by the domestic waste and
plastic bottles dumped in certain stations of river.
Hence the river has to conserved and protected from
further pollution. The occurrence of pollution indicator
group such as Euglenophyceae and Cyanophyceae
points towards the possibility of eutrophication. There
is immediate need for the continuous monitoring of
water quality as far as the conservations of habitat is
concerned. Distribution patterns of phytoplankton
were strongly correlated with environmental factors
and has great importance in assessment of pollution
status (Lepisto et al.,2004., Buric et al.,2007). In the
present study, we found that, species from family
Chlorophyceae was dominating to others with 25
species. Chlorophyceae had algal diversity and it is
one of the important indicator of water quality (Jena
et al., 2008). Bhivgade et al. (2010), observed
Chlorophyceae as a dominant species than other
zooplanktons in Nagzari tank, Beed. Some of the
genera such as Oscillate, Chrococcus, Cyclotella,
Scenedesmus, Navicula etc were bioindicators of
pollution. According to Venkateswaralu (2006),
presence of Chlorella vulgaris indicated
contamination of aquatic bodies. In the diversity,
Chlorella under Chlorophyceae was found to be
dominant species in the assessment indicating that
water quality of selected aquatic body is slightly
polluted by mixing of organic material. Some of the
species like Euglena and Phacus were found in
highly polluted aquatic bodies. Hence the present
study gives the season wise distribution of diversity
among the phytoplankton and zooplankton from the
given study area which can be useful as a data to
identify one of the biological aspect of the same.
Zooplanktons serve as important aquatic organisms,
occurred abundantly in all types of aquatic habitats
and has vital role in energy transfer of aquatic

ecosystems (Altaff, 2004) and constitutes important
food item of many omnivorous and carnivorous fish
(Shrifun, 2007). In the present study, only one species
of Rotifer was recorded, Padmarabha et al. (2007)
reported diversity indices of Rotifers for the
assessment of pollution in Kukkarahalli and Karanji
lakes in Mysore Karnataka State. Genus Brachionus
indicate eutrophic aquatic body (Sladecek, 1983) and
hence its abundant presence is considered as
biological indicator for eutrophication (Nogueira,
2001). Depth of water, transparency, pH and
predators determine the distribution and abundance
of Copepods (Confer et al., 1983; Patalas, 1971).
Raghunathan (1983) reported that Copepods were
found in ponds, lakes, rivers and reservoirs. In our
study, Calanus sp., Cyclops sp., Diaptomus sp., along
with some unidentified copepods. Similarly, four
species of Copepods were observed by Suresh et al.
(2009) from Tungabhadra River.
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ABSTRACT
A study on the bryozoan distribution in three intertidal sites
(Burmanallah, Kodiyaghat and Chidiytapu) from the south-eastern coast
of the Andaman Island was carried out during a period between June and
September 2016. This work is focused on the distribution of epibiotic
bryozoans on molluscs (gastropods and bivalves) in the intertidal zone.
The main objectives of this study are to establish a list of marine epibiont
bryozoans; to understand the structure and distribution of bryozoan
community, and to investigate about the possible relationships that can
be established between bryozoans and some molluscs. The present study
identified 12 species belonging to the order Cheilostomata which bifurcate
under suborder Anasca and Ascophora. The Thalamoporella sp. reported
as the most abundant and lengthiest among the Bryozoan colonies. The
present study is the first investigation on the intertidal bryozoa in
Andaman Islands. Our encounter clearly reveals an interesting epizoism of
bryozoans over the molluscs. Within the Phylum Mollusca, bryozoans
were showing habitat preference towards the bivalves than the
gastropods. Among the bivalves, Tridacna host maximum number of
species with crowded colonies. Among the three different intertidal zones,
Burmanalla which is featured by rocky environment possess most
diversified bryozoan colonies.

INTRODUCTION
Bryozoans (moss animals, sea mats or and lace corals)
are minute aquatic organisms which are grouped under
phylum Ectoprocta (Bock & Gordon 2013) and found
in all of the world’s oceans. They form colonies made
up of box-like or tubular modules called zooids. These
have various forms, but the fundamental unit, a
feeding zooid (autozooid), comprises a body wall
enclosing a polypide (lophophore and digestive tract)
(Hayward et al. 1992). Bryozoan colonies are mostly
encrusting on rocks, shells, seaweeds and seagrasses.
But they can also be bushy (resembling hydroids or
turfing algae) or large and foliaceous like some corals.
Systematic study of bryozoa is mainly based on the
highly calcified zooecia (Hayward et al. 1992). Being
filter feeder, bryozoans control planktonic population
and help in marine ecological balance. Fouling
behaviour of bryozoans on pilings, pipes and boats
causes serious economic challenge in the maritime
and industrial field. Collections of bryozoans from

intertidal zones contain intertidally restricted species
and those which extend into adjacent subtidal areas.
In aquatic ecosystems, the distribution of some
colonial species is extremely dependant on the
existence of specific substrata on which they settle.
In fact, the presence of biogenic substrata in benthic
systems can contribute to local species diversity,
increasing the range of micro - habitats and resources
that can be used by the organisms, through additional
habitat heterogeneity and structural complexity
(Sebens, 1991; Thompson et al., 1996). Among the
sessile macro-invertebrates, bryozoans constitute an
evident example of the species which depend on
substrata availability and shows its epibiotism. The
distribution and diversity of bryozoans are related to
the physical nature of the substratum (Gautier, 1962).
These organisms constituted an ideal model to
investigate influences of substratum on assemblages
as they occur on almost all aquatic substrata
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(McKinney & Jackson, 1991; Key et al., 1996).
This ecological and economic significance of
bryozoans led to an extensive study on it throughout
the world. Knowledge of bryozoan faunas is still
remarkably poor for some parts of the world.
Circumscribed bryozoans include 3 classes, four
orders, 187 families, 808 genera and about 6000
species (Bock & Gordon 2013)). A total of 257 marine
species have been identified from Indian EEZ so far.
Andaman and Nicobar covers 30% of Indian EEZ
with rich repositories of biodiversity and endemicity.
But the records from Andaman and Nicobar is below
18%, due to the lack of research probably because
of its isolation (Thornely 1905, 1907, 1916, Robertson
1921). Till now no comprehensive attempt has been
made to work out taxonomical and ecological aspects
of intertidal bryozoans from this typical tropical marine
habitat of Indian EEZ. The present study targets to
fill this scantiness of information on bryozoans from
the costal water of Andaman Island.
METHODOLOGY
Three littoral sites-Burmanallah (11°33’569 N &
92°43’781 E), Kodiyaghat (11°31’473 N & 92°43’546
E ) and Chidiytapu (11°40’861 N& 92°43’546 E)
on the southeastern coasts of the Andaman Island
were investigated between June and August 2016 (Fig
1). Sampling and in situ observations were made by
snorkling and hand picking boulders, smaller rocks,
shells, and artificial materials close to the edge of the
sea at low tide, were over turned and examined. Study
was carried out an hour before low tide and continuing

for up to 1.5 hours after low tide. Specimens thus
obtained were air-dried at the stationand wrapped
with paper for transport. The lengths of the colonies
were measured using a common geometrical scale.
In the laboratory, colonies on stones and rock
fragments were removed by careful scrapping with
surgical blades and treated with house hold-bleach
(NaOCl) to remove the soft tissue of the bryozoa
and other algal attachment. Then rinsed it in water,
and air-dried. Some colonies became fragmented on
removal of the specimens from large rocks. Then
the specimens were examined by SMZ 1500
stereoscopic microscope. Bryozoan species were
identified using standard identification keys (Soule
1970, Hayward and Ryland 1992, Menon and Menon
2006,).The Molluscan shells were identified using
standard publications (Ramakrishna and Dey, A.
2010).
RESULTS
Overall twelve bryozoan species were identified that
comprised Smittipora sp, Cupuladria sp ,
Membranipora sp, , Thalamoporella sp,
Thalamoporella rozierii, Caleschara sp, ,
Antropora sp Parasmittina sp, Hippopodina sp,
Hippaliosina sp, , Schizoporella sp, and
Tremogasterina sp (Table 1). Among which
Hippaliosina sp, was reported from Burmanalla and
Kodiyaghat whereas Membranipora sp was
reported from Kodiyaghat and Chidiyatapu.
Smittipora sp, Caleschara sp, Thalamoporella
rozierii and Schizoporella sp, were observed from
Burmanalla and Chidiyatapu. Antropora sp,
Hippopodina sp and Tremogasterina sp, were
reported only from Burmanallah whereas Cupuladria
sp and Parasmittina sp were reported only from
Chidiyatapu. The Thalamoporella sp was the only
species which was reported from all the three stations.
Burmanallah contributed maximum number of species
(nine) recorded from the study area followed by
Chidiyatapu (eight) and Kodiyaghat (three) was the
least recorded area. The rocky shore environment is
comparatively rich in bryozoan distribution with 45%
of total collections, followed by sandy beach with 35%
(Fig.2). The mixed zone of rocky and sandy
environment reported only 20% of the total
collections. The length of the colonial attachment on
each substratum was also recorded using a geometric
scale (fig.3). The colony of Thalamoporella sp colony
was the lengthiest colony (3.5 cm) with wide spread
colonial growth on the rocks and giant clam shells
followed by Thalamoporella rozierii with a length
of 2 cm. Parasmittina sp and Cupuladria sp were
recorded with moderate length (1.3cm and 0.9 cm
respectively), whereas the lowest colony length was
noticed for Hippopodina sp and Hippaliosina sp
(0.5 cm). (Fig. 3).

Fig 1: Map showing the study sites
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Table 1: Occurrence of Bryozoan species in the study
site.
Genera
Class GYMNOLAEMATA ( Allman 1896)
Order CHEILOSTOMATA (Busk 1852)
Suborder ANASCA (Levinsen, 1758)
Family ONYCHOCELLIDAE (Jullien 1882)
Smittipora sp (Jullien 1882)
Family CUPULADRIIDAE (Lagaiij 1952)
Cupuladria sp (Canu and Bassler 1919)
Family MEMBRANIPORIDAE (Busk 1854)
Membranipora sp (de Blaniville 1830)
Famiy THLAMOPORELLIDAE (Levinsen 1909)
Thalamoporella sp (Hinks 1887)
Thalamoporella rozierii (Hinks 1887)
Family CALESHARIDAE ( Cook and Bock 2001)
Caleschara sp (Mac Gillvray 1880)
Family ANTROPORIDAE (Vigneaux 1914)
Antropora sp Norman 1903)
Suborder ASCOPHORA
Family MITTINIDAE (Levinsen 1909)
Parasmittina sp (Osburn 1952)
Family HIPPOPODINIDAE (Levinsen 1909)
Hippopodina sp (Levinsen1909)
Family HIPPALIOSINIDAE (Gorden &Winston 2005)
Hippaliosina sp (Canu 1918)
Family SCHIZOPORELLIDAE (Juliien 1903)
Schizoporella sp (Hinks 1887)
Family ARACHNOPDIIAE ( Harmer)
Tremogasterina sp (Canu 1911)
BR- Burmanallah KD- Kodiyaghat CD- Chidiyatapu
(*) indicates the occurrence of bryozoan

BR

KD

*

CD

*
*
*

*
*

*

*

*
*

*

bryozoans in the study sites were colonized on
molluscans at various levels (Fig.5) Among the
molluscs the Tridacna sp supported the maximum
bryozoan colonies with seven species (Fig. 5). A total
of 5 species of bryozoans were observed as epibiotic
fauna on gastropod’s shells. Four of this belong to
the suborder Anasca and one species includes under
Ascophora meanwhile the bryozoa identified on the
bivalve’s shells are 12 species i.e. seven species of
Anasca, and five species of Ascophora. (Table.2).

*
*
*
*
*

*

*
*
*

Fig: 4 Bryozoan abundance based on suborder
Table. 2: Occurance of Bryozoa as epibionts on
Molluscs
Sub Order
genera
Bivalve
Anasca Smittipora sp (Jullien 1882)
*
Cupuladria sp (Canu and Bassler 1919)
*
Membranipora sp (de Blaniville 1830)
Thalamoporella sp (Hinks 1887)
*
Caleschara sp (Mac Gillvray 1880)
*
Antropora sp (Norman 1903)
*
Thalamoporella rozierii sp (Hinks 1887)
*
Ascophora Parasmittina sp (Osburn 1952) *
Hippopodina sp (Levinsen1909)
*
Hippaliosina sp (Canu 1918)
*
Schizoporella sp (Hinks 1887)
*
Tremogasterina sp (Canu 1911)
*

Gastropod
*
*
*
*

*

(*) – indicates the occurrence of bryozoan

Fig:2 Bryozoan occurrence based on environment

Fig.3. Length of colony in various bryozoan species.
The suborder Anasca (order Cheilostomata) was by
far the largest component of the intertidal bryozoan
fauna found in this study (Fig.4). The seven species
were included under Anascan cheilostomes and the
remaining five belongs to Ascophoran Cheilostomes.
The substrate preference of bryozoans showed that

Fig:5 Bryozoan abundance based on molluscan
species
DISCUSSION
Burmanallah was reported as the most diversified sites
among the three stations for the marine bryozoan
species in our survey. Being coral reef zone
Chidiyatapu cover many coral reef associated
bryozoa. Twelve species were identified from three
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sites out of which four species have been reported
during the previous studies and the remaining eight
species are new to this island. (Shrinivasu et.al 2015).
All species noticed in the present study were of
encrusting forms and no erect forms, were found.
Bryozoans was one of the six groups of invertebrates
documented in a catalogue of main marine fouling
organism (Ryland, 1965). Thalamoporella sp which
has been reported as one of the most biofouling
species ( Seo et al. 2009) was available in all the
three study sites. Two different species of genus
Thalamoporella were recorded in the study
particularly in Burmanalla and Chidiyatapu. Chaney
(1989) had made a study on five different species of
Thalamoporella along subtidal, continental margins
from the eastern Pacific, through the Atlantic and
Indian Oceans, to the Western Pacific. A total of thirty
species of coral associated bryozoans have recorded
from the Indian coral reef, of which five species
Tremogasterina
sp,
Parasmittina
sp,
Membranipora sp, Smittipora sp, and
Thalamoporella sp were reported in the present
study. The genera like Thalamoporella sp,
Parasmittina sp, Membranipora sp reported in the
present study has been reported from the Great
Barrier Reef (GBR) and from Indo-pacific reef
(Ryland et al. 1992). Total colony sizes of bryozoan
can range from one centimetre to over a meter across
(Rupert). In our findings the lowest colony length is
for Hippopodina sp and Hippaliosina sp (0.5 cm)
and maximum length was reported in Thalamoporella
sp with 3.5 cm.
Bryozoans are an ideal model organism to investigate
the influences of substratum on assemblages as they
occur on almost all aquatic substrata (McKinney and
Jackson 1991; Key et al. 1996). During our sampling
campaigns, we collected 32 gastropod and bivalve
molluscs of which only 9 specimens were encrusted
by bryozoans. A total of 21 colonies of bryozoans
were encountered on molluscs and 12 species were
identified. They belong to the Order Cheilostomata
within which the sub order Anasca dominates over
suborder Ascophora. Detailed investigation over the
bryozoans on disarticulated bivalve shells have so far
been analyzed from non-tropical environments only
(McKinney 2000. Ward and Thorpe (1991), studies
targeting epibiotic bryozoan of the mollusc Chlamys
opercularis in Northern Ireland, have identified 19
species of bryozoans encrusting the shell of this
bivalve.
The Andaman and Nicobar Islands supported one of
the richest coral formations in the Indo-Pacific region.
The coral reefs of Andaman and Nicobar Islands
harbours 4540 species including mammals, reptiles,
fishes, echinoderms, ectoprocts, mollusca,
crustaceans, polychaetes, sponges, sea anemones,
tunicates, flat worms, hydroids, sea weeds, sea
grasses etc. Some of the reef associated animals of

these Islands are still remains unexplored
(Venketaraman et al., 2012). Studies are saying that,
in coral reefs, bryozoans are more diverse and
abundant in cryptic habitats and on fragments of dead
corals, molluscs, and echinoids (Kobluk et al. 1988;
Meesters et al. 1991). Epibiosis, or fouling, is a
common and well-documented occurrence on sessile
hosts. It has also been documented amongst bryozoans
on motile marine animals such as crabs (Key et al.
1997), isopods (Key and Barnes 1999), sea snakes
(Key et al. 1995), pycnogonids (Wyer and King 1973),
and even on floating gastropods (Taylor and Monks
1997). Applying the nomenclature for marine
organism and hard substratum relationships proposed
by Taylor and Wilson (2002), the epibiotic bryozoans
Thalamoporella rozierii fouling the living
Placospongia sp hosts were termed sclerobionts in
general and epizoozoans in particular. Bryozoans are
a common, and often the most abundant, faunal
component of epibiota on a variety of host substrata,
and most recently Wahl (2009) reported that there
are more epizoic bryozoan species than any other
group of metazoans.
In bryozoans, substratum preferences vary amongst
species from very broad to highly specific (Ryland
1974; Barnes and Clarke 1995). In our study the
bryozoan colonizations were noticed in nine different
molluscan shells. We got 35% of the total collections
from chidiyatapu which is a mixed environment with
rocky and sandy platform. Several studies have
indicated that in soft substrata the presence of even
small-sized hard surfaces can greatly increase local
diversity, especially of suspension feeders such as
bryozoans (Dale et al. 1989; Kuklinski 2005). Among
the molluscan shells, the Tridacna shell which is having
more surface area is hosting more and large colonies.
Conover (1979) had studied that shell properties —
for example, size or species of shell — have been
found to influence epifaunal populations. This
substratum selection mechanism of the bryozoa is
significant in ecological aspect also as an organism
critical to the ecological development of fouling
communities (Woollacott 1984). Intertidal bryozoan
fauna is a very diverse one, probably consisting of
several species (Grischenko et.,al 2007). However,
Andaman bryozoan fauna is poorly understood.
Among the genera recorded in the present study,
majority have a worldwide distribution along the
shallow waters of the tropical and temperate seas.
To explore the diversity and ecological activities of
bryozoans, a detailed study is most vital.
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ABSTRACT
The family Apogonidae is a specious family with 346 species, in which
most of them marine and some thrive in brackish water. These are
commonly referred to as cardinal fishes, which seldom reaches a maximum
size of 20 cm. Sixty four species of this family, have been reported from
Indian waters. Apogon quekettiis a valid species and two taxa have been
synonymised with this viz.,Apogonichthys queketti (Gilchrist, 1903) and
Jaydia queketti (Gilchrist, 1903). The genus Apogon which contains 108
valid species (Fraser & Allen, 2010) are mostly marine, living on sandy
and muddy bottom of the continental shelf. Nearly 15 species of
Apogonidae have been reported from the Minicoy Atoll ecosystem and
41species from the Gulf of mannar ecosystem. The spot fin cardinal fish
Apogon queketti has a widespread distribution throughout the Red Sea,
Mozambique, South Africa and Persian Gulf. This paper brings forth the
first documented report of this species along central west coast of India.

INTRODUCTION
The family Apogonidae is a specious family with 346
species, in which most of them marine and some
thrive in brackish water. These are commonly referred
to as cardinal fishes, which seldom reaches a
maximum size of 20cm (Allen,1993). Sixty five
species of this family have been reported from Indian
waters. Apogon queketti (Plate-I) is a valid species
and two taxa have been synonymised with this
viz.,Apogonichthys queketti (Gilchrist, 1903) and
Jaydia queketti (Gilchrist, 1903).The genus Apogon
which contains 108 valid species (Fraser & Allen,
2010) are mostly marine, living on sandy and muddy
bottom of the continental shelf. Nearly 15 species of
Apogonidae have been reported from the Minicoy
Atoll ecosystem (Prabakaran et al., 2013). However
Apogon queketti has not so far been reported there.
MATERIALS AND METHODS
The Apogonidae diversity was assessed from various
publication available on this group in the national and
international repository and they have been compiled
in the present study(Dutt and Rao, 1980; Ranjith et.
al.2016; Govindarao et.al. 2016 a,b; Muddulakrishna
et.al.2015; Smith ,1961; Suresh &Thomas, 2006;
Hashim, et. al. 2012; Nagakrishnaveni et. al. 2014;
Joshi et. al.2016; and Venkataraman et.al. 2012). A
single specimen of Apogonqueketti was collected

from the commercial trawl operated off the coast
ofMurudeshwar at 60m depth(Plate-II). Body colour
of the fresh specimen was pinkish grey dorsally,
shading to silvery on sides and ventral, spot on first
dorsal fin and distal edge of anal fin intense black;
edge of second dorsal and caudal fin blackish. The
specimen was fixed informalin and deposited in the
Marine Biodiversity Museum of Mandapam Regional
Centre of CMFRI (Accession code: MMMC- 13021).
Meristic characters of the specimen were measured
with a digital caliper(to the nearest 0.01mm) as per
Gon and Randall(2003).
RESULTS AND DISCUSSION
Among the 38 genera of the family Apogonidae, sixty
four species from seventeen genera have been
reported from Indian waters (Fig.1 & Table.1). For,
Apogon queketti all measurements, morphological
descriptions as well as the colour were comparable
with the earlier descriptions by Gon and Randall
(2003), Eryilmaz and Dalyan (2006), Gokoglu et al.
(2011) and Filiz et al. (2012). Table.2 shows the
comparison of morphometric measurements of
Apogon queketti collected from different parts of
Red sea and Mediterranean with the present
specimen. In several measurements, however the
values obtained for the Murudeshwar specimen
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deviated from the range of measurement given by
the different authors; for example the body depth in
SL, head length in SL, and orbit diameter in HL. This
kind of difference must have arisen due to the single
measurement taken now and as experienced by Filizet
al. (2012). The Netrani Island, a rocky island with
coral reef assemblages, is ten nautical mile off
Murudeshwar, boasts a variety of coral reef fishes
within the reef assemblages. Cardinal fishes are
generally noted for their resilience and spreading to
newer territories. The Suez canal which opens the
Red Sea into theMediterranean paved way for
lessepsian migration andApogon queketti has invaded
in these new territories (Eryilmaz and Dalyan, 2006)
viz., Agean Sea, Iskenderun Bay, Antalya Bay, and
Ekincik Bay from its known range of the western
Indian Ocean, the Persian Gulf and the Red Sea. The
present record is the first reported occurrence of this
species along this coast, and the invasive nature of
this species may allow widespread distribution along
the coral reef coast of Gulf of Mannar, south east of
India. Gon and Randall (2003) reported the
occurrence of Apogon queketti off Chennai coast
in Tamil Nadu but has not been reported so far from
the Gulf of Mannar. Cardinal fishes are caught by
trawlers, which normally operate at 60-80 m depth
but since it does not have a commercial value it mostly
discarded by the crew. Dineshbabu et al. (2012) has
estimated that the cardinal fishes contribute 0.3
percentage by weight in the trawl discard in a size
range of 40 to 105mm. The new records of cardinal
fishes from Indian coast is increasing in recent times
as more attention is paid to these groups (Suresh and
Thomas, 2007; Koya et al.2011, Hasim et al. 2012).
Such studies will help to understand this ecologically
important, yet one of the least known among tropical
reef fishes.
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Fig.1. Spices diversity of cardinal fishes along Indian
Coast

Fig.2 Apogon queketti

Fig.3 Map Showing the area of collection of Apogon
queketti
Table.1 Diversity of Apogonidae fishes from Indian
seas
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
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Apogon andhrae Dutt & Rao,1980
Apogon coccineus Rüppell, 1838
Apogon ellioti Day, 1875
Apogon hyalosoma Bleeker, 1852
Apogon lineatusTemminck & Schlegel, 1842
Apogon multitaeniatus Cuvier, 1828
Apogon nitidus (Smith, 1961)
Apogon poecilopterus Cuvier, 1828
Apogon queketti Gilchrist, 1903
Apogon quinquestriatus Regan, 1908
Apogon sangiensis Bleeker, 1857
Apogon septemstriatus Günther, 1880
Apogon smithi (Kotthaus, 1970)
Apogon truncatus Bleeker, 1855
Apogon ichthyoideserdmanni Fraser & Allen, 2011
Apogon ichthyoidesheptastygma (Cuvier, 1828)
Apogon ichthyoidesnigripinnis (Cuvier, 1828)
Apogon ichthyoidespseudotaeniatus (Gon, 1986)
Apogon ichthyoidessialis (Jordan & Thompson, 1914)
Apogon ichthyoidestaeniatus (Cuvier, 1828)
Apogon ichthyoidesumbratilis Fraser & Allen, 2010
Apogon ichthysocellatus (Weber, 1913)
Apogon ichthysperdix Bleeker, 1854
Archamia fucata (Cantor, 1849)
Archamia lineolata (Cuvier, 1828)
Archamia macroptera (Cuvier, 1828)
Archamia zosterophora (Bleeker, 1856)
Cheilodipterus arabicus (Gmelin, 1789)
Cheilodipterus artus Smith, 1961
Cheilodipterus lachneri Klausewitz, 1959
Cheilodipterus macrodon (Lacepède, 1802)

32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65

Cheilodipterus quinquelineatus Cuvier, 1828
Foa brachygramma (Jenkins, 1903)
Fowleria aurita (Valenciennes, 1831)
Fowleria marmorata (Alleyne&MacLeay, 1877)
Fowleria punctulata (Rüppell, 1838)
Glossamia sandei (Weber, 1907)
Glossamia trifasciata (Weber, 1913)
Holapogon maximus (Boulenger, 1888)
Lepidamia kalosoma (Bleeker, 1852)
Neamia octospina Smith & Radcliffe, 1912
Nectamia bandanensis (Bleeker, 1854)
Nectamia fusca (Quoy&Gaimard, 1825)
Nectamia savayensis (Günther, 1872)
Ostorhinchus apogonoides (Bleeker, 1856)
Ostorhinchus aureus (Lacepède, 1802)
Ostorhinchus chrysotaenia (Bleeker, 1851)
Ostorhinchus compressus(Smith & Radcliffe, 1911)
Ostorhinchus cookii (MacLeay, 1881)
Ostorhinchus cyanosoma (Bleeker, 1853)
Ostorhinchus dispar (Fraser & Randall, 1976)
Ostorhinchus endekataenia (Bleeker, 1852)
Ostorhinchus fasciatus (White, 1790)
Ostorhinchus fleurieuLacepède, 1802
Ostorhinchus hoevenii(Bleeker, 1854)
Ostorhinchus lateralis (Valenciennes, 1832)
Ostorhinchus moluccensis (Valenciennes, 1832)
Ostorhinchus nigrofasciatus (Lachner, 1953)
Ostorhinchus novemfasciatus (Cuvier, 1828)
Pristiapogon fraenatus (Valenciennes, 1832)
Pristiapogon kallopterus (Bleeker, 1856)
Pristicontri maculatus (Cuvier, 1828)
Sphaeramia orbicularis (Cuvier, 1828)
Zoramia fragilis (Smith, 1961)
Zoramia leptacantha (Bleeker, 1856)
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ABSTRACT
Intertidal zone of the marine ecosystem is the most dynamic interface
between sea and terrestrial environment. The presence of waves, tides
and duration of exposure to sunlight are the important factors that
influence the activities of intertidal organisms. Molluscs are the second
largest invertebrate group next to arthropods with more than 200,000
species and it is also the largest marine phylum. In the present paper a
preliminary report on intertidal molluscan diversity of two beaches viz.
Panambur and Sasihithlu of Mangalore has been reported. Random
sampling was carried out from November 2016 to January 2017 at three
zones of intertidal area. Samples were studied following the method of
Rahman and Barkati (2012).A total of 46 species of intertidal molluscs
belonging to 21 families, 34 genera were recorded from two beaches.
They include 33 species of bivalves,10 species of gastropods, and 3
species of scaphopods. Shannon-Wiener index and Simpson index were
higher for Sasihithlu beach(1.655 and 0.612), while dominance was
higher(0.665) in Panambur beach. Sasihithlu beach displayed rich diversity
and abundance of molluscs,whereas Panambur beach was comparatively
less diverse and with lesser abundance of molluscs. Species richness
increased from low tide zone to high tide zone in Sasihithlu beach.
However, in the Sasihithlu beach, high tide zone had more species
richness than the low tide zone. Donax pulchellus was most abundant in
both the beaches. Turricula javana, Cellana radiata, Mactrinula striatula
were found only in Panambur beach. Pholas orientalis, Barnea candida
and Hiatula diphos were confined to Sasihithlu beach. Molluscs are
facing major threat due to habitat degradation by increased
anthropogenic activities. Hence, conservation measures have to be

INTRODUCTION
Molluscs are invertebrates having smooth and flexible
body protected within strong calcareous shell. They
are second largest invertebrate group next to
arthropods enriched with more than 200,000 species,
and also largest marine phylum (Abbott,1954; Ponder
and Lindberg,2004). Most of their classes are
exclusively marine inhabiting in littoral zone, open
ocean and deep sea. Among 5070 molluscs that have
been reported from India, 3370 species are exclusively
found in the oceans (Venkataraman and Wafer, 2005).
The research on intertidal macrofauna has gained
importance from 20th century onwards but studies on
marine molluscs of India are limited. The significant
contribution to the study of Indian marine molluscs is
by Satyamurthy (1952 and 1956) and Apte (1998).
Subba Rao and Dey (2000) and Subba Rao (2003)
dealt with distribution of molluscan fauna occurring
in Indian coast. Although inventories have been
carried out to explore the diversity of molluscs in

Indian coast the studies on intertidal molluscs are
confined to few coastal states of India. Diversity of
intertidal molluscs have been explored by Jaiswar and
Kulkarni (2001) in Mumbai, Vaghela et al.,
(2013),Vadher et al., (2014) in Gujarat, Pavithran and
Nandan (2014) in Kerala, Paul et al.,(2014) in north
east coast, Monolisha and Edward (2015) in south
east coast of India. However, studies on intertidal
molluscan fauna of Mangalore coast are scanty
(Thippeswamy and Joseph, 1991; Singh et al., 2011).
Mangalore coast has been subjected to various
anthropogenic stresses. Hence, the preliminary study
has been conducted to study the molluscan diversity
in two sandy beaches of Mangalore coast subjected
to different disturbance levels. The data generated
will provide baseline data to assess the changes in
Mangalore coast due to urbanization and
anthropogenic interferences.

175

MATERIALS AND METHODS
Study area
Mangalore coast (12° 52' N, 74° 53' E) extends from
Ullal in the south to Mulki in the north covering a
distance of 40kms.The Sasihithlu beach
(13°4’13.98"N, 74°46’36.90"E) and Panambur beach
(12°55’56.85"N, 74°48’17.59"E) were selected for the
study which are 16km apart (Figure 1). They were
visited monthly from November-2016 to January2017. Molluscsan shells were collected by dividing
the intertidal area into 3 zones following the method
of Rahman and Barkati (2012). Molluscan shells were
picked up from 9 transects and 27 quadrats (0.5m2)
along the intertidal area upto 600m. They were
preserved in 70% ethanol and identified using standard
literature (Satyamurthy,1952; Apte, 1998,
Ramakrishna and Dey, 2010).

RESULTS AND DISCUSSION
A total of 46 species of intertidal molluscs belonging
to 21 families, 34 genera were recorded from the
selected study sites. They include 33 species of
bivalves, 10 species of gastropods and 3 species of
scaphopods (Table 1).
Percentage of molluscan shells collected during the
study period are presented in figure 2. Bivalves were
predominant in both the beaches (87%), followed by
scaphopods (7%) and gastropods (6%). Least number
of gastropods were recorded in Sasihithlu beach (4%)
whereas scaphopods were absent in Panambur beach.
Sasihithlu beach showed more abundance and diversity
of molluscs than Panambur beach. Donax pulchellus
belonging to family Donacidae was most abundant in
both the beaches followed by Neotrigonia species
of Trigonidae. Abundances of Donax sp has also been
reported from Mirya sandy shore of Rathnagiri
(Lokhande et al., 2014). Turricula javana, Cellana
radiata, Mactrinula striatula were rare species of
molluscs found only in Panambur beach whereas
Pholas orientalis, Barnea candida and Hiatula
diphos were confined to Sasihithlu beach.
Table 2 shows monthly variation in number of species
of molluscs. Sasihithlu beach was rich with molluscs
in the high tide zone followed by mid and low tide
zones whereas species richness decreased from low
tide zone to high tide zone in Panambur beach.

Jaiswar and Kulkarni (2001) and Vaghela et al.,
(2013) have reported that the molluscs were diverse
and abundant in lower intertidal zones of Mumbai and
Sourashtra coast. The factors such as stable
environment, availability of resources, less desiccation
and low water temperature may limit the number of
species to low tide zone (Dendai et al., 2001).
Diversity indices determine the species richness and
their distribution in a habitat. Shannon and Simpson
indices were maximum for Sasihithlu beach (1.655
and 0.612) and have resulted in decrease in number
of dominant species (Table 3).The value for
dominance showed slight increase for Panambur
beach (0.665) due to the decrease in diversity indices
in contrast to Sasihithlu beach. The evenness values
for Panambur and Sasihithlu beaches were 0.182 and
0.218 respectively, indicating that the species were
evenly distributed in Sasihithlu beach than Panambur
beach. The peak values for species richness per
0.5m2 were recorded for the month of November and
the abundance of molluscs was more in the month of
December. Highest number of molluscan species
have been recorded by Paul et al., (2014) in the month
of November from north-east coast of India. The
exposure of molluscs to the waves determines their
richness and abundance in the littoral zone (Rahman
and Barkati, 2012).
The monthly variations in species richness and
evenness were studied and are shown in Fig. 3. The
Shannon diversity index and evenness index were
optimum in the month of November and least in
January in comparison with species dominance.
Simpson index values showed progressive increase
from November to January. Hence, it can be inferred
that the increase in similarity among the abundant
species led to reduction in diversity of molluscs in the
selected beaches. Bhajda et al., (2014) reported
similar observations for species diversity from
southern Sourashtra coast and their studies suggested
that anthropogenic pressure may influence variations
in species richness and evenness. During the study,
prevalence of similar climatic conditions and coast
characteristics were observed in both the beaches
as they are separated from each other at minimum
distances. Hence, it can be emphasised that
differences in the level of anthropogenic disturbances
determine the changes in occurrence of species
(Bhajda et al., 2014).
The rank-abundance curve presented in Fig. 4
represents species richness and evenness for the
Mangalore coast throughout the study period. Species
richness (40) can be viewed as the number of different
species that are ranked based on their relative
abundances. Highly abundant Donax pulchellus was
ranked first, followed by Neotrigonia species.
However, Siliqua radiata, Crassostrea gigas,

176

Tellina sinuata, Turricula javana were with single
abundances ranked the least. A steep gradient
indicates low evenness as the high-ranking species
have much higher abundances than the low-ranking

species. Studies by Pavithran and Nandan (2014)
showed that presence of most abundant species lower
the species richness and evenness for a beach which
was true in the present study.

Table 1. Checklist of intertidal molluscs of Mangalore coast
Sl.no
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46

Class

Order

Family

Arcida
Arcidae

Mactridae
Venerida

Bivalvia

Veneridae

Tellinidae

Cardiida
Donacidae

Trigonida
Mytilida
Ostreida
Myida
Adapedonta

Gastropoda

Scaphopoda

Psammobidae
Trigonidae
Mytilidae
Ostridae

Neogastropoda

Pholadidae
Pharidae
Olividae
Clavatulidae
Nassaridae
Muricidae

Coenogastropoda
Patellogastropoda
Littorinimorpha
Archigastropoda
Coenogastropoda

Potamidae
Nacellidae
Ranellidae
Trochidae
Turitellidae

Dentaliida

Dentallidae

177

Species
Anandara antiquata(Linnaeus,1798)
Scapharca indica (Gmelin,1791)
Scapharca natalensis (Krauss,1748)
Trisidos tortuosa (Linnaeus,1758)
Mactra antiquata (Spengler,1802)
Mactra liliacea (Lamarck,1818)
Mactrinula striatula (Linnaeus,1767)
Dosinia lupinus (Linnaeus,1758)
Marcia opima (Gmelin,1791)
Meretrix casta (Gmelin,1791)
Protapes gallus (Gmelin,1791)
Sunetta scripta (Linnaeus,1758)
Sunetta sp.1
Sunetta sp.2
Sunetta truncata (Deshayes,1853)
Pitar tumida (Sowerby,1895)
Apolymetis edentula (Spengler,1798)
Tellina sinuata (Spengler,1798)
Tellina alterna ta(Say,1822)
Cadella obstusalis(Deshayes,1854)
Donax scrotum (Linnaeus,1758)
Donax cuneatus (Linnaeus,1758)
Donax faba (Gmelin,1791)
Donax pulchellus (Hanley,1843)
Donax incarnatus (Gmelin,1791)
Hiatula diphos (Reeve,1857)
Neotrigonia sp.
Perna viridis (Linnaeus,1758)
Crassostrea gigas (Thunberg,1793)
Saccostrea cucullata (Born,1778)
Barnea candida (Linnaeus,1758)
Pholas orientalis (Gmelin,1791)
Siliqua radiata (Linnaeus,1758)
Agaronia gibbosa (Born,1778)
Turricula javana (Linnaeus,1767)
Bullia melanoids((Deshayes,1832)
Semirincicula tissoti (Petit de la Saussaye,1852)
Purpura bufo (Lamarck,1822)
Pirenella cingulata (Gmelin,1781)
Cellana radiata (Born,1778)
Gyrenium natator (Roding,1798)
Umbonium vestinarium (Linnaeus,1758)
Turitella duplicata (Linnaeus,1758)
Dentalium elephantinum (Linnaeus,1758)
Dentalium octangulum (Donovan,1804)
Dentalium sp.

Table 2 Monthly variation in the number of molluscan species in the intertidal zones of Mangalore coast.

Table 3: Diversity indices for selected beaches of
Mangalore coast
Study stations

Months

Sasihithlu

November
December

Low
22
20

Mid
20
18

High
19
25

Low
12
08

Mid
12
07

High
10
03

January

07

13

14

09

10

06

Shannon
-Weiner
Index
Panambur beach 0.841
Sasihithlu beach 1.655

Panambur

Simpson
Index

Dominance Evenness

0.251
0.612

0.665
0.378

0.182
0.218

Figure 2: Percentage of molluscan shells collected during the study period.

Figure 3: Monthly variation in diversity indices
during the study period.

Figure 4: Rank-abundance curve for Mangalore
coast.

1.D.pulchellus.
2.Neotrigonia
sp
3.D.elephantinum
4.P.viridis
5.M.casta
6.B.melanoids
7.T.duplicata
8.S.natalensis.9.D.faba
10.D.cuneatus
11.T.tortuosa 12. D.scrotum 13.S.indica
14.Sunetta sp. 15A. edentula 16.Dentalium sp.
17.C.obstualis 18.S.scripta 19.A.antiquata
20.M.opima 21.S.truncata 22.T.alternata
23.U.vestinarium 24.P.gallus 25.P.tumida
26.D.lupinus 27.D.octangulum 28.Sunetta sp1
29.D.incarnatus. 30.Sunetta sp2. 31.M.lilacea
32.S.cucullata 33..M.antiquata 34.P.orientalis
35.P.cingulata
36.C.gigas.
37.T.javana.
38.T.sinuata 39. S.radiata 40.H.diphos.

CONCLUSION
The present study provided information on the changes
in richness and abundance pattern of molluscan
species of Mangalore coast. During the study period,
number of species of molluscs were more in the
month of November. The study revealed that the
suitability of habitat and wave action regulated the
distribution of molluscs in the intertidal zones of two
beaches. The intertidal molluscs were abundant and
diverse in Sasihithlu beach. This may be because of
its presence away from the city, hence minimising
human interference. Further, the inflow of river water
adjacent to the sea may add to the diversity of
molluscs. The evenness values ranged from 0-0.3,
which indicates that the species were distributed
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unevenly in the two beaches. The decreased diversity
and evenness of molluscs in Panambur beach could
be attributed to habitat degradation by increased
anthropogenic activities. In addition, the presence of
port and breakwaters in the vicinity of Panambur
beach lead to drifting of the sediment resulting in loss
of habitat. Hence, steps should be taken to conserve
malacofauna by restoration of natural habitats and
to limit the human induced stresses.
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ABSTRACT
A detailed investigation was undertaken for a period of 20 months from
October 2013 to May 2015 to study the landing characteristics and
species diversity of sea urchins in two landing centresviz., Pampan and
Vedalai along the Mandapam coast of Gulf of Mannar. A total of 16
species of regular sea urchin have been documented during the study
period. The species S. virgulata and T. toreumaticus were abundant in
the catch between December and March period and the maximum total
landing were found to be 7,239 kg and 3,103 Kg respectively in the trawl
landing at Pampan. The landings were estimated to be 2,819 kg of S.
virgulata and 1,208 kg of T. toreumaticus at Vedalai, which is a major
bottom set gill net landing centre. The species composition of these two
species were analysed to be 70:30 for S. virgulata and T. toreumaticus
respectively in the landings. The morphometric study revealed that the
overall population showed a great concentration of lengths within the
diameter classes 20 – 60 mm for S. virgulata and 20 – 45 mm for T.
toreumaticus.

INTRODUCTION
Gulf of Mannar is the richest marine biodiversity
hotspot along the Southeast coast of India,
encompassing the territorial waters from Dhanushkodi
in the north to Kanyakumari in the south. It has a
chain of 21 islands, located 2 to 10 km from the
mainland along the 140 km stretch between
Thoothukudi and Rameswaram. The area of Gulf of
Mannar under the Indian EEZ is about 15,000 km2
where commercial fishing takes place only in about
5,500 km2 and that tooonly up to a depth of 50m.
This marine ecosystem holds nearly 117 species of
corals, 441 species of fin-fishes, 12 species of sea
grasses, 147 species ofseaweeds, 641 species of
crustaceans, 731 molluscan species (Kumaraguru,
2006). There are around 950 species of sea urchin in
class Echinoidea which comes under two subclasses.
A wide variety of fishing gears and crafts are used
along the Gulf of Mannar coast for the exploitation
of various pelagic and demersal fishery resources.
Among the echinoderms, sea cucumber and sea
urchins arecommercially exploited globally and in
India, sea urchin is usually discarded by the fishermen
and some quantity of sea urchin test is utilized in
souvenir industry.In the Gulf of Mannar region, four
species of Echinoidea are used as ornamentals and
curios (Chellaram, 2003). Fishery for sea urchin roe
has been in practicefrom time immemorial in Western

Europe, Mediterranean countries, the north Pacific
and more recent one in Chile and Pacific North
America (Kawamura,1973; Mottet, 1976; Sloan,
1985). Many small-scale artisanal fisheries for sea
urchin occur throughout the tropics and they are
harvested from intertidal regionsby hand or by using
rakes, spears, dredges etc., and from the shallow subtidal waters by divers.
MATERIALS AND METHODS
For the quantification of sea urchin landing from trawl
net and bottom set gill net, weekly sampling was
carried out in Pampan and Vedalai landing centres
during the study period from October 2013 to May
2015. The landing characteristics were analyzed for
quantifying sea urchin mostly from the non-edible
biota, because seaurchins are not currently traded
along this coast for any purpose. Ten percent of the
boats in a day were selected to calculate effort. This
value was multiplied by thetotal number of boats
fishing on the particular day of observation to obtain
daily estimate. The collected data were pooled and
multiplied by the number of fishing days in the month
to obtain the monthly catch estimates for both the
landing centres and the fishing gears. During the study
period from October 2013 to May 2015, once in each
month a sample of 30 specimen of Salmacis
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virgulata and Temnopluerus torematicus were
collected from the bottom set gill net landing due to
its freshness so that it is suitable for further histological
studies. The collected sea urchins were transported
to theCentral Marine Fisheries Research Institute
(CMFRI), Mandapam laboratory in sea water and
their morphometric measurement test diameter and
test height were taken using a digital vernier caliper
(± 0.1mm). Test diameter was measured at the
ambitus, while test height was measured along the
oral-aboral axis. The total weightof the sea urchin
was measured to the nearest 0.001g, only after
draining water from its test.
RESULTS AND DISCUSSION
Among the 264 species of echinoderms reported from
Gulf of Mannar, regular echinoid diversity stands at
24, of which 16 species of sea urchinwere collected
in the present study and has been shown in the
Table.1. Many species of regular echinoids are
ecologically important and many species arecultured
around the World for their ‘roe’ which is considered
a delicacy in Japan and France. The present work
assessed the regular echinoid diversity in Gulf of
Mannarwhich could form a baseline data to
quantitatively assess their population and reproductive
cycle that are necessary for any aquaculture attempts
on sea urchins.
Sea urchin species viz., T. toreumaticus and S.
virgulata are caught in large quantity in shrimp trawl
and bottom set gillnet operators along the Gulf of
Mannar, but thereis no commercial value for sea
urchin in these areas, hence, they are simply dumped
along the seashore. The present study made an
estimate of the landings of T. toreumaticus and S.
virgulata from two landing centres viz., Vedalai and
Pampan over a period of 20 months from these fishing
gears.
The 20 months data (Figs.1 & 2) on the landing of
sea urchin in the bottom set gillnet and trawl net
revealed that two species of sea urchin S. virgulata
and T. toreumaticus, were the dominant in the landing
and other species were stray in the catch and not
found in a quantifiable level. Both the sea urchin
species were abundant in the catch between
December andMarch period and the maximum total
landing of S. virgulata and T. toreumaticus were
found to be 7,239 kg and 3,103 kg respectively in the
trawllanding at Pampan during the 20 month study
period from October 2013 to May 2015. The bottom
set gill net centre Vedalai, landed an estimated quantity
of 2,819kg of S. virgulata and 1,208 kg of T.
toreumaticus respectively.
The composition of these two species of sea urchins
in the landing was 70:30 for S. virgulata and T.
toreumaticus respectively. The area of operation of
trawl fleet from Pampan is larger than the area of
operation of bottom set gill net which is mostly
restricted to thesurrounding of the islands. This might

be the reason for thedifference in the landing quantity.
In trawl more than 700 kg S. virgulata was observed
during the month December-2014 and March-2015
(Fig.1) in by-catch,similarly for T. toreumaticus the
peak maximum landing coincided with this period with
more than 300 kg in landing from Pampan landing
centre. The bottom set gillnet landing of Vedalai
showed a peak in landing of both the species of sea
urchin in the month of October- 2014 (Fig.2). The
average monthly landing of S. virgulata intrawl and
bottom set gill net was 402 kg and 157kg respectively.
Whereas, the average monthly landing of T.
toreumaticus was 172kg and 67 kg respectively
inbottom set gill net landings.
CONCLUSION
Among the 24 varieties of sea urchin recorded from
the Gulf of Mannar, only 16 species were recorded
from the commercial landing of gill nets and trawl
nets of Pampan and Vedalai landing centres.
S.virgulata is the dominant species landed in the
commercial catch as bycatch. As such sea urchins
are not directly involved in any trade, however their
test is of considerable importance in souvenir industry
and the gonads of Stomopneustes variolaris is a
delicacy among certain fishers along the Gulf of
Mannar. Further studies on the edibility and suitability
of sea urchin species from this ecosystem should be
studied to understand their ecological role as well as
to develop a potential species of sea urchin for
aquaculture purposes.
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Table. 1 Sea urchin diversity in Gulf of Mannar
CIDARIDAE
Prionocidarisbaculosa (Lamarck, 1816)
Eucidarismetularia (Lamarck, 1816)
Phyllacanthusimperialis (Lamarck, 1816)
TEMNOPLEURIDAE
Temnopleurustoreumaticus (Leske, 1778)
Salmacis bicolor typica Mortensen, 1904
Salmacisvirgulata L. Agassiz in L. Agassiz &Desor,
1846
Salmacielladussumieri (L. Agassiz in L. Agassiz &
Desor,1846)
Mespiliaglobulus (Linnaeus, 1758)
TOXOPNEUSTIDAE
Tripneustesgratilla (Linnaeus, 1758)
Tripneustesdepressus A. Agassiz, 1863
Nudechinusscotiopremnus H.L. Clark, 1912
PseudoboletiamaculataTroschel, 1869
Toxopneustespileolus (Lamarck, 1816)
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ECHINOMETRIDAE
Echinostrephusmolaris (Blainville, 1825)
Echinometramathaei (Blainville, 1825)
Heterocentrotusmamillatus (Linnaeus, 1758)
Heterocentrotustrigonarius (Lamarck, 1816)
Colobocentrotus (Podophora) atratus (Linnaeus,
1758)

DIADEMATIDAE
Astropygaradiata (Leske, 1778)
Diademasetosum (Leske, 1778)
Diademasavignyi (Audouin, 1829)
Echinothrixcalamaris (Pallas, 1774)
Echinothrixdiadema (Linnaeus, 1758)
STOMOPNEUSTIDAE
Stomopneustesvariolaris (Lamarck, 1816)

Fig.1
Comparison of the estimated landings of the two species of sea urchinfrom Pampan landing centre (in kg)

Fig.2
Comparison of the estimated landings of the two species of sea urchin from Vedalai landing centre (in kg)
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ABSTRACT
Polyclads, also called as free living marine flatworms falling under Phylum
Platyhelminthes, are one of the important coral associated organisms and
are among the most colourful and fascinating organism one can find
underwater. Despite being flamboyant, these worms are also one of the
lesser known marine animals from India as the studies regarding them are
insufficient and scanty. To date, only 51 species are reported from Indian
waters while about 1005 species are recorded worldwide. The present
paper is an attempt to shed some light on techniques of finding,
collection, preservation, identification and diversity of these animals which
will certainly help in creating interest and awareness among young minds
to take up some serious studies on taxonomy and ecology of these
wonderful but taxonomically deprived animals.

INTRODUCTION
The phylum Platyhelminthes represents a group of
unsegmented worms with a headand a tail end. They
are considered the most primitive bilaterally
symmetricalanimals. These triploblastic worms are
first to possess three layers without having atrue
coelom. It is obvious to think about parasitic worms
seeing the termPlatyhelminthes but there is an Order
Polycladida which comprises ofbeautiful and
intriguing coloured free living marine flatworms.
Polyclads commonly called as marine flatworms, are
small, leaf like, hermaphroditic and apex
predatorshaving very complex body systems despite
of being primitive and one ofthe oldest living creatures
on earth. These worms can be found crawling or
hidingunder stones from intertidal to sub tidal region,
sometimes swimming over coralreefs, sandy slopes
and are most active under darker conditions. Some
polyclads are even collected and described from deep
sea environment upto depth of 3200 meters
(Quirogaet. al. 2006 & 2008). Polyclads are an
integral part of coral reef ecosystem preying on
variety of sessile and a mobile animals like sponges,
ascidians, sea anemones etc. They are known for
their outstanding colours and astonishing patterns and
are one of the most beautiful animals one can find
underwater. The word Polyclad is made up of two
words i.e. poly=many and clad= branches. They
are named in such a way as their gut divides into
many branches as it radiates away from their mouth.
These animals though frequently encountered are
still understudied in Indian context.

CLASSIFICATION
Kingdom ANIMALIA Linnaeus, 1758
Phylum PLATYHELMINTHES
Gegenbaur, 1859
Class RHABDITOPHORA
Ehlers, 1985
Order POLYCLADIDA Lang, 1884
The Order Polycladida is divided in two Sub orders
namely Cotylea and Acotylea depending on presence
or absence of a sucker.

Figure 1. A brilliantly coloured polyclad
Pseudocerostristratus Hayman, 1959 from
Andaman Islands.
MORPHOLOGY
As the name flatworms suggests, the body of these
animals is dorso-ventrally flattened no more than few
millimetres thick.The size varies from few millimetres
to 10 cm in length, with an average length of 3-5 cm.
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The dorsal surface is smooth (the genus Acanthozoon
and Thysanozon have papillae on dorsum) mostly
coloured and patterned with bright colours (mostly in
cotyles). Most of the members of polyclads have
pseudotentacles (Fig.1 a) in anterior part which are
nothing but simple folds of anterior margin and known
to serve sensory function. Some small black spots
known as eyes are also present as a cluster at cerebral
region or scattered at tentacular and marginal
regions.Ventrally, the surface is mostly translucent
with pharyngeal opening, gonopores and sucker (if
present) situated along the central line (Fig.2 b).
Intestines and vas deferens is also decipherable. As
far as internal morphology of polyclads is concerned,
there are well developed reproductive, nervous and
digestive systems however these worms lack a well
develop respiratory and excretory systems. The
reproductive structure (like seminal vesicle, prostatic
vesicle, oviducts etc.) are most essential in classifying
polyclads (Fig. 3) in different families and genera.

Figure 2. A typical pseudocerotidpolyclad showing
external morphology of (A) dorsal and (B) ventral.fpfemale pore; in- intestine; mp- male pore; p- pharynx;
pm- pharyngeal mouth; su- sucker; te- tentacular eyes.
COLLECTION
Polyclads indeed are very attractive but finding and
collecting them is certainly a challenge. Due to their
small size, cryptic nature and ability to fit in small
spaces, it is always very difficult to spot a flatworm
and it is even more difficult to lift and getting worm
into a container. They are too fragile to be picked up
by hands and a paint brush must be used to collect
them.They must be kept in separate containers as
they secrete mucous when touched or stressed which
can be toxic for other flatworms. The process of being
autolyse under stress conditions is another major
challenge that a biologist have to tackle between the
time ofcollection and preservation. The role of good
quality photography is of utmost importance in
polyclad taxonomy to record the actual colours and
patterns while the specimen is alive. Most of the
colours during the course of fixation and preservation
fades away leaving behind a cream coloured or
transparent worm, thus the importance of good quality
photograph can’t be neglected for identification of a
olyclad

PRESERVATION
Polyclads have always been notoriously difficult to
preserve for taxonomic study and thus ignored by
biologists in past. They are very sensitive organisms
and can shrink or disintegrate even on a slightest
change in water quality, thus simply putting a worm
in formalin can be a not so good idea. A shrunken
specimen can be of no use for a taxonomist to study
and to identify the worm. 10% frozen formalin
buffered with seawater (modified methodology of
Newman & Cannon, 2003) is used which ensures
that animals do not disintegrate or shrink much and
preserved flat for microscopic studies, histological
studies and museum storage, though the colours are
always lost during preservation. The animal is first
floated on a piece of paper and placed on the frozen
formalin surface where after coming in contact with
cold surface, animals tend to flatten. Further with a
help of paint brush, animals must be pressed gently in
order to keep them flat during the course of fixation.
For long term preservation, animals must be kept in
70% ethanol.
IDENTIFICATION
Identification of polyclads is based on external as well
as internal characters. External characters like shape
and size of pharynx, number & position of eyes,
number of gonopores, presence or absence of sucker
and most importantly colour patterns are studied for
identification. For generic and species level
identification and for similarly coloured species,
histological studies of male and female reproductive
structures and molecular studies has to be done to
confirm the identity as well to describe an undescribed
species. The shape and arrangement of structures
like seminal vesicle and prostatic vesicle are very
important in determination of the family and genus as
well.

Figure3. Hisatological sections with male reproductive
system structures. ma- male atrium; mp- male pore;
pv- prostatic vesicle; st- stylet; sv- seminal vesicle.
STATUS
To date, the polyclad fauna in Indian context has
received very limited attention as evidenced by works
of very few authors in recent times
(Sreeraj&Raghunathan 2011, 2013 & 2015; Dixit
&Raghunathan 2013; Dixit et al. 2015; Sreerajet al.
2015; Apte&Pitale 2011; Bhadja 2010; Pitaleet al.
2014)in form of new record reports. The first work
ever on Indian polyclads was done in the year 1902,
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when a British naturalist F.F. Laidlaw described 7
new species of polyclads from Laccadive
(Lakshadweep). Since then, after a gap of about 109
years, two reports were published in form of new
records of polyclads from Andaman & Nicobar
Islands (Sreeraj&Raghunathan 2011) and
Lakshadweep (Apte&Pitale 2011). As of now, a total
of 51 species of polyclads are known from Indian
waters with 38 species reported from Andaman &
Nicobar Islands alone. Recently fivenew species
have been described from Andaman and Nicobar
Islands (Dixit et. al 2017a & b).
About 1005 species of polyclads are known from
world’s oceans while only 51 species are reported
from India, which makes this group to pay much
attention on taxonomic studies. There may be many
reasons behind such less studies on these beautiful
animals from Indian context but the most prominent
reasons can be small size and cryptic nature that
makes them harder to find; difficulty in collection and
preservation; difficulty in species level identification
without histological studies; lack of expertize and lack
of interest for classical taxonomy. India being a mega
diverse country with a long coastline and highly bio
diverse coral reefs provides excellent opportunities
for taxonomists to explore and describe various lesser
known phyla and animals groups which will certainly
help in documentation of Indian faunal diversity.

Figure 4. Polyclads of Andaman & Nicobar Islands
(A) Pseudocerosconcinnus; (B)
Pseuodecrosgalatheensis; (C)
Pseudobicerosmurinus; (D)
Pseudocerosscintillatus; (E)
Pseudocerosbifurcus; (F)
Pseudobiceroshaymane.

REFERENCES
Apte, D. &Pitale, R.D. (2011) New records of polyclad flatworms
(Platyhelminthes: Turbellaria) from coral reefs of Lakshadweep
Island, India. Journal of the Bombay Natural History Society, 108
(2), 109–113.
Dixit, S. &Raghunathan, C. (2013) Polyclads of Andaman and
Nicobar Islands. Journal of the Andaman Science Association, 18
(2), 165–169.
Dixit, S., Sivaperuman, C. &Raghunathan, C. (2015) Three new
records of polyclad flatworms from India. Marine Biodiversity
Records, 8; e29; doi:10.1017/S1755267214001043.
Dixit, S., Raghunathan, C. & Chandra, K. (2017a).Two new marine
flatworms (Polycladida: Pseudocerotidae) from Andaman &
Nicobar Islands, India. Zootaxa 4221 (1): 111–122.
Dixit, S., Raghunathan, C. & Chandra, K. (2017b). Two new
Pseudoceros (Polycladida: Pseudocerotidae) and a Prostheceraeus
(Polycladida: Euryleptidae) from Andaman & Nicobar Islands, India.
Zootaxa (In press)
Laidlaw, F.F. 1902. The marine Turbellaria with an account of the
anatomy of some species. In Gardiner, J. S. (ed.), The Fauna and
Geography of the Maldive and Laccadive Archipelagoes: Being
the Account of the Work carried on and of the Collections made
by an Expedition during the years 1899 and 1900. The University
Press, Cambridge, 1:282-312.
Newman, L.J. & Cannon, L.R.G. (2003) Marine Flatworms. The
World of Polyclads. CSIRO Publishing, Collingwood, 97 pp.
Pitale, R., Bhave, V. &Apte, D. (2014) First record of family
Prosthiostomidae
and
Prosthiostomumtrilineatum
(Platyhelminthes: Polycladida) from the west coast of India. Marine
Biodiversity Records, 7, 1–6.
http://dx.doi.org/10.1017/S1755267214000128
Quiroga, S.Y., Bolaños, D.M. &Litvaitis, M.K. (2006) First
description of deep-sea polyclad flatworms from the North
Pacific:Anocellidus n. gen. profundus n. sp. (Anocelidae, n. fam.)
and Oligocladusvoightae n. sp. (Euryleptidae). Zootaxa,
1317,1"19.
Quiroga, S.Y., Bolaños, D.M. &Litvaitis, M.K. (2008) Two new
species of flatworms (Platyhelminthes: Polycladida) from theGulf
of Mexico. Journal of the Marine Biological Association of the
United Kingdom, 88(7), 1363"1370.
Sreeraj, C.R. and Raghunathan, C.(2011)New records of
pseudocerotidpolyclads from Andaman and Nicobar Islands, India.
Marine Biodiversity Records 4; e73; doi: 10.1017/
S1755267211000819
Sreeraj, C.R. &Raghunathan, C. (2013) Pseudocerotidpolyclads
(Platyhelminthes, Turbellaria, Polycladida) from Andaman and
Nicobar Islands, India. Proceedings of the International Academy
of Ecology and Environmental Sciences, 3 (1), 36–41.
Sreeraj, C.R. and Raghunathan, C. (2015) A report on the coral
reef dwelling polyclads of Nicobar Islands, India. Proceedings of
the International Academy of Ecology and Environmental Sciences
5(2): 83-88.
Sreeraj, C.R., Raghunathan, C., Raghuraman, R., Sudhanshu Dixit
and Venkataraman, K. (2015). Polyclads of Andaman and Nicobar
Islands. Zoological Survey of India, 100 pp.

185

Perspectives on Biodiversity of India Vol. III

Theme 2
MARINE BIODIVERSITY

INTERTIDAL BIODIVERSITY OF KARNATAKA,
SOUTH WEST COAST OF INDIA
Tenjing Y.S. *1,2, V. Deepak Samuel2, V.K. Meenakshi3, Siva Sankar R4., Narasimhaiah N5
1. Department of Biosciences, Mangalore University, Mangalagangothri 574 199, Karnataka, India
2. Conservation of Coastal and Marine Resources Division, National Centre for Sustainable Coastal
Management, Chennai 600 025, Tamil Nadu, India.
3. Department of Zoology, A.P.C. Mahalaxmi College for Women, Tuticorin 628 002, Tamil Nadu, India
4. Department of Ecology and Environmental Sciences, Pondicherry University, Kalapet 605 014, India
5. Department of Applied Zoology, Mangalore University, Mangalagangothri 574 199, Karnataka, India
Email : yambemtenjing@gmail.com

Keywords:
Biodiversity, sandy shore,
rocky shore,
intertidal area, Karnataka

ABSTRACT
Intertidal zones of Karnataka coast varied one region to another region due to
rocky shore, sandy shore, creeks, estuary etc. Documentation of the intertidal
biotic community on the entire Karnataka coast has carried out from February
2009 to January 2010 (alternate months).. The study area extends from
Someshwar in the south to Karwar in the north consisting of three coastal
districts, namely Dakshina Kannada, Udupi and Uttara Kannada. A total of 93
fauna species and 6 floral species were reported. Percentage of Gastropod
species were higher (30%) during the study period followed by Bivalve species
(23%). Bryozoan, Ascidian, Polyplacophora, Scaphopod and Sea snake
contributed lowest percentage, i.e. 1% in each group. In case of vertebrate
species, bird and sea snake contributed the highest (4%) and lowest (1%)
percentage respectively. Among the 12 sites studied, Kaup (rocky shore) and
Padukere (sandy shore) were found to be the highest richness of species.

INTRODUCTION
Coastal areas are some of the most productive and
important habitats of the biosphere including coastal
wetlands backwaters and estuaries. Over 11,000
faunal (625 vertebrates and 10,400 invertebrates) and
over 800 floral (624 algae, 50 mangroves, 32
angiosperms, 71 fungi, 14 lichens, 12 seagrasses)
species have been identified from the Indian coastal
areas (Untawale et al., 2000; Anon, 2002;
Venkataraman and Wafar, 2005). In the early period,
Mill (1969) reviewed the history and controversy
behind defining individual marine groups. Classification
of these groups has led to confusion with the
implication that benthic faunal assemblages
intergrades into one another to such a condition that
it is difficult to recognise individual groups
(communities). The intertidal sandy beach is
interesting in relation to this controversy. It is a harsh
habitat, subject to widely fluctuating physical
conditions. On the other hand, it is less favorable for
life than any other type of shore except cobble or
gravel beaches (Hedgpeth, 1975). The intertidal
region is a zone of interaction between the sea, land
and air; and is one of the most interesting regions of
the marine biota. The inhabitants of this region due to
diel changes in exposure, desiccation and
submergence, are known to be hardy and diverse.

Idowu and Ugwumba (2005) stated that benthic
macrofauna are those organisms live in or on the
bottom of water bodies. Microenvironment found on
rocky shores including crevices, cracks, exposed
areas and tide pools, facilitate great proliferation of
species (Johnreseck, 1979; Benedetti and Beyond,
2001). In the early period, fauna and flora of sandy
and rocky beaches have been the subject of detailed
studies in the Indian waters (Philip et al., 1972;
Perulekar, 1981; Nagabhushanam, 1972;
Thippeswamy, 1990). Information published on the
biodiversity of macrofauna from various areas along
Karnataka are those of Thippeswamy (1990),
Hemachandra and Thippeswamy (2009), Kaladharan
et al. (2011) and Haragi and Naik (2012). As
Karnataka, coastal stretch comprised of sandy and
rocky shorelines which are witnessed by several
varieties of rich faunal and floral communities with
distinctive morphological characters with benthic/
pelagic realm of marine ecosystem. This forms these
shorelines more conspicuous and rich biodiversity
profile. The sandy beaches lying adjacent to the rocky
stretch includes pebbles, boulders and small rock
submerged in seawater during high tide water (HTW).
Therefore, it forms a typical environment for macro
algae (seaweeds) and other fauna. The objective of
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our research was to identify (based on species
observation in situ) along the coastal shores of
Karnataka.
MATERIALS AND METHODS
Karnataka is situated between 11°31' and 18°45' N
latitude and 74°12' and 78°40' E longitude, and lies in
the west-central part of the Peninsular India. The
state is wedged between the Arabian Sea in west
and the Western Ghats in east. Several rivers
originating in the Western Ghats open into the Arabian
Sea in the three coastal districts, viz., Uttara Kannada,
Udupi and Dakshina Kannada, rendering the inshore
waters rich in nutrients. Kali, Aghanasini, Sharavati,
Gangoli, Sitanadi, Gurupur and Netravati are the
important rivers. The estuaries formed by these rivers
are important from the biological and ecological points
of view. The average annual rainfall is about 4000
mm with 80% being received during monsoon season
(June-September). The samplings were conducted
in the 12 beaches, namely Someshwar, Panambur and
Surathkal, located in Dakshina Kannada district;
Padubidri, Kaup, Padukere, Kundapur, Byndoor and
Marvanthe in Udupi district; and Murudeshwara,
Gokarna and Karwar in Uttara Kannada district
(Fig.1).

Fig. 1. Map showing study areas along Karnataka
coast during the study period
Samplings were carried out at fortnight between
February 2009 and January 2010 (alternate months).
Dry and dead flora and fauna were not collected in
the present study. Aside from this, empty shells were
not considered for our study. The live flora and fauna
were handpicked and sorted at the sites and then
preserved in 5% formalin solution. But sea birds were
observed using binoculars. During the study period,
south west monsoon brought heavy rainfall which sets
in by the middle of May and lasts towards the middle
of September. The specimens were segregated
group-wise and identified using standard taxonomic
references like for polychaetes following Day (1967),
anthozoans following Raghunathan et al. (2014),

bivalves following Huber (2010, 2015), gastropods
following Apte (1998, 2014) and Franklin and
Laladhas (2014), crustaceans following Peter et al.
(2001) and FAO (1998), echinoderms following
Raghunathan et al. (2013) and fish following
Venkataraman et al. (2007) and Murugan and Naveen
(2010). During the study period, an ascidian colony
collected was identified up to species level based on
the identification key for ascidians (Meenakshi et al.,
2003). Sea snake and birds were identified with the
help of standard identification keys (Vijayaraghavan
and Ganesh, 2011; Sathiyaselvam and Rao, 2014).
The identified species names were validated with
WoRMS (World Register of Marine Species)
database, and were checked the status of species
from the IUCN Red List of Threatened Species.
RESULTS AND DISCUSSION
After a survey of intertidal biodiversity of Karnataka
coast was conducted, a total of 99 species, including
6 Algae, 1 Bryozoan species, 2 Sea anemones, 2
Polychaetes, 1 Ascidian species, 23 Bivalves, 29
Gastropods, 1 Polyplacophora, 1 Scaphopod, 22
Crustaceans, 3 Echinoderms, 2 Fish, 1 Sea snake and
4 Birds were recorded (Table 1). Percentage
composition of each group is shown in Fig. 2.

Fig. 2. Percentage contributions of flora and fauna
in the study period
Comparison of species richness of the 12 sites was
carried out. Kaup (rocky shore) showed highest
species richness followed by Padukere (sandy beach)
(Table 2). At Kaup, Gastropods represented by 11
species formed the major element of biodiversity in
the intertidal zones followed by bivalves (6 species)
and crustaceans (11 species). Similarly, in all rocky
shore species richness was very high. Rocky shore
harbours rich variety of microhabitats such as rock
pools, crevices and holes, which could be the reason
for higher diversity of species (Ravinesh and
Bijukumar, 2013). Among the sandy beach sites,
Padukere and Panambur showed high occurrence of
several species. Sandy beach is well known for
starfish collection along with varieties of molluscs
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which share lower shore lines, and dead and empty
shells recovered from upper littoral zone of Karnataka
sandy beach (Venkataraman and Wafar, 2005).
Nagabhushanam (1972) reported that sand worms
like the errant polycheates occurred chiefly nearer
low water mark. Polycheate like Glycera commonly
occurred in medium or fine sandy substrates near
mid water mark, while Neries preferred the coarse
sand grades, low water mark; due to strong wave
action which resulted in energetic scouring of the
intertidal belt, very few of the more delicate tubiculous
polychaetes were met with. It is in agreement with
our findings. Perulekar (1981) stated that rock pool
environment is most interesting as it not only had the
maximum number of species, but a high order of
faunal diversity. It was observed that already the shore
profile of Karnataka is very different from that of
the eastern shore. Over most of these beaches the
slope is gentle downwards from extreme high water
mark to the edges of the tidal channels where it
becomes abruptly steeper. The upper levels of the
flat are dominated by tubicolous polychaetes which
apparently exploit the high silt value of the zone. They
differ in the grades of sand utilized in the construction
of their tubes (Macnae and Kalk, 1962). But
tubicolous polychaete (Sabellaria sp.) occurred on
rock of rocky shores, Surathkal, Kaup and Byndoor.
Ascidian colony (species = Polyclinum saturnium)
abounds on the rock with sand grain; they are tough
and leathery in texture (Fig. 3). Pea crab, Pinnotheres

is commonly found within the mantle cavity of
Modiolus philippinarum (Macnae and Kalk, 1962).
But in the present study, the pea crabs were found
inside the shells of Donax incarnatus and D. faba
also.
Due to ecological and economic importances of
molluscs as well as their sedentary life, marine edible
molluscs have been assumed as major roles in
ecosystems and livelihood. Siliqua radiata is a
shallow muddy bottom species (Philip, 1972). But it
is present in the loose muddy area. This was found
out only from Karwar in the present study Table 2.
Donacidae species are small and flat-shaped and
have relatively elongated shells, being able to live
within the swash zone (Huz et al., 2002). But along
Karnataka coast, Donax scortum was very big in
size (aroung 70 mm) Tenjing (2016a). Depth is an
important factor structuring the community (Abelló
et al., 2002; McBreen et al., 2008). At Someshwar
and Marvanthe beaches, beach clam, Donax species
could not be found due to very steep beach and very
coarse sand. Donax species survives well with fine
and very fine sand habitats (Thippeswamy, 1985;
Tenjing, 2016b). McLachlan and Hanekom (1979)
reported that wedge clam, D. serra was most
abundant in exposed beaches where the sand was
not too coarse. Donacids (D. incarnatus, D. faba
and D. spiculum) were recorded at Panambur beach
where fine sand is dominant. Similarly, in Padukere
beach also, the first two species could be recorded
with D. scortum. At Murudeshwara beach, Donax
species could not be found on the totally flat portions
of sandy beach. Murudeshwara beach is composed
of very fine sand. Someshwar and Marvanthe
beaches are subjected to great wave action and soil
erosion during monsoon period. The observations on
the habits of intertidal molluscs show that they
influenced by factors, high tide, light, geotaxis, wave
action and water temperature changes (Rao and
Sundaram, 1972). Perhaps the species cannot survive
due to absence of the intertidal sloppy area.

Venkataraman and Wafar (2005) stated that west
coast of India is generally marked rocky shore
headlands, whereas east coast is usually shelving with
beaches, deltas, lagoons and marshes. Due to the
influence of upwelling associated with south west
monsoon (June-September) along west coast of India,
resulting in marked disparities in hydrographic
conditions, qualitative composition of marine resources
and productivity pattern are different in nature. The
foregoing account on the intertidal fauna of sandy
and rocky shores of Karnataka, a scientifically little
known place along the Indian coastline, reveals that
Fig. 3. A. Sabellaria sp. B. Purpura bufo C. Donax species richness and diversity of tropical marine fauna
scortum D. Megabalanus tintinnabulum tintinnabulum and also serve as a case study for the intertidal ecology
E. Ashtoret lunaris F. Saccostrea cuculatta F. of different types of shores. Species richness of fauna
as evidenced in the course of the present investigation,
Polyclinum saturnium G. Oyster
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in the vicinity of urbanized area indicates the marine
environs of Karnataka are still free from the adverse
effects of environmental pollution. However, the
sandy beaches of Karnataka are subjected to faecal
pollution and also oil pollution, due to tar ball deposition,
especially during raining season (Dwivedi and
Parulekar, 1974). Therefore, it necessitates the
monitoring of environment for proper conservation
of marine life of Karnataka.

Table 1. List of species (flora and fauna) reported
from Karnataka coast

Overall, shallower species at depth (3m) showed
greater occurrences than the deeper ones except for
that of Padukere. Deep sea species were found from
intertidal zones during low tide at this site. Perhaps
several species are washed ashore due to water wave
action from a group of islands called “St. Mary’s
Island”, where high species richness occurred
(Hemachandra and Thippeswamy, 2009). A point can
be noted that Padukere sandy beach is close to this
island group. Physical factors such as sediment
texture have long been acknowledged to be important
in benthic organisms (Johnson, 1971; Gray, 1974;
Tenjing 2016b). However, it is popular to investigate
biological factors structuring benthic communities, and
considerably more attention is paid to competition,
recruitment and predation (Olafsson et al., 1994) than
to physical properties of water column or sediment.
Several species occurrence in different places during
our study period may be due to physical factors.
According to the IUCN Red List of Threatened
Species, there is no any species under this list.
In recent years, much attention is paid to the study of
the marine intertidal ecology of the Indian coast. The
benthic invertebrates have a profound effect on
sediment structure and their biochemical processes
by increasing the porosity and water flow through
the sediments. On the other hand, their feeding on
the surface of sediment and plant matter promotes
nutrients (Karthiresan, 2000). The beach
morphodynamics (breaking waves, tides and
sediment) determine the morphology and slope of the
beach as well as the circulation pattern (Harriague
et al., 2006) and have a strong influence on the
communities living there (McLachlan, 1990). A proper
holistic approach is required for prudent management
of species population along with their habitats. This
management involves community, line department and
educational institutions which can facilitate and
support with inputs and possible recommendation for
implementation.
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ABSTRACT
Acanthurids comprise one of the most abundant groups of fishes on most
tropical reefs, interms of biomass and numbers. Their grazing activities on the
reefs regulate the algal coverand help in coral resilience. A study was conducted
to determine the spatial distribution ofacanthurid fishes in the reefs from two
study stations, Chidiyatapu and Havelock. The reefzones were classified into
(1) Reef slope, (2) Reef crest, (3) Reef flat and (4) Reef patch,based on the
criteria from Russ (1984). The diversity and distribution of acanthurids
wasascertained by Underwater Visual Census (UVC) using fish belt transects.
A total of 15species of acanthuridae were recorded from the study stations.
Chidiyapu had a higherspecies diversity (H’ = 1.129) and species richness (d=
3.99) compared to Havelock.Acanthurusxanthopterus was the most abundant
(21% of the total Acanthurids) species inboth the stations and Nasoelegans
(1% of the total Acanthurids) was the least abundant.A.lineatus, A.nigricauda,
A.nigrofuscus, Ctenochaetusstriatus and C.strigosus wererecorded in both
the reef flats and crests. Species belonging to the genera Zebrasoma
weregenerally concentrated in the reef crest and the reef slopes. Zebrasoma
veliferum wasrecorded on the reef slopes alone. Statistical analyses confirm
that the distribution ofacanthurid fishes on reefs varied in relation to reef
zone.

INTRODUCTION
A major goal of ecology is to explain all the spatial
patterns in the distribution of organisms and the
corresponding spatial structure of communities. The
factors affecting the distribution of organisms are
many and varied (Lecchini et al, 2003).Coral reef
habitats are highly heterogenous and are continuously
subjected to strong environmental gradients.
Consequently reef fishes also occur in conspicuous
patches over this multi-scalar environment (Gust et
al, 2001). Fishes play an important role in the resilience
of reefs since most of the ecosystem biomass flows
through them. Fishes represent a large proportion of
the overall standing biomass, hence playing a major
role in the maintenance of the health of the reef
(Paddock et al, 2006). There are many studies that
connect various substrate variables and habitat
characteristics to the density and distribution of coral
reef fishes (Luckhurst and Luckhurst,1978;Bell and
Galzin,1984).
Andaman and Nicobar Islands (920 to 940 East and
060 to 140 North), is an archipelago with 572 Islands
or Islets, stretching over 700 kilometre (km) from
North to South, in the Bay of Bengal (Tikadar et al.
1986). The surgeonfishes belonging to the family
Acanthuridae, are one of the dominant groups of

herbivorous fishes on coral reefs (Purcell and
Bellwood, 1993). Acanthurids affect the structure of
the reef substrate by influencing algal competition,
abundance and dynamics (Burkepile and Hay, 2010).
The present study was conducted to characterise the
zones of two selected reefs of South Andaman and
to assess the distribution of acanthurid fishes among
these zones.
METHODOLOGY
Study sites and Survey Period

Fig.1. Map showing the study stations in South
Andaman
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The reef in Elephant Beach from Havelock Island
and the reef in Munda pahad Beach from Chidiyatapu
were selected as the study stations (Fig 1). Surveys
were conducted for a period of one year (September
2014- August 2015).

Characterisation of reef zones and microhabitats

Characterisation of reef zones and microhabitats
Each reef was divided into four zones based on Russ
(1984) and Pratchett & Berumen (2008): (1) Reef
patch – Shallow area with a high percentage of dead
corals, rubbles and macroalgal cover (2) Reef flat –
Shallow flat area with low topographic complexity
(3) Reef Crest – Deep area with high topographic
complexity (4) Reef Slope – Sharply inclined area
beginning in the reef front. The microhabitats were
classified as Live Coral, Dead coral, Fleshy
Macroalgae, Rubble and Sand based on Wilson et al
(2010).
Abundance and Species composition of canthurid
fishes
The abundance and species composition of
Acanthurid fishes were estimated using Underwater
Visual Census (UVC) techniques, following the
methods of English et al (1997).The species
identification was done following standard keys:
Fischer and Bianchi ,(1984); Randall et al (1993);
Froese and Pauly, (2016).The feeding guilds and other
ecological aspects of Acanthurid species were
collected from Froese and Pauly (2016).

Fig.2. Zone-wise Microhabitat distribution in
Havelock reef

RESULTS
Table.1. Comparison of the reefs in the two study
stations

Fig.3. Zone-wise Microhabitat distribution in
Chidiyatapu reef

Both Havelock and Chidiyatapu are popular tourist
destinations. However, snorkelling is more prevalent
in Havelock and in chidiyatapu artisanal fisheries are
famous. Compared to Havelock, the distance
between the low tide line and the reef crest is very
high in Chidiyatapu. In both the study sites, mangroves
and evergreen forests were present in the beach
(Table 1).

In both the study sites, the reef zones were well
defined and clearly demarcated (Fig.2 and Fig.3). In
Chidiyatapu, there was a small percentage (6%) of
dead corals in the reef crest whereas in Havelock,
the reef crest was fully covered by live corals.
Species composition of Acanthuridae
A total of 186 individuals of Acanthurids belonging to
4 genera and 15 species were recorded. Acanthurus
xanthopterus was the most abundant species in both
the study areas (Table 2).
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Table 2. Species Composition (%) of Acanthuridae
in both the study sites

xanthopterus was found in the reef slope above the
sandy regions in big shoals.
DISCUSSION
Previous studies have indicated that there is a distinct
within-reef variation in the composition of reef fishes,
especially herbivorous species (Russ, 1984; BouchonNavaro and Harmelin-Vivien, 1981). The factors that
influence the distribution of reef fishes can be
biological (recruitment, competition, predation),
physical (temperature, salinity) or historical
(disturbance events) (Caley et al., 1996).

Zone-wise distribution of species
Table 3. Zone-wise distribution of species

The analysis of the zone-wise distribution patterns of
the acanthurid fishes revealed that the species
belonging to the genus Zebrasoma preferred the reef
crest and reef slope regions. Species belonging to
the genus Naso were exclusively distributed in the
reef crest. The most abundant acanthurid Acanthurus

A.xanthopterus was identified as the most abundant
acanthurid in studies conducted in New Caledonia
(Letoumeur et al, 1998). This is in accordance with
the current study. Russ (1984) has ascertained that
C.striatus is distributed highly in shallower regions.
This is consistent with the results of the present study.
A.nigricauda has been reported more from
intermediate reef zones, A.xanthopterus and species
belonging to the genus Naso have been reported more
from reef zones away from the shore (Letoumer &
Labrosse, 1998). A.lineatus was reported mainly in
reef zones exposed to wave action, in the seaward
side and A.xanthopterus in greater depths in a given
reef (Randall et al, 1997). For A.nigricauda,
A.triostegus, C.striatus and C.strigosus, the zonewise distribution correlated with feeding preferences
obtained from Froese and Pauly (2016).Species
belonging to Zebrasoma and Naso were generally
distributed along the reef crest. This is similar to the
results of previous studies (Robertson and Gaines,
1986). Availability of shelter or hide-outs, increased
diversity of microhabitats and resource partitioning
are considered to link macroalgal consumption by
fishes and structural complexity of habitats (Verges
et al, 2011). Species belonging to Naso are macroalgal
consumers and they are distributed more in Reef
crests where the habitat complexity is high.The zonal
distribution patterns of the species in the present study
are similar to those of previous reports (Russ, 1984;
Robertson and Gaines, 1986; Froese and Pauly, 2016).
The intensity of association between the organisms
and their habitats can be used to predict the level of
change in the habitat required to elicit a response in
the organisms (Jones and Andrew, 1993).It has been
proposed (Comeros-Raynal et al, 2012) that the
likelihood of local extinction is very high for
parrotfishes and surgeonfishes, presumably due to
alterations in the habitat. There is a worldwide concern
regarding coral health. A coral reef of poor health
will affect the distribution and abundance of species,
which inturn might further cause deterioration in coral
health. In this regard, studies like the present one are
empirical in ascertaining the habitat-species
relationships in reef environments.
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ABSTRACT
Southwest coast of Kanyakumari district is one of the most botanized areas of
southern India in terms of diversity and distribution of seaweeds. Such
seaweeds are mainly distributed in the intertidal rocks of Manavalakurichi of
southwest coast. Manavalakurichi coast is a beautiful and tidy beach with
rocky shores showing an astonishing biodiversity. Huge rocks standing at
either sides of the beach give it a pristine look. However, in recent days
anthropogenic factors causes the deterioration of this pristine look. For
implementing any conservation measures it is utmost important to document
the biodiversity of the area. In view of this fact, the present study was
conducted to inventory the seaweed flora of Manavalakurichi coast. During
the field survey, 79 species belong to 40 genera were collected.

INTRODUCTION
The marine environmental system is critical to the
natural and cultural heritage of the world. In terms of
marine environment, India has a coastline of about
8000 Km, an Exclusive Economic Zone of 2.02 million
Km2 adjoining the continental regions and the offshore
islands and a very wide range of the coastal
ecosystems (Singh, 2003). The marine macrophytes
form an important constituents of coastal ecosystem
(Jagtap, 1992). Marine plants comprise of algae,
seagrasses, mangroves and sand dune vegetation.
The algae are of different shapes and sizes.
Microscopic algae are known as “Phytoplankton” and
macroscopic ones as “Seaweeds” (Dhargalkar and
Pereira, 2004). Seaweeds are extraordinary
sustainable resources in the marine ecosystem which
have been used as a source of food, feed and
medicine. It has been estimated that about 90% of
the species of marine plants are algae and about 50%
of the global photosynthesis is contributed by algae.
In all , 271 genera and 1153 taxa of marine algae,
including forms and varieties have been enumerated
till date from the Indian waters (Rao and Mantri,
2006). Of these, nearly 60 species are commercially
significant and can be utilized as raw material for
agar, algin and carageenan production, and for food,
manure and pharmaceuticals. Literature reveals that,
seaweeds are mainly exploited on the southeastern
coast, especially in the areas between Vedaranyam
and Kanyakumari (Kaladharan and Kaliaperumal,
1999). However, there is positive of information is

available on the utilization of seaweeds of southwest
coast of Kanyakumari districts. In view of this fact,
the present survey was aimed to explore the seaweeds
of Manavalakurichi coast.
MATERIALS AND METHOD
The present study was carried out of Manavalakurichi
coast (08008.4382 N; 077018.1602 E) of India, in the
Arabian Sea. A number of rocks in the seabed prove
to be good substrates for a variety of seaweeds.
Therefore this coast is selected for the present
investigation. The seaweed samples were collected
in the study site during the period (2014-2016) of two
years. Photographs of most of the species were
taken in the field itself, and some were taken in the
laboratory, using a NIKON D 60 Digital Camera.
The seaweeds were identified using the taxonomic
keys provided by Srinivasan (1969;1973), and the
nomenclature was updated using Appeltans et al.
(2012) and Guiry & Guiry (2012).
RESULTS AND DISCUSSION
A total of 79 species belonging to 4 phyla
(Chlorophyta, Ochrophyta, Rhodophyta and
Tracheophyta), 5 classes ( Ulvophyceae,
Bryopsidophyceae, Phaeophyceae, Florideophyceae
and Magnoliidae), 41 genera and 25 families were
inventoried in the Manavalakurichi coastal waters
(Table 1). Among the 25 families, Caulerpaceae and
Dictyotaceae were the most richest ones (7 species
each), followed by Ulvaceae and Rhodomelaceae

197

(6 species each), Cladophoraceae and
Gracilareaceae (5 species each), Sargassaceae (4
species each), Codiaceae, Champiaceae,
Halymeniaceae and Scinaiaceae (3 species each) and
Halimedaceae, Udoteaceae, Scytosiphonaceae,
Ceramiaceae, Cystocloniaceae, Liagoraceae,
Spyridiaceae and Hydrocharitaceae (2 species each),
whereas the remaining families (Polyphysaceae,
Corallinaceae, Rhodymeniaceae, Solieriaceae and

Potamogetonaceae) were monospecific. Of these 79
species, 37 were from the class of Florideophyceae
(47%), 14 species from Bryopsidophyceae (18%),
13 species from Phaeophyceae (16%), 12 species
from Ulvophyceae (15%) and 3 from Magnoliidae
(4%) (Fig.2). The seaweeds observed in the present
study are similar to those reported from the
Mandapam coast of India (Saravanan et al., 2015;
Narasimman and Murugaiyan, 2016).

Fig 1. Taxonomic diversity of seaweeds of
Manavalakurichi coast

Fig 2. Species richness of seaweeds in respective
classes

Table 1. List of seaweed species found in the study area
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CONCLUSION
The present study gives an idea about the seaweed
distribution of Manavalakurichi coast. Seaweeds will
serve as an incentive for future environmental and
conservation studies of the biodiversity of the marine
environment in general and seaweeds in particular.
However, gradual rise in the anthropogenic influence,
impact of the sand mining from IREL and the
indiscriminate fishing activities may be causes for

concern for the biodiversity of these species.
Moreover, collection of these plant genetic resources
by researchers for various purposes has to be
regulated by statutory authorities.
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ABSTRACT
Veraval fishing harbour of Gujarat, India, is located at latitude 20’-54’ 40"N
and longitude 70’-22’ 12"E on the South West coast of Saurashtra peninsula
facing Arabian Sea. It has great importance in fishery export of India especially
shellfishes. The shellfish group contains a vast assemblage of shrimps, crabs,
lobsters, cephalopods, bivalves, etc. The major aim of this study is to provide
constructive information about commercial shellfish species availability at
the Veraval fish landing center. The work on record of marine shellfish was
carried out at the fish landing center, Veraval. On- site sampling of shellfish
species has been carried out fort-nightly. Twenty two shellfish species
(shrimps, crabs, lobsters, squids, cuttlefish and octopus) of different genera
were recorded during the periodic sampling (October 2012 to May 2015). Squids,
cuttlefishes and octopus were landed in greater quantity throughout the year
while shrimps, lobsters and crabs were landed in very small quantity. Mostly
trawl net and gill net were operated by the fishermen for fishing. The work
carried out under this study gave the seasonal availability of shellfishes and
provide the document to fisheries sector worker, fish traders and fish
processing industries for easy identification.

INTRODUCTION
Identification of animals and plants is the basic tool
for any form of biological research. India is
strategically placed in the tropical Indo-West Pacific
Zoogeographic region, the area with the richest fish
biodiversity. The shellfish is the diverse group of
members of arthropods and molluscs comprising
almost 1,30,000 species. The shellfish group contains
a vast assemblage of shrimps, crabs, lobsters,
cephalopods, bivalves, etc. India is has ever remained
as one of the major contributors of marine
crustaceans and molluscs to the world production.
At present, around 160 species of edible shellfishes
form part of the commercial catches either on a
regular basis or as occasional landings. Crustaceans
and molluscs are landed in all the maritime state of
India, but the species and volume of landings varies
from state to state.

and Pillai 2013). Fish landing center is a place, where
different types of fresh fish and fisheries commodities
are accumulated. Fish are transported to different
parts of the country and also to other countries through
landing centers. Veraval coast is recognized as the
fisheries zone of our country. Many varieties of
shellfish species are available in the landing center.
To our knowledge until now no work has been done
on the species availability in the fish landing center in
Veraval though it is very important for the fisheries
resources of this district. Study about the species
availability helps to know the present status of shellfish
species variety and their relative abundance in the
respective area. On the view of this, the survey was
carried out to study the fish species availability in the
fish landing center.

The resource base available for development of the
fisheries sector in Gujarat State is quite significant
with longest coast line of 1600 km. West coast
contributed 73% of total shellfish resources of India
in which Gujarat contributed highest i.e. 28% (Jose

MATERIALS AND METHODS
Study area
Veraval fishing harbour of Gujarat, India, is located
at latitude 20’-54’ 40"N and longitude 70’-22’ 12"E
on the South West coast of Saurashtra peninsula
facing Arabian Sea. The study was conducted at the
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fish landing center, Veraval. Fish landing data were
collected from Veraval fish landing center.
Data collection and analysis
In order to collect data on fish landing centers, fish
sampling was carried out during October 2012 to May
2016 on fortnightly. Seasonal variations of fish
diversity were also recorded during this year. Seasons
are pre-monsoon (March to May), retreating monsoon
(September to November) and winter (December to
February). Survey was conducted in the early morning
or evening because in these hours all the fresh fishes
were brought to the centers for marketing. Secondary
data were also collected through observation and
interview with fishers through questionnaire.
Identification of fish species has been done using FAO
species identification sheet (FAO, 1980, 1991, 1998,
2005) and important identification characters of the
different fish species has been recorded. Apart from
this, data viz., fishing ground and fishing method were
also recorded. All the collected data were analyzed
and the species observed in the landing center was
grouped in different categories.

Variation in species abundance
During the survey, it was observed that some shellfish
species were abundant and some were less abundant
in the fish landing center. Table 6 shows the variation
in abundance in species in fish landing center of
Veraval.
Squids, cuttlefishes and octopus are landed in greater
number as well as quantity throughout the year while
shrimps, lobsters and crabs are landed in very smaller
quantity with less number. Cephalopods and crabs
are available almost throughout the year while shrimps
and lobsters mainly available during October to
February. Maximum number of fish species was
recorded in November, December, January&
February of 2012-13 and October & April of 201314 while minimum in May 2016. Mostly trawl net
was operated by the fishermen for fishing. Most of
the vessels were gone for multiday fishing from 5-24
days. There major fishing grounds were Gujarat,
Maharashtra, Goa, and Karnataka.

RESULT AND DISCUSSION
Species composition and availability
From the resource exploitation point of view, as a
result of the intensive sweeping by multiday trawlers,
the catch represents the total species distribution. A
total 22 shellfish species referred to shrimps, crabs,
lobsters, squids, cuttlefish and octopus of different
genera were found during the periodic sampling
(October 2012 to May 2016) at fish landing center
(Table 1). Data regarding the availability of total
number of shellfish species (2012-16) is presented in
Fig 1 and availability of is presented in Table 2 to 5
Table: 1 Name of Group of shellfish Species available
at Fish landing center,Veraval

Fig-1 Month wise availability of Total Number of
Shellfish Species (2012-16)
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Table-2. Shellfishes availability at Fish Landing
Center, Veraval (2012-13)

Table-3. Shellfishes availability at Fish Landing Center, Veraval (2013-14)

Table-4. Shellfishes availability at Fish Landing Center, Veraval (2014-15)

Table-5. Shellfishes availability at Fish Landing Center, Veraval (2015-16)

NOTE:- + : AVAILABLE

NOTE:- + : AVAILABLE

- : NOT AVAILABLE
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- : NOT AVAILABLE

Table 6. Variation of shellfish species number at the
fish landing center, Veraval during 2012-16

CONCLUSION
Remarkable changes were observed in many natural
fish population. The work carried out under this
programme give seasonal availability of shellfishes
as well as all recent findings, changes and concepts
of taxa for easy identification for use of ordinary
workers in fisheries sector, fish traders and fish
processing industries of Saurashtra region. Work will
be also helpful in the stock assessment study of major
resources.
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INTRODUCTION
In a country where the food and nutrition scenario of
masses remains bleak, solution lies in harnessing full
potential of available biodiversity for more production
and creating awareness among masses on nutritive
value of horticultural crops grown in the local
communities. With climate change acting as a hunger
risk multiplier, naturally enriched nutritious crops and
species are important in tackling the problems of micronutrient deficiency and food insecurity. Humans
requires vitamins, minerals, proteins, energy etc. for
its health. Fruits, nuts, and vegetables play a significant
role in human nutrition, especially as sources of vitamins
(C, A, B6, E, thiamine, niacin,), minerals, and dietary
fiber. Their contribution as a group is estimated at 91%
of vitamin C, 48% of vitamin A, 27% of vitamin B 6,
17% of thia-mine and 15% of niacin in the diet. Fruits
and vegetables also supply 16% of magnesium, 19%
of iron, and 9% of the calories. Legume vegetables,
potatoes, and tree nuts such as almond, filbert, pecan,
pistachio, and walnut contribute about 5% of the per
capita availability of proteins in the diet, and their
proteins are of high quality as to their content of essential
amino acids. Nuts are a good source of essential fatty
acids, fiber, vitamin E, anminerals. Horticultural crops
also provide folacin, riboflavin, zinc, calcium, potassium,
phosphorus, Enzymes, Functional foods, Nutraceuticals,
Phytochemicals, Coloured pigments like carotenoids,
chlorophyll and anthocyanins. Horticultural production
and marketing policy interventions in a climate warming
situation when combined with extensive nutrition
education offer a viable strategy to control and eliminate
hunger and malnutrition albeit slowly in a fast growing
economy like India.
People have food security when they are able to grow
enough or buy enough food to meet their daily needs
for a healthy life. Access to nutritious food is a key
dimension of food security. In Africa and Asia, urban
households spend up to 50 percent of their food budgets
on cheap “convenience” foods often deficient in the
vitamins and minerals essential for health. Fruit and
vegetables are the richest natural sources of
micronutrients. 90 per cent of the developing world’s

chronically under-nourished children live in Asia and
Africa. In India, 18 per cent of children under five
years of age suffer from acute under-nutrition. But in
developing countries, daily fruit and vegetable
consumption is just 20-50 percent of WHO
recommendations.
One of the recent threats facing the horticultural
industry in India is the large volume of imports which
are of high quality and available at exorbitant prices
are preferred by most supermarkets. This can be done
away by removing the bottlenecks faced by the local
farmers by conserving and utilizing natural biodiversity.
1. COMMON PROBLEMS like
(i) Inadequate availability of disease free, high quality
planting material
(ii) Micro-propagation techniques are under exploited.
(iii) Slow dissemination and adaptability of improve high
yielding cultivars/hybrids.
(iv) Inadequate facility for identification of nutrient
deficiency and disorders
(v) Lack of diseases and pests’ outbreak forecast
service.
(vi) Unavailability of refined intensive integrated
production systems
(vii) Lack of quality standards.
2. CROP SPECIFIC PROBLEMS
Long gestation period, Predominance of senile orchards
(e.g. apple and mango), Lack of technology to manage
problems like spongy tissue, alternate bearing and
malformation in mango, wilt in guava, decline in citrus,
etc., Location specific technologies are not available.
Lack of proper crop management and soil health
techniques.
High cost of production due to labour intensive
technologies, Exorbitant charges of hybrid seeds, Risk
intensive production system, Lack of low cost
environmental controlled green houses for high quality
production, Supply and demand profile frequently
changing with season, year and kind of vegetable, Non
availability of technology for extending production to
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semi arid areas under low moisture regime and mild
problematic soil conditions.
Potato
Lack of varieties for diverse cultivation, processing
problems, Low seed multiplication rate (5-10 times)
from breeders’ seed to certified seed, Rapid
deterioration of varieties due to viral complexes.
Lack of awareness of TPS technology, Lack of
required cold storage space and non availability of low
cost short term storage structure.
Mushroom
Available technology not cost effective, Lack of design
of low cost mushroom houses.
Inadequate availability of quality spawn of different
strains.
Tuber crops
Slow multiplication rate, Poor management practices
for pests like sweet potato weevil and diseases like
cassava mosaic and colocasia blight.
Floriculture
Lack of indigenous production techniques, F1 hybrids
not fully exploited, Narrow product range,
High rate of tariff imposed by importing countries.
MEDICINAL AND AROMATIC PLANTS
Trade of medicinal and aromatic plants is very secretive
due to absence regulatory mechanism.
Less number of spp under cultivation (out of 4000
identified only 20-30 are cultivated).
Spices
(I) Lack of variability for host resistance to biotic and
abiotic stresses.
(II) Severe crop losses caused due to disease and pests.
(III) Vagaries of monsoon affect crop growth,
productivity and sustainability.
Coconut
(i) Large area of old and senile plantations under rainfed
condition.
(ii) Rainfed cropping nature.
(iii) Prevalence of diseases and pests like root-wilt,
ganoderma wilt, Thanjavur wilt, tatipaka diseases and
eriophide and red palm weevil pests pose severe threats
to industry.
(iv) Farm level processing is inadequate.
Arecanut
(i) Incidence of diseases like yellow leaf diseases.
(ii) Lack of irrigation facilities.
Oilplam
(i) Poor water management in the palm orchards.
Cocoa
(i) Large areas of old and senile plantations.
(ii) Lack of high yielding clones.

(iii) Black pod rot in cocoa continues to be problems in
production front.
(iv) Farm level processing is inadequate.
Cashew
(i) Increasing level of senility of the existing plantation.
(ii) Poor management of pests like tea mosquito bug
and stem borer.
(iii) Farm level processing is inadequate.
Tea
(i) Old age of tea bushes.
(ii) Slower pace of replantation- the rate of replanting
< 0.4% as against the desired 2.0%
(iii) Poor drainage and lack of irrigation when needed
greatly reduces the yield.
(iv) Stagnation in productivity level compounded by high
land labour ratio.
(v) Higher rate of taxation in the income from tea.
(vi) Stiff competition from the soft drinks.
Coffee
(i) Presence of large number of tiny growers with less
than two hectare.
(ii) Existence of old moribund plant material - reluctance
of replant with new varieties.
Rubber
(i) Unattractive financial assistance to growers to
undertake scientific planting.
(ii) Low price of rubber.
(iii) Inadequate infrastructure for primary processing.
(iv) Stiff competition from natural and synthetic rubber
NUTRITIONAL SECURITY
Malnutrition-under-nutrition and imbalanced nutritionis a major health problem in developing and developed
countries. Even among wealthy only about 7 percent
children between 6 and 24 months receive adequate
feeding, health care and environmental health in India.
There is a horticultural remedy for every nutritional
malady. Fruits, vegetables, spices and aromatic plants
are the reservoirs of much needed fibre, vitamins,
minerals, anti-oxidants, lipids, flavourants, odourants and
essential phyto-chemicals. Leafy vegetables like red
and green amaranth, Indian spinach, water spinach,
drumstick leaves and jute leaves, are excellent sources
of iron, beta carotene (pro vitamin A), and folic acid.
Ripe mango and papaya, carrot, orange fleshed sweet
potato and pumpkin contain high quantities of pro
vitamin A whereas local citrus fruits as well as star
fruit, jujube and guava provide vitamin C, good for
enhancing absorption of iron from the diet. Moreover,
vegetable and fruit gardens are largely managed by
women and set close to the households. Horticulture
products, therefore, not only make a vital contribution
to household food and nutrition security, but they can
also generate employment for women and foster
economic security.
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Role of horticultural crops in human nutrition
Vitamins: The deficiency of any vitamin from the
diet for considerable period may lead to diseased state
or disorder conditions. Fruits and vegetables supply
several vitamins.
Calcium: It is essential for development of bones
regulation of heartbeat, controlling blood clots. Sources:
Acid lime, Orange, Fig, Dried apricots, wood apple,
cabbage, greens, beans, carrot, onions, peas, tomatoes,
agati, spinach drumstick leaves etc.
Iron: It is required for production of haemoglobin and
it is constituent of red blood corpuscles. Its deficiency
causes anaemia, smooth tongue, pale lips, eyes and
skin and frequent exhaustion. Sources: Custard apple,
Guava, Pineapple, Straw berry, Grape, Black currents,
dried dates, carrot, drumstick leaves, beans and agati
etc.
Phosphorous: It is essential for maintaining the
moisture content of tissues and for development of
bones. Sources: Guava, Grape, Jackfruit, Passion fruit,
Orange and vegetables like Carrot, Chilli, Drumstick
leaves, Beans, cucumber and onion.
Proteins: Protein deficiency causes retarded growth
and increased susceptibility to diseases and causes
lethargy. Sources: Most of the fruits are low in proteins
except guava and Banana. Vegetables like peas and
beans are rich in proteins.
Enzymes: These are required for controlling several
metabolic activities in the body. Sources: PapayaPapain and Pineapple-Bromelin.
Fibre and roughages (Cellulose and pectin): Fruits
and vegetables supply roughages. Help in digestion
and prevent constipation. Sources: Fruits contain low
content of fibre. Guava and anola are better sources
compared to other fruits. Leafy vegetables are rich in
fibre content.
The Simple Solution
*Fruits and vegetables improve absorption of phytates
whole grains, seeds, pulses
*Green leafy vegetables–Fe, Vitamin A; More available
Fe than legumes
*Tree nuts, Portulaca–Essential fatty acids (Omega
3)
*Mango, Pumpkin, Carrot, Orange-fleshed sweet
potato – Vitamin A, Vitamin C
1/2 cup pumpkin, 2/3 a carrot, 1 mango supplies RDA
of Vitamin A and Vitamin C
*Citrus, guava, broccoli, peppers, potato—Vitamin C
*Foods are better accepted and more sustainable than
vitamin supplements or pharmaceuticals for some
populations
Enzymes and Pigments:
Fruits and vegetables are rich in colour imparting
pigments and enzymes. The chief pigments of fruits
and vegetables are carotenoids, chlorophyll and

anthocyanin.
Carotenoids are natural compounds that give the deep
yellow, orange and red colours to fruits and vegetables
such as apricots, carrots and tomatoes, orange,
capsicum, mango and papaya. Carotenoids also are
plentifully found in in dark green vegetables, such as
spinach, but the dense chlorophyll marks the carotenoid
colours. The major carotenoids found in fruits and
vegetables include alpha-carotene, ²-carotene, lutein,
lycopene and zeaxanthin. The body can convert ±carotene, ²-carotene and cryptoxanthin to retinol so
they are called pro-vitamin A carotenoids. Lycopene,
lutein and zeaxanthin donot have pro-vitamin A activity.
Lycopene is the orange- red pigment of tomatoes.
Enzyme like Ficin in figs and papain in papaya are the
major proteolytic enzymes. These enzymes can react
with proteins of the human skin and cause dermatitis.
Phenoloxidases in potatoes, apples, pears, grapes,
strawberries, and figs are responsible for the
discoloration of cut surfaces when exposed to air. Other
enzymes responsible for color changes in fruits and
vegetables are chlorophyllases, anthocyanases and
peroxidase. Lipoxygenase and lipase are the enzymes
linked with off-flavour in frozen peas and beans. Citrus
fruits and tomatoes are rich in pectin esterase, and
pears and tomatoes in polygalacturonase, both being
pectolytic enzymes responsible for softening of fruit
texture during ripening.
PHYTOCHEMICALS IN FRUITS AND VEGETABLES
Phytochemicals are essentially chemical compounds
that can be found in plant foods like fruits, vegetables,
beans and whole grains. These compounds give
distinctive color, smell and taste. Antioxidants are
actually part of a group of compounds called
phytochemicals. Different phytochemicals are linked
to different colored fruits and vegetables, eating a
variety of colored fruits and vegetables will mean
ingesting a variety of phytochemicals.
Carotenoids: The orange, red and yellow pigments of
fruits and vegetables (dark green chlorophylls of
vegetables and kiwi masks the colors of carotenoids).
Thiocyanates: Sulfur compounds keep your nose
away at the aroma of boiling cabbage. Daidzein and
genistein: hormone-like compounds in many fruits and
vegetables.
DIETARY FIBER
Other phytochemicals like vitamins perform beneficial
housekeeping chores in our body. They keep cells
healthy, prevent the formation of carcinogens (cancerproducing substances), reduce cholesterol levels and
help move food through intestinal tract.
Common phytochemicals: Resveratrol in grapes/
grape skins, Isoflavones in soy, Lycopene in tomatoes,
Lutein in spinach and Naringenin in grapefruit.
Whole foods: Indeed, a varied diet rich in whole foods
offers the best combination of dietary micronutrients
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and phytochemicals. Unfortunately, in today’s nutritional
world, we’re replacing these whole foods with
processed foods low in vitamins, minerals and
phytochemicals. Nutrient deficiencies unseen for
hundreds of years are beginning to reappear. With these
deficiencies come poor health, increased disease risk,
obesity and more.
FUNCTIONAL FOODS
The term ‘functional’ is used to describe foods and
drinks that are enriched with particular nutrients or
substances that have the potential to positively influence
health over and above their basic nutritional value.
Probiotics are live microorganisms – mostly bacteria
–impart health benefits.
*Prebiotics promote growth of particular beneficial
bacteria which tone up large intestine and also inhibit
the growth of potentially harmful bacteria to intestinal
health.
*Stanols and sterols, occur naturally in small amounts
in plants and fruits, have a cholesterol lowering effect
and are added to products such as reduced/low fat
spreads.
FUNCTIONAL FOODS FROM PLANT
SOURCES
*Oats. This plant food can reduce total and low density
lipoprotein (LDL) cholesterol.
*Flaxseed. Flaxseed oil contains the most (57%) of
omega-3 fatty acid, a-linolenic acid. Consumption of
flaxseed reduce total and LDL cholesterol (Cunnane
et al., 1993).
*Tomatoes. Lycopene is primary carotenoid found in
this fruit (Gerster, 1997), and it has a role in cancer
risk reduction (Weisburger, 1998).
*Garlic. Flavor and pungency are due to oil and watersoluble, sulfur-containing elements, responsible for
medicinal effects ascribed to this plant (Nagourney,
1998).
*Broccoli and other Cruciferous Vegetables
cruciferous vegetables decrease cancer risk due to high
content of glucosinolates (Verhoeven et al. 1997).
*Citrus Fruits. Ccitrus fruits are protective against a
variety of human cancers. Citrus fruits are particularly
high in a class of phytochemicals known as the
limonoids. (Hasegawa and Miyake, 1996).
*Cranberry. Cranberry juice cures urinary tract
infections and also inhibits the adherence of
Escherichia coli to uroepitheial cells.
*tea. Tea is second only to water as the most widely
consumed beverage in the world. Polyphenols comprise
up to 30% of the total dry weight with Catechins.
*Probiotics
Probiotics are defined as live microorganisms – mostly
bacteria – which when taken in adequate amounts
confer a health benefit. Traditionally, bacteria have been
used for the production of fermented foods such as
yogurt and sauerkraut. Probiotics stimulate the immune
system. Probiotics may help prevent the development

of some allergic diseases, such as atopic dermatitis
(an allergic skin reaction) in childhood.
PREBIOTICS
*First used in 1995 and can be defined as a nondigestible food ingredient that can deliver beneficial
effects on health by selectively stimulating the growth
and/or activity of specific health-promoting bacteria in
the colon. Prebiotics promote the growth of particular
bacteria in the gut that are beneficial to intestinal health
(for example Lactobacillus sp., Bifidobacteria sp. and
Lactococcus sp.). They also inhibit the growth of
potentially harmful toxin producing Clostridia and
Escherichia coli.
*Foods naturally containing prebiotic properties include
leeks, chicory, asparagus, bananas, artichokes, garlic,
onion, wheat, soybean, oats and some honeys.
Plant stanols and sterols Although plants usually only
contain a small amount of fat, their seeds are relatively
concentrated sources. Interest in one particular group
of plant-derived lipids, plant stanols and sterols.
*Sterols Components of cell membranes controlling
membrane fluidity and permeability. Present naturally
in small quantities in fruits, vegetables, nuts, seeds and
legumes.
*Stanols are chemically similar to sterols. They occur
in similar sources such as nuts, seeds and legumes but
in smaller quantities than sterols.
The structure of plant stanols and plant sterols is very
similar to that of cholesterol and so they are able to
compete with cholesterol in the human gut. It is thought
that including plant stanols and sterols in the diet reduces
the absorption of cholesterol.
NUTRACEUTICALS
The term “Nutraceutical” was coined from “nutrition”
and “pharmaceutical” in 1989 by Stephen DeFelice.
Nutraceutical is “a food (or part of a food) that provides
medical or health benefits, including the prevention and/
or treatment of a disease” When functional food aids
in the prevention and/or treatment of disease(s) and/
or disorder(s) other than anaemia, it is called a
nutraceutical. Examples of nutraceuticals include
fortified dairy products (e.g., milk) and citrus fruits (e.g.,
orange juice).
ETHNIC FOODS:
Conserving and utilizing horticultural biodiversity
enriches the value addition of ethnic foods. Ethnic foods
originate from a heritage and culture of an ethnic group
who use their knowledge of local ingredients of plants
and/or animal sources. To illustrate, Hindu food from
India, Maori food from New Zealand, and Masai food
from Kenya are ethnic foods. Ethnic food can be
defined as an ethnic group’s or a country’s cuisine that
is culturally and socially accepted by consumers outside
of the respective ethnic group.
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ABSTRACT
A field experiment was conducted during kharif season of 2012 at
Experimental farm, Annamalai University, Annamalai nagar, to study the
effect of growth regulator, organic and inorganic foliar nutrient sprays.
Among the different foliar sprays evaluated, recommended NPK + foliar
application of pulse wonder 2 kg ha-1 at 35 days after sowing (T4)
recorded enhanced values of varied yield attributes of blackgram. This
was followed by application recommended NPK + foliar application of
DAP 2 per cent twice at 35 and 50 days after sowing (DAS) (T2) which
was on par with foliar application of panchagavaya 5 per cent twice at 35
and 50 days after sowing (T3). The lowest value of yield attributes were
recorded with recommended NPK alone (25:50:25 kgs ha-1) (T1).

INTRODUCTION
Blackgram (Vigna mungo (L.) Hepper is the
ancient and well known leguminous crop of Asia,
belonging to leguminosae family and is originated
from India and Central Asia. It is the third most
popular pulse crop cultivated throughout India. In
India it occupies 2.9 million hectares with an annual
production of 1.24 million tonnes and in Tamil Nadu it
is grown in 3.41 lakh hectares with a production 1.21
lakh tonnes and productivity 354.84 kg ha-1.
(Chaturvedi, 2009). The importance of blackgram in
Indian economy is hardly overemphasized due to its
valuable and easily digestible protein (24%), fat
(1.3%), calcium (124 mg), phosphorus (326 mg), iron
(7.3 mg) and vitamin B. It’s protein is rich in lysine,
an essential amino acid and is used mainly for
feeding vegetarian people as well as malnourished
population. It is also used as an important green
manuring and cover crop for enriching soil fertility
due to it’s high atmospheric nitrogen fixation capacity
through rhizobium root nodulation and addition of huge
biomass. Of late in India the average productivity of
blackgram crop has rather remained static (343 kg
ha-1). The yield potential of blackgram is very low
because of the fact that the crop is mainly grown in
rainfed conditions with poor management practices
and also due to various physiological, biochemical as
well as inherent factors associated with the crop.
Apart from the genetic makeup, the physiological
factor viz., insufficient portioning of assimilates, poor
pod setting due to the flower abscission and lack of
nutrients during critical stages of crop growth were

the reasons for the poor yield. The productivity of
blackgram is not sufficient enough to meet the
domestic demand of the population. Hence, there is
need for enhancement of the productivity of blackgram
by proper agronomic practices. Several strategies
have been initiated to boost the productivity of
blackgram. Among the methods of ferti1izer
application, foliar nutrition is recognized as an
important method since it facilitates easy and rapid
utilization of nutrients. Foliar nutrition is a simple and
cheaper technology which ensures the supply of
nutrients to the crops directly where they are needed
without spending energy for their transport, application
and without any losses in transit. Moreover, foliar
nutrition often brings about immediate improvement
compared to soil fertilization. The involvement of
micronutrients in different physiological and
biochemical activities of the legume plants is well
documented because correlations between
micronutrient supply and crop growth and productivity
have been often observed. This is considered to be
an efficient and economic method of supplementing
part of the nutrient requirements at critical stages.
MATERIALS AND METHODS
A field investigation was conducted at Annamalai
University Experimental Farm, Annamalai Nagar to
study the effect of different foliar spray in the yield
of blackgram. The field experiment was conducted
in randomized block design with three replications.
The treatments comprised of recommended NPK
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alone (25:50:25 kgs ha-1 ) (T1), recommended NPK prolonged and continuous translocation of
+ foliar application of DAP 2 per cent twice at 35 photosynthate. Apart from this, delayed senescence
and 50 days after sowing (DAS) (T2), recommended may also be attributed for the increase in yield. The
NPK + foliar application of panchagavaya 5 per cent production of higher seed yield due to growth
twice at 35 and 50 days after sowing (T3), regulators may be attributed to the fact that plants
recommended NPK + foliar application of pulse treated with growth regulators remained
wonder 2 kg ha-1 at 35 days after sowing (T4), physiologically more active to build up sufficient food
recommended NPK + foliar application of zinc reserves for developing flowers and seeds. This was
sulphate 0.5 per cent twice at 35 and 50 days after also in conformity with the findings of Pandey and
sowing DAS (T5), recommended NPK + foliar Gupta , (2013). The results were also supported by
application of NAA 30 ppm at twice at 35 and 50 Subramani et al. (2002). The lowest value of yield
days after sowing (T6), recommended NPK + foliar attributes were recorded with recommended NPK
application of humic acid 0.5 per cent twice at 35 alone (25:50:25 kg ha-1) (T1).
and 50 days after sowing (T7) and recommended
NPK + foliar application of cow urine 5 per cent twice CONCLUSION
at 35 and 50 days after sowing (T8). The soil of the The present field investigation concluded that
experimental site was clayey loam with pH 7.30, application of 100% recommended dose of NPK +
organic carbon 0.47(%), available N 236.00, P2O5 foliar application of pulse wonder 2 kg ha-1 at 35
21.80 and K2O 234 kg /ha. The inorganic fertilizers days after sowing can be recommended to increase
were applied to all plots at the rate of 25 kg N, 50 kg the yield of black gram as a nutrient management
P2O5, 25 kg K2 O ha-1 in the form of urea, di- strategy to get higher productivity and profitability
ammonium phosphate and MOP respectively. Two of black gram in deltaic areas of Tamil Nadu.
foliar nutrient sprays were applied at 35 and 50 days
after sowing coinciding with flowering and pod filling Table 1. Effect of foliar nutrition on the yield of
stages for all the treatments except T1 and one foliar blackgram
spray was applied at 35 days after sowing coinciding
with flowering for T4. The variety VBN 6 was sown
with a spacing of
30 cm x 10 cm on June 7th,
2012 and harvested on August 19th , 2012. The plant
height was taken by standard scale. The yield of crop
was calculated by net plot and converted in hectare.
RESULTS AND DISCUSSION
All the treatments were found to significantly influence
the yield of blackgram. Among the different foliar
sprays evaluated, recommended NPK + foliar
application of pulse wonder 2 kg ha-1 at 35 days after
sowing (T4) recorded highest seed yield of blackgram
(860 kg ha-1) . This was followed by application
recommended NPK + foliar application of DAP 2
per cent twice at 35 and 50 (DAS) (750 kg ha-1)
(T2) which was on par with foliar application of
panchagavaya 5 per cent twice at 35 and 50 DAS
(735 kg ha-1) (T3). Foliar application of
micronutrients during the various growth stages
enhances the seed yield by ensuring prompt delivery
mineral nutrients to the site of photosynthesis.
Micronutrients play a important role in increasing the
grain yield of crops through their effect on the plant
itself and on the nitrogen fixing symbiotic process,
enhancing the chlorophyll content, increasing the
photosynthetic rate, translocation of photosynthates
and catalyst for various enzyme systems. With respect
to the application of pulse wonder, the possible reason
for improvement in yield might be due to the nature
of this crop booster with a combination of nutrients
and growth regulators for pulses resulted in decreased
flower shedding and improvement in the crop tolerance
for abiotic and biotic stress (Marimuthu and
Surendaran, 2015). The foliar spraying of these might
have exploited favorably for indeterminate crop for
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ABSTRACT
Homegardens of tropical regions hold the richest treasure of crop species
diversity and are being found influenced by different socioeconomic,
ecological and cultural factors. Through this paper an attempt has been
made to assess diversity, composition and abundance of crop species in
the homegardens of Muppainad Panchayath in Wayanad district, Kerala,
India and has been tried to compare the structural and functional
variations of homegardens maintained by different rural communities. Here
the definition of homegarden has been decided as the small land area
Keywords:
falling at the immediate vicinity of the household, where multifunctional
Homegardens, Wayanad,
plant species are grown only for the purpose of own consumption of the
Crop diversity, composition
household people. A questionnaire survey method along with quadrate
sampling strategy was adopted. A total of 100 households were surveyed
from the total population through a stratified random selection of 25
households each from Hindu, Christian, Muslim and the tribal population.
The study had resulted in documenting with a total of 165 crop species
that included 54 herbs, 23 shrubs, 61 trees and 27 climbers, which are
distributed in a range of 3 to 52 species per households with an average
16 species per households. The area of homegarden accommodating these
species ranged from 0.002 to 0.101 hectares. With regard to the three
index values of species diversity viz., Shannon, Fisher_alpha and the
Margalef’s index of richness calculated for different communities, Hindus
holds maximum diversity and among different size categories, the smallest
category (1) was found to be the most diverse in the study area.
Similarity index calculated between different communities had shown that
maximum similarity exists between Christian and Muslim (99%), and least
similarity between Hindu and Tribes (28%). The tribal community stood as
the most variant homegardens with all other communities. The similarity
index determined between size categories showed maximum similarity
between category 1 and 2 (86%), and the least between category1 and 4
(37.9%) and further the largest category (4) was found less similar to
homegardens in all other categories.

INTRODUCTION
Home gardening has been an ancient practice in
different regions of the world, though their structure,
function, species composition, and management vary
with different cultural and geographical conditions
(Fernandes and Nair 1986). Homegardens of tropical
regions hold the richest treasure of crop species
diversity and are being found influenced by different
socioeconomic, ecological and cultural factors.
Having biologically rich and diverse tropical vegetation,
Kerala part of Southern Western Ghats in India is an
important locale of global biodiversity, and the state is
having equally rich and diverse homegardens kept by

the people. But so far very little effort has been taken
to document the diversity of homegardens in Kerala.
And the previous studies mostly focused the southern
districts (Soumya Mohan, 2004, Kumar et al 1994,
Jacob John 1997). Though northern region of Kerala
has richly diverse and more variable homegardens,
neither exclusive study had been conducted nor the
work had been published. Hence a study has been
taken up on homegarden of one of the rural villages
of Wayanad district of Kerala with the following
objectives:

211

Assess diversity, composition and abundance of crop
species in the homegardens of Muppainad
Panchayath, Wayanad district, Kerala, India
Compare the structural and functional variations of
homegardens maintained by different rural
communities in Wayanad district, Kerala.
METHODS
The present study had focused the home gardens in
Muppainad panchayath located in the Eastern part
of Wayanad district. The Panchayath is bounded in
north by Ambalavayal, Muttil, and Meppadi
panchayats, south by Meppadi panchayat and
Malappuram district and Tamil Nadu state and east
by Tamil Nadu and west again by Meppadi panchayat.
Total land area of Muppainad is 60.92km2. About
26% land area of the panchayat is occupied by dense
forest.
For the present study, the definition of homegarden
has been decided as the small land area falling at the
immediate vicinity of the household, where
multifunctional plant species are grown only for the
purpose of own consumption of the household people.
And for studying the diversity of crop species of these
homegardens/kitchen gardens, questionnaire survey
method along with quadrate sampling strategies were
adapted.
The studies were undertaken during February to May
2015. Demographic details of the Panchayath and
locations of households were collected from concerned
authorities. A total of 100 households were surveyed
from the total population through a stratified random
selection of 25 households each from Hindu, Christian,
Muslim and the tribal population.
While sampling, the homegardens were classified as
four different categories according to their size, based
on which the number of quadrates in each garden
was fixed. Those having
* Up to 0.008 hectare were termed as category1
* 0.008 to 0.02 hectare as category2,
* 0.02 to 0.04 hectare as category3 and
* Above 0.04 hectare were termed as category4.
Since different size categories of gardens had spread
in different patterns, linear quadrates of 3m/*2m size
were laid with the help of a rope in each plot. 3quadrats
were laid in 1st category, 5 in 2nd, 8 in 3rd and 10
quadrates in 4th category. A minimum of 2m was
fixed as inter quadrate distance. Thus a total of 387
quadrates were studied in 100 households.
All the crop species maintained in the garden from
each quadrate were identified and documented
(Gamble, J. S. 1921, Nayar et al. 2006. and Sasidharan,
N. 2004). The number of individuals of each crop
was also counted. Varietal level information of the
species was also noticed. Only crop species and trees
were considered in the present study and the
herbaceous layer of weeds were not counted.
Since the duration of survey was restricted for 3

summer months (February to May) only, many of the
seasonal crops could not be included in the survey.
Ecological parameters like density, frequency,
abundance and indices like Diversity indices
(‘Margalef’s index of richness’ (D mg), Shannon
index (H’), Fisher’s alpha (±)) and Similarity index
were calculated using PAST.
RESULTS AND DISCUSSION
A total of 165 species were reported from 387
quadrates studied in 100 homegardens maintained by
4 different communities (Annexure1). This included
54 herbs, 23 shrubs, 61 trees and 27 climbers, which
are distributed in a range of 3 to 52 species per
households with an average 16 species per
households. The area of homegarden accommodating
these species ranged from 0.002 to 0.101 hectares.
The homegardens surveyed were much diverse
among all communities except the tribal community
and they use to grow large number of species in
minimum spaces available in homegarden. The area
of homegarden varied in each household. The
distribution of number of various categories according
to area of homegarden in each community is
represented in Fig. 1.
Fig.1 Distribution of size categories in different
communities

Among four communities, Hindus were having
minimum number of lowest size category garden
(category 1). This shows that the community holds
comparatively larger gardens in the study area. This
can be explained by the fact that they are the people
holding age-old tradition of keeping good
homegardens.
Proportion of land area and size of homegarden
Total land area owned by 100 households studied
amounts to 50.015 hectares, out of which 1.236
hectares were homegarden. The proportion of
homegarden to total land area hold by 4 communities
are represented in Table1.
Table.1 Size of crop field versus size of home garden
in communities
Communities

Average Size
of Crop Field(ha)
garden(ha)
Christian
1.135
Hindu
0.5759
Muslim
0.1986
Tribalcommunity 0.0909
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Average
Size of Home
size to total
0.0159
0.0178
0.0114
0.0041

Percentage of
homegarden
crop field
1%
2.9%
5.5%
4.3%

From the above data it is evident that the relative
area of homegarden to the average area of crop
garden is maximum in Muslim community. They had
5.5% of their total crop field utilized for homegarden.
The relative area of homegarden to the average area
of crop garden was minimum in Christian community
that was just 1% though they hold large areas of crop
field in the study area. The relative area of
homegarden to crop garden was 4.3% among Tribal
community. This may be due to the fact that they
hold very little crop field. The proportion of area of
homegarden to average area of crop garden was
found to be 2.9% in Hindu community.
DENSITY, FREQUENCY AND ABUNDANCE
Amaranthus are grown abundantly in beds by sawing
many seeds together. They require less land area and
are grown densely (Fig.2). When the frequency of
crops was analyzed, Musa x paradisiaca occurred
more frequently in the studied households (Fig.3).
Since Musa x paradisiaca are highly nutritious and
easily manageable, the crop is grown in almost every
garden.
Fig.2 Crop species having maximum density

Fig.3 Crop species having maximum frequency

Among different communities studied, Hindu
community holds maximum diversity and among
different size categories, the category 1 was found
most diverse in the study area. This might be due to
the fact that the households belonging to Hindu
community followed a system of keeping multiple
crops in their homegardens, used for food, medicinal
and religious purposes. Most of their rituals include
use of different plants. The study reported from
Thrissur district of Kerala on homegardens has also
reported similar results of small land area kept as
homegardens were having more diverse crop status
than the crop fields (Soumya Mohan, 2004).
Besides it was also evident from the survey that they
hold the highest average size of homegarden in the
study area (Table 1). On the other hand, Christian
community holds more land area but the size of
homegarden was comparatively small in the study
area and the species diversity is comparatively less.
Muslim and tribal communities were keeping a better
size of homegarden compared to their size of crop
field. But the species diversity is least in their
homegardens.
Among different size categories of homegardens, the
number of households surveyed in category 1 was
more in number (72) and have shown high diversity
index calculated for three indices. Another reason for
high diversity in lowest category of land size may be
that people might keep more crop species in limited
area available for cultivation.
Table.2 Diversity indices of different size categories
and communities
Diversity index
Total

CAT 1

Shannon_H
Margalef
Fisher_alpha

3.749
15.9
28.32

CAT 2
3.542
13.64
24.08

CAT 3
3.507
12.87
24.51

CAT 4

Chris

3.055
7.929
14.01

tian
3.526
13.95
24.83

Hindu

Muslim

3.774
15.12
27

community
3.4
3.4
3.766
13.31 8.357 18.14
23.44 16.76 30.37

Tribal

Similarity index (Bray-Curtis)
The category1 and category2 include more number
of households and their homegardens are more
diverse. The species included in the category1 and
category2 were almost similar. Hence they show
maximum similarity (Table 3).
Table.3 Similarity indices between categories
Category 1
Category 2
Category 3

Fig.6 The most abundant species in the study area
DIVERSITY INDICES

Category 2 Category 3
0.87%
0.59%
0.71%
-

Category 4
0.38%
0.47%
0.72%

The Christian community hold large areas of crop
gardens (Table.1) and are more interested in
commercial crops than homegardens and in case of
the Muslim community most of them were merchants
and a few are abroad. The Hindu and Tribal
communities have many socio economic similarities
but, they show more dissimilarity in their species
richness. Tribal communities are daily wagers by their
occupation and depended mostly on wayside collection
of food crops than going for homegardens.
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Table.4 Similarity indices between communities
Hindu
Muslim Tribes
Christian
0.92%
0.99% 0.32%
Hindu
0.28%
Muslim
0.91%
0.32%

minimum land area. This shows that traditional
knowledge of making and maintaining homegarden still
exists in Hindu community.
Although various homegardens belonging to different
community and categories are being planted and
maintained in a different attitude, they provide a wide
Species diversity was least recorded in tribal range of benefits which overlie between communities
community. Similarly, the Hindus were keeping large and categories.
area of homegarden and tribal community with
Annexure 1: List of plant species recorded from the study area
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ABSTRACT
A Field experiment was conducted during June to September of 2015 at
Experimental Farm of the Department of Agronomy, Annamalai University,
Annamalai Nagar to improve the productivity of sunflower by using
different organic and inorganic sources of nutrients. The results indicated
that combined application of RDF + vermicompost @ 5 t ha-1 + foliar
application of MnSO4 0.5 per cent on 40 and 60 DAS significant
increase in growth attributes (plant height, LAI and DMP), yield
attributes ( Capitulum diameter, total numbers of seeds capitulum-1,
number of filled seeds capitulum-1 and 100 seed weight) and yield of
sunflower, and it was followed by RDF + pressmud @ 10 t ha-1 + foliar
application of MnSO4 @ 0.5 percent on 40 and 60 DAS. The least
growth and yield parameters and yield were recorded with control.

INTRODUCTION
In spite of cultivation of number of oilseed crops,
country meets 50 per cent of its domestic
requirements through import. At present the annual
edible oil requirement of the country is about 18.24
mt of which only 8.04 mt is met by local production
and rest 9.34 mt is being imported. Sunflower seeds
contains about 48 – 53 per cent edible oil. Sunflower
oil is a rich source of linoleic acid (64 per cent) which
is good for heart patients. The oil is also used for
manufacturing hydrogenated oil. Sunflower can play
an important role in meeting out the shortage of edible
oils in the country. The total world production of
sunflower during 2014-2015 amounts to
approximately 36.36 million tonnes (40.29 million tons
in 2011-2012). In India, during 2014-15 sunflower is
cultivated in an area of 2.34 m.ha with a production
of 11.61 lakh tonnes with average productivity of 615
kg ha-1. The existing yield is very low, mainly because
of the suboptimal soil fertility.
The lower productivity of sunflower is mainly due to
lack of high yielding varieties, its cultivation on
marginal lands with inadequate nutrients leads to poor
seed setting and also continuous use of inorganic
fertilizer deteriorates soil health and also which makes
unproductive for next season. Hence, there is an
urgent need to augment oilseed production on
sustainable basis to meet out the needs of the

expanding demand. Sunflower (Helianthus annuus
L.) holds great promise as an oilseed crop because
of its short duration, photo- in-sensitivity, and wide
adaptability to different agro- climatic regions and soils
types.
Imbalanced fertilizer application, accelerated soil loss
and exclusion of organic sources combined with over
use of nitrogen aggravate the problems of secondary
and micronutrients deficiencies besides adversely
affecting the soil biota. Therefore, there is a felt
necessity to evaluate suitable agronomic strategies
with emphasis on eco friendliness to accomplish the
twin objectives of achieving the sustained production
and maintaining the soil fertility over a longer period.
One of the major practices to achieve sustainability
is to partially substitute the chemical fertilizers with
suitable organic manures. They are considered as the
promising renewable nutrient rich sources and can
be served as substitute to cut down the cost of
chemical fertilizer inputs and to increase the
productivity of sunflower.
Research evidences have also shown that improper
filling of seeds and poor germination of sunflower
seeds could also decline sunflower yield considerably.
However, these constraints may be mitigated by
providing appropriate quantity of essential macro and
micro nutrients by way of foliar nutrition. Among the
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various micronutrients, Manganese is an essential
nutrient that required for the Hill reaction – the water
splitting and oxygen evolving system in photosynthesis
and its deficiency exhibits interveinal chlorosis
wherein the leaves becomes pale green or purplish
red with prominent green veins which would shed
prematurely (Nusrat Jabeen and Rafiq Ahmad, 2011).
Hence the present study was undertaken to know
about the effect of FYM, vermicompost, pressmud
and inorganic fertilizers on growth and yield of
sunflower.
MATERIALS AND METHODS
Field experiment was conducted at Experimental
Farm, Annamalai University, during June to
September of 2015 for sunflower cultivation. The
experiment was laid out in randomised block design
with three replications using hybrid Sunbred. The
treatments includes Control (no fertiliser and organic
manure) (T1), Recommended dose of fertilizer (RDF)
(T2 ), RDF+ farm yard manure (FYM) @ 12.5 t ha1(T3 ), RDF + vermicompost @ 5 t ha-1(T4), RDF+
pressmud @ 10 t ha-1 (T5), RDF+ water hyacinth
compost @ 5 t ha-1(T6), RDF+ farm yard manure
@ 12.5 t ha-1 + foliar application of MnSO4 @ 0.5
per cent on 40 and 60 DAS(T7), RDF + vermicompost
@ 5 t ha-1 + foliar application of MnSO4 @ 0.5 per
cent on 40 and 60 DAS(T8), RDF+ pressmud @ 10
t ha-1 + foliar application of MnSO4 @ 0.5 per cent
on 40 and 60 DAS(T9 ) and RDF+ water hyacinth
compost @ 5 t ha-1 + foliar application of MnSO4
@ 0.5 per cent on 40 and 60 DAS(T10). The seeds
were sown with a spacing of 60 x 30 cm. The soil of
the crop field was clay in texture having pH 6.7, EC
0.34dsm, low in available N (246.50 kg ha-1) medium
in available P (18.50 kg ha-1) and high in available K
(280.750 kg ha-1). Observations on growth attributes,
yield attributes and seed yield were taken on five
randomly selected peg marked plants at periodical
intervals.

cytokinin resulting in increased growth parameters.
The increase in growth attributes might be due to
higher availability of both native and applied nutrients
in this treatment along with better source and sink
relationship in the crop which has contributed to better
dry matter accumulation. This was supported by the
findings of Byrareddy et al. (2008).
Yield attributes and yield
The data on yield attributes and yield (Table 2) indicate
that application of RDF + vermicompost @ 5 t ha-1 +
foliar application of MnSO4 0.5 per cent on 40 and 60
DAS (T8) had marked influence over other treatments.
This was followed by RDF + pressmud @ 10 t ha-1 +
foliar application of MnSO4 @ 0.5 per cent on 40 and
60 DAS (T9). This could be due to the availability of
these nutrients with this treatment might have enhanced
the capitulum diameter, number of filled seeds head-1
and test weight. The highest yield might be due to
effective translocation and storage of photosynthetic
assimilates resulted in increased the yield attributes of
sunflower Tejeswara Rao et al. (2013). Further, the
vermicompost offer a balanced nutritional release pattern
to plants, providing nutrients such as available N, soluble
K, exchangeable Ca, Mg and P that can be taken readily
by plants (Edwards and Fletcher, 1988) and greater
microbial diversity and also the availability of the essential
micronutrients viz., manganese, and sulphur in the
treatment (T8) right from germination to maturity phase
might have increased the rate of photosynthetic
production, translocation and accumulation in sink regions
resulting in enhanced values of growth and yield
attributes. The findings of Radhakrishnan, (2009) and
Elankavi (2012) lend support to the present results.
Table1. Effect of organic and inorganic sources on
plant height (cm), LAI and DMP (kg ha-1) in
sunflower

RESULTS AND DISCUSSION
Growth attributes
All the growth parameters of sunflower, viz., plant
height, leaf area index and dry matter production were
significantly influenced by the organic and inorganic
sources of nutrients (Table 1). Application of RDF +
vermicompost @ 5 t ha-1 + foliar application of
MnSO4 0.5 per cent on 40 and 60 DAS (T8) had
recorded the highest plant height (165.26cm), LAI
(4.87) and DMP (4675.69 kg ha-1). This might be
due to better performance of INM treatments
contributed to the availability of nutrients from
vermicompost along with inorganic fertilizer and micro
nutrient and it is reflected on increased growth
attributes (Ghosh et al., 2013). Favourable effect of
vermicompost on plant height could be attributed to
sustained availability of major and micro nutrients with
different growth hormones like gibberellins, NAA and
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ABSTRACT
India is the largest producer of banana (Musa paradisiaca L.) in the
world having an area of about 647 thousand hectare with production of
23205 thousand metric ton. Nematodes are one of the most important
limiting biotic factors for Banana production causing severe root damage.
It not only suppresses the plant growth but also interferes in the
nodulation, nitrogen fixation and adversely affects the overall yield. In
order to assess data regarding the occurrence of Nematode, a survey was
conducted in the Banana farms of Tirurangadi block of Malappuram
district. Isolation of Nematodes was done based on combination of
Cobb’s decanting and sieving method. Identification of nematodes up to
generic level was done. Types, frequency of occurrence (FO) and
population densities (PD) of plant parasitic Nematodes were calculated. A
total of 10 genera of Nematodes were reported from the study area
including 2 predatory Nematodes. Phytonematodes include
Helicotylenchus sp, Meloidogyne sp, Pratylenchussp, Radopholus sp,
Hopolaimus sp, Rotylenchulus sp, Heterodera sp and a new genus. Some
of the observed Nematodes also consist of its larval stages and both
sexes.

INTRODUCTION
Banana, Musa spp. is an important fruit crop of the
tropics and sub-tropics grown in nearly about 107
countries of the world, primarily for their fruit, and to
a lesser extent for fiber, Banana wine and Banana
beer (Roy et al., 2014). India is the largest producer
of Banana in the world having an area of about 647
thousand hectare with production of 23205 thousand
MT (Bennur et al., 2015). India is contributing 48%
as against 17% in China to the total production in
Asia from 37% and 15% of total area, respectively
(Mustaffa, 2011) Among various continents, Asia has
the lion’s share of 60% in global Banana production
(Mustaffa, 2011). It is one of the non-commercial
plants cultivated as backyard plantings and also
commercial cultivation by private growers (Srinivasan
et al., 2011).Like many other agricultural crops
banana production is constrained by several factors
viz., erratic weather condition, unavailability of quality
planting material, assured source of irrigation water,
scarce supply of fertilizers and infestation of pests
and diseases (Roy et al., 2014). ). Nematodes are
one of the most important limiting biotic factors of
Banana production after the black Sigatoka leaf
streak disease caused by the fungus Mycosphaerella
fijiensis (Gowen et al., 2005). It not only suppresses

the plant growth but also interferes in the nodulation,
nitrogen fixation and adversely affects the overall yield
(Rehman et al., 2012).
Nematode feeding disturbs the water and nutrient
absorption machinery in the root system, which in
turn results in stunted growth, chlorosis and wilting
of plants even in the presence of optimum moisture
and nutrients in the soil. Being obligate parasites,
Nematodes do not kill their hosts instantly, but
debilitate the host gradually without producing any
specific above-ground symptoms (Verma et al.,
2013). The most economically important Nematode
parasite of Banana in the world is migratory
endoparasitic Nematodes; they feed on the root cortex
of Banana plants. These are burrowing Nematode,
R.Similis; root lesion Nematode, P. coffeae and
P.goodeyi; and spiral Nematode Helicotylenchus
multicinctus. Their feeding results in dead root cells,
or lesions (Roy et al., 2014). Infection by burrowing
nematode causes toppling disease of banana (Jackson
et al., 2003). Plant parasitic Nematodes cause global
losses of crop plants with an estimated loss of $125
billion per year (Chitwood, 2003). R. similis and H.
multicinctus are reportedly responsible for yield
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losses of 30-60% (Davide, 1995) in India. Khan et
al. (2010) reported Rs 21,068.73 million, national loss
due to plant parasitic Nematodes associated with
crops in India.Percentage of crop losses in Banana
due to M. incognita and R. similis are 7.9-34.6%
and 12.02-21.8% respectively.
Malappuram district is one among the three major
Banana producing belts in Kerala.Thirurangadi Block
Panchayat, a predominantly agricultural land, is part
of Thirurangadi Taluk of Malappuram District. It has
an area of 142 km2 and comprises of seven Grama
Panchayaths; such as Mooniyur, Nannambra,
Parappanangadi, Tirurangadi, Vallikunnu, Thenjipalam
and Peruvallur. Banana is the main cultivation crop
in Tirurangadi block with a yield of 11250 MT/Qntl
(Anonymous, 2017).But, the details regarding the
occurrence and distribution are not assessed until the
date. Only way to accurately diagnose Nematode
disease is to sample soil and plant material from
suspected sites and extract Nematodes for analysis
(Lambert and Bekal, 2002).In order to aware the
cultivators regarding the attack caused by the Banana
Nematodes and about the control measures that can
adopt to check Nematode population and to bring about
a fruitful yield, a survey of these Nematodes are
essential. The present investigation was therefore
undertaken to study the diversity and community of
the phytonematodes associated with Banana in the
fields of Tirurangadi Block of Malappuram district.
MATERIALS AND METHODS
The survey on Plant parasitic Nematodes associated
with Banana was carried out using the multi-stage
random sampling method from October to September
2016 inseven Grama Panchayaths; Mooniyur,
Nannambra, Parappanangadi, Tirurangadi, Vallikunnu,
Thenjipalam and Peruvallur in which major variety
cultivated were, Palayamkodan (Mysore)(6), Jnali
Poovan (Rasa Kadali)(3), poovan (1) and
Ethapazham (Nendra Pazham)(5).
Collection of Soil samples
Soil samples of the randomly selected Banana farm
were collected from the rhizosphere with hand trowel,
bulked in polythene bag and properly labeled for the
purpose of identification. Soil samples of about 200
grams were collected 30-40 cm from the base of plant
at maximum depth of 15 cm. Total of approximately
2 Samples from each Panchayat except one and a
total of 15 samples across the seven Panchayaths.
Tender roots of Banana were collected with knives
alongside with soil and were also bulked together in
the same polythene bag containing soils of a particular
farm location so as to preserve the roots prior to
further processing in the Laboratory. Each bag was
properly labeled showing location within the area and
date of collection.
Extraction of plant parasitic Nematode
soil samples collected were analyzed for the presence
of Nematodes using the Cobb’s decanting and sieving

method (Ravichandra, 2015). 200 gm. of the soil
samples were mixed up well with water in a Plastic
bucket, stir with hand and break up clumps of soil.Stir
water and soil until a homogenous suspension is
obtained. Leave thesuspension for 15 seconds; Pass
the suspension from the plastic bucket through a set
of sieves containing three different mesh sizes (600,
85 and 400). 600 and 85 mesh size sieves were
discarded after backwashing it into the 400 mesh.
Then washed the 400 mesh sieve using the wash
bottle until all the dirtiness were removed then
backwash the 400 mesh sieve into a separate 250 ml
beaker. It then poured into the 600 mesh sieve
(moistened with a tissue paper) which was placed in
a large petriplate. After an extraction period of 24-48
hours the Nematode suspension in the extraction dish
can be poured into a 100 ml beaker for analysis.
Identification of Nematodes
Nematodes were observed by a Stereomicroscope
(Magnus MSZ-TR) and they were counted. Then
temporary slides are prepared to observe under
Research microscope (Olympus CX21i) using the
objective 40x and the photographs are taken using
camera attached to the microscope (Magnus).
Identification of Plant parasitic Nematodes to the
generic level was done using lucid key of Bell (2004).
Data analysis
Frequencies of occurrence of plant parasitic
Nematodes in the samples collected also determined
using the formula stated by Norton (1978).
Percentage frequencies of occurrence (FO) and
population densities (PD) of the extracted nematodes
were determined using the following equations:
Percentage frequency of occurrence (FO) = n/N ×
100
Where, n = Number of positive samples, N = total
number of samples.
Population densities (PD) = number of Nematodes/
total number of samples
RESULT
A total of 10 genera of Nematodes were reported
from the soil sample collected from study area
including 2 predatory Nematodes. Phytonematodes
include Helicotylenchus sp, Meloidogyne sp,
Pratylenchus sp, Radopholus sp, Hopolaimus sp,
Rotylenchulus sp, Heterodera sp, and a new genus.
Types of Nematodes associated with different host
varieties are presented on table 1. Nendra variety
seems to be a favorite host of Nematodes offering a
wide susceptibility of about seven different
Nematodes including the Mononchida member,
followed by Mysore, Jnali poovan and Poovan.
Table 2 shows the percentage frequency of
occurrence of nematodes in total of the samples
collected. From the survey it reveals the tragic
presence of Meloidogyne sp. as a severe parasite
with a percentage frequency of occurrence of 46.6%.
Helicotylenchus sp. challenges the Meloidogyne
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with a frequency of 40 % which is followed by the
Rotylenchulus sp. one remarkable finding is that the
reported new genus is present in the 20% of the total
samples indicating it as an emerging new Banana
parasitic Nematode. Along with this it should be notice
that the predatory nematode is also sharing the same
position with this new genus with a same frequency.
Table 1. Types of Nematodes associated with different
host varieties

Moonniyur Panchayat shows high population density
(26.2%) compared to other panchayaths, followed
by Parappanangadi and Tirurangadi Panchayaths with
a population density of 20.87% and 19.09%
respectively. All other panchayaths show low density
except Nannambra Panchayat and the least density
shown by Vallikunnu Panchayat.
Table 4. Represents the distribution of various
nematodes reported from different panchayaths of
Tirurangadi block. The highest occurring plant
parasitic nematode in the rhizosphere of Tirurangadi
block is Meloidogyne followed by Radopholus and
Helicotylenchus. Several larval stages of
Meloidogyne sp. are reported from this study area.
Table 4. Distribution of nematodes associated with
rhizosphere of Banana in Kondotty taluk of
Malappuram district.

Table 2. Percentage frequency of different
Nematodes observed

Table 3.Population density of various Nematodes in
different Panchayaths of Tirurangadi block

Table 3 represents the population density of various
nematodes in panchayaths of Tirurangadi block. The

DISCUSSION
This survey provides information on occurrence and
density of different plant parasitic Nematodes
associated with Banana rhizosphere in the major
Banana growing regions in Tirurangadi Block. It
reveals the presence of various economically
important plant parasitic nematodes and serious pest
of Banana. The plant-parasitic Nematode genera in
terms of high frequency of occurrence are
Meloidogyne sp, Helicotylenchus sp and
Rotylenchulus sp. Pratylenchus sp, Radopholus sp
and Hopolaimus sp are occurring in same and less
frequency. This observation is somewhat similar to
that of Khan et al., (2010) which report Radopholus
similis and Meloidogyne incognita as major
Nematode problem of Banana in Kerala but they
didn’t report any nematodes from Malappuram in the
map showing distribution of Plant Parasitic Nematodes
infecting Banana in Kerala. Roy et al., in 2014
reported that Radopholus similis, Helicotylenchus
multicinctus and Pratylenchus coffeae are more
abundant migratory Nematode, endoparasite of
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Banana from Vellayani, Thiruvananthapuram, Kerala
but no Meloidogyne sp. were reported. When
compared this with the Tirurangadi block
Meloidogyne is abundant followed by Helicoty
lenchus and Rotylenchulus.
The most economically important genera of plant
parasitic Nematodes reported from India in various
places were Radopholus, Prat- ylenchus,
Meloidogyne, Helicotylenchus, Tylenchorhyn
chus, Hoplolaimus, Rotylenchulus, Heterodera,
Hirschmanniella, Criconemoides (Khan et al.,
2010; Srinivasan et al., 2011;Khan and Hassan,
2010). The present study also leads to the findings of
former workers by proving the presence of
Radopholus, Prat- ylenchus, Meloidogyne,
Helicotylenchus, Hoplolaimus, Rotylenchulus and
Heterodera. The interesting fact in this survey is the
presence of predatory Nematodes such as C. elegans
and Mononchida member apart from the plant
parasitic nematodes in the Banana rhizosphere by,
which were not reported by former workers. Also in
less frequency there is uncommon unreported
nematodewhich is yet to be identified and it is to be
suspect that this may emerge as a new pest of
Banana in future.
The survey thus finds the presence of above
mentioned Nematodes from Banana rhizosphere.
There- fore, yield reduction potential of Banana is
yet to be thorough- ly investigated either alone or in
association with other soil-pathogens for profitable
cultivation of Banana in Kerala especially in
Malappuram.
CONCLUSION
The survey thus concludes the presence of eight
Phytonematodes such as Helicotylenchus spp.
Meloidogyne sp, Pratylenchussp, Radopholus sp,
Hopolaimus sp, Rotylenchulus sp, Heteroderasp
and a new genus from the rhizosphere of Banana in
Tirurangadi block. Among them Meloidogyne sp.
followed by Helicotylenchus sp. and Rotylenchulus
sp. are found to be predominant and economically
important plant parasitic nematodes reported in the
study area. And among the cultivars Nendra variety
seems to be a favorite host of nematodes offering a
wide susceptibility of about seven different nematodes
including the Mononchida member, followed by
Mysore, Jnali poovan and Poovan.
May be due to slight variations in environmental
conditions, soil texture and agronomic practices in
Banana fields there occur slight variations in the
occurrence of nematodes in Tirurangadi block, from
one end to the other.The reported predatory
nematodes areextraordinary which were not reported
by anyone but there is some question, that whether
these nematodes are emerging as a new pest for
Banana? Are these nematodes creating any problems
in Banana yield or its growth? In order to answer
these questions much more research is needed. And

also Further studies are to be conduct to create a
clear cut map which provide the accurate distribution,
population density, species diversity in the study area
and also to provide management practices for
checking the nematode population and to increase
the yield from the Banana farms.
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ABSTRACT
This study focus on the impact assessment of climate change on rice
production in Amaravati sub-basin by application of a crop simulation
model called Design Support System for Agro-technology
Transfer(DSSAT). The model validation is to be done based on the past
30 years (1981- 2010) data along with the soil and crop management data.
The model will simulate the rice yield based on the present condition
using the past 30 years’ climate data. The model also simulates the rice
yield under the climate change scenarios for 30 years (2021 to 2050)
developed from the Regional Climate Model (RCM) named Providing
Regional Climates for Impact Studies (PRECIS). PRECIS model is run at
25km resolution with required boundary conditions under A1B scenario,
which is found most suitable for Tamil Nadu. The climate changes
scenarios will be used to estimate the daily weather data which is given
as input set given to the crop model DSSAT, then to simulate the trend
of rice yield in the future with and without CO2 fertilization effect. The
causes for the yield changes will be analyzed by comparing the base line
yield simulation with the projected yield simulation and feasible potential
adaptation options will be identified.Crop Environment Resource
Synthesis (CERES – Rice) module which is inbuilt in the DSSAT model
will be applied for this study.

INTRODUCTION
Climate change is one of the most important global
environmental problems of the 21st century faced by
humanity. It is an environmental concern worldwide
and evidence is getting stronger that the global
warming has been induced by the present human
activities (IPCC, 2001). Over the past decades,
greenhouse gases such as Carbon dioxide (CO2) and
Sulfur dioxide (SO2) have increased, affecting change
in temperature and rainfall and will affect agriculture
in the future. Global atmospheric temperature is
predicted to rise by approximately 4ÚC by 2080,
consistent with a doubling of atmospheric CO2
concentration.In India, the mean temperature, based
on data from meteorological stations, has shown a
significant increase in warming amounting to 0.4°C
over the last 100-year period. IPCC has projected
that by the end of the 21st century, rainfall over India
will increase by 10-12 percent with more frequent
and heavy rainfall days, while the mean annual
temperature will rise by 3-6°C (IPCC, 2014). These
changes may bring in adverse impacts on agriculture
in terms of productivity loss, whereas pest and disease
attacks and labor migration that will threaten food
security (Saravanakumar, 2015).

The relationship between climate change and
agriculture is particularly an important issue; as the
world’s food production resources are already under
pressure from rapidly increasing population.
Agriculture is the most sensitive sector to climate
conditions, with both climate variability as well as
climate change.Climatic variability and occurrence
of extreme events are major concerns for the world,
particularly for agricultural regions (Jayaraman,
2011). For example, seasonal climate has a big
influence for crop growth and yields. Particularly
rainfall and rainfall distribution pattern, air
temperature, solar radiation, air humidity, wind and
so on are very important factors for agricultural
production. The crop yield in many countries of Asia
has declined in the past decade, particularly due to
rising temperature and extreme climate events(Cruz
et al., 2007). Especially rice production which is a
major agricultural activity and food source in India
largely depends on climate conditions, water
availability, soil and other environmental factors.
Rice is one of the most important staple food
crops, which is predominantly grown in Tamil Nadu.
Rice is traditionally grown under flooded condition.
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Maximum and minimum temperatures are projected
to increase, while all other parameters indicated no
consistent trend at the end of the century. The yield
of rice is projected to decrease for both control and
CO2 enriched conditions (Rajalakshmi et al., 2015).
As the availability of water for irrigation is shrinking
under changing climate, research on maximizing water
use efficiency in order to minimize the impact of
climate change on rice productivity is of major
importance(Bhuvaneswari et al., 2014). The model
used in this study, Decision Support System for Agrotechnology Transfer (DSSAT) crop model, which
were already applied worldwide.
METHODS
Description of study area
Amaravati Sub-Basin in Karur district lies between
latitudes 10º 77' and 10º 95 N’ and longitudes 77º 92'
and 78º 23 E’. Amaravati River is a tributary of
Cauvery River flowing through Coimbatore and
Tiruppur districts of Tamil Nadu, South India. The175
km long Amaravati River begins at the Kerala/Tamil
Nadu border at the bottom of Manjampatti Valley
between the Annamalai Hills and the Palani hills in
Indira Gandhi Wildlife Sanctuary and National Park
in Tiruppur. It descends in a northern direction through
Amaravati Reservoir and Amaravati Dam at
Amaravatinagar and it merges with the river Cauvery
at Thirumukkudal, about 10 km from Karur.
Amaravati River irrigates over 60,000 acres (240km2)
of agricultural lands in Coimbatore, Erode and Karur
districts and fulfils the drinking water requirements
of these regions also.
DSSAT model
The Decision Support System for Agro-technology
Transfer (DSSAT) is a software application program
that comprises crop simulation models which could
be used for over 28 crops. For DSSAT to befunctional,
it is supported by database management program for
soil, weather, crop management and experimental
data and application programs. The crop simulation
models simulate growth, development and yield as a
function of the soil-plant-atmosphere dynamics.For
applications, DSSAT combines crop, soil, and weather
data bases with crop models and application programs
to simulate multi-year outcomes of crop management
strategies. DSSAT integrates the effects of soil, crop
phenotype, weather and management options, and
allows users to ask ‘what if’ questions by conducting
virtual simulation experiments on a desktop computer
in minutes which would consume a significant part of
an agronomist’s career if conducted as real
experiments (Hoogenboom et al., 2015).
Data requirements of DSSAT model
It consists of the past 30 years rainfall data over
Amaravati basin. It also consists of the maximum
and minimum temperature, wind speed, humidity and
solar radiation. This data was used as the input for

the model to simulate and to provide a baseline
condition for analyzing the impact of climate change
on rice production.
The projection data is taken from the Regional Climate
Models (RCM) downscaled over the projected years
based on the selected climate change scenarios.
Providing Regional Climate for Impact Studies
(PRECIS) regional climate model was selected for
downscaling the projection data. PRECIS is an
atmospheric and land surface model of high resolution
and limited area, which is locatable over any part of
the globe. It was run at a resolution of 0.22° (~25km).
PRECIS is forced at its lateral boundaries by the
simulations of a global climate models viz., HadCM3,
HadRM3, and ECHAM.
For this study A1B scenario is selected as it is
considered suitable for India’s economic growth and
technological interventions(Geethalakshmi et al.,
2011). Thus the PRECIS model was run at 25 km
resolution under A1B scenario. The output from this
model was given as projected weather input for the
crop simulation model.
Soil data for the model include soil classification,
surface slope, soil color, permeability, and drainage
class. Crop management data includes information
on planting date, planting density, row spacing, planting
depth, crop variety, irrigation, and fertilizer practices.
These data were needed for both model validation
and strategy evaluation. In addition to site soil and
weather data, experimental data such as crop growth
data, soil water and fertility measurements are also
needed as inputs.
Calibration and validation of the model
The DSSAT model requires the input data files pertain
to weather, soil, genotype characteristics (crop and
cultivar) and experiment details (crop management).
The daily weather data viz., maximum temperature
(°C), minimum temperature (°C), solar radiation (MJ
m-2 day-1) and rainfall (mm) for the cropgrowing
period (averaged over the period of 1981-2010) were
used for creating weather file in the model. Model
calibration was done based on the past 10 years data
and compared with the observed yield values over
the period 1991-2000 and Model validation was done
based on the observed yield values over the period
2001-2010. After successful validation and simulation,
the model was then applied to the climate change
scenarios.
Impact assessment on rice yield
The crop model simulated the impacts of climate on
crop growth and production comprehensively. The
model simulated the rice yield for the past 30 years
(1981 to 2010) over the study area, which is the
baseline condition. Therice yield for 30 years (2021
to 2050) over Amaravati sub-basin was also simulated
using the validated model based on the future climate
change projections. The model also simulated the rice
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yield for different conditions. For example, by
including the effects of temperature change and
CO2fertilization effect. Both these are key processes
that substantially affect crop growth and production.
This model output was compared with baseline
condition. Thus the impact of climate change over
rice yield were evaluated.
Adaptation strategy
There are various possible agro adaptation measures
which includes alternate planting/sowing dates, water
management, planting density, different tillage depths,
nutrient management, improved heat resistant
varieties, etc. Among these, alternate planting/sowing
date, planting density and nutrient management were
applied to the calibrated CERES-Rice model for
Amaravathi sub-basin andthe impact on the crop yield
was assessed. Hence necessary adaptation strategies
were provided based on the results. These adaptation
strategies were included and then the impact
assessment was carried out.
RESULTS AND DISCUSSIONS
Climate Change and Variability:
According to observed data over 30 years (1981 –
2010) in Amaravathi sub-basin by the Institute of
Water Studies, Chennai, mean maximum and minimum
temperature ranged between 23.9°C to 24.7 °C. The
highest temperature of 30.8°C was observed in the
year 2003 and the lowest temperature of 18.6°C was
observed in the year 1992. The trend of the
temperature was slightly increasing in 30 years, by
+0.83°C from 1981 to 2010.The average annual
rainfall for 30 years (1981-2010) in Amaravathi subbasin was observed about 745 mm. The maximum
annual rainfall was 1,209 mm in the year 2005 and
the minimum annual rainfall was 357 mm in the year
1991 within the period 1981 to 2010.The trend of
precipitation was increasing by 203 mm from 1981 to
2010.
Climate Change Projections:
The future climate change scenario was developed
using RCM, viz. Providing Regional climates for
Impact Studies (PRECIS). PRECIS was developed
by the Hadley Centre,UK Met Office that can be
used over any part of the globe. For the present study,
PRECIS was run from the Centre for Climate Change
and Adaptation Research, Anna University, Chennai
with the required boundary conditions and the GCM
output used was HadCM3Q0. PRECIS was run over
Amaravathi sub-basin with horizontal resolution of
25 km × 25 km, with a sufficient bufferzone. We have
selected the moderate CO2 emissions scenario,A1B,
for future climate projections. From the large number
of outputs generated from the models, only maximum
temperature, minimum temperature, solar radiation
and rain fall were retrieved.
The projected mean temperature over Amaravathi
sub-basin from 2021 to 2050 was retrieved from the
regional climate model. The highest projected mean

temperature will be 28°C in the year 2047 and the
lowest projected mean temperature will be 24.9°C in
the year 2024 within the period 2021 – 2050. The
trend of projected mean temperature will be increasing
by 1.5°C from 2021 to 2050.The projected
precipitation amount over Amaravathi sub-basin for
30 years from 2021- 2050 show a decreasing trend
by 28 mm. Unlike the projected mean temperature,
the projected precipitation amount gets decreasing in
the future. The average projected annual rainfall will
be 450 mm for future 30 years which is lesser than
the present conditions.
Calibration and Validation of Ceres-Rice Model:
The DSSAT models require the input data files pertain
to weather, soil, genotype characteristics (crop and
cultivar) and experiment details (crop management).
The daily weather data viz., maximum temperature
(°C), minimum temperature (°C), solar radiation (MJ
m-2 day-1) and rainfall (mm) for the crop growing
period (averaged over the period of 1981-2010) were
used for creating weather file in the model. The details
of the experimental conditions, field characteristics
and management practices including cultivar were
incorporated in the CERES-Rice model based on the
data obtained from crop production guide released
by Tamilnadu Agricultural University, Coimbatore.
The CERES-Rice model was calibrated for CORH2
rice hybrid by iteration method comparing the results
of field experiment with an objective to validate the
model for assessing the effect of climate change on
rice.

(a)

(b)

Figure 1: Comparison between Observed and Simulated Yield
(a) 1991-2000

(b) 2001-2010

Comparison between observed and simulated grain
yield for the years 1991-2000 is presented in Figure
1.The high R2 value (>0.7) indicates good agreement
between observed and model simulated data. The
model was then validated for the next ten years 20012010. The measured and simulated grain yield for
ten years (2001-2010) revealed that the simulated
grain yield matched well with the corresponding
observed values for the Amaravathi sub-basin. A
reasonably good agreement (R2>0.8) was found
between simulated and measured values of grain
yield. Figure 1 shows the comparison between the
observed and the simulated rice yield values for 10
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years (2001-2010) over Amaravathi sub-basin.
Impacts of Climate Change on Rice Yield:
From the year 1981 to 2010, the simulated rice yield
of the crop model and reported rice yield statistics
were most similar. If the yearly deviations were
compared, the range of difference varies between
+13.37% to -7.50% with maxima and minima
deviation in 2050 and 2020, respectively. However,
the rice yields of the report and simulated ones closely
ranged between +2.14% to -1.4% and the rice yields
of reported statistics from Department of Statistics
and Economics were more than simulated rice yields
(Figure 2). Therefore, these results showed a good
validation result proving that this model can be applied
in this study of rice simulation for future climate
change scenarios.

Figure 2: Comparison between Simulated and
Observed of Rice Yield
For the projected climate change scenario, the rice
yield was simulated for the years 2021 – 2050. Figure
3 shows the simulated rice yield with and without
CO2 fertilization effect. It shows that the rice yield
will be increasing towards the mid-century (2050).
Comparing the yield between the CO2 fertilization
effect and without CO2 fertilization effect, rice yield
gets increased for CO2 fertilization effect. The CO2
fertilization effect increases the rice yield by 148 kg/
ha/year during the years 2021-2050.

Table -1 Percentage Change in the Simulated Rice
Yield
Years

YIELD
(kg/ha)
2021-30 3227.3
2031-40 3204
2041-50 3632.5

Change in
yield (kg/ha)
-261.9
-23.3
428.5

The rice yield for the years 2021-2030 decreases by
7.5% and 5.11% for without CO2 fertilization and
with CO2 fertilization effect respectively. For the
years 2031-2040, the yield decreases by 0.72% for
without CO2 fertilization effect and increases by
4.68% for CO2 fertilization effect. For the years
2041-2050, the yield increases by 13.3% and 19.1%
for both without CO2 fertilization effect and CO2
fertilization effect. Thus the rice yield gets increased
for both the cases during the mid-century, which was
concluded by various research under the climate
change impact.
CONCLUSION
Rice is one of the most important staple food crops,
which is predominantly grown in Tamil Nadu. Rice
crop would be greatly affected due to changing
climate and the yield is expected to go down under
future warmer climatic conditions. Well calibrated and
validated DSSAT- CERES Rice model were
employed to assess the temperature impact on rice
crop and frame the possible range of adaptation
strategies to sustain rice productivity. The model
simulated the rice yield for different conditions like
considering CO2 fertilization effect and temperature
effect. In both cases, with and without CO2
fertilization effect, the rice yield gets reduced during
the next decade 2021-2030 and slightly reduced for
the next decade 2031-2040. But the rice yield gets
increased over the mid-century (2041-2050). In
future, adaptation measures must be taken to increase
or to keep constant yield of rice by the farmers and
decision makers.
REFERENCE

Figure 3 Yield Simulation for Projected Climate
Change Scenarios
In both cases, with and without CO2 fertilization
effect, the rice yield gets reduced during the next
decade 2021-2030 and slightly reduced for the next
decade 2031-2040. But the rice yield gets increased
over the mid-century (2041-2050). The percentage
change in the rice yield for the projected climate
change is shown in the below Table -1.

%
CO2
Change in %
change Enriched yield (kg/ha) change
-7.50 3310.6 -178.6
-5.11
-0.72 3378.5 151.2
4.68
13.37 3818.8 614.8
19.18

Bhuvaneswari, K., Geethalakshmi, V., Lakshmanan, A.,
Anbhazhagan, R., and D Nagothu, U. S. (2014). Climate changes
impact assessment and developing adaptation strategies for rice
crop in the western zone of Tamil Nadu. Journal of Agrometeorology, 16(1), 38-43.
Cruz R V, Harasawa H, Lal M, Wu S, Anokhin Y, Punsalmaa B,
Honda Y, Jafari M, Li C and Huu Ninh N. (2007). Climate Change
2007: Impacts, Adaptation and Vulnerability. Contribution of
Working Group II to the Fourth Assessment Report of the
Intergovernmental Panel on Climate Change, Parry M L, Canziani
O F, Palutikof J P, van der Linden P J and Hanson C E (eds).
Cambridge University Press. Cambridge, UK. 469-506.
Geethalakshmi, V., Lakshmanan, A., Rajalakshmi, D., Jagannathan,
R., Sridhar, G., Ramaraj, A. P., & Anbhazhagan, R. (2011). Climate
change impact assessment and adaptation strategies to sustain rice
production in Cauvery basin of Tamil Nadu. Current Science
(Bangalore), 101(3), 342-347.
Hoogenboom, G., J.W. Jones, P.W. Wilkens, C.H. Porter, K.J.
Boote, L.A. Hunt, U. Singh, J.I. Lizaso, J.W. White, O. Uryasev,
R. Ogoshi, J. Koo, V. Shelia, and G.Y. Tsuji. (2015). Decision
Support System for Agro-technology Transfer (DSSAT) Version

227

4.6 (http://dssat.net). DSSAT Foundation, Prosser, Washington.
IPCC. (2001): Climate Change 2001: Synthesis Report. A
Contribution of Working Groups I, II, and III to the Third
Assessment Report of the Intergovernmental Panel on Climate
Change [Watson, R.T. and the Core Writing Team (eds.)].
Cambridge University Press, Cambridge, United Kingdom, and New
York, NY, USA, 398.
IPCC. (2014): Climate Change 2014: Synthesis Report.
Contribution of Working Groups I, II and III to the Fifth Assessment
Report of the Intergovernmental Panel on Climate Change [Core
Writing Team, R.K. Pachauri and L.A. Meyer (eds.)]. IPCC,
Geneva, Switzerland, 151.
Jayaraman, T. (2011). Climate change and agriculture: A review
article with special reference to India. Review of Agrarian Studies,
1(2).
Rajalakshmi, D., Jagannathan, R., & Geethalakshmi, V. (2015).
Influence of Projected Climate on Rice Yield over Tamilnadu.
Indian Journal of Science and Technology, 8(11).
Saravanakumar, V. (2015). The impact of Climate Change on
Yield of Major Food Crops in Tamil Nadu, India. No. 91.

228

Perspectives on Biodiversity of India Vol. III

Theme 3
AGRO- BIODIVERSITY AND POVERTY ALLEVIATION

EFFECTS OF CHEMICAL FERTILIZERS AND DIFFERENT ORGANIC
AMENDMENTS ON THE PROXIMATE COMPOSITION OF
OKRA [ABELMOSCHUS ESCULENTUS (L) MOENCH ] IMPLICATIONS FOR SUSTAINABILITY
Kamal Raj R. 1, Nandhivarman M. 1, Gowthamraj G.2, and Sethu Priyadarshini 1
1.Department of Ecology and Environmental Sciences, Pondicherry University, Puducherry, Kalapet - 605014
2.Department of Food science and Technology, Pondicherry University, Puducherry -605014
haikamals@gmail.com

Key Words:
Okra, organic fertilizers,
biochar, nutritional
composition, inorganic
fertilizers.

ABSTRACT
The effect of inorganic fertilizer and organic amendments on nutritional
composition of the Okra (Abelmoschus esculentus) was investigated
under laboratory conditions. A total of seven treatments were prepared
and used in this study. Okra seeds were planted into 24 pots (10L
capacity), containing 9 Kg of farm soil. Different treatments (100 g) were
added at the time of planting the seedlings and after three and five
weeks of planting. All the nutritional estimation was done as per standard
methods. Significant differences (Pd”0.05) were found in the proximate
composition, compared with different treatments. The highest composition
in carbohydrate (8.3 %), Ash (2.5 %) and Fiber (3.1 %) were recorded in T5
(Biochar). The maximum value for Protein (1.9 %) was in T4 (Farmyard
manure), Fat (1.44 %), and Moisture (86.9 %) in T8 (Food waste compost).
The results of Nutritional composition revealed that the Organic manure
treated pods exhibited highest composition of proximate elementsespecially Biochar (T5) treated pods, while compared with the inorganic
fertilizer and control pods.

INTRODUCTION
Traditional vegetables are valuable sources of
nutrients (Nesamvuni et al. 2001; Yang and Keding
2009; Gemede et al. 2015b), with some having
important medicinal properties (Hilou et al. 2006).
Vegetables contribute substantially to food security
(Yiridoe and Anchirinah 2005). Overcoming food and
nutritional insecurity among women, pregnant and
lactating mothers and children under 5 years of age,
remains a challenge in many developing countries in
sub-Saharan Africa (Andersen et al. 2003; Kamga
et al. 2013; Gemede et al. 2015b). Okra
(Abelmoschus esculentus (L.Moench)) is one of the
cheapest green vegetables and economically
important crops grown in tropical and sub-tropical
parts of the world. Okra is one of the most widely
known and utilized species of the family Malvaceae
(Naveed et al. 2009). To get higher yield and better
quality of food, it needs proper and required inputs. It
is well known that organic manure and inorganic
fertilizers are essential to increase the yield of
vegetable crops. Day by day the cost of fertilizer has
grown up and ultimately farmer receives only the
marginal profit (Wagh et al. 2014). Okra is a
powerhouse of valuable nutrients, nearly half of which

is soluble fiber in the form of gums and pectins which
help to lower serum cholesterol, reducing the risk of
heart diseases. The other fraction of Okra is insoluble
fiber, which helps to keep the intestinal tract healthy.
Okra is also known for being high in antioxidants
activity. Okra has a diverse array of nutritional quality
and several potential health beneficial effects on some
of the important human diseases like cardiovascular
disease, type 2 diabetes, digestive diseases and some
cancers (Gemede et al. 2015a). Okra immature fruits
(green seed pods), which are consumed as vegetables,
can be used in salads, soups and stews, fresh or dried,
fried or boiled (Ndunguru and Rajabu, 2004; Gemede
et al. 2015a). Okra also contains carbohydrates,
vitamins and plays a vital role in human diet
(Owolarafe and Shotonde, 2004; Saifullah and
Rabbani, 2009; Kahlon et al., 2007; Gemede et al.
2015a). However, fresh Okra pods are the most
important vegetable source of viscous fiber, an
important dietary component to lower cholesterol
(Kendall and Jenkins, 2004). Seven-days-old fresh
Okra pods have the highest concentration of nutrients
(Agbo et al., 2008; Gemede et al. 2015a).
Therefore, promoting the consumption of Okra pods
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could provide cheap sources of nutrients that can
improve the nutritional status and reducing the
prevalence of malnutrition especially among resourceconstrained households and can also used as a means
of dietary diversification (Gemede et al., 2015b).
Higher concentration of the nutrients in the vermicompost and its easy availability is well established
(Wagh et al. 2014; Gemede et al. 2015b). The aim of
this study was to evaluate the proximate composition
of Okra pod accessions grown under different
treatments. Therefore, the promotion and
consumption of vegetables could help to mitigate food
insecurity and alleviate malnutrition in developing
countries like India.
MATERIALS AND METHODS
A pot experiment was conducted at Pondicherry
University, Pondicherry. Okra seeds (Abelmoschus
esculentus (L.Moench)) were planted into 24
numbers of 10L capacity pots, filled with farm soil.
Each pot was filled with 9kg of soil and initially 100g
of different treatments were added (Table 1). There
were three replicates for each treatment. The trial
was run from 02-02-2016 to 02-05-2016. Application
of treatments to the plants was at the three stages
viz.
 At the time of planting the seedlings.
 Three weeks after seedlings are planted.
 Before flowering (Approximately 5 weeks
after planting).

RESULTS
Significant differences (Pd”0.05) were found among
different treatments in the proximate compositions
of Okra (Table 2). The highest composition in
carbohydrate (8.3 %), Ash (2.5 %) and Fiber content
one of the important criteria to judge the quality of
Okra pod (3.1 %) was recorded for the (BC) treated
pods -T5. The Protein content in Okra pod (1.9 %)
was highest in (FYM) -T4, the maximum percentage
of fat (1.44 %) and moisture (86.9 %) in (FWC) -T8.
The lowest composition of carbohydrate for (VC) T3 (7.6 %), Ash (1.8%) for (FWC) -T8 and (VC) -T3,
The lowest percentage of protein was found in (WA)
- T7 (1.1%), the minimum value of fiber were recorded
(1.1%) in (NPK) - T2 and (FWC) - T8, 0.12% of fat
for (WA) - T7 and the minimum moisture content were
seen in (ETM) - T6. The findings of the present study
agree with that of Roy et., al (2014) and supported
by U.S Department of Agriculture, Agricultural
Research Service (2010), and Lim (2012).
Table 2. The proximate value per 100g edible portion
of Okra

Table 1. Different treatments used for the study
Treatments
T1: Control
T2: Chemical fertilizer (NPK)
T3:Vermicompost
T4: Farmyard manure
T5: Biochar
T6: Ecosan toilet manure
T7: Wood ash
T8: Food waste compost

Abbreviation
[CON]
[NPK]
[VC]
[FYM]
[BC]
[ETM]
[WA]
[FWC]

All values are mean ± standard deviation with three determinations.
Values with the different superscripts in a column differ significantly
(p d” 0.05) by DMRT.

Proximate analyses
The carbohydrate content was analyzed using
anthrone method and Protein with micro kjeldahl
method. Other parameters such as moisture, crude
ash and crude fiber contents were analyzed by AOAC,
(2000).
Statistical analysis
All the statistical analyses were performed on the
results obtained using SPSS version 20.0 (SPSS
Institute Inc., Cary, NC) for windows. Data were
evaluated by using one way ANOVA (analysis of
variance). Means of results for each experiment were
separated by the Duncan’s multiple range tests and
reported as mean ± SE (standard error). A P-value
of 0.05 or less was considered as statistically
significant.

DISCUSSION
Proximate analysis involves the determination of the
major components of food as moisture, ash, crude
fat, crude protein, crude fiber, and carbohydrate
(Ekwumemgbo et al. 2014; Aja et al. 2015). High
moisture level in vegetables (81.71-95.01%) was
reported by Mina et al, (2016) and 100 g edible portion
of Okra pods consist of water 88.6 g (Varmudy, 2011;
Gemede et al. 2015a), also this is in accordance with
the finding of Gopalan et al. (2007) (89 g/100 g) and
Nwachukwu et al. (2014) who reported the young
Okra pod moisture was (88.47 g/100 g) and mature
pod is (82.25 g/100 g).
Our result agrees with that of Benchasri (2012)
where the percentage of carbohydrate in Okra pods
is (8.20 g/100 g), carbohydrate 7.03 g/100 g (U.S
Department of Agriculture, Agricultural Research
Service 2010; Lim, 2012) and 7.05 g/100 g
(Nwachukwu et al. 2014). Our results suggest that
Okra can be considered as a carbohydrate rich
vegetable (7.6-8.3 g/100g) compared with other
vegetables like bean (2.5 g/100 g), egg plant (2.0 g/
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100 g), carrot (6.0 g/100 g), green chilli (5.9 g/100 g)
and tomato (1.4 g/100 g) .
The main functions of proteins are growth and
replacement of lost tissues in the human body
(Gemede et al. 2015b). In our study FYM (T4) treated
pods exhibited maximum protein content (1.9 g/100
g). This is in agreement with Gopalan et al. (2007)
(1.9 g/100 g) and 2.0 g/100 g (U.S Department of
Agriculture, Agricultural Research Service 2010, Lim,
2012) both for Okra. A similar finding was reported
for protein egg plant - 1.90 g/100 g (Mina et al, 2016).
The increased protein content of fruit may be due to
its being constituents of amino acids which over
building blocks of protein (Wagh et al. 2014).
Crude fat content (0.12 to 1.44g/100g) reported in
the present study was higher than the value reported
by Nwachukwu et al. (2014). The crude fat content
reported from our study was in agreement that of
Gopalan et al., (2007) (0.2 g/100g). Our findings of
fat content were higher/equal compared with other
vegetables like bean (0.11 g/100 g), egg plant (0.06
g/100 g), carrot (0.26 g/100 g), green chilli (0.13 g/
100 g), onion (0.07 g/100g), potato (0.16 g/100g) and
tomato (0.25 g/100 g) (Mina et al, 2016). Excess
consumption of fat have been implicated in certain
cardiovascular disorders such as atherosclerosis,
cancer, and aging, whereas a diet providing 1–2% of
its caloric of energy as fat is said to be sufficient to
human beings (Blessing et al. 2011).
Dietary fiber promotes the growth and protects the
beneficial intestinal flora. Moreover, high intake of
fiber reduces the risk of colon cancer (Dawczynski
et al. 2007). In our study, T5 (Biochar) treated crude
fiber (3.1 g/100 g) agree with the amount of crude
fiber in Okra set by (U.S Department of Agriculture,
Agricultural Research Service 2010, Lim, 2012) (3.2
g/100 g) and also higher than compared with other
vegetables viz, carrot, Onion, Potato and Tomato
(Mina et al, 2016). Our results agree with that of
Nwachukwu et al. (2014) mature pods (2.44 g/100
g) and Gopalan et al., (2007) (1.2 g/100 g). The fiber
content is relatively high which may suggest that
consumption of Okra can improve its digestibility and
absorption processes in large intestine, helping to
stimulate peristalsis, thereby preventing constipation
(Ogungbenle and Omosola 2015). Interest in fiber
evaluation has increased due to the recent information
on the potential role of dietary fiber in human nutrition.
Evidences from epidemiological studies suggest that
high fiber consumption may contribute to a reduction
in the incidence of certain diseases like diabetes,
coronary heart disease, colon cancer, high blood
pressure, obesity, and various digestive disorders
(Ikewuchi and Ikewuchi 2009). Therefore, Okra pod
diet is considered as a main source of crude fiber
and increase in the production and consumption of

these nutrient-rich indigenous Okra pods will help to
supplement/formulate the diets and alleviate the
problems associated with malnutrition in the country
(Gemede et al., 2015b).
CONCLUSION
Our results of proximate composition of Okra for
different treatments revealed that the Organic manure
treated pods exhibited highest composition of
proximate elements. This is especially true for Biochar
(T5) treated pods in comparison with the inorganic
fertilizer (T2) and control pods (T1) indicating the
importance of organic farming for ensuring nutritional
security in the tropics.
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ABSTRACT
Field experiments were conducted during February to May, 2014 to study
the influence of organic and inorganic sources of nutrients on growth
parameters of rice (ADT 36). The experiment consists of twelve treatments
with three replications viz., T1-100 % Recommended Dose (RD) of NPK kg
ha-1 (120:38:38), T2 -T1+ soil application of Beema green granules 25 Kg
ha-1 at 20 DAT, T3 -75 % RD of NPK kg ha-1 (90:38:38) + soil
application of Beema green granules 25 Kg ha-1 at 20 DAT, T4 -T1 +
foliar spray of panchagavya 3 % at 30 and 45 DAT, T5 -T1 + soil
application of Beema green granules 25 Kg ha-1 20 DAT + foliar spray
of panchagavya 3 % at 30 and 45 DAT, T6 -75 % RD of NPK kg ha-1
(90:38:38) + soil application of Beema green granules 25 Kg ha-1 20
DAT + foliar spray of panchagavya 3 % at 30 and 45 DAT, T7 -T1 +
foliar spray of Nitrobenzene 750ml ha-1 at 20 DAT, T8 -T1 + soil
application of Beema green granules 25 Kg ha-1 at 20 DAT + foliar spray
of Nitrobenzene 750ml ha-1 at 30 DAT, T9 -75 % RD of NPK kg ha-1
(90:38:38) + soil application of Beema green granules 25 Kg ha-1 at 20
DAT + foliar spray of Nitrobenzene 750ml ha-1 at 30 DAT, T10 -T1 +
foliar spray of panchagavya 3 % at 30 DAT+ foliar spray of Nitrobenzene
750ml ha-1 at 45 DAT, T11 -T1 + soil application of Beema green
granules 25 Kg ha-1 at 20 DAT + foliar spray of panchagavya 3 % at
30 DAT+ foliar spray of Nitrobenzene 750ml ha-1 at 45 DAT, T12 -75 %
RD of NPK kg ha-1 (90:38:38) + soil application of Beema green
granules 25 Kg ha-1 at 20 DAT + foliar spray panchagavya 3 % at 30
DAT + foliar spray of Nitrobenzene 750ml ha-1 at 45 DAT.
The growth parameters of rice viz., plant height, number of tillers per hill,
LAI and DMP was favourably influenced by 100 % recommended dose of
NPK kg ha-1 (120:38:38) + soil application of Beema green granules 25 Kg
ha-1 at 20 DAT + foliar spray of panchagavya 3 % at 30 DAT+ foliar
spray of Nitrobenzene 750ml ha-1 at 45 DAT (T11). It recorded the

INTRODUCTION
Rice (Oryza sativa) is one of the most staple food
crops that is being extensively cultivated in India. Rice
is grown in 114 countries across the world with an
area of 164 million hectares and production of 741.4
million tonnes with the productivity of 4.4 t ha-1. In
Tamil Nadu, rice is grown in an area of 2.2 million
hectares resulting in production of 8.65 million tonnes
with the productivity of 3.93 t ha-1. However, the
yield is still lower, when compared to the average
productivity of rice producing countries such as Japan
,China, Egypt and Israel.
Continuous use of inorganic fertilizers leads to
deterioration of soil chemical, physical properties and
biological activity in soil (Mahajan et al., 2008). Now
a days the sources of organic matter are scare, due
to shortage and non-availability of labour to rear
animals. Humic acid, a decomposed product of

organic matter, influences plant growth by modifying
the physiology of plant and by improving the physical,
chemical and biological properties of soil and
ultimately crop yield (Schnitzer, 2000).
Humic substances improve yield and quality of a
variety of plants, including grains (Ulukan, 2008).
Panchagavya, an organic source of nutrition, is an
indigenous material which is used widely for
agricultural and horticultural crops. Panchagavya had
positive influence on beneficial microorganisms
present in the soil and influence the crop growth and
yield (Natarajan, 2002). Pachagavya is now gaining
attention as an efficient organic growth promotor
(Naik and Sreenivasa, 2009). Nitrobenzene is a
combination of nitrogen and plant growth regulators
that act as plant energizer, flowering stimulant and
yield booster. Nitrobenzene produces best results in
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combination with plant growth regulators, which have
capacity to increase flowering in plant and also prevent
flower shedding (Mithila Deb et al., 2012).
MATERIALS AND METHODS
The field experiment was conducted at the
Experimental Farm, Department of Agronomy,
Annamalai University, Tamil Nadu, during the period
of February to May, 2014, to study the influence of
organic and inorganic sources of nutrients on growth
parameters of rice. The cropping period the mean
maximum temperature ranges between 29.2oC and
37.3oC, while the minimum temperature ranges from
20.9oC to 26.6oC. The RH ranges from 76 to 96
percent. The soil was clay loam in texture with low
in available nitrogen, medium in available phosphorus
and high in available potassium. ADT 36 was chosen
with a duration of 110 days.
The experiment was laid out in Randomized Block
Design (RBD) with three replication with twelve
treatments viz., T1-100 % Recommended Dose (RD)
of NPK kg ha-1 (120:38:38), T2 -T1+ soil application
of Beema green granules 25 Kg ha-1 at 20 DAT, T3
-75 % RD of NPK kg ha-1 (90:38:38) + soil
application of Beema green granules 25 Kg ha-1 at
20 DAT, T4 -T1 + foliar spray of panchagavya 3 %
at 30 and 45 DAT, T5 -T1 + soil application of Beema
green granules 25 Kg ha-1 20 DAT + foliar spray of
panchagavya 3 % at 30 and 45 DAT, T6 -75 % RD
of NPK kg ha-1 (90:38:38) + soil application of
Beema green granules 25 Kg ha-1 20 DAT + foliar
spray of panchagavya 3 % at 30 and 45 DAT, T7 -T1
+ foliar spray of Nitrobenzene 750ml ha-1 at 20 DAT,
T8 -T1 + soil application of Beema green granules
25 Kg ha-1 at 20 DAT + foliar spray of Nitrobenzene
750ml ha-1 at 30 DAT, T9 -75 % RD of NPK kg ha1 (90:38:38) + soil application of Beema green
granules 25 Kg ha-1 at 20 DAT + foliar spray of
Nitrobenzene 750ml ha-1 at 30 DAT, T10 -T1 + foliar
spray of panchagavya 3 % at 30 DAT+ foliar spray
of Nitrobenzene 750ml ha-1 at 45 DAT, T11 -T1 +
soil application of Beema green granules 25 Kg ha-1
at 20 DAT + foliar spray of panchagavya 3 % at 30
DAT+ foliar spray of Nitrobenzene 750ml ha-1 at 45
DAT, T12 -75 % RD of NPK kg ha-1 (90:38:38) +
soil application of Beema green granules 25 Kg ha1 at 20 DAT + foliar spray panchagavya 3 % at 30
DAT + foliar spray of Nitrobenzene 750ml ha-1 at
45 DAT.
Beema is an organic humic granules containing humic
acid, fulvic acid, amino acid and micronutrients.
Beema green granules @ 25 kg ha-1 was applied at
20 DAS. Panchagavya was applied through foliar
spray @ 3 % at different growth stages of rice.
Nitrobenzene plant growth promoter was used as foliar
spray @ 750 ml ha-1. The solution was uniformly
sprayed using hand sprayer (knap sack) at 30 and 45
DAT as per the treatment schedule. The 26 days old
paddy seedlings were transplanted in lines @ 2

seedlings hill-1 in a depth of 2-3cm. A spacing of 12.5
cm was adopted.
RESULTS AND DISCUSSION
1. Plant height at harvest
The plant height observed at harvest is presented in
Table 1. Among the different treatments, the highest
plant height at harvest was observed under T11 100% recommended dose of NPK kg ha-1
(120:38:38) + soil application of Beema green granules
25 kg ha-1 + foliar spray of Panchagavya 3% + foliar
spray of Nitrobenzene 750 ml ha-1. This treatment
was found to be superior and recorded the plant height
of 98.95 cm at harvest. It was on par with the
treatment T12 - 75% recommended dose of NPK kg
ha-1 (90:38:38) + soil application of Beema green
granules 25 kg ha-1 + foliar spray of Panchagavya
3% + foliar spray of Nitrobenzene 750 ml ha-1. The
least plant height (60.42 cm) was recorded in T3 –
75 % recommended dose of NPK kg ha-1 (90:38:38)
+ soil application of Beema green granules 25kg ha1. The enhancement in growth with increase in
nutrient availability was owing to rapid conversion of
synthesized photosynthates into protein to form more
protoplasm, this increased the number and size of the
cell which might have increased the plant height.
Similar finding was reported by Sridevi (2011).
2. Number of tillers hill-1
Among the treatments tried, highest values on number
of tillers hill-1 (Table.1) was observed under T11 100% recommended dose of NPK kg ha-1
(120:38:38) + soil application of Beema green granules
25 kg ha-1 + foliar spray of Panchagavya 3 % +
foliar spray of Nitrobenzene 750 ml ha-1 with a value
of 7.00. It was on par with the treatment T12 - 75%
recommended dose of NPK kg ha-1(90:38:38) + soil
application of Beema green granules 25 kg ha-1 +
foliar spray of Panchagavya 3% + foliar spray of
Nitrobenzene 750ml ha-1. The least number of tillers
were recorded in T3 – 75% recommended dose of
NPK kg ha-1 (90:38:38) + soil application of Beema
green granules 25 kg ha-1 of 5.02. The increase in
number of tillers hill-1 may be due to cumulative effect
of fertilizer under increasing trend of nutrients. Similar
result was reported by Nageswari and
Balasubramanian (2004).
3. Leaf area index (LAI)
The leaf area index at flowering are presented in Table
1. Among the various treatments, T11 - 100 %
Recommended dose of NPK kg ha-1 (120:38:38) +
soil application of Beema green granules 25 kg ha-1
+ foliar spray of Panchagavya 3% + foliar spray of
Nitrobenzene 750 ml ha-1 recorded a highest LAI of
6.48. It was on par with the treatment T12 - 75 %
recommended dose of NPK kg ha-1 (90:38:38) + soil
application of Beema green granules 25 kg ha-1 +
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foliar spray of Panchagavya 3% + foliar spray of
Nitrobenzene 750 ml ha-1. The lowest LAI was
observed under T3 – 75 % Recommended dose of
NPK kg ha-1 (90:38:38) + soil application of Beema
green granules 25 kg ha-1) with a value of 4.29.
Adequate supply of the essential nutrients i.e. N, P
and K might have exerted a positive influence on the
tillers and leaves leading to higher leaf area index.
The results are in conformity with the findings of
Manivannan ( 2003).
4. Dry matter production
Among the different treatments, the highest dry matter
production (Table 1) at harvest was recorded under
T11 - 100 % recommended dose of NPK kg ha-1
(120:38:38) + soil application of Beema green granules
25 Kg ha-1 + foliar spray of Panchagavya 3% + foliar
spray of Nitrobenzene 750 ml ha-1 with a value of
12034 kg ha-1. The T11 treatment on par with T12 75 % Recommended dose of NPK kg ha-1 (90:38:38)
+ soil application of Beema green granules 25 kg ha1 + foliar spray of Panchagavya 3% + foliar spray
of Nitrobenzene 750 ml ha-1. The lowest dry matter
production was recorded under T3 – 75 %
Recommended dose of NPK kg ha-1 (90:38:38) +
soil application of Beema green granules 25 kg ha-1
which recorded a value of 6670 kg ha-1. . Increased
dry matter accumulation observed under higher NPK
level due higher portion of green leaves with increased

chlorophyll content enabling the plants to have
increase the photosynthetic efficiency and resulted
in vigorous crop growth coupled with more tillers.
The above finding was in conformity with the result
of Yadana et al. (2009).
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ABSTRACT
Industrialisation followed by urbanization rang the death knell for
environmental health causing widespread soil deterioration and water
pollution. Use of inorganic fertilizers and chemical pesticides hastened the
loss of agricultural land besides causing health hazards due to residual
effects. Thus arose the need to explore sustainable methods like organic
farming using biofertilisers and biofertilisers that are eco-friendly and
easily degradable. Government Arts College for Men (Autonomous) at
Nandanam, Chennai-600035, Tamil Nadu, India, is a city college that has
students from all parts of rural Tamil Nadu. In order to provide hands –
on training to the students an organic farming garden has been
established in the college to carry out sustainable cultivation of
vegetable crops using biofertilisers and biopesticides along with control
plots . The biofertilisers like Vermicompost, Panchagavya, bacterial
compost and gunapaselam (from fish waste) have been prepared by the
students and have been used to cultivate vegetable crops such as Okra,
brinjal, chillies and greens. Aqueous solutions of the tinctures obtained
from the leaf extracts of selected trees on the campus like Neem and
Pongamia along with common weeds like Tridax, Parthenium and
Lantana that possess insecticidal activity were used as biopesticides.
There was increase in the yield and decrease in harvesting time of the
vegetables grown with biofertilisers and biopesticides. The chlorophyll
content of the leaves was determined and was seen to be higher than
that of the control. The produce of the organic garden was popular
among the consumers and purchased at a higher cost with a positive
feedback on the taste and shelf –life of the vegetables.

INTRODUCTION
The planet Earth is special because of its ability sustain
green plants on its soil. Consequently it became
inhabited by humans and the population increased by
leaps and bounds and today earth stands overpopulated. People have needs and urges but then
gradually greed overcame the need and the resources
started getting depleted. Industrialisation followed by
urbanization rang the death knell for environmental
health causing widespread soil deterioration and
water pollution. Use of inorganic fertilizers and
chemical pesticides hastened the loss of agricultural
land besides causing health hazards due to residual
effects. Thus arose the need to explore sustainable
methods of agriculture like organic farming using
biofertilisers and biofertilisers that are eco-friendly
and easily degradable. Organic farming is the only
means available to rejuvenate the ailing soils that have
been laid waste by environmental pollution (Dwivedi

and Dwivedi, 2007; Chadha et al. 2012). Government
Arts College for Men (Autonomous) at Nandanam,
Chennai-600035, Tamil Nadu, India, is a city college
that has students from all parts of rural Tamil Nadu.
These students come from economically backward
agricultural families and are well aware of the
cultivation of crops. They need to get awareness on
the benefits of organic farming and can easily become
educated modern farmers practicing sustainable, safe
and organic method of agriculture which is the future
of the modern world. The under-graduate and postgraduate students of the Botany Department have a
paper on Horticulture that lays emphasis on Organic
Farming as a means of livelihood.
METHODS
In order to provide hands –on training to the students
an organic farming garden has been established in
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the college to carry out sustainable cultivation of
vegetable crops using biofertilisers and biopesticides
along with control plots . The biofertilisers like
Vermicompost, Vermiwash, Panchagavya, bacterial
compost and gunapaselam (from fish waste) have
been prepared by the students under our guidance to
create an awareness among them about the benefits
of organic farming which is an integral part of
sustainable agriculture. Vermiwash and vermicompost
were prepared according to method outlined by Ismail
(1997) but for Vermiwash Azadirachta indica
(Neem) and Pongamia pinnata (Pungan) leaf litter
from the campus was also used to increase its efficacy
as an insect repellant. Panchagavya was prepared
following earlier methods but instead of ghee
groundnut oil cake was used to make it more costeffective. (Sundararaman, 2009). Gunapaselam also
called fish amino acid was prepared using fish waste
and jaggery in equal amounts (Eric et al. 2014)
Biopesticides used are the aqueous solutions of the
tinctures obtained from the leaf extracts of selected
trees on the campus like Azadirachta indica and
Pongamia pinnata along with common weeds like
Tridax, Parthenium and Lantana ( Elumalai et al.,
2013 ) that possess insecticidal activity. These were
used in different combinations to arrive at the optimal
composition. The vegetables under the present study
were Okra and beans though brinjal and all types of
greens have also been cultivated to be sold in the
weekly campus sale. In order to authenticate the
effect of the biofertilisers, a simple estimation of
chlorophyll content of the leaves of the biofertiliser
applied plants and control was done. A young desi
cow has been added to the garden for its urine and
dung and part of its feed is met from the weeds in the
garden.
RESULTS AND DISCUSSION
This study showed that the growth of the organic
crops was higher than the control and the
biopesticides were able to control the insect pests. It
was observed that gunapaselam and modified vermin
wash were able to keep away insects. The harvest
was earlier for all the greens and Okra was seen to
be very fresh such that the produce of the organic
garden was popular among the consumers and who
purchased at a higher cost with a positive feedback
on the taste and shelf –life of the vegetables. The
chlorophyll content of biofertiliser treated plants was
higher than that of the control and that was the main
reason behind the freshness unusual freshness of the
harvested vegetables. The results are in accordance
with the previous studies on biofertiliser use for
vegetable crops with regard to yield and time of
harvest. The results have corroborated the earlier
reports of Elumalai et al. (2013) in Okra and those
of Hatti et al. (2010). Kale et al. (1992) have
reported the increase in mineral nutrients in vermin
wash a cause for the increase in yield which can be

justified in the present case study.
The proceeds from the sale have been used for the
maintenance of the garden and the surplus was added
to the Parent- teacher Association fund of the college.
The consumers were eager to learn the methods
used and this will go a long way in reducing our
dependence on inorganic farming for our daily
vegetables.
CONCLUSION
This study has been successful in creating an
awareness among the staff and students of the college
about the benefits of organic farming besides creating
in them an interest to grow their own vegetables in
order to make their food healthy and their environment
safe and clean. In future we plan to extend this to
villages around the city of Chennai among farmers
with small holdings on a trial basis.
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ABSTRACT
A field experiment was conducted during rice fallow season 2014 under
deep clay soil at experimental farm, Faculty of Agriculture, Annamalai
University, Tamil Nadu to study the effect of eco friendly agronomic
practices on growth and yield of rice fallow black gram [Vigna mungo
L.]. The experiment was conducted in randomized block design and
replicated thrice. The experiment comprised nine treatments viz., T1 control, T2 - seed soaking with 3% panchagavya, T3 - seed soaking
with 5% jeevamrutha, T4 - seed soaking with 5% vermiwash , T5 seed soaking with 5% cow urine, T6 - T2 + foliar spray of 3%
panchagavya on 30, 40 and 50 DAS, T7 – T3 + foliar spray of 5 %
jeevamrutha on 30, 40 and 50 DAS, T8 – T4 + foliar spray of 5%
vermiwash on 30, 40 and 50 DAS, T9 – T5 + foliar spray of 5 % cow
urine on 30, 40 and 50 DAS. The results of the experiment showed
that seed soaking with 3% panchagavya + foliar spray of 3%
panchagavya on 30, 40 and 50 DAS (T6) significantly recorded higher
growth, yield attributes, grsin and haulm yield of rice fallow black gram
viz., plant height, leaf area index (LAI), dry matter production (DMP),
number of branches plant-1, pod length, number of pods plant-1,
number of seeds pod-1, test weight, grain and haulm yield. Significantly
lowest values for growth attributes, yield attributes, grain and haulm
yield of rice fallow black gram was recorded under control - T1(water
spray). Based on the above results, it could be concluded that
cultivation of rice fallow black gram with seed soaking 3% panchgavya
along with foliar spray of 3% panchgavya on 30, 40 and 50 DAS will
be a promising combination which resulted in higher grain and haulm
yield under Cauvery delta region of Tamil Nadu.

INTRODUCTION
Pulses are an important source of dietary protein,
energy, minerals and vitamins for the mankind. It
provides 25 per cent of protein requirements of
predominantly vegetarian population. The World
Health Organisation (WHO) recommends a per
capita consumption of pulses at 80 g per day and the
Indian Council of Medical Research has
recommended a minimum consumption of 47 g. In
1968, the average consumption in India was 56 g per
person per day. But at present, the actual consumption
is much less than 30-35 g. Among the grain legumes,
blackgram is an ancient and well known leguminous
crop of India, is a favourable one since it thrives better
in all the seasons and it can be grown as a sole or
inter crop or fallow crop. It is popular because of its
nutritional quality having rich protein (26.2%),
carbohydrates (56.6%), fat (1.2%), minerals, amino
acids, phosphoric acid and vitamins. The average
productivity of pulses in Tamil Nadu is about (432kg

ha-1) which is very low when compared to Indian
average of 610 kg ha-1(Krishna Surendar et al.,
2013). The production of pulse crop in our country
including blackgram is not sufficient enough to meet
the domestic demand of the population. Hence, there
is an ample scope for enhancement of the production
and productivity of blackgram by proper agronomic
practices. Several strategies were initiated to boost
the productivity of blackgram. One such strategy may
be seed soaking and foliar nutrition for exploiting
genetic potential of the crop. Foliar application is
credited with the advantage of quick and efficient
utilization of nutrients, elimination of losses through
leaching and fixation and helps in regulating the uptake
of nutrient by plants (Manonmani and Srimathi, 2009).
Therefore, present study was conducted to study the
effect of liquid organic nutritions on growth and yield
of rice fallow black gram (Vigna mungo L.) under
Cauvery delta region of Tamil Nadu.
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MATERIALS AND METHODS
Field experiment was conducted at the experimental
farm, Department of Agronomy, Annamalai
University, Annamalai Nagar, Tamil Nadu. The
experimental farm is geographically located at
11°24’N latitude, 79° 44’E longitude and +5.79 m
above mean sea level. The experimental soil was
clay loam in texture with pH 7.7, EC 0.45 dsm-1,
organic carbon 0.58 and low N(223.0 Kg ha-1),
medium in P (22 Kg ha-1) and high in K(259 Kg ha1). The experiment comprising of nine treatments
viz., T1 – control (water spray), T2 - seed soaking
with 3% panchagavya, T3 - seed soaking with 5%
jeevamrutha, T4 - seed soaking with 5% vermiwash
, T5 - seed soaking with 5% cow urine, T6 - T2 +
foliar spray of 3 % panchagavya on 30, 40 and 50
DAS, T7 – T3 + foliar spray of 5% jeevamrutha on
30, 40 and 50 DAS, T8 – T4 + foliar spray of 5%
vermiwash on 30, 40 and 50 DAS, T9 – T5 + foliar
spray of 5% cow urine on 30, 40 and 50 DAS. The
experiment was laid out in a randomized block design
with three replications. Black gram variety ADT -5
was used in this experiment. Immediately after the
harvest of rice the blackgram seeds were dibbled @
25 kg ha-1 in rice stubbles with waxy soil condition.
A spacing of 30cm x 10cm was adopted. As per
treatment schedule liquid organic manures were
applied. Rice fallow black gram was raised with
residual soil moisture. Standard cultivation practices
were adopted. Black gram growth and yield attributing
characters such as plant height, LAI, DMP, number
of branches plant-1, pod length, number of pods plant1, number of seeds pods-1 and test weight were
recorded from 5 randomly selected plants. Grain and
haulm yields were also recorded from each plot. The
data on various studies recorded during the
investigation were subjected to statistical scrutiny
suggested by Gomez and Gomez (1984).

the treatments, seed soaking 3% panchgavya along
with foliar spray of 3% panchgavya on 30, 40 and 50
DAS (T6) registered higher number of branches
plant-1 (9.27), pod length (5.56 cm), number of pods
plant-1 (23.17), number of seeds pod-1 (4.63) and
test weight (3.85 g). Higher availability of growth
promoting substances such as IAA, GA, cytokinin,
kinetin, essential plant nutrients, effective
microorganisms that directly influenced LAI,
increased photosynthetic activity and assimilate
partitioning from source to sink might be attributed
to increased yield attributes. These results are in
agreement with the findings of Yadava and Tripathi
(2013).The control plot T1(water spray) recorded the
least values of yield attributes.
Among the treatments, seed soaking 3% panchgavya
along with foliar spray of 3% panchgavya on 30, 40
and 50 DAS (T6) significantly registered higher grain
yield (1205 kg ha-1) and haulm yield ( 2178 kg ha-1).
Presence of growth regulatory substances such as
Indole Acetic Acid (IAA), Gibberlic Acid (GA3) and
essential plant nutrients from panchakavya caused a
tremendous influence on the yield of black gram.
The positive effect of panchagavya on growth and
productivity of crops has been reviewed and
documented by Swaminathan et al. (2007).
Panchgavya application not only increase the
vegetative growth of the plant but it also triggers the
early flowering, pod formation and uniform grain filling
leads to get higher grain yield. The least grain yield
(672 kg ha-1 ) and haulm yield (1752 kg ha-1) were
registered under T1 (water spray).
Based on the above, it could be concluded that, seed
soaking 3% panchgavya along with foliar spray of
3% panchgavya on 30, 40 and 50 DAS would help to
increase yield of black gram in Cauvery delta region
of Tamil Nadu.

RESULTS AND DISCUSSION
All the treatments are significantly influenced growth
attributes of rice fallow black gram. Among the
treatments, seed soaking 3% panchgavya along with
foliar spray of 3% panchgavya on 30, 40 and 50 DAS
(T6) recorded significantly higher plant height (46.34
cm), LAI (2.32) and dry matter production (3568 kg
ha-1). This might be due to panchagavya could have
created stimuli in the plant system and increased the
production of growth regulators in cell system and
the action of growth regulators in plant system
stimulated the growth and development of crop.
Besides, there is a significant quantity of vitamins
and natural phytoregulators were present in
panchgavya in a balanced form. The present findings
are in accordance with those earlier reported by
Kumawat et al. (2009) and Kumar et al.(2011).
The yield potential of black gram is determined by
yield attributes and the values of yield attributes are
in accordance with that of growth parameters. Among
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ABSTRACT
Fly ash, an industrial waste resulting from combustion of pulverized coal,
can be used as an alternative for gainful and safe utilization of fly ashes
on sustainable basis in agricultural sector to decimate the problem of
land shortage. A pot culture experiment was conducted to study the
effect of fly ash on magnification and yield attributes of Jamrosa, a
perennial aromatic grass utilized in cosmetic industry, for bulk utilization
of fly ash. The mundane soil growing medium was superseded by pond
fly ash at 0%, 33%, 67%, and 100% with constant FYM. Biometric
observations were recorded at 15 days interval from the date of planting.
The results are quite inspiriting as all the magnification parameters were
significantly higher in ash treated tratments. The plant height , tillers,
leaves, chlorophyll-a, chlorophyll-b and total chlorophyll content were
significantly higher suggesting that fly ash can be utilized in enhancing
the productivity of Jamrosa and thus can be utilized as a resource
material for agriculture.

INTRODUCTION
The global energy need has increased with rapid
industrialization, which to a large extent has been met
by fossil fuels. Coal plays a crucial role in meeting
the ever increasing energy demands of countries
around the world. Electricity production from coal
produces a variety of residues – fly ash, bottom ash,
and the flue gas desulfurization waste. Over 225
million tons of coal is produced annually in India and
over 100 thermal power stations generate more than
108 million kilowatts power every year (Aggarwal
et al 2009). Investigating the use of coal ash is not
only economic - technical, but also has a huge social
impact (reduced landfill, reduction in environmental
destruction).
Coal burns at a high temperature of more than 1500ºC
and the inorganic material melts and agglomerates
into spheres. Upon leaving the combustion zone, the
ash particles are cooled quickly and solidify. About
90% of the ash formed from the burnt coal is carried
out of the furnace, extracted from the flue gas and is
known as fly ash. The remaining coarser fraction
falls to the bottom of the furnace where it sinters
together to become Furnace Bottom Ash. Fly ash
production depends on the quality of the coal, which
contains a relatively high proportion of ash that leads
to 10-30% fly ash formation. In India 75% of
electricity is generated from coal based thermal power
plants. Nearly 50-60% of fly ash is being stored in

plant dump sites. Disposal of such a high quantity of
fly ash is one of the major problems in developing
countries and it is usually disposed in basins and
landfills near the power plant. Fly ash is sometimes
used in building constructions such as roads and
embankments and in cement industries. Its alkaline
character and a high concentration of mineral
substances have resulted in attempts at using it as a
fertilizer or amendment to enhance the physiochemical
properties of soil. Fly ash contains a high concentration
of toxic elements such as Cu, Zn, Cd, Pb, Ni, Cr, etc,
along with low nitrogen and phosphorous content. Its
pH ranges from 4.5 - 12.0 depending upon the content
of parent coal. Fly ash is disposed of either by dry or
wet methods. In the dry method, the fly ash is dumped
in landfills and fly ash basins. In wet method, the fly
ash is washed out with water into artificial lagoons
and is called pond ash. Both methods ultimately lead
to dumping the fly ash on open land, which degrades
the soil and endangers human health and the
environment. Therefore, disposal and utilization of fly
ash needs careful assessment to prevent conversion
of arable land into landfills and accumulation of toxic
metals in soil (Petruzelliet al 1989).
Chemically, fly ash contains oxides, hydroxides,
carbonates, silicates, and sulphates of calcium, iron,
aluminium, and other metals in trace amount (Adriano
et al., 1980). The mineralogical, physical and chemical
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properties of fly ash depend on the nature of the parent
coal, conditions of combustion, type of emission control
devices and storage and handling methods. Formation
of fly ash depends on the ash content of coal and
Indian coal used in power plants generally has very
high ash content (35–45%) and is of lower quality
(Mathur et al., 2003). As a consequence, a large
amount of fly ash is generated in thermal power plants.
Fly ash is deficient in nitrogen and
phosphorous. This deficiency can be overcome by
adding various organic substrates and by growing of
leguminous crops. The focus of the present research
work is focused on phytoremediation.
Phytoremediation is a plant-based technology which
aimed to use metal accumulating plants to remove,
transfer or stabilize these contaminants from fly ash.
Application of fly ash in agricultural sector helps in
the saving of chemical fertilizer (Mittraet al., 2005).
The micro- and macro- nutrients present in fly ash
help in sequestration of atmospheric CO2 (Muduli
et al. 2013). Weathering of fly ash has been done in
atmospheric condition without applying any elevated
temperature and pressure. Carbonated fly ash is more
suitable for use in agriculture. As the carbonation
reaction happens in alkaline condition, it can be a good
additive for neutralizing the acidic soil and also act as
a fertilizer. Present study deals with the effect of the
application of varying levels of fly ash on growth of
jamrosa a commercial aromatic plant, along with the
properties of the cultivated soil.
MATERIALS AND METHODS
The experiment was conducted at Jamrosa garden
of CSIR-Institute of Minerals and Materials
Technology Bhubaneswar. Fly ash was collected from
NTPC, Odisha. A pot culture experiment was
conducted using randomized block design with four
treatments and seven replications having four
treatments. The treatments or magnification media
were used with varying percentage of soil, fly ash
and compost or FYM. The details of treatments along
with symbols used are given in Table 1.
Table: 1 Composition of growth media
Treatment
Soil+Sand
Fly Ash
T0
100%
0%
T1
67%
33%
T2
33%
67%
T3
0%
100%
The treatments combinations were analysed for pH,
Organic Carbon available N, P and K before seeding.
The analytical data are presented below;
Table: 2 Initial macro nutrients present in soil.

Treatment p H
T0
T1
T2
T3

5.917
6.253
6.297
6.437

Organic
carbon
0.527
0.423
0.373
0.240

Phosphorus Potassium

73.000
80.000
120.000
130.000

383.100
328.267
299.300
248.100

The above mixtures were filled in 30cm diameter

earthen pots. The Jamrosa slips were transplanted in
the pots. Biometric observations (height, no. of tillers,
no. of leaves etc.) were recorded at 15 days interval.
Chlorophyll content (chlorophyll-a, chlorophyll-b, and
total chlorophyll) of Jamrosa leaves was determined
at 15 days interval using visible Spectrophotometer.
Chlorophyll-a and chlorophyll-b were recorded at
645nm and 663nm respectively. All the biometric
observations recorded were analyzedas per
Randomised Block Design.
RESULTS AND DISCUSSIONS
A pot culture experiment was conducted to study the
effect of fly ash on growth and yield attributes of
Jamrosa.. At all intervals plant height, no of tiller and
leaves increased significantly with the application of
fly ash at different rates. In the all parameters lowest
value recorded in controlled pot and highest value
recorded in 50th days of interval in pot T3. However
the higest values of plant height, no. Of tillers and
leaves are 139.571, 7, 40 and lowest values are as
22.625, 0 and 5.143 respectively.
The chlorophyll a content of Jamrosa increased with
age of seedling and also varied significantly among
the treatment with fly ash. Lowest(2.37mg/g) in
control and highest chlorophyll (2.461 mg/g) in T3
and also chlorophyll-b content in Jamrosa increased
with age of seedling and also varied significantly
among the treatments with fly ash. Highest (1.738mg/
g) total chlorophyll- b content was recorded with
nursery medium of 100% Fly ash and lowest (0.641
mg/g) in T0.
A pot culture experiment was conducted to study the
effect of fly ash on growth and yield attributes of
Jamrosa. In the normal soil was replaced by pond fly
ash at 0%,33%,67% and 100% with constant FYM.
Biometric Observations were recorded at 15 days
interval from the date of planting. The results are
quite encouraging as all the growth parameters
(except plant height) were significantly higher in ash
treated plants. The plant, tillers, leaves, chlorophylla, chlorophyll-b, and total chlorophyll content was
significantly higher suggesting that fly ash is not a
waste but a resource.
Table 4: Effect of Fly ash on Plant height (cm)

Treatment
T0
T1
T2
T3

0 Day
22.625
23.375
25.25
25.75

5 Days
48.75
51.75
54.375
57.75

20 Days
92.571
96.429
101.143
111.143

35 Days
107.857
120.286
121.143
129

50 Days
119.286
131.857
133.286
139.571

The plant height increased with age of seedling.
Application of fly ash affected the plant height in all
the treatments. Lowest plant height was recorded
with control (22.625cm) and highest being recorded
with T3 (139.571 cm).
Table 5: Effect of Fly ash on No. of tillers
Treatments
T0
T1
T2
T3
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5 Days
0
.125
.25
.625

20 Days
1.429
2.143
2.286
4.857

35 Days
3.714
4.286
4.571
6.143

50 Days
5.571
6
6.286
7

The no. of tillers of plant increased with age of
seedling. Application of fly ash increased significantly
after 30 and 45 days of seedling. Lowest no. of tillers
was recorded with control (0) and highest being
recorded with T3 (7).
Table 6: Effect of Fly ash on number of leaves
TREATMENTS
T0
T1
T2
T3

5 Days
5.143
5.857
6.143
8.714

20 Days
8.857
10.571
11.286
16.714

35 Days
17.714
21.286
21.429
32.286

50 Days
27
28.143
33.429
40

The leaves of plants increased significantly with age
of seedling. Applications of fly ash significantly
affected the plant leaves in all the treatments. Lowest
number of leaves was recorded with control (5.143)
and highest being recorded with T3 (40).
Table 7: Effect of Fly ash on chlorophyll- a content
of leaves(mg/g)
TREATMENTS
T0
T1
T2
T3

15 Days
2.37
2.37
2.875
3.554

30 Days
3.921
3.921
4.46
4.705

45 Days
4.864
4.864
6.132
6.165
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Table 9: Effect of Fly ash on total chlorophyll content
of leaves(mg/g)
TREATMENTS
T0
T1
T2
T3

15 Days
3.011
3.201
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4.819
5.102
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The total chlorophyll content of Jamrosa increased
with age of seedling and also varied significantly
among the treatments. Significantly higher (7.903mg/
g) total chlorophyll content was recorded with nursery
medium of 100% Fly ash and lowest (3.011 mg/g) in
control.
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ABSTRACT
Western Ghats is one of the world’s biodiversity hot spot is under a high
degree of threat. The distribution and abundance of edaphic fauna was
observed and surveyed in the agro-forestry zone of the Western Ghats
region of Wayanad, S. India. The study was conducted during the premonsoon season in the coffee agro-ecosystem and the adjacent undisturbed
natural forest area. The soil temperature was measured to be 25.4oc and
26.6oc whereas the humidity was 81% and 75% respectively in the coffee
plantation and in the natural forest. Physiochemical analysis of soil samples
showed considerable variations in the NPK contents as well as total organic
matter. Soil microbial analysis of coffee showed punctiform colonies of
saprophytic bacteria, Escherichia coli as well as the nitrogen fixer,
Azotobacter chroococcum without any significant fungal growth. Colonies
of bacteria and fungi were observed in the forest soil which included E.
coli, Bacillus subtilis and A. chroococcum along with the fungal colonies
of Aspergillus niger. It was observed that the arthropods represented
insects as well as arachnids which included 26 species and were classified
into 11 different orders. There were representative species from Orthoptera,
Coleoptera, Hemiptera, Hymenoptera, Lepidoptera, Blattodea, Dermaptera,
Isoptera, Diplopoda, Aranae and Scorpionidae out of which Hymenopterans
were predominant. The faunal diversity was observed to be highest in the
natural forest when compared to the agricultural plantation area. Simpson’s
index showed high species diversity and richness. The study revealed that
there is greater diversity of arthropods in the undisturbed natural forest
when compared the coffee agroecosystem though it is adjacent to the forest
area. The occurrence, distribution, diversity, and abundance of the faunal
population in the Western Ghats region of Wayanad can be taken as a key
indicator for the invertebrate species inventory in this hot-speck of
biodiversity hotspot. It can also be used to analyze the ecosystem services
rendered by soil entomofauna.

INTRODUCTION
Biodiversity is defined as the kinds and numbers of
organisms and their patterns of distribution (Barnes
et al., 1998). Generally, biodiversity measurement
typically focuses on the species level and species
diversity is one of the most important indices which
are used for the evaluation of ecosystems at different
scales (Ardakani, 2004). The most significant
repositories of India’s biodiversity today are Western
Ghats and the Eastern Himalayas. When compared
to Eastern Himalayas, the Western Ghats harbours a
larger number of species endemic to India. Western
Ghats with its rich biodiversity is now considered as
one of the eight ‘hottest hot spots’ (Myers et al., 2000).

It is quite important to study Western Ghats because
the inventory of plants and animals in terms of
biodiversity shows high levels of endemism
(Gunawardene et al. 2007). Biogeographically, the
Wayanad region of Western Ghats is a transitional
zone between the moist forest of the South Western
Ghats and the dry forests of the northern region,
harbouring habitat restricted endemic species as well
as disjunct populations of species that are found in
both regions (Pascal 1988; WWF 2001).
In the modern times, due to European influence, there
is extensive cultivation of plantation crops such as
tea, coffee, rubber, tapioca, cashew and potato along
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the hill slopes and valleys of the ghat region. This
resulted in substantial negative impacts on ecosystem
as well as biodiversity. Western Ghats, are not
exception to this as over the years undergoing great
stress due to anthropogenic disturbances. Recent
estimates suggest that more than half the habitable
surface of the planet has already been significantly
altered by human activity (Hannah and Bowles,
1995). The entire range of the domestic crops used
in world agriculture is derived from wild species that
have been modified through domestication, selective
breeding and hybridization. Most remaining world
centres of diversity contain populations of variable
and adaptable landraces as well as wild and weedy
relatives of crops, all of which provide valuable
genetic resources for crop improvement (Harlan,
1975).
In agricultural systems, biodiversity performs
ecosystem services beyond production of food, fiber,
fuel, and income which includes renewal processes
and ecosystem services which are largely biological,
therefore their persistence depends upon maintenance
of biological diversity (Altieri, 1994). Questions are
being raised about the growing dependence of modern
farming on non-renewable resources, the loss of
biodiversity, the loss of land through soil erosion and
the heavy reliance on chemical fertilizers and
pesticides (Altieri, 1995). The soil is among the most
complex habitat systems and it provides a living place
for at least part of the life cycle of many organisms.
Many small invertebrates such as insects are key
elements in the development of sustainable agriculture
as they play a vital role in the production and
maintenance of healthy soils. Soil quality does not
depend on just on physical and chemical properties,
but is related to the soil microbial component as well
(Elliott et al. 1996). Micro-organisms transform
organic matter into plant nutrients that are assimilated
by plants. Many soil litter arthropods such as beetles
and flies also help in the breakdown of soil litter which
aids in return of nutrients to the soil. Soil quality can
be analyzed by finding out the correlation between
abundance of invertebrates and various soil factors.
Insects play a vital role in transfer of plant nutrients
and energy to higher trophic levels and can be
ecological indicators of ecosystem structure and
function, and may be the focus of recovery efforts in
and of themselves (Nelson, 2009). The agricultural
plantation area which is in the transition zone of the
Western Ghats harbour rich diversity of arthropods.
Hence the present study was focused to enumerate
the biodiversity and species richness of soil
entomofauna in Wayanad region of Western Ghats
with main focus on the agroforestry zone in the ghats
stretch. The study aims at understanding the
distribution of soil entomofauna along with its
abundance in the coffee agro-ecosystem in
comparison with the natural forest area.

MATERIALS AND METHODS
Study Area
The sites selected for the present study are from the
agroforestry zones of the Western Ghats region of
Wayanad district, Kerala. Wayanad with an area of
2,125 km2 is an elevated plateau in the Western Ghats,
lying between 11°58 N and 11°30 N and 75°45 E and
76°28 E. It is an extension of the Deccan plateau to
the west, bounded by Coorg and Mysore in the north
and east; Nilgiri in the south and Malappuram and
Calicut in the south west.
Sampling sites
The study was conducted during the pre-monsoon
season at different sampling sites in two distinct areas
which included a stretch of natural forest in the
Western Ghats region of Wayanad and a coffee
plantation in the agro-forestry zone. The coffee
plantation was located at Muppainad Grama
Panchayat in the Appalam area. Regular maintenance
and management practices are done in the coffee
plantation for better productivity and yield. The natural
forest selected for the study was located adjacent to
the plantation site which is completely undisturbed
and is a part of Wayanad hill ranges of the Western
ghats.
Sampling and analysis
Soil samples were collected from coffee agroecosystem and the natural forest through standard
sampling procedure. The composite samples collected
were screened to get rid of roots and other debris
and homogenized by hand mixing and were air-dried
for 3 days, ground with a wooden pestle and mortar
to loosen the aggregates. The samples were screened
through a 2-mm mesh and mixed thoroughly (Jackson,
1967). The prepared composite samples were then
stored in labeled airtight containers for further
analysis. For the physico-chemical analysis of soil,
the samples were analysed for determination of soil
temperature (Gliessman, 2000), moisture content
(Michael, 1984), organic carbon by Walkey and
Black’s rapid titration method (Walkey and Black,
1934) and total nitrogen by Kjeldahl method (Piper,
1966). pH was assessed by a pH metric method and
electrical conductivity using conductometric method.
Microbial communities (bacteria and fungi) in soils
were assessed using the viable plate count method.
A suspension was prepared by placing 1g of air dried
soil in 99 ml of sterile distilled water in a conical flask.
The suspension was thoroughly shaken for 30 minutes.
After settling, the suspension was diluted serially as
follows: six test tubes, each containing 9 ml of sterile
water, were set in a test-tube stand. One milliliter of
the suspension was taken from the conical flask
aseptically and added to the first test-tube containing
9 ml of sterile distilled water. After shaking the testtube vigorously, 1 ml of the suspension was taken
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from this test-tube and added to the second test tube
and shaken. This process was repeated serially until
the last test-tube. One milliliter aliquot of the diluted
sample each were poured into 4 Petri plates; 2 Petri
plates for bacteria and 2 for fungi containing nutrient
agar medium and rose Bengal agar medium
respectively. The Petri plates containing nutrient agar
medium were incubated at 37p C in an inverted
position for bacteria for a period of 24 hours and
monitored for the appearance of colonies. The Petri
plates containing Rose Bengal agar medium were
incubated at 32ºC for fungi in an inverted position for
one week. This was done to screen out the general
bacterial and fungal colonies. The colonies of bacteria
were observed after 24 hrs, characterized and
identified by Gram’s staining. The colonies were
counted and calculation for the number of bacteria
and fungi was effected as follows:
Colony forming unit (CFU) per gram of soil = count
D plate dilution used (Motsara et. al., 2008;
Najmadeen et. al., 2010).
For the screening of specific microbes, Mannitol broth
medium was prepared using the standard techniques
and 100 mcg of each soil samples were mixed and
incubated at 30oc for three days. The white biofilm
developed due to microbial growth was characterized
and identified by Gram staining under an oil immersion
microscope (LaboMed). Biochemical tests were
performed to identify the species. The colonies of
fungi were observed after a week, characterized and
identified by Lacto-phenol cotton blue staining.
Observation and collection of entomofauna was done
through visual encounter survey and extraction by
modified Tullgren’s Funnel apparatus was also
adopted. The collected fauna was identified with the
help of standard keys for identification. The organisms
were then classified and the results were tabulated.
RESULTS AND DISCUSSION
Physiochemical analysis of soil samples showed
considerable variations in the NPK contents as well
as total organic matter. The NPK content of coffee
plantation are 0.59%, 0.4% and 0.23% respectively
whereas it is 0.28%, 0.30% and 0.15% which is
considerably less in the natural forest (Table 1). Since
the coffee plantation is maintained periodically for
proper yield, there are human interventions and
application of agrochemicals which have contributed
to the high NPK content in the coffee agroecosystem. The highest percentage of organic matter
in forest soil can be attributed to the vegetative cover
leading to high litter fall resulting in accumulation of
humus and thus increasing the organic matter. It is
found that the moisture content and water holding
capacity shows considerable variations between the
coffee plantation as well as the natural forest. The
soil temperature was measured to be 25.4oc and
26.6oc whereas the humidity was 81% and 75%
respectively in the coffee plantation and in the natural

forest. This can also be attributed to the thick
vegetation in the natural forest when compared to
the coffee plantation.
Table 1: Results of physico-chemical analysis of soil

Microorganisms are beneficial in increasing the soil
fertility and plant growth as they are involved in
several biochemical transformation and mineralization
activities in soils. In forest and agricultural soils, they
play a key role in many essential processes such as
organic matter decomposition and elemental release
by mineralization (Christensen, 1989). The microbial
analysis showed 35 punctiform and 2 circular bacterial
colonies which represented Gram negative
Escherichia coli and Gram positive Bacillus subtilis
respectively in the forest soil whereas 92 colonies of
E. coli was observed in the coffee soil. The presence
of high densities of faecal bacteria, E. coli can be
attributed to the application of manures such as cow
dung to the coffee agroecosystem and in the natural
forest; it can be because of the excreta of the forest
fauna. B. subtilis is reported to be efficient in
biological control against phytopathogenic fungi by
the production of diffusible and volatile antifungal
compounds (Chaurasia et al. 2005).
Mannitol broth medium culture showed high densities
of nitrogen fixing bacteria, Azotobacter chroococcum
forming white biofilm on the surface of the media in
the forest soil abundantly but the coffee agroecosystem had lesser density. Azotobacter is one of
the most important plant-growth promoting
microorganisms because its inoculation benefits a
wide variety of plants. There was no significant fungal
growth observed in the coffee soil, but 6 colonies of
Aspergillus niger was observed in the forest soil. A.
flavus is the most common saprophytic fungal species
associated with aflatoxin contamination of agricultural
crops (Cotty et al. 1994, Cotty 1997). The lesser
densities of soil microbes in the agro-ecosystem can
be due to the constant maintenance and human
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interactions. Any change in the activity and diversity
of soil microbes may reflect changes in soil quality.
Studies have shown that variation in soil microbial
communities can be attributed to change in land use
patterns (Philippot et al. 2009). Continuous use of
chemical fertilizers over a long period may cause
imbalance in soil microflora and thereby indirectly
affect biological properties of soil leading to soil
degradation (Manickam and Venkataraman, 1972).
It was observed that the arthropods represented
insects as well as arachnids which included 26 species
and were classified into 11 different orders.

weaver ants, catantops, myrmicaria, carpenter ants,
yellow crazy ants, millipedes, plant hopper, skipper,
tiger moth, scorpion, iphita limbata, honey bee, bumble
bee, flatta sps., dermastid beetle, bush cricket and
click beetle (Fig 1). Simpson’s biodiversity index
showed high species diversity and richness. The
biodiversity index and evenness index was found to
be 0.7353 and 0.4259 for coffee agroecosystems and
0.7828 and 0.4188 for natural forest ecosystem. The
analysis of soil fauna revealed higher diversity in the
natural forest when compared to the coffee
agroecosystems which might be due to the
disturbances as a result of human interactions. Many
of the edaphic species involved in ecosystem
functions that are regarded as beneficial to humans
(e.g. carbon sequestration, stabilization of soil) are
very sensitive to agricultural management (Wolters
and Ekschmitt, 1997). Life within the soil is hidden
and so often suffers from being ‘out of sight and out
of mind’. A more complete knowledge of soil fauna
is needed for biodiversity conservation (Jeffrey et.al.,
2010).
CONCLUSION
Human interactions with the soil systems can affect
soil water content, aeration, soil temperature as well
as the degree of contact between the organic
materials and mineral soil particles. These changes
affect the soil organisms wherein different organisms
responding in different ways. Soil organisms can be
managed for beneficial purposes in agriculture
through greater understanding of soil ecology
(Kladivko, 2001). High nutrient levels at the forest
site might be due to nutrient regeneration from fallen
leaves, twigs, buds, flowers, decaying roots etc. from
the large vegetative cover. The high density of
Azotobacter chroococcum indicates that soils are
rich in organic matter content wherein the highest
density was observed in the natural forest.

Fig: 1-Graphs showing different species of arthropods
in coffee and forest ecosystems.
There were representative species from Orthoptera,
Coleoptera, Hemiptera, Hymenoptera, Lepidoptera,
Blattodea, Dermaptera, Isoptera, Diplopoda, Aranae
and Scorpionidae out of which Hymenopterans were
predominant. The faunal diversity was observed to
be highest in the natural forest when compared to
the agricultural plantation area. The study revealed
that there is greater diversity of arthropods in the
undisturbed natural forest when compared the coffee
agroecosystem though it is adjacent to the forest area.
The arthropods observed in the coffee plantation
consisted of insects as well as arachnids including
belastoma, blatta sps., earwig, widow spider, termites,
catantops, weaver ants, myrmicaria, carpenter ants
and millipedes. The natural forest was observed with
both insects and arachnids which included Blatta sps.,
termites, wolf spider, mole cricket, plant hopper,
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ABSTRACT
Six generations of P1, P2, F1, F2, B1 and B2 developed from full diallel
mating from four different coloured parental lines namely, White Pale
(Yellow), IPC-126 (Purple), IPC-122 (Red) and PM (Orange) were evaluated
at Vegetable Research Farm, Division of Vegetable Science, ICAR-Indian
Agricultural Research Institute, New Delhi during winter season of 201516 in randomized block design (RBD). The data obtained from six
generations of each twelve crosses was subjected to generation mean
analysis for inheritance of economic traits. The conventional breeding
experimental results revealed that the complimentary type of non-allelic
gene interaction governed in root length, root to top ratio, shoulder and
root diameter (in all crosses), core diameter, flesh thickness, moisture
content and total solids, total soluble solids, total carotenoids and âcarotene, lycopene and total anthocyanin content. Therefore, hybrid
exploitation would be effective breeding approach for enhancement of
these traits. Moreover, some of these combinations complimentary type of
epistasis was controlled for structural, economic and nutritional traits.
Hence, mass selection and cyclic recurrent selection would be possible via
intermating of superior selectors in advanced generations. The F2 mapping
population developed from the cross White Pale × IPC-126 was evaluated
and was genotyped using SSR markers to identify markers for anthocyanin
content. A linkage map was constructed with SSR markers which were
linked chromosome number 3 covering a total length of 10.2cM. Markers of
BSSR-43 and GSSR-14 were found to be tightly linked with anthocyanin
locus (P) at 1.4cM and 4.0cM distance, respectively. Therefore, GSSR and
BSSR markers will play an important role for precise phenotype selection,
cost effectiveness and time saving in carrot marker assisted breeding.
These conventional and molecular breeding approaches would help to
conserve biodiversity for nutritional traits in the carrot germplasm.

INTRODUCTION
Carrot (Daucus carota L. 2n = 2X = 18) is a cool
weather crop grown in temperate and subtropical
regions for its edible storage tap roots both for fresh
as well as processed vegetable throughout the world
and is most important of all the root crops. The
objective of carrot breeding programs is the bringing
up high yielding and well adopted cultivar with
desirable economic traits. Breeding for such cultivars
requires through understanding of genetic components
of carrot. Many breeding procedures have been
brought up for increasing yield of carrot but in order
to bring up best hybrid combinations, a large population
of carrot inbred lines are crosses to each other.
Before the improvement of high yielding carrot
cultivars and/or hybrids it is an important to study the
economic components of gene interaction and effects.
The genetic component of complex traits is play an

important role launching a sound breeding strategy.
Therefore, the present research experiment was
undertaken to determine the inheritance pattern of
economic traits in carrot involving four phenotypically
contrasting tropical carrot. These inheritance studies
will helps in the precise understanding of gene
interaction and breeding selection of potential parental
lines or crosses. Furthermore, these breeding strategy
will help accelerate to tropical carrot breeding with
generation of new carrot cultivars and hybrids.
MATERIALS AND METHODS
The experiment was carried out at Division of
Vegetable Science, Indian Agricultural Research
Institute, New Delhi in the winter season for four
years. The experiment was laid out in a randomized
block design with three replications. Four different
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coloured carrot (Daucus carota L.) inbred lines viz.,
White Pale, IPC-126, IPC-122 and PM were used
for development of six generations. Six basic
generations of three crosses were raised and planted
in a randomized block design in three replications at
vegetable research farm during the November 2014
as follows: four ridges of for each parent and F1s, ten
ridges for B1 and B2 each, 15 ridges for F2 plants.
The four parental and 3 F 1 generations were
represented by 20 plants within each replication while
each segregating generation, F2’s, B1 and B2s were
represented by 100 plants and 50 plants. Data were
recorded on an individual plant of six populations for
each cross where 20, 20, 25, 300, 50 and 50 plants
were chosen from P1, P2, F1, F2, B1 and B2 of each
crosses respectively, to record the following traits:
root length, top height, number of leaves, plant weight,
root weight, leaf weight, shoulder diameter, core
diameter and root girth-top, bottom and middle. To
determine the presence or absence of non-allelic
interactions, scaling test as A, B, C and D have been
calculated to test adequacy of additive-dominance
model in each case (Mather, 1949). The best model
was selected based on additive and dominance model
using non-significant chi-square test and lower the
standard error. The observed means of the six
generations were used to estimate ‘m’, ‘d’ and ‘h’ as
per the joint scaling test of Cavalli (1952). The joint
scaling Mather (1949) test was employed to estimate
the mean [m], additive effect [d], dominance effect
[h], additive × additive [i], additive × dominance [j]
and dominance × dominance [l] values. The
significance of the scales and gene effects were tested
by using the t-test of Singh and Singh, (1992). The
type of epistasis was determined as complementary
when dominance [h] and dominance × dominance
[l] gene effects have same sign and duplicate epistasis
when the sign was different (Kearsey and Pooni,
1966). Statistical analyses were carried out separately
for each cross using the PBT (2013) software
developed by IRRI.
RESULTS AND DISCUSSION
The scale estimates of root length presented in Table
1.1 showed that the adequacy of six parameter model
in explaining the inheritance of root length.
Preponderance of additive × additive gene [i] action
as well as dominance × dominance [l] gene
interaction was found to play an important role in
governing the inheritance of this trait in White Pale ×
IPC-126 and White Pale × IPC-122 cross
combinations. Significant values of [h] and [l] with
same signs indicated that epistatic interaction of
complimentary type explained the inheritance of root
length in White Pale × PM cross. This interaction
inflates the variation in the segregating population.
Similar results have been reported earlier by Dixit et
al. (2006), Holland (2011), Iqbal et al. (2007),
Novoselovic et al. (2004), Srivastava et al. (1992)

and Wu et al. (2006). The positive direction of [d],
[l] and complimentary type epistatic gene interactions
in White Pale × PM cross showed the intermating of
these parents and selection in filial generation for
improvement for this trait. The results are in
agreement with those of Checa et al. (2006), Singh
et al. (1992), Srikanth et al. (2014) and Stuber et al.
(1992).
As given in the Table 1.2 for root weight gene
interaction, the significant of [h] and [l] effects
showed the epistatic interaction in the inheritance of
root weight in a cross of White Pale × IPC-126
whereas the sign of [h] and [l] were same sign due
to the interaction of complimentary epistasis type. The
digenic non-allelic epistasis of [i], [j] and [l] were
considered the major contributors in the inheritance
of these traits in crosses of White Pale × IPC-122
and White Pale × PM. Significance of [j] for root
weight traits in the both White Pale × IPC-126 and
White Pale × PM crosses revealed that selection
through selfing is not effective for improvement of
these traits because among the digenic interactions,
additive × dominance type is more fixable and more
useful for carrot breeders. These results are
comparable with Rodriguez et al. (2004).
The significant of joint scaling and simple scaling test
were significant in all crosses showing that adequacy
of six parameter model to explain shoulder diameter
and root diameter traits (Table 1.1). It indicated that
presence of non-allelic interaction, as shown in the
Table 1.2., the effect of dominance [h] and additive
× dominance [j] were significant and positive in a
cross of White Pale × IPC-126 whereas in a cross of
White Pale × PM were significant effect of [d], [l]
and [j] gene interactions. The negative [d] effects
leads to non-dispersal of gene between parents. The
[d] and [h] gene interactions played an important role
in the inheritance of these traits in a cross of White
Pale × IPC-122. Similarly these traits results were
confirmed with Dixit et al. (2006), Gamble (1962)
and Holland (2011). Complimentary type of gene
interaction were expressed in all three crosses which
implied heterosis breeding would be exploited for
improvement of this trait.
Three crosses of core diameter exhibited significance
for either A, B, C, or D scales indicating the presence
of inter-allelic interaction (Table 1.2). The magnitude
of [h] effects was comparatively higher than that of
[d] effects in non-interacting cross. The [d] and [l]
gene effect were significant in White Pale × IPC126 cross and White Pale × IPC-122 with negative
and positive values respectively. Duplicate type of
epistasis were governing core diameter in White Pale
× IPC-126 and White Pale × IPC-122 which showed
that early selection may not useful for this trait and
advanced generation selection will be useful for
uniform core diameter. The negative additive [d],
additive × dominance [j] and positive dominance ×
dominance [l] gene interactions was expressed
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significantly in White Pale × PM cross for core
diameter. The results are in agreement with those of
Jenson (1970).
The results of flesh thickness revealed that the
estimates for either of simple scales, A, B, C, or D
were significant for all the crosses. The additive gene
[d] effect was significant in cross White Pale × IPC122 with positive values and White Pale × IPC-126,
White Pale × PM with negative values. The highest
magnitude of [d] effects was found in cross White
Pale × IPC-126. Dominant [h] gene effects and were
highly significant with positive values for flesh
thickness was found in the White Pale × IPC-126
and White Pale × IPC-122 crosses. Among the
interaction of gene effects additive × dominance [j]
gene effects was highly significant in White Pale ×
IPC-126, White Pale × IPC-122 and White Pale ×
PM cross with negative estimates. Dominant ×
dominant interaction [l] was highly significant in White
Pale × IPC-126 and White Pale × PM crosses with
positive direction. In White Pale × IPC-126 and White
Pale × PM crosses showed complimentary type of
epistasis as indicate by positive signs of [h] and [l]
genetic parameters whereas in White Pale × IPC122 cross expressed duplicate type of epistasis as
indicate by negative signs of [h] and [l] genetics
parameters. Similar findings have been observed by
Holland (2011) and Wu et al. (2006).Therefore
heterosis breeding will be utilized for improving flesh
thickness due to negative [d], [j] leads to nondispersal of alleles in White Pale × IPC-126 and White
Pale × PM crosses whereas recurrent and mass
selection through intermating of parents could be
exploited for improvement of this trait in White Pale
× IPC-122 cross.
The root to top ratio estimates for scaling tests and
gene effects have been presented in the Table 1.2.
The results revealed that the estimates for either of
simple scales, A, B, C, and D were found to be
significant for all White Pale crosses. Additive gene
effects [d] were observed to be significant in a cross
White Pale × IPC-122 with positive estimates which
were in desirable direction whereas in White Pale ×
IPC-126 and White Pale × PM crosses were [d]
effects with negative values. The positive [l] and
negative [d] effect was controlling root to top ratio
trait in White Pale × IPC-126 and White Pale × PM
and vise-versa in White Pale × IPC-122 cross for
this trait. The dissimilar signs of [h] and [l] gene action
and duplicate type of epistatic effects was observed
in White Pale × IPC-126 in which selection breeding
strategy would be advanced generation through
intermating of parents followed by mass selection and
recurrent selection. Heterosis would be exploited for
applicable for this trait in White Pale × IPC-122 and
White Pale × PM crosses indicated predominance of
complementary type of epistasis due to non-fixable
gene effects. The negative additive [d] gene effects
leads to non-dispersal of gene between parents which

confirm well with the findings of Ma et al. (2007),
Gamble (1962) and Iqbal et al. (2007). The generation
mean analysis revealed that complimentary and
duplicate type of epistatic gene interaction was
inherited for economic traits. Recent molecular
mapping in the 294 plants F2 population of White Pale
× IPC-126 cross and polymorphic markers between
these parents were used for mapping of anthocyanin
gene. Molecular segregation in the F2 population for
SSR markers was scored by using of ‘A’ for White
Pale, ‘B’ for IPC-126 and ‘H’ for F1 and 294 F2
recombinants plants. These molecular data were
analyzed by using map maker. The co-dominant
marker positions were determined by using the F2
mapping populations of White Pale × IPC-126 cross
which confirmed the location of anthocyanin gene.
The mapping position of GSSR-134 is near to the
anthocyanin (P) gene (4.0cM) and that of GSSR128 and GSSR-107 distal to P gene at 5.6cM and
8.3cM respectively. On other side of gene BSSR-43
marker is characterized as very tightly linked to P
gene at 1.4cM followed by GSSR-14, GSSR-3 and
GSSR-9 at 6.3cM, 8.7cM and 10.2cM, respectively.
The amplicons size of GSSR-134 [200bp for White
Pale and 250bp for IPC-126] were noticed. However,
the banding pattern of White Pale suggested the
amplicons size of 200bp whereas IPC-126 produced
amplicons size of 250bp. Recent advancement of SSR
markers developed by Cavagnaro et al. (2013) had
been more utilized for identification of gene location.
Moreover, these markers were used to generate carrot
linkage map, particularly six anthocyanin candidate
gene identification of particular interest which are on
chromosome 3 and chromosome 7 (Yildiz, (2013);
Alessandro et al. (2013); Cavagnaro et al. (2014).
The six GSSRs and one BSSR were used in this study
for identification of anthocyanin location which were
distributed in chromosome 3. The anthocyanin
controlling loci (P) was mapped on chromosome 3
and was tightly linked to the marker size of 4cM of
GSSR-134. This trait was earlier mapped by using of
SNP-K2309 marker size of 1.4cM in purple root and
non-purple petiole leaves of carrot (Cavagnaro et al.
2014). Thus, these complimentary and duplicate type
of gene interaction and effects of structural traits are
assist the fixing of favourable allele in the earlier [d+i]
and later [h+l] generations followed by heterosis and
recurrent selection breeding strategy, respectively.
These genetic analysis of complex structural traits
will give sufficient genetic information for
understanding with adoptive effective breeding
approach for framing the plant architecture of carrot
which indirectly influencing the yield attributable traits.
Hence, hybrid exploitation by non-fixable effects due
to increase the positive proportion of dominance [h]
and dominance × dominance [l] gene effects wherein
complimentary epistatic had evidenced crosses. The
higher frequency of gene dispersal alleles between
parents were detected in duplicate non-allelic gene
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interaction, thereby, selection would be restricted in
earlier generation and favours the homozygosity of
alleles till advanced generation through intermating
of selected parents followed by cyclic recurrent
selection and mass selection with respective crosses.
The genetic information of nature and magnitude of

gene action would help to adopt sound breeding
strategy for targeted economic traits and thus,
increase the frequency favourable genes in the carrot
populations and also it can serve as a potential sources
of superior inbred lines for future carrot improvement
program.

Table 1.1: Estimates of scaling test and Joint scaling test of three white pale crosses for economic traits.

Cross: I. White Pale × IPC-126, II. White Pale × IPC-122, III. White Pale × PM
Significant at A & B- involves three type of non-allelic-gene interactions; Significant at C- involves D×D;
Significant at D- involves A × A; Significant at C and D- involves A × A and D × D
m=mean, [d]=additive, [h]=Dominance
*Significance at 5% level; **Significance at 1% level; D=Duplicate epistasis; C=Complementary epistasis
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Table 1.2: Estimation of gene effects based on six generation mean analysis in three White Pale crosses of
carrot (Daucus carota L.).

Cross: I. White Pale × IPC-126, II. White Pale × IPC-122, III. White Pale × PM
m=mean, [d]=additive, [h]=Dominance, [i]=additive × additive, [j]=additive × dominance, [l]= dominance ×
dominance
*Significance at 5% level; **Significance at 1% level; D=Duplicate epistasis; C=Complementary epistasis
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ABSTRACT
Abiotic stresses affect crop productivity worldwide. Understanding
molecular mechanisms of plant abiotic stress tolerance is important for
developing stress tolerant crop plants for sustaining crop productivity in
future. Horse gram (Macrotyloma uniflorum Lam.) is a grain legume
largely cultivated by marginal farmers is known for excellent nutritional
and remedial properties and better adaptability to harsh environmental
conditions. In this study, we subjected M. uniflorum seedlings to salt and
drought stress and carried out whole transcriptome profiling of leaf and
root tissues. Assessing the global transcriptome changes under drought
and salt stress resulted in identification of several genes contributing to
stress response in this species. Overall, more transcriptomic changes were
observed in root tissue compared to leaf tissue. The study identified
stress responsive genes commonly and differently regulated under stress/
tissue conditions. Several DEGs in our data were identified as enzymes
involved in the synthesis of raffinose family oligosaccharides (RFOs),
pointing towards major role for RFOs such as galactinol and raffinose in
tolerance to drought/salt stress in M. uniflorum, possibly through
osmoprotection and/or ROS scavenging. The upregulation of a few genes
reported to result in ABA insensitivity point towards reduced abscisic
acid sensitivity and increased water loss rate in M. uniflorum under the
experimental conditions. Our data will facilitate further molecular studies
on stress tolerance of M. uniflorum. The DEGs from our results are
potential candidates for understanding and engineering abiotic stress
tolerance in plants.

INTRODUCTION
Abiotic stresses such as drought, salinity, heat, cold
etc affect plant growth and productivity.
Understanding molecular mechanisms of plant abiotic
stress tolerance is important for developing stress
tolerant crop plants for sustaining crop productivity
in future. Horse gram (Macrotyloma uniflorum
Lam.) is a grain legume with excellent nutritional and
remedial properties and better adaptability to harsh
environmental conditions (Kumar 2006). It is one of
the most important unexploited food legume being
grown in countries in East and Northeast Africa, Asian
countries particularly, India, China, Philippines,
Bhutan, Pakistan, Sri Lanka and Australia (Durga
2012; Krishna 2010). Horsegram makes a significant
contribution to the diet of the rural households
particularly, during drought, famine and dry season
and has great significance in the nutritional security
of rural, tribal and underprivileged masses (Tontisirin

2014). The plant is characterized by its rapid growth,
high seed yield and tolerance to drought. M.
uniflorum is reported to be tolerant to low to
moderate salinity stress, but is generally intolerant to
flooding and frost. It is adapted to a wide range of
soils and grows under tropic and subtropic climates.
(Mehra and Upadhyaya 2013).
Molecular studies in M. uniflorum for better
understanding of drought and salinity stress responses
are very limited. Here, we subjected M. uniflorum
seedlings to salt and drought stress and carried out
comparative transcriptome profiling to identify stress
responsive genes and pathways. Our results
contribute towards understanding the molecular
mechanisms of stress tolerance in this species and
have generated useful resource for crop
improvement.
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MATERIALS AND METHODS
Plant material and stress treatments
Macrotyloma uniflorum accession PI 277736
originally collected from Delhi, India was obtained
from USDA National Plant Germplasm System (http:/
/www.ars-grin.gov). Uniformly germinated 10 day old
seedlings were subjected to drought stress (15%
PEG-8000) or salt stress (150 mMNaCl) and leaf
and root tissues were frozen at 0h (control) and 12h
of stress. To reduce plant-to-plant variability, tissue
samples from six randomly selected seedlings were
pooled before library construction.

Burrows-Wheeler Aligner (BWA-MEM version
0.7.7; http://bio-bwa.sourceforge.net/) was used to
map quality-controlled reads to their corresponding
transcriptome using default parameters. The average
mapping rate is 91.3%. Individual mapping rates for
all samples are listed in file Table 1. Python script
sam2counts
(https://github.com/vsbuffalo/
sam2counts) was used to generate the expression
profiles based on BWA alignment. The raw counts
were generated using HT-Seq Count and processed
statistically to generate a table of normalized counts,
and cluster plots to determine separation of samples.

Library preparation, sequencing and read
processing
Six cDNA libraries (control leaf, control root, salt
stressed leaf, salt stressed root, drought stressed leaf,
drought stressed root) were constructed as previously
reported (Kumar et al. 2012). The 6 bar coded libraries
were pooled together in equimolar concentrations and
sequenced to generate 100bp paired-end raw
nucleotide sequences. The reads were then demultiplexed(sabre, https://github.com/ucdavisbioinformatics/sabre) (Liu et al. 2014) adapters were
removed (scythe, https://github.com/ucdavisbioinformatics/scythe) and low quality nucleotide
bases (phred score < 30) were trimmed from 3’ end
using sickle (Joshi NA 2011).
Reads that have “N” in their sequence were removed
to insure the quality in the assembly process. The
reads retained have minimum base quality of 30 and
minimum length of 50bp. The resulting reads were
mapped to ribosomal RNA database downloaded from
SILVA (Quast et al. 2013) to remove any possible
rRNA contamination. The mapping rate for all
samples are below 1% and average ~ 0.5%. The
unmapped paired-end reads were then used for the
transcriptome assembly. The entire sequence data
generated in this study are available in the National
Instituted of Health (NIH) Short Read Archive
database under the Sequence Read Archive (SRA)
repository, Accession SRP058422.

Statistical analysis, including count normalization and
differential gene expression was performed with
bioconductor package edger (Robinson et al. 2010),
using plant Condition (Control/Drought stressed/Salt
stressed) and Tissue Type (Leaf/Root) for ANOVA
model. Generalized linear model implemented in
edgeR was applied to estimate dispersion and test
for differentially expressed genes. Multiple testing
correction was done using the method of
ÿþBenjamini& Hochberg (Benjamini and Hochberg
1995). Genes that have adjusted P-values and FDR
less than 0.1 were considered to be significantly
differentially expressed and were collected into
individual files for each comparison. Arabidopsis
orthologs of the unique DEGs and their gene function
were identified from Uniprot Database (http://
www.uniprot.org/).Venny tool (Oliveros 2007-2015)
was used to generate venn diagrams showing common
and differentially expressed genes between different
stress and tissue conditions.

Transcriptome assembly and functional
annotation
De novo transcriptome assembly of high quality reads
of was performed using Trinity (Haas et al. 2013).The
raw assembled transcriptome of M. uniflorum
contains 369903 predicted transcripts and the
assembly statistics is shown in (Table 1). In silico
normalization was performed within trinity to reduce
the total amount of sequence entering the assembly
to maximum 30X coverage. Functional annotation of
the transcriptomes were accomplished by an
exhaustive annotation process using Blast2GO (http:/
/www.blast2go.com~ (Conesa et al. 2005; Götz et
al. 2008)).
Differential expression gene profiling

RESULTS AND DISCUSSION
Sequencing and de novo assembly of the M.
uniflorum transcriptome
6 RNAseq libraries were created from control, drought
and salt treated root and leaf tissue. The libraries were
pooled together in equimolar concentrations and
sequenced using Illumina HiSeq 2500 platform. A total
of 0.21 billion clean paired end reads were generated
from the 6 samples. After quality filtering, about 0.12
billion high quality reads (ranging from about 17 to 24
million reads for each samples were obtained. The
base quality score was at least 25 for filtered reads,
indicating high quality of filtered reads. De novo
assembly of the clean reads resulted in 369903
unigenes with an average length of 372 bp and N50
length of 593 bp. Approximately 8.95% and 5.57%
of these unigenes had a length e” 500 bp or e” 1000
bp, respectively and the average mapping rate is
91.3%. (Table 1).
Overall transcriptome changes in M. uniflorum
under drought and salt stress
To assess the global transcriptome changes in M.
uniflorum under drought and salt stress conditions, 6
RNAseq libraries were created from control, drought
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and salt treated root and leaf tissue and gene
expression levels in response to different stress
treatments were compared to the corresponding
control group.
6911 unique genes were found to be differentially
expressing at least in one tissue/genotype/stress and
those with a GO annotation (4993) were further
analyzed. Among these, 957 were found to be up
regulated under either salt or drought stress in leaf or
root tissue and 4086 were found to be down regulated.
Overall, the number of DEGs was much greater in
the roots (4752) than those in the leaf demonstrating
more transcriptomic changes in root tissue compared
to leaf under stress. Drought stressed resulted in more
DEGs than salt stress. A huge percentage of total
DEGs (77.2%) were down regulated under drought
stress in root tissue.
Global transcriptome changes in leaf and root
tissues of M. uniflorum in response to drought
stress
For understanding the transcriptome changes under
drought stress in M. uniflorum, we carried out
differential expression profiling of stress treated
samples with their respective controls. A total of 6582
genes were found to be responsive to drought stress,
of which 4484 were functionally annotated. Drought
stress resulted in more DEGs in root tissue than in
leaf tissue, with more genes being down regulated
than up regulated in root tissue and vice versa in leaf
tissue.
207 DEGs were responsive to drought stress in leaf
tissue, of which 150 where responsive to salt stress
too, and 73 were responsive to drought stress in root
tissue also. Similarly, 4350 were responsive to drought
stress in root tissue, of which 278 where responsive
to salt stress too, and 92 were responsive to drought
stress in leaf tissue also. Genes exclusively responsive
to drought stress in M. uniflorum leaf as well as
root tissue include those coding for proteins similar to
leucine-rich repeat family protein, chlorophyll a-b
binding protein, k-box region and mads-box
transcription factor family protein, heavy metal
transport detoxification domain-containing protein etc.
Several drought responsive genes exhibited a tissue
specific expression. For example, 35 genes where
responsive to only drought stress in leaf tissue alone,
of which 27 were upregulated and 8 were
downregulated(Fig. 1a). The upregulated genes
include those coding for anthocyanin regulatory c1
protein, calcineurin b-like protein 7, non-specific lipidtransfer protein, 4-coumarate— ligase-like 10 etc. the
downregulated DEGs under drought stress in leaf
include granule-bound starch synthase ii, asparagines
synthetase, udp-glycosyl transferase 83a1 etc.
The highest transcriptomics response in our study was
in response to drought stress, in root tissue. 4036
genes where responsive to only drought stress in root

tissue alone, of which 389 were upregulated and 3647
were downregulated (Fig. 1b). The DEGs exclusively
upregulated in response to drought stress in root tissue
include auxin-induced protein 5ng4, hypoxiaresponsive family protein, heat shock protein 70
cognate, thiamine pyrophosphate dependent pyruvate
decarboxylase family protein etc. genes coding for
e3 ubiquitin-protein ligase rglg2, zeaxanthinepoxidase,
tetrahydrocannabinolic acid synthase, vinorine
synthase etc were downregulated.
Several genes involved in synthesis of raffinose family
oligosaccharides (RFOs), such as galactinol, raffinose
and stachyose were upregulated under drought stress
in root tissue, and we identified many other
upregulated under salt stress in root too. These
include several genes coding for galactinolsynthase,
galactinol—sucrose galactosyl transferase, raffinose
synthase, stachyose synthase etc. Accumulation of
RFOs in the late stages of soybean seed maturation
and desiccation has been reported before. (Castillo
et al. 1990). High accumulation of raffinose and
galactinol was reported in drought, high salinity and
cold-treated Arabidopsis plants, but not in unstressed
plants, suggesting their involvement in tolerance to
drought, high salinity and cold stresses. Similar to
Arabidopsis, different Galactinol synthase (GolS)
genes in our data showed stress specificity, some
being responsive only to drought stress and others
responsive only salt stress. Overexpression of AtGolS2
in transgenic Arabidopsis caused an increase in
endogenous galactinol and raffinose, and showed
reduced transpiration from leaves to improve drought
tolerance (Taji et al. 2002).A possible role for in
galactinol and raffinose in scavenging hydroxyl
radicals to protect plant cells from oxidative damage
caused by methyl viologen treatment, salinity, or
chilling has been shown in Arabidopsis (Nishizawa et
al. 2008). The expression of Arabidopsis GolS1 and
GolS2 is regulated by heat shock transcription factors
(HSF), such as HsfA1a, HsfA1b, and/or HsfA2
(Nishizawa et al. 2008).Several heat shock proteins
and heat shock transcription factors including heat
shock transcription factor a2 isoform 1, heat shock
transcription factor a2 isoform 1, heat stress
transcription factor b-2b etc were upregulated in our
data. Our results point towards a key role for RFOs
such as galactinol and raffinose in salt and drought
stress tolerance in M. uniflorum, possibly through
osmoprotection and scavenging hydroxyl radicals.
6 DEGs in root tissue under drought stress were found
to be coding for proteins similar to hydroquinone
glucosyl transferase / arbutinsynthase, an enzyme
responsible for the synthesis of arbutin. Two of them
showed drought specific expression in leaf too, while
one was upregulated under both stresses in both
tissues. We also identified an isoform showing leaf
specific upregulation under drought stress. Arbutin is
a phenolic glucoside (4-hydroxyphenyl-²-D-
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glucopyranoside) important from a pharmacologic
point of view due to its therapeutic applications
(Carmen et al. 2009).It is abundant in the leaves of
many freezing- or desiccation-tolerant plants (Hincha
et al. 1999).Arbutin is an antioxidant and inhibits
phospholipase A2 in partially dehydrated membranes
and increases membrane stability of artificial
liposomes and thylakoids, possibly through the
insertion of the phenol moiety in the
phospholipidbilayer (Popova and Hincha
2013).Drought stress was found to induce arbutin
synthase gene expression in drought tolerant cultivar
of Coffea Arabica, but not in the sensitive cultivar
(Mofatto et al. 2016). Even though the presence of
arbutin M. uniflorum has never been demonstrated,
further analyses of this metabolite should be
performed to investigate the role of this glucoside (and
of other phenolic compounds) in preventing cell
damage in this species during abiotic stresses.
Global transcriptome changes in leaf and root
tissues of M. uniflorum in response to salt
stress
For understanding the transcriptome changes under
salt stress in M. uniflorum, we carried out differential
expression profiling of stress treated samples with
their respective controls. A total of 1776 genes were
found to be responsive to salt stress, of which 909
were functionally annotated. Salt stress resulted in
more DEGs in root tissue than in leaf tissue.
319 DEGs were responsive to salt stress in leaf tissue,
of which 150 where responsive to drought stress too,
and 92 were responsive to salt stress in root tissue
also. Similarly, 682 were responsive to salt stress in
root tissue, of which 278 where responsive to drought
stress too, and 92 were responsive to salt stress in
leaf tissue also. Several genes coding for proteins
similar to pectinesterases, auxin-induced protein 5ng4,
seed maturation protein lea 4, glucose and
ribitoldehydrogenase, seed maturation protein pm34;
class v chitinase family protein, plasma membrane
h+-atpase, galactinol—sucrose galactosyltransferase
etc were upregulated under salt stress in both tissues,
while genes coding for proteins similar to inorganic
pyrophosphatase, cytochrome p450 monooxygenase,
abscisic acid 8 -hydroxylase etc were downregulated.
Our results showed that 132 genes where responsive
to only salt stress in leaf tissue alone, of which 58
were upregulated and 74 were downregulated (Fig
1). Some of the genes specifically upregulated under
salt stress in leaf were found to be coding for proteins
similar to bifunctionaldihydroflavonol 4-reductase,
gibberellin 2-beta-dioxygenase, e3 ubiquitin-protein
ligase, glutamate-cysteineligase, hyoscyamine 6dioxygenase, transcription factor myb108,
betainealdehydedehydrogenase etc. genes coding for
proteins similar to auxin-induced protein 5ng4,
subtilisin-like protease, histidinedecarboxylase,

aquaporin tip2-1, xyloglucanendo transglycosylase
hydrolase, leucoanthocyanidinreductase etc were
specifically downregulated under salt stress.
354 genes where responsive to only salt stress in root
tissue alone, of which 172 were upregulated and 182
were downregulated (Fig 1). Some of the genes
specifically upregulated under salt stress in root were
found to be coding for proteins similar to mate efflux
family protein 5, gdsl esterase lipase at4g01130, late
embryogenesis abundant protein lea5, ethyleneresponsive transcription factor shine 3,
chalconesynthase, glutathione s-transferase t3,
ribulose- -bisphosphate carboxylase oxygenase small
subunit, photosystem reaction center subunits etc.
Genes coding for proteins similar to several ribosomal
proteins, isocitratedehydrogenase, ferritin 1,
methylmalonate-semialdehydedehydrogenase,
isoflavone-7-o-methyltransferase, fructosebisphosphatealdolase, phosphoenol pyruvate
carboxykinase etc were downregulated.
Our results showed that 132 genes where responsive
to only salt stress in leaf tissue alone, of which 58
were upregulated and 74 were downregulated (Fig
1). Some of the genes specifically upregulated under
salt stress in leaf were found to be coding for proteins
similar to bifunctionaldihydroflavonol 4-reductase,
gibberellin 2-beta-dioxygenase, e3 ubiquitin-protein
ligase, glutamate-cysteineligase, hyoscyamine 6dioxygenase, transcription factor myb108,
betainealdehydedehydrogenase etc. genes coding for
proteins similar to auxin-induced protein 5ng4,
subtilisin-like protease, histidinedecarboxylase,
aquaporin
tip2-1,
xyloglucanendotransglycosylasehydrolase,
leucoanthocyanidinreductase etc were specifically
downregulated under salt stress.
354 genes where responsive to only salt stress in root
tissue alone, of which 172 were upregulated and 182
were downregulated (Fig 1). Some of the genes
specifically upregulated under salt stress in root were
found to be coding for proteins similar to mate efflux
family protein 5, gdsl esterase lipase at4g01130, late
embryogenesis abundant protein lea5, ethyleneresponsive transcription factor shine 3,
chalconesynthase, glutathione s-transferase t3,
ribulose- -bisphosphate carboxylase oxygenase small
subunit, photosystem reaction center subunits etc.
Genes coding for proteins similar to several ribosomal
proteins, isocitratedehydrogenase, ferritin 1,
methylmalonate-semialdehydedehydrogenase,
isoflavone-7-o-methyltransferase, fructosebisphosphatealdolase, phosphoenol pyruvate
carboxykinase etc were downregulated.
Common responses to drought and salt stress
in leaf and root tissues of M. uniflorum
36 genes were found to be responsive to both drought
and salt stress in both tissues, of which 34 were
upregulated and 2 were downregulated. Some of the
highly upregulated genes in both tissues under both
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stresses are homeobox-leucine zipper protein athb12, late embryogenesis abundant domain-containing
protein, auxin-induced glutathione s transferase,
glucose
and
ribitoldehydrogenase,
1aminocyclopropane-1-carboxylate synthase,
hydroquinone glucosyltransferase-like, defensin-like
protein, cell wall vacuolar inhibitor of fructosidase 1
etc
One of the highly upregulated genes across tissues
and stresses is coding for a protein similar to highly
aba-induced pp2c gene. At ortholog of this gene
(Protein phosphatase 2C 56, ABI1)is component and
repressor of the abscisic acid (ABA) signaling
pathway and regulates numerous ABA responses
including stomatal closure, osmotic water permeability
of the plasma membrane, drought-induced resistance
and rhizogenesis, response to glucose, high light stress,
seed germination and inhibition of vegetative growth.
During the stomatal closure regulation, ABI1
modulates the inward calcium-channel permeability
as well as the actin reorganization in guard cells in
response to ABA. The gene is also involved in the
resistance to the bacterial pathogen Pseudomonas
syringaepv. tomato. ABI1 negatively regulates
fibrillin expression that is involved in mediating ABAinduced photoprotection and has been shown to play
a role in proline accumulation in response to reduced
water availability. ABI1 is also involved in acquired
thermotolerance of root growth and seedling survival
and activates/represses SRK2E/OST1 in response
to ABA-dependent stimuli, especially in stomata
closure regulation involving SLAC1 (Hoth et at 2002)
(Verslues and Bray 2006), (de Torres-Zabala et al
2007), (Geiger et al 2009) . The upregulation of this
gene indicate that the source plants are under sever
stress and is actively losing water.
73 genes were commonly regulated by salt and
drought stress specifically in leaf tissue, while 229
were regulated by both stress in root tissue. The
genes upregulated in leaf include cysteineproteinase
inhibitor 2, acidic endochitinase, non-specific lipidtransfer protein at2g13820, triacylglycerol lipase, dnaj
heat shock n-terminal domain-containing protein,
alpha-farnesenesynthase, heat stress transcription
factor b-3 etc. Some of the downregulated genes
include apoptosis-enhancing nuclease-, cytochrome
p450 83b1, probable wrky transcription factor 70,
probable boron transporter 2 etc.
The genes specifically upregulated in root tissue under
both stresses include heat shock protein 70 cognate,
flavin-containing monooxygenasefmo gs-ox5, 12oxophytodienoate reductase 2, inositol-3-phosphate
synthase, citrate synthase, succinatedehydrogenase
etc and downregulatedDEGs include root hair
defective 3 gtp-binding protein, vacuolar amino acid
transporter 1, auxin-induced protein 5ng4, udpglucosyltransferase 73d1 etc.

CONCLUSION
Assessing the global transcriptome changes under
drought and salt stress conditions in M. uniflorum
resulted in the identification of several genes
contributing to stress response in this species. Overall,
more transcriptomic changes were observed in root
tissue compared to leaf tissue. More DEGs were
observed in drought stressed tissues compared to the
salt stress. A large 73% percentage of total DEGs
were downregulated under drought stress in root
tissue.
The study identified DEGs commonly and differently
expressed under stress/ tissue conditions. The number
of genes commonly regulated by salt and drought
stresses in leaf/ root was far less compared to the
total number of DEGs, indicating far more different
than common mechanisms of stress response
between salt and drought stress. Several genes
involved in synthesis of raffinose family
oligosaccharides (RFOs), were found to be
upregulated in our data pointing towards major role
for RFOs such as galactinol and raffinose in tolerance
to drought/salt stress in M. uniflorum, possibly
through osmoprotection and/or ROS scavenging. In
addition to this, genes coding for osmoprotectants such
as proline and glycinebetaine were stress responsive
in our data. The study also revealed the importance
of arbutin, a phenolicglucoside, in abiotic stress
tolerance in M. uniflorum. The important role for
K+ retention in salinity stress tolerance in M.
unflorum was asserted by the identification of
potassium transporters specifically upregulated in
response to salt stress in leaf tissue. Few genes, whose
upregulation was reported to result in ABA
insensitivity were upregulated in our data. The
upregulation of these genes point towards reduced
abscisic acid sensitivity and increased water loss rate
in M. uniflorumunder the experimental conditions.
Our data will facilitate further molecular studies on
stress tolerance of M. uniflorum. The DEGs from
our results are potential candidates for understanding
and engineering abiotic stress tolerance in plants.
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Figures
Figure 1: Differential gene expression under salt and drought stress in leaf and root tissue of M.uniflorum:
Venn diagram showing the number of common and specific DEGs. a) upregulatedDEGs,b)
downregulatedDEGs, DT – drought stress, ST – salt stress

Table 1: Overview of the transcriptome sequencing and assembly: (Nraw), the number of reads after adapter and quality trimming (Nqc), the number of reads that
were mapped to transcriptome (Nmapped) and the number of reads not mapped to transcriptome (Nunmapped)
Libr
SampleSl. Nraw
Nqc
N mapped
Mapped
N unmapped
Un-mapped Total
Coverage(%)
aryNo No and stress
reads(%)
reads(%)
Unigenes
1
Mu-leaf-control
27929577 17474945
16080444.39
92.02
1394500.611
7.98
64844
75.23
2
Mu-root-control
31274484 17266457
15738375.56
91.15
1528081.445
8.85
94162
57.22
3
Mu-leaf-drought-12h 36181240 22113398
20048006.63
90.66
2065391.373
9.34
68551
79.53
4
Mu-root-drought-12h 37179229 22512164
20835007.78
92.55
1677156.218
7.45
62346
72.33
5
Mu-leaf-salt-12h
40629017 24733395
22410929.21
90.61
2322465.791
9.39
96366
58.56
6
Mu-root -salt-12h
42538373 24379206
22185077.46
91.00
2194128.54
9.00
64240
74.53
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ABSTRACT
A field experiment was conducted during summer season of 2014 (January
- March) to evaluate the efficacy of various seed primers, antitranspirants
and mulches for mitigating water stress in vegetable cowpea variety
Kashi kanchan. Results showed that application of various treatments
resulted in an increasing trend of plant height from 2 to 21 %, and
number of leaves from 15 to 67 % compared to that which received no
treatment during the crop period. Among the seed primers, NaCl 0.5%
recorded higher pod yield than CaCl2 and KH2PO4. Mulching (both
plant residues and polythene) resulted in a higher yield and dry matter
production compared to non mulched plots and among antitranspirants,
lime water spray exhibited a significant influence on drymatter production
of cowpea compared to kaolin and atrazine. The present study revealed
that seed priming with 0.5% NaCl, mulching either with polythene or plant
residue, 2% lime water spray during water stress period were found
beneficial for mitigating water stress in cowpea.

INTRODUCTION
Seed hardening, soil moisture conservation measures
like mulching and antitranspirant sprays are the
techniques which helps the plant to survive under
drought. Seed hardening will modify the physiological
and biochemical nature of seeds so as to get the
characters that are favourable for drought tolerance.
In the present scenario of climate change,
globalization and health consciousness, mulching is
one technique that can be followed by farmers to
produce quality food in quantities through improving
soil moisture conservation, suppressing weeds,
regulating soil temperature and improving soil health.
Mulching can be done either with plastic or plant
residues. Antitranspirants are materials sprayed on
the transpiring surface to reduce transpiration, which
helps to conserve moisture in plants. The
antitranspirants such as kaolin and lime water reduce
leaf temperature and transpiration by way of
reflecting solar radiation and atrazine by way of
stomatal closure.
Cowpea is a non-season bound protein catering
vegetable that can be grown throughout the year.
But water scarcity during summer months limits its
cultivation which necessitates the development of
alternate management technologies to overcome the
water stress for the sustainable growth and yield of
the crop. Research works, combining all the 3 types
of moisture conservation measures together in a

particular crop are rare under Kerala conditions. So
the present study was undertaken to evaluate the
efficacy of various seed primers, antitranspirants and
mulches for mitigating water stress in cowpea grown
during summer season, to find out the best among
each and also to assess the response of cowpea to
these techniques under water stress conditions.
MATERIALS AND METHODS
A field experiment was conducted during summer
season of 2014 (January - March) in Agronomy farm,
College of Horticulture, Vellanikkara of Thrissur
district in Kerala (India) using the cowpea variety
Kashi Kanchan. It is a short duration (65-70days),
photo-insensitive, bush type variety with dark green,
soft, fleshy pods. The soil of the experimental site
was sandy clay loam having pH 5.4, organic carbon
1.2%, available phosphorus and potassium 31.9 and
378.8 kg/ha respectively. The experiment was laid
out in Randomized Block Design with 11 treatments
replicated thrice in mini plots of size 1.5m x1.5m. The
treatments comprised of three seed primers namely
2% CaCl2, 0.5% NaCl and 1% KH2PO4, two types
of mulching namely plastic mulching (PM) and plant
residue mulching (PRM) and three antitranspirants
like kaolin 2%, lime water 2% (LWS), and atrazine
0.1kg/ha which were compared with farmers’ practice
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(irrigation at 2 days interval), irrigation at 5 days
interval and irrigation at 5 days interval with no
irrigation during stress imposed period. The spray fluid
used was 500L/ha. Cowpea seeds were dibbled at a
spacing of 30cm x 30cm. The experimental plots were
irrigated daily upto 5 days after sowing (DAS) for
uniform germination of seeds. Thereafter, the plots
sown with primed seeds and mulched were irrigated
at 10 days interval as they help in moisture
conservation and plots sprayed with antitranspirants
were irrigated at 5 days interval upto 15 DAS with
skipping irrigation at 20, 25, 30 and 35 DAS to impose
water stress. Antitranspirants were sprayed at 25
DAS.
RESULTS & DISCUSSION
Growth parameters showed that plant height (at 45
DAS), number of leaves (at 45 DAS), and root length
were significantly influenced by treatments. The
general height of cowpea plants was less due to the
unfavourable weather conditions prevailed during the
crop season and it ranged from 9.4 to 11.5 cm (60
DAS). Application of various treatments resulted in
an increasing trend of plant height from 2 to 21 %,
and number of leaves from 15 to 67 % compared to
that which received no treatment during the crop
period. Tallest plants with highest number of leaves
were observed in plots which received irrigation on
alternate days (Farmer’s practice) due to nonexposure of plants to water stress. However, plant
height in plots irrigated on alternate days (Farmer’s
practice) was found to be on par with seed hardening
either with CaCl2, or NaCl, or KH2PO4, mulching
with either polythene or plant residue, spraying lime
water as antitranspirant during water stress period.
At 45 DAS, seed priming with NaCl, plastic mulching
and lime water spray recorded 32, 30 and 43 per cent
higher number of leaves per plant than absolute
control. At 30 DAS, branches were noted only in
seeds primed with CaCl2, plastic mulched and lime
water sprayed plots. At 45 and 60 DAS, farmers
practice recorded the highest number of branches
per plant and it was on par with seed priming with
NaCl (Table 1). Mulching with either plastic or plant
residue was found statistically on par with the
treatment irrigated at 5 days interval. Among
antitranspirants, lime water spray recorded a higher
number of branches per plants at 60 DAS.
Root length was also significantly higher in all
treatments compared to control with imposed water
stress. All drought mitigation treatments resulted in
an increase in root length ranging from 20 to 37 per
cent compared to absolute control. Water shortage
forced the plants to increase the root length so as to
extract more water from deeper layers of soil. All
these showed the positive effect of seed hardening
and moisture conservation measures like mulching
and antitranspirant spray on the growth of cowpea
plants grown under water stress situation. All the

water stress imposed treatments showed a slight delay
in flowering (1 to 4 days) compared to control which
received irrigation at 2 days and 5 days interval. This
is due to the delay in attaining sufficient vegetative
growth before flowering as a result of imposed water
stress.
All treatments except Kaolin spray (2%) recorded
significantly higher pod yield, stover yield and dry
matter production compared to control which was
irrigated at 5 days interval with imposed water stress,
as a result of higher growth characters and yield
attributes. This showed the positive effect of seed
hardening and soil moisture conservation measures
like mulching and antitranspirant like lime water spray
on the yield of cowpea plants grown under water
stress situation. Among the seed primers, NaCl 0.5%
recorded the 34% higher pod yield than CaCl2 and
KH2PO4, (Fig 1) which showed its better effect in
hardening the plants to drought. Jisha and Puthur
(2014) also noticed the improved drought stress
tolerance potential of Vigna radiata with halopriming
using NaCl. Mulching resulted in a higher yield (162182% over control) and drymatter production
compared to non mulched plots due to better soil
moisture conservation. Sarolia and Bhardwaj (2012)
has also reported that mulched plants grow and mature
more uniformly than unmulched plants as mulching
reduces evaporation, increase infiltration and there
by conserve soil moisture. Among antitranspirants,
lime water spray exhibited a significant influence on
drymatter production of cowpea compared to kaolin
spray and atrazine spray. This is due to the effect of
lime water spray in reflecting sunlight/increasing
albedo thereby reducing leaf temperature and
transpiration which favourably influenced the relative
leaf water content and total chlorophyll and resulted
in better growth and yield attributes of cowpea plants
grown under water stress situation.

Fig. 1. Effect of treatments on yield of cowpea
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Table 1. Effect of treatments on growth parameters of cowpea
Treatments

1. CaCl2
2. NaCl
3. KH2PO4
4. PM
5. PRM
6. Kaolin
7. LWS
8. Atrazine
9. Control
(Irri. 5 days)
10.Farmer’s
practice
(Irri. 2 days)
11. Control
(Irri. 5 days
with imposed
water stress)
CD(0.05)

Plant height (cm)

No. of leaves

No. of branches

Root
length(cm)

Days to 50%
flowering

45 DAS
7.73
7.20
7.53
7.73
8.26
7.03
7.43
6.76

60 DAS
10.50
10.23
11.06
9.53
11.03
9.73
11.50
9.73

45 DAS
7.50
7.96
6.36
7.80
6.66
6.80
8.63
6.30

60 DAS
9.33
10.16
8.73
9.23
8.36
7.36
9.20
7.03

30DAS
0.13
0.00
0.00
0.33
0.00
0.00
0.06
0.00

45DAS
0.46
1.26
1.00
1.06
0.40
0.13
0.53
0.13

60DAS
2.00
3.33
2.53
2.33
2.10
1.36
2.60
1.20

14.66
15.16
15.03
15.26
15.00
14.53
15.00
13.33

46.33
47.33
45.66
48.66
48.66
49.00
48.66
49.00

7.60

9.93

10.73

7.90

0.00

1.00

2.36

15.30

45.00

8.43

11.33

12.33

11.46

0.00

2.06

3.73

15.60

45.00

6.43
1.12

9.46
NS

6.00
2.48

6.16
NS

0.00
NS

0.06
0.91

1.36
0.82

11.16
2.06

49.00
3.02

CONCLUSION
The present study revealed that seed priming with
0.5% NaCl, mulching either with polythene or plant
residue, 2% lime water spray during water stress
period were found beneficial for mitigating water
stress in cowpea grown during summer season in
laterite soils of Kerala.
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ABSTRACT
Ginger, productivity in the field as well as in storage is hampered by infections
and infestations by various phytopathogens. In addition to disease infections
in the fields, heavy crop loss as storage rot by disintegration and decay of
seed rhizomes found more alarming and the diseased rhizome seed serve as
source of inoculum in subsequent crop, under field conditions. The present
study aimed to find out a suitable control measure against storage rot
pathogens by treating seed rhizomes with fungicide (Mancozeb 75% WP),
insecticide (Quinalphos 25% EC) alone and in combination with biocontrol
agent Trichoderma sp. Results showed that, treatments reduced the severity
of infection by fungal pathogens, compared to control. Seed treatment with
agro-chemicals and Biocontrol agent (BCA) found reduced the occurrence of
fungal infections in the field after planting. The treatment of seed rhizomes
with Trichoderma + Mancozeb (2g/l) showed significant effect on control of
diseases and pathogen persistence in the seeds and also supported the tillage
formation in seeds compared to control and other treatments.

INTRODUCTION
From the time immemorial, India is considered as
“The land of spices”. Among the different spices,
ginger occupies a unique position in the field of Indian
spice trade. Ginger belongs to the family
Zingiberaceae. It is indigenous to warm tropical
climates, particularly South-Eastern Asia probably in
India (Burkill, 1966; Purseglove et.al., 1981). It is a
perennial herb, usually grown as an annual. At
present, India is the second largest producer of ginger
in the world. The area under production is 107.54
thousand ha with a productivity of 3.58 tons/ha.
Healthy seed rhizome is an essential requirement for
the crop production in ginger. Ginger in the field or in
storage is associated with several diseases. In
addition to the heavy crop loss in fields due to the
rhizome rot, the storage rot of seeds due to the
infection of different fungi are also serious. In most
cases, the field infection may get aggravated under
storage conditions, especially in stored seeds. The
storage rot is mainly due to Pythium sp., Fusarium
sp., Ralstonia sp., Aspergillus sp., Rhizoctonia sp.,
Penicillium sp. etc. In addition to the attack by fungi,
infestations by mealy bugs and scales during storage
are also very serious (Haware and Joshi, 1974; Sarma
and Nambiar, 1974). So it is necessary to find out
suitable control measures for storage loss by fungi
and insects.
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Chemical control is a major approach for
disease control in field ginger. Use of chemical
fungicides to manage the rhizome rot consists of seed
treatment, with or without supplementary soil
drenches with fungicide suspension before planting
or to the bases of standing crop (Dohroo et.al.,
2012). Several fungicides have been used for the
management of diseases in ginger which include
copper fungicides, systemic fungicides etc. Though
fungicides offer certain degree of protection against
pathogens, their adverse effects on beneficial soil
microorganism and their environment, cannot be
ignored. Under such conditions biological control
agents appear to be more promising in the disease
management.
There are a number of biological formulations
available commercially. Out of many different genera
of plant growth promoting fungi, Trichoderma sp. is
most widely used. Use of Trichoderma as a
biocontrol agent or potential antagonist was first
reported by Weindling (1932). Trichoderma species
are valuable tool for the biological control of plant
pathogens, thus helping to reduce the use of
environment polluting agrochemicals and
Trichoderma became the most frequently studied
genus in relation to biocontrol (Mukhopadhayay,
1987).

The present study has undertaken to determine
suitable control measures to manage storage rot of
ginger by treating the seed rhizomes with fungicide,
insecticide and biocontrol agent alone and their
combinations. For the study, one fungicide
(Mancozeb 75%WP), one insecticide (Quinalphos
25% EC) and Trichoderma sp. as biocontrol agent
were selected and studied their action on ginger
against storage rot pathogens.
MATERIALS AND METHODS
Trichoderma Isolates
For the present study, one isolate of Trichoderma
(isolate No. 48) was used, which was maintained in
the pathology laboratory of ZG College. It was subcultured using Potato Dextrose Agar (PDA) medium
and mass multiplied in sterilized broken wheat
medium. Fifteen days old mass multiplied cultures
of Trichoderma isolate was used for the treatment
under in vivo condition studies.
Insecticides and Fungicides
To study the role of agrochemicals and biocontrol
agent on the ginger storage rot pathogens, one
fungicide Mancozeb 75% WP (Recommended dose
0.2%) and one insecticide Quinalphos 25% EC (RD
1.5ml/L) were used. Stock solutions/suspensions

were prepared for both chemicals and from this,
three different concentrations such as 1g/L, 2g/L and
3g/L for fungicide and 1ml/L, 1.5ml/L and 2ml/L for
insecticide were prepared to treat ginger seed
rhizomes before planting in poly bags
Treatment
Ginger seed rhizomes were collected from farmers
field and treated with respective fungicide, insecticide
and biocontrol agent alone and their combinations as
per the treatment. The various treatments are given
in table (1). The seed rhizomes (200g) were soaked
in 500ml solution of different concentrations of
fungicide and insecticide for half an hour.
Trichoderma in broken wheat medium moistured
and mixed well by adding distilled water. Wherever
Trichoderma was included in the treatment, 200g
of this mixture was used to treat the ginger seeds.
Untreated control was also maintained for
comparison. After soaking seed rhizomes in
respective chemicals and biocontrol air dried the seed
rhizomes. The treated rhizome, as per the treatments,
stored in separate trays, covered over by saw dust
and kept for one and a half month and used for
planting.

Table 1: TREATMENTS
Sl.No
1
2
3
4
5
6
7
8
9
10
11
12

TREATMENT
Control
Mancozeb (1g/l) alone
Mancozeb (2g/l) alone
Mancozeb (3g/l) alone
Quinalphos (1ml/l) alone
Quinalphos (1.5ml/l) alone
Quinalphos (2ml/l) alone
Trichoderma alone
Mancozeb (1g/l) + Quinalphos
(1ml/l)
Mancozeb (1g/l) + Quinalphos
(1.5ml/l)
Mancozeb (1g/l) + Quinalphos
(2ml/l)
Mancozeb (2g/l) + Quinalphos
(1ml/l)

Sl.No
13
14
15
16
17
18
19
20
21

TREATMENT
Mancozeb (2g/l) + Quinalphos (1.5ml/l)
Mancozeb (2g/l) + Quinalphos (2ml/l)
Mancozeb (3g/l) + Quinalphos (1ml/l)
Mancozeb (3g/l) + Quinalphos (1.5ml/l)
Mancozeb (3g/l) + Quinalphos (2ml/l)
Trichoderma + Mancozeb (1g/l)
Trichoderma + Mancozeb (2g/l)
Trichoderma + Mancozeb (3g/l)
Trichoderma + Quinalphos (1ml/l)

22

Trichoderma + Quinalphos (1.5ml/l)

23

Trichoderma + Quinalphos (2ml/l)

24

Trichoderma + Mancozeb (2g/l) +
Quinalphos (1.5ml/l)

Population of Trichoderma in various
agrochemicals during soaking of seed rhizomes
Population of Trichoderma at various concentrations
of fungicide and insecticide suspensions used for
soaking the seed rhizomes evaluated by serial dilution
technique (10-6 dilution). The suspensions (various
agrochemicals with BCA) monitored before soaking
the seed in respective suspensions. From each
treatment, the suspensions were collected and used
for monitoring the BCA population. Rose Bengal
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Agar medium used for the monitoring of
Trichoderma colonies for enumeration. Colony
Forming Units (CFU) were monitored after 48 hours
incubation at room temperature. The data were
tabulated and analysed.
Enumeration of Seed Borne Fungi
Before treatment, the initial population of various
fungal pathogens had to be identified and evaluated.
For this, samples of ginger seed rhizomes were
collected randomly from the stock before treatment,

plated on PDA medium. 10 pieces were plated in
each plate with 10 replications.. After 48 hours, the
development of different fungal pathogens were
monitored and identified. After the storage period,
the seed rhizomes in each treatment were again
plated in PDA medium, as described earlier to identify
the fungal pathogens. For each treatment 3
replications were maintained.
Effect of Various Treatments on Germination
of Stored Rhizomes
After one and a half months of storage, the
germinated seed rhizomes in each treatment were
planted in separate pots, in order to determine the
effect of various treatments on germination of seed
rhizomes. The data of germination of seed pieces
were monitored once in a week, continued for a
whole month. Tillers produced and their vigourness
were also monitored. The data were tabulated and
analysed statically (MSTAT C). The seed rhizomes
which were not germinated till the end of observations
were collected and plated in PDA medium for
pathogens, which were inhibiting the seed from
germination. The fungal pathogens which did not
allow the seeds to germinate were isolated, identified
and documented.
RESULT
Enumeration of Seed Borne Fungi
Table 2 showed the data on different fungi that were
isolated and identified from the ginger seed rhizomes,
before treating seed rhizome. Out of the 100 pieces

plated (ten pieces per plate), the mycelial growth
from the plated pieces noticed in 95 pieces (95%).
This indicated that, the field infection get aggravated
from the infected stored seeds. The storage fungi,
may be pathogenic or saprophytic, might have played
an important role in field infections. The different
fungal organisms isolated from the seed rhizomes
were identified as Penicillium sp. (17.89%),
Aspergillus sp. (31.51%), Mucor sp. (27.36%),
Fusarium sp. (12.63%) and Pythium sp. (10.52%).
Among the isolated and identified storage fungi,
Aspergillus sp. found more predominant followed
by Mucor sp.
Effect of Fungicide and Insecticide on Survival
of Trichoderma
Compatibility of antagonists with agrochemicals are
very important in integrated disease management.
Here, the compatibility of Trichoderma with
fungicide (Mancozeb) and insecticide (Quinalphos)
were tested. From the data, it was clear that
Trichoderma found compatible with all the
respective chemicals. The application of Mancozeb
and Quinalphos found that, they did not suppress the
growth of Trichoderma sp. The data also indicated
that Trichoderma was more compatible (10×106
CFU/ml) with lower concentration of fungicide
Mancozeb (1g/l) and showed minimum compatibility
with Mancozeb (3g/l) and Trichoderma + Mancozeb
(2g/l) + Quinalphos (1.5ml/l).

Intervals

T a b le 2 : E N U M E R A T I O N O F S E E D B O R N E F U N G I – B E F O R E S T O R A G E

48
H rs

T o ta l

N o .o f
p ie c e s
p la te d

N o .o f p ie c e s o n
w h ic h
fu n g a l
m y c e lia l g r o w th
n o tic e d

10

F u n g a l I so la te s
P e n ic illiu m

A s p e r g illu s

M ucor

F u s a r iu m

P y th iu m

10

2

5

2

1

-

10

8

3

3

-

-

2

10

9

-

3

5

1

-

10

9

3

4

-

-

2

10

10

1

6

2

-

-

10

10

3

4

-

3

-

10

10

-

-

5

3

3

10

10

2

-

6

-

2

10

9

3

-

3

2

1

10

10

-

5

3

2

-

100

95

17

30

26

12

10

95%

1 7 .8 9 %

3 1 .5 7 %

2 7 .3 6 %

1 2 .6 3 %

1 0 .5 2 %
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Enumeration of Seed Borne Fungi after Storage
After the storage period of one and a half month,
the seed borne fungi in seed rhizomes were
enumerated and the data obtained after 48 hours of
incubation given in Table 3. From the data, it was
found that maximum occurrence of fungal pathogens
was in the control (16 pieces), compared to the
treatments. Out of the 23 treatments, 2 treatments
showed maximum fungal mycelial growth (on 7
pieces), i.e., Trichoderma + Quinalphos (1.5ml/l) and
Mancozeb (3g/l) alone. The storage pathogens
identified were Aspergillus sp., Mucor sp. and
Fusarium sp. This showed that the seed treatment
with agro-chemicals and BCA found reduced the
occurrence of fungal pathogens. The occurrence of
Penicillium and Pythium were reduced because of
the seed treatment with the respective chemicals and
BCA.
From the data, it was also clear that the treatment
reduced the severity of infection by fungal pathogens.
The mycelial growth from the pieces was very much
reduced when compared to control. Out of the 23
treatments, 8 different treatments showed least
disease incidence, i.e., in these treatments, there was
no mycelial growth observed from the pieces plated.
Eight treatments include Trichoderma + Mancozeb
(2g/l) + Quinalphos (1.5ml/l); Trichoderma +
Mancozeb (3g/l); Mancozeb (1g/l) + Quinalphos
(1ml/l); Mancozeb (1g/l) + Quinalphos (2ml/l);
Mancozeb (2g/l) + Quinalphos (1ml/l); Mancozeb
(2g/l) + Quinalphos (2ml/l); Mancozeb (3g/l) +
Quinalphos (1ml/l) and Mancozeb (2g/l) alone. These
results showed that the recovery of seed rhizomes
after storage treatments with different agrochemicals
and biocontrol agents and they have found superior
in suppression of pathogens over the control.
Table 4 deals with the data of germination of seed
pieces and number of tillers produced in each
treatment. Readings documented one week, two
weeks, three weeks and four weeks after planting.
From the table, it was clear that within one week,
germination of seed rhizomes takes place in all
treatments. But the rate of germination was
comparatively less. All pieces found germinated (2.0)
in control and other 8 treatments. Minimum seed
germination (0.5) was found in two treatments,
Trichoderma + Quinalphos (1.5ml/l) and Mancozeb
(1g/l) alone. Germination of seed rhizome was first
observed in control and late germination was showed
by the treatments such as in Mancozeb (2g/l) +
Quinalphos (1.5ml/l) and Trichoderma + Quinalphos
(2ml/l).
The data showed that after two weeks of planting,
more than 50% germination (>1) was noticed. After
4 weeks, all the 24 treatments, including control,
except 3 treatments showed complete seed
germination. The treatments in which the seed
rhizomes were not germinated till the end of
observation were Mancozeb (1g/l) + Quinalphos
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(2ml/l); Mancozeb (1g/l) alone and Quinalphos (2ml/
l) alone. The rhizome pieces which were not
germinated in these treatments yielded Fusarium sp.,
which might have not allowed the seeds to germinate.
The details of the tiller production in each treatment
clearly showed great variability. Just after one week
of planting, the number of tillers produced was
comparatively less. Maximum number of tillers (5.5)
produced in the treatment with Mancozeb (1g/l) +
Quinalphos (1ml/l) followed by Mancozeb (3g/l) +
Quinalphos (2ml/l) and the treatment showed least
number of tillers (0.5) was Mancozeb (1g/l) alone
which was also showed least germination rate. From
the data it was clear that after 4 weeks of planting,
control showed reduced growth and seed rhizomes
in pots found rotting and the tillers were not having
good health. As a result, the number of tillers gets
reduced (2.5) after 4 weeks of planting in control
where as in treatments, no such reduction was
observed. The treatment with Trichoderma +
Mancozeb (2g/l) showed maximum number of tillers
(8.0) after 4 weeks of planting and least number of
tillers was observed in control.
From the data, it was clear that the treatment of
seed rhizomes with Trichoderma + Mancozeb (2g/
l) showed best result with complete seed germination
(2.0) and maximum number of tiller production (8.0).
It was also found that the use of insecticides in
combination with fungicides and biocontrol agent
gave better result and good recovery of healthy seed
rhizomes.
Discussion and Conclusion
In ginger, heavy crop loss occur during storage of
seed rhizomes, due to the attack of different
pathogens like fungi, bacteria, insects, nematodes etc.
Siddiqui and Kaushal (2001) observed that the
percentage of storage rot increased with increasing
incubation period. The result shown in table (2) clearly
indicated that the presence of different pathogenic
fungi which lead to the heavy crop loss. From this, it
was clear that the field infection get aggravated in
stored seeds. Among the different pathogens,
infection by Aspergillus sp. was found maximum.
Other fungal pathogens causing infection include
Penicillium sp., Mucor sp., Fusarium sp. and
Pythium sp. The results supported the view of Jeewa
Ram and Thakore (2010) and they found the
association of Aspergillus niger, Rhizopus
stolonifer, Rhizoctonia solani, Macrophomina
phaseolina, Alternaria alternata, Fusarium solani
and Pythium aphanidermatum during storage of
ginger seed rhizomes.
The fungicide Mancozeb found more compatible with
Trichoderma than insecticide Quinalphos. Tronsmo
(1989) observed that insecticides used at
recommended concentrations are inhibitory to
Trichoderma sp. than fungicides. By estimating the
number of colonies formed on various treatments, it
was clear that, less CFUs were seen when fungicides
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48
Hours

Time

Sl.
No.
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.

Control
Trichoderma alone
Trichoderma + Mancozeb (2g/l) + Quinalphos (1.5ml/l)
Trichoderma + Quinalphos (1ml/l)
Trichoderma + Quinalphos (1.5ml/l)
Trichoderma + Quinalphos (2ml/l)
Trichoderma + Mancozeb (1g/l)
Trichoderma + Mancozeb (2g/l)
Trichoderma + Mancozeb (3g/l)
Mancozeb (1g/l) + Quinalphos (1ml/l)
Mancozeb (1g/l) + Quinalphos (1.5ml/l)
Mancozeb (1g/l) + Quinalphos (2ml/l)
Mancozeb (2g/l) + Quinalphos (1ml/l)
Mancozeb (2g/l) + Quinalphos (1.5ml/l)
Mancozeb (2g/l) + Quinalphos (2ml/l)
Mancozeb (3g/l) + Quinalphos (1ml/l)
Mancozeb (3g/l) + Quinalphos (1.5ml/l)
Mancozeb (3g/l) + Quinalphos (2ml/l)
Mancozeb (1g/l) alone
Mancozeb (2g/l) alone
Mancozeb (3g/l) alone
Quinalphos (1ml/l) alone
Quinalphos (1.5ml/l) alone
Quinalphos (2ml/l) alone

30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30

No. of
pieces
plated

No. of pieces on
which fungal
mycelial growth
noticed
16
5
0
2
7
5
1
4
0
0
3
0
0
4
0
0
2
2
4
0
7
5
6
3
4
4
0
0
5
1
1
1
0
0
1
0
0
1
0
0
1
1
0
0
4
2
3
0

7
1
0
1
1
2
0
1
0
0
2
0
0
1
0
0
1
1
3
0
1
2
2
1

5
0
0
1
1
2
0
2
0
0
0
0
0
2
0
0
0
0
1
0
2
1
1
2

Fungal pathogens
Aspergillus Mucor Fusarium

ENUMERATION OF SEED BORNE FUNGI - AFTER STORAGE

Treatment

TABLE 3:



7UHDWPHQW

&RQWURO
TrichodermaDORQH
Trichoderma0DQFR]HE JO 4XLQDOSKRV POO 
Trichoderma4XLQDOSKRV POO 
Trichoderma4XLQDOSKRV POO 
Trichoderma4XLQDOSKRV POO 
Trichoderma0DQFR]HE JO 
Trichoderma0DQFR]HE JO 
Trichoderma0DQFR]HE JO 

0DQFR]HE JO 4XLQDOSKRV POO 
0DQFR]HE JO 4XLQDOSKRV POO 
0DQFR]HE JO 4XLQDOSKRV POO 
0DQFR]HE JO 4XLQDOSKRV POO 
0DQFR]HE JO 4XLQDOSKRV POO 
0DQFR]HE JO 4XLQDOSKRV POO 
0DQFR]HE JO 4XLQDOSKRV POO 
0DQFR]HE JO 4XLQDOSKRV POO 
0DQFR]HE JO 4XLQDOSKRV POO 
0DQFR]HE JO DORQH
0DQFR]HE JO DORQH
0DQFR]HE JO DORQH
4XLQDOSKRV POO DORQH
4XLQDOSKRV POO DORQH
4XLQDOSKRV POO DORQH
&'DW

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.

6O1R

2.0
1.5
2.0
1.5
0.5
1.0
1.0
2.0
1.5
2.0
1.5
1.0
1.0
1.5
1.0
1.5
1.5
2.0
0.5
2.0
2.0
2.0
2.0
1.5
1.115

2.0
1.5
2.0
1.5
1.5
1.5
1.5
2.0
2.0
2.0
2.0
1.5
2.0
1.5
2.0
2.0
2.0
2.0
1.5
2.0
2.0
2.0
2.0
1.5
0.8949

2.0
2.0
2.0
2.0
1.5
2.0
1.5
2.0
2.0
2.0
2.0
1.5
2.0
2.0
2.0
2.0
2.0
2.0
1.5
2.0
2.0
2.0
2.0
1.5
0.6656

2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
1.5
2.0
2.0
2.0
2.0
2.0
2.0
1.5
2.0
2.0
2.0
2.0
1.5
0.5180

4 weeks

3
weeks
6.0
5.5
4.0
6.0
3.0
4.0
4.0
8.0
3.5
6.5
4.5
3.5
4.0
5.0
6.5
4.5
4.0
6.5
3.0
5.0
4.0
5.0
4.0
4.0
3.371

4
weeks
2.5
6.5
4.0
6.0
4.0
4.0
4.5
8.0
3.5
6.5
5.0
4.0
7.0
5.0
6.5
5.0
4.0
6.5
3.5
5.5
5.0
5.0
4.0
4.5
4.106

1 week 2
weeks
2.5
6.0
3.5
5.0
3.5
3.5
3.0
5.0
1.0
3.0
1.0
3.5
1.5
3.5
3.0
6.0
2.0
3.0
5.5
6.0
3.0
4.0
2.5
3.5
2.5
3.5
3.5
4.5
1.5
4.5
2.5
4.0
2.0
3.5
4.0
6.0
0.5
3.0
2.0
4.0
2.5
3.0
3.5
3.5
3.0
4.0
3.0
4.0
2.810 2.888

3 weeks

1 week

2 weeks

1RRIWLOOHUVSURGXFHG
$IWHU 

*HUPLQDWLRQRIVHHGSLHFHV $IWHU 

Table 4: EFFECT OF VARIOUS TREATMENTS ON GERMINATION OF STORED RHIZOME

and insecticides used together. The studies conducted
by Madhavi et.al. (2011) proved that, Trichoderma
viride showed high compatibility with Mancozeb
followed by Tebuconazole. Medina Martanez et.al.
(2000) also reported that Trichoderma sp. was
compatible with Mancozeb. In the present study,
Trichoderma sp. showed varying degree of
sensitivity to different agrochemicals, was more
compatible with Mancozeb (1g/l) and when
concentration of agrochemicals increased,
compatibility get decreased.
Enumeration of seed borne fungi after the treatment
and storage period clearly indicated that the
occurrence of Penicillium sp. and Pythium sp. were
reduced. The result supported the view of Dohroo
(2001) and he reported that pre-storage treatment
of ginger with Carbendazim + Mancozeb for 60
minutes reduced incidence of storage rot. Seed
treatment with hot water (510C), Mancozeb and
biological control agent Trichoderma resulted in
lowest disease incidence (Bandyopadhyay and
Bhattacharya, 2012).
By observing the data in table (4) it was conspicuous
that the treatment of seed rhizomes with
Trichoderma + Mancozeb (2g/l) showed best result
with complete seed germination. Though the
treatments could not support for better germination
compared to control during initial stage, it support
for healthy crop and vigorous growth. After 4 weeks,
the productivity of control got reduced and all the
treatments showed increased germination and tiller
production than control. This supports the
observations of Beena et.al (1997), the insecticides
when used alone or in combination with fungicide
and biocontrol agents had significant effect over
control in recovery of healthy seed rhizomes.
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ABSTRACT
Rice is a staple food crop in India, it occupies the largest area under cultivation
and has maximum share in grain production. Despite of a large number of rice
varieties are released and notified every year to meet the requirement of farming
systems, rice varieties has revealed narrow genetic diversity. Traditional rice
cultivars of distinct genetic background are a good promise for the future rice
improvement. The assessment of genetic diversity of rice cultivars is essential
for crop improvement as it helps breeders in deciding suitable breeding
strategies for their future improvement. The present study was undertaken
with the aim to assess the genetic diversity of traditional and improved rice
cultivars and to understand the genetic relatedness amongst the cultivars by
using both morphological and molecular-marker analysis. The seed sample
for diversity analysis consists of 96 cultivars of which 82 are traditional cultivars
and 14 improved cultivars. All these cultivars were observed and scored for 12
seed characteristics. The germinated 33 traditional and 12 improved cultivars
were maintained hydroponic solution for 3 weeks and transplanted to the field
in an augmented experimental design were subjected for the observation of 12
morphological traits and also genotyped with 32 polymorphic SSR markers.
The data of seed characteristics, morphological traits and SSR markers were
analyzed by using DARwin5 software.

INTRODUCTION
Rice is a staple food crop in India, it occupies the
largest area under cultivation and has maximum share
in grain production. Despite of a large number of
rice varieties are released and notified every year to
meet the requirement of farming systems, rice
varieties has revealed narrow genetic diversity.
Genetic uniformity among modern rice cultivars is
an alarming situation confronting the rice industry
(Morishima and Oka, 1995). Traditional rice cultivars
of distinct genetic background are a good promise
for the future rice improvement. Owing to their
adaptation to a wide range of agro-ecological
conditions, traditional landraces represent tremendous
genetic variability not found in modern cultivars.
These cultivars can therefore be exploited to
significantly enhance rice productivity in marginal
areas. Due to agricultural intensification, however,
losses of traditional crop cultivars are increasing, as
most farmers prefer high yielding modern cultivars
(Maikhuri et al., 2001). The assessment of genetic
diversity of rice cultivars is essential for crop
improvement as it helps breeders in deciding suitable
breeding strategies for their future improvement. The
present study was undertaken with the aim to assess
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the genetic diversity of traditional and improved rice
cultivars and to understand the genetic relatedness
amongst the cultivars by using both morphological
and molecular-marker analysis.
MATERIALS AND METHODS
Sample
The seed collection for diversity analysis consists of
traditional and improved cultivars. The collection
consists of 96 cultivars of which 82 are traditional
cultivars and 14 improved cultivars (Table 1). About
76 traditional cultivars were collected from an NGO
at Adhirangam and six cultivars were from Kerala.
The improved cultivars were collected from the
central farmyard of Pandit Jawaharlal Nehru College
of Agriculture and Research Institute, Karaikal. The
seed of traditional and improved cultivars were
repacked and labelled serially. Fifty seeds from each
cultivar were taken and packed in individual covers
followed by labelling. After incubation period, the
seeds were soaked in wet germination paper to
induce germination. The seeds were maintained in
germination paper for about 10 days. The germinated
traditional and improved cultivars were subjected for
planting (Table 2).

Observations
The 82 traditional cultivars and 14 improved cultivars
were observed and scored for 12 seed
characteristics. The germinated 33 traditional and
12 improved cultivars were maintained hydroponic
solution for 3 weeks and transplanted to the field
during post-rainy season 2014 in an augmented
experimental design were subjected for the
observation of 12 morphological traits using the
IRRI’s Standard Evaluation System (Table 3).

Molecular analysis
The leaf samples were collected from young
seedlings that were planted in hydroponic solution
under green house. DNA was extracted from the
collected sample using CATB method. A total of 32
polymorphic SSR markers were screened in
traditional and improved rice cultivar (Table 4). The
PCR reaction was carried in a total reaction volume
of 15μl. The PCR products were separated in 3%
agrose gel electrophoresis and visualized by ethidium
bromide staining. Clearly resolved, unambiguous
bands were scored visually for their allele types.

Table 1. Collected traditional and improved rice cultivars
Sl. No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

Traditional Cultivars
Ananthanoor Sannam
Anash Pal
Illupaipoo Samba
Urasal
Ottayanam
Kattu Samba
Kattu Ponni
Karupu Seeraga Samba
Kanda Saali
Kappa Samba
Katha Malli Samba
Karupu Kavuni
Kamban Samba
Karudan Samba
Kadar Swar
Kar Nel
Kanda Vari
Kanda Raji
Kandavavi Samba
Kalo Moda
Karikaja Valli
Kamini
Kantha Kar
Kaveer Sari
Kari Satti
Kichili Samba
Kuruvi Kar
Kuzhi Vedichan
Kuruvi Kalanjiam
Kuda Vazhai
Kunsi
Kulla Kar

Sl. No.
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64

Traditional Cultivars
Koom Palai
Kaivari Samba
Kosuva Kalthanai
Kottara Samba
Kovintha Vok
Kole
Sannaki Patti
Samba Mosanam
Saatha Moda
Sivappu Kurivikar
Singini
Chitti Sandai
Chinna Ponni
Chittika Patti
Sumothi
Sempalai Samba
Salem Samba
Sornavari
Sorir Pona
Thanga Samba
Thalmukoor
Thulasi Vasam
Thooyamalli
Thengaipoo Samba
Narikal Saari
Niko
Neela Samba
Panagattu Kudavazhai
Patnayi
Basumathi
Mattakuruvai
Mappilai Samba

Diversity analysis
The data of seed and morphological traits and SSR
markers were analyzed by using DARwin5 software
(Perrier et al., 2003 ; Perrier and JacquemoudCollet, 2006). The tree was constructed by using
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Sl. No.
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
Sl. No.
83
84
85
86
87
88
89
90
91
92
93
94
95
96

Traditional Cultivars
Muthirai Sannam
Mysore Malli
Rathna Chutti
Varittarpana Sooli
Vadan Samba
Vasanai Seeraga Samba
Vellai Kar
Haimayi
Halara Samba
Haluvupavu Patti
Hopila
HMT
Ratna
Mundagan
Palliyaral
Thavalakannan
Cherutheeni
Vellaipunaran
Improved Cultivars
ADT 38
ADT 39
ADT 43
ADT 45
ADT 46
ADT 48
ADT 49
ASD 18
CR 1009
KKL(R) – 1
Samba Masuri
TKM 9
TRY – 1
White Ponni

hierarchical clustering. The cluster analysis and
dendrogram was constructed by Unweighted Pair
Group Method (UPGMA).
RESULTS AND DISCUSSION
Diversity analysis based on seed traits

Table 2. Germinated traditional and improved rice cultivars
Sl. No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

Traditional Cultivars

Sl. No.

Traditional Cultivars

Sl. No.

17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

Thulasi Vasam
Thooyamalli
Thengaipoo Samba
Mappilai Samba
Muthirai Sannam
Mysore Malli
Rathna Chutti
Varittarpana Sooli
Vadan Samba
Vasanai Seeraga Samba
Vellai Kar
Halara Samba
Haluvupavu Patti
Mundagan
Palliyaral
Thavalakannan

33
Sl. No.
34
35
36
37
38
39
40
41
42
43
44
45

Ananthanoor Sannam
Kattu Ponni
Kanda Saali
Karupu Kavuni
Kanda Vari
Kandavavi Samba
Kari Satti
Kichili Samba
Kuzhi Vedichan
Kuruvi Kalanjiam
Kaivari Samba
Sannaki Patti
Singini
Chitti Sandai
Chinna Ponni
Chittika Patti

Traditional Cultivars
Vellaipunaran
Improved Cultivars
ADT 39
ADT 43
ADT 45
ADT 46
ADT 48
ADT 49
ASD 18
CR 1009
KKL(R) – 1
Samba Masuri
TRY – 1
White Ponni

T a b le 3 . L is t o f s e e d a n d m o r p h o lo g ic a l tr a its o b s e r v e d
S l. N o .

S e e d tr a its

M o r p h o lo g ic a l tr a its

1

A w n in g

L e a f le n g th

2

A w n c o lo u r

L e a f w id th

3

A p ic u lo u s c o lo u r

B la d e p u b e sc e n c e

4

L e m m a a n d P a le a c o lo u r

B la d e c o lo u r

5

L e m m a a n d p a le a p u b e s c e n c e

B a s a l le a f s h e a th c o lo u r

6

S te rile le m m a c o lo u r

L e a f a n g le

7

S te rile le m m a

L ig u le le n g th

8

G ra in le n g th

L ig u le c o lo u r

9

G ra in s iz e

L ig u le s h a p e

10

S e e d in d e x

C o lla r c o lo u r

11

T ra n slu c e n c y

A u ric le c o lo u r

12

C h a lk in e ss

D a y s to flo w e r

T a b le 4 . L ist o f S S R m a rkers u sed for scr eenin g cu ltiv a rs
S l.

SSR

S l.

SSR

S l.

SSR

S l.

No.

M a rk er

N o.

M a rk er

N o.

M a rk er

N o.

S S R M a r k er

1

RM 8094

9

R M 23935

17

RM 1024

25

RM 21976

2

RM 318

10

A P3206

18

RM 12570

26

RM 420

3

RM 20069

11

R M 1287

19

RM 16493

27

RM 6711

4

RM 3480

12

R M 12363

20

RM 14641

28

RM 12492

5

RM 18

13

R M 6233

21

RM 6

29

RM 16493

6

RM 248

14

R M 12923

22

RM 318

30

RM 18276

7

RM 8300

15

R M 13069

23

RM 23865

31

RM 409

8

RM 493

16

R M 6509

24

RM 23867

32

RM 28011
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Figure 1: Clustering of 96 traditional and
improved rice cultivars for seed
characteristics.

Table 5. Clustering of 96 traditional and
improved rice cultivars for seed characteristics.
Cluster No.

Cluster analysis based on seed characteristic data
of 96 cultivars were grouped into fifteen clusters.
Cluster I has 57 rice cultivars, which includes 50
traditional and 7 improved cultivars. Cultivars in
cluster I might expect to share similar scores for the
most of seed characteristics. Other seven improved
cultivars are in clusters V, VI and VII indicated their
close relatedness and narrow variability for seed
characteristics. Cluster XIV-A and XV A had only
one genotype that might reveal a unique seed
characteristic, these cultivars Karupu Kavuni and
Kosuva Kalthanai are traditional cultivars. The
Figure 2. Clustering of 45 traditional and
improved rice cultivars for morphological traits.
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Cultivar No.

I

3,4,5,7,8,9,11,13,14,15,17,20,21,23,24,
25,28,30,36,39,40,42,43,44,47,51,52,53,
54,55,56,57,58,59,60,63,65,66,68,69,70,
71,72,74,75,76,77,79,81,82,85,88,91,92
,93,94,96

II

27,32

III

64,80

IV

83,87,90

V

84,86

VI

89,95

VII

19,32

VIII

37,38

IX

73,78

X

2,22

XI

61,62

XII

6,10,16,48,67

XIII A

1,26,49

XIII B

45,50

XIV-A

12

XIV-B

18,33

XV A

35

XV B

29,31,41,46

remaining 30 traditional cultivars are distributed into
various cluster groups, showed great diversity for
seed characteristics (Figure 1 and Table 5).
Diversity analysis based on morphological traits
Morphological characterization is fundamental in
order to provide germplasm information for plant
breeding programs. The morphological characters
were obtained among 45 rice cultivars. Clustering
pattern is derived using dissimilarity index based on
hierarchical clustering corresponds to the definition
of neighborhood according to the minimal dissimilarity
using UPGMA. Cluster analysis based on
morphological characters were grouped all the
improved cultivars into one cluster expect ADT 43
found to be unique than other improved cultivars.
Among the traditional cultivars, Kattu Ponni and
Karupu Kavuni were found to have the unique
morphological characters (Figure 2 and Table 6).
Diversity analysis based on SSR markers
A total of 32 polymorphic SSR markers were across
33 traditional and 12 improved cultivars of rice and
generated reproducible and informative allelic
profiles. Clustering pattern of 45 rice cultivars reveals
eleven clusters for SSR markers data (Figure 4 and
Table 7). Cluster I has three traditional cultivars, i.e.,
no. 31, 32 and 33 namely viz., Palliyaral,
Thavalakannan and Vellaipunaran, all these were
cultivars collected from Kerala. Most of traditional
cultivars of Tamil Nadu are grouped in Cluster II,
which comprises of 12 cultivars. All other traditional

cultivars are distributed in different clusters, among
that genotype no. 29 (Haluvupavu Patti) have found
to be distantly related one. The clusters obtained from
the SSR marker data are more discriminatory, and
thus more informative than the one obtained from
morphological data.
Table 6. Clustering of 45 traditional and
improved rice cultivars for morphological
traits.
Cluster Cultivar No.
I

8,9,10,11,12,14,21,22,23,24,26,31,33,35
,36,37,38,39,40,41,42,43,44,45

Table 7. Clustering of 45 traditional and
improved rice cultivars using SSR marker data.
ClusterNo.

Cultivar No.

I

2,3,4,8,9,14,19,20,22,25,26,30,33,35,37,38,
39,40,45

II

6,13,21

III

10,12,27

IV

1,7

V

16,18

VI

36,42

VII

23,24

VIII

34,43

IX

31,32

XA

29

7,28

XB

5,11,28

II E

13,25

XI

15, 17, 41, 44

II F

15,29,34

II G

19.20

II A

2,16,17,18,27,30,32

II B

1,6

II C

3,5

II D

Figure 3. Clustering of 45 traditional and
improved rice cultivars using SSR marker data.
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ABSTRACT
Present study deals with survey and documentation of wild edible plants
(WEPs) in Dhadgaon/ Akrani region of Nandurbar district. This is the first
documentation of WEPs used by local communities in Nandurbar district.
For data collection household survey and field studies were carried out
Key Words: Wild edibles, food
during different seasons of the year (2014-16). Data of wild edible plants
security, Nutrition, Nandurbar,
were documented through different interview methods (participatory rural
India
appraisal (PRA), direct observation, semi-structured interviews, key
informant interviews, individual discussions, focus group discussions and
questionnaires etc.). Data on about 91 wild edible plant species in 69 genera
of 40 families was recorded. Majority of WEPs belongs to family Fabaceae
(11 species), Araceae (7), Asparagaceae (6), Malvaceae (6), Amaranthaceae
(5), Apocynaceae (5), Asteraceae (4), Dioscoriaceae (4), Rubiaceae (4),
Cucurbitaceae (3). The genera represented by the highest number of species
are Chlorophytum (5 species) followed by Dioscorea (4), Amaranthus (3)
and 2 species each from Amorphophallus, Arisaema, Bauhinia, Cassia,
Launea, Moringa, Smiathia, Sterculia, Vigna and Ziziphus. Most of the
species were consumed as leafy vegetable (46 species) or fruits (34 species).
More than one plant part is used from about 14% of the species. These
wild edible plants are sources of food security for local people, especially
those living in remote rural areas. Some species are wild relatives of crops
that could be used for crop improvement program in future. Several species
have potential values for further domestication and commercial exploitation
which will help in biodiversity conservation and sustainable utility.

INTRODUCTION
More than 12,000 plant species considered edible by
humans, i.e. plants for human consumption account
for about 5% of the total plant species of the world
(Kunkel, 1983). It is estimated that in India about
800 species are consumed as wild edible plants (Singh
and Arora 1978).
Wild edible plants (WEPs) refer to species that are
harvested or collected from their wild natural habitats
and used as food for human consumption (Lulekal
et al., 2011, Heywood, 2011 and Seal 2012). WEPs
play a major role in meeting the nutritional
requirement of the tribal population in remote areas
(Sundriyal and Sundriyal 2001). WEPs serve as
supplementary food for non-indigenous people and
are one of the primary sources of cash income for
poor communities (Uprety et al. 2012, Ghorbani et
al. 2012 and Menendez-Baceta et al. 2012). WEPs
have an important role in ensuring food security and
improve the nutrition in the diets of many people in
developing countries (Lulekal et al., 2011and
Ghobrani et al., 2012). WEPs are potential sources
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of species for domestication and provide valuable
genetic traits for developing new crops through
breeding and selection (Pandey et al., 2008, FordLloyd et al., 2011).
India has a tribal population of 42 million, of which
some 60 per cent live in forest areas and depend on
forests for various edible products (Jana and
Chauhan 1998). Several researchers have
documented the WEPs used in the diet by tribes in
various parts of India, nutritive values of WEPs and
need for revival of knowledge associated with WEPs.
(Konsam et al., 2016; Mahapatra and Panda, 2012;
Khyade et al., 2009).
Nandurbar district is a tribal district situated in the
North West of Maharashtra. The tribal population
consisting of Bhils, Gamits, Koknas, Pawara forms
about 40% of the population of the district (Patil,
2010). These tribal communities are mainly
dependent on forest products. They still use several
wild plants growing around them for different
purposes like food, fodder, medicine, timber, firewood
etc.

Nandurbar and adjoining areas are well studied in
ethnobotany point of view. The notable work
published by Tayade et al. (2016); Patil and Bhaskar,
(2005); Padavi and Patil (2013); Lande and Kalase
(2014); Patil (2003); Quazi and Molvi (2014),
however these work focuses on medicinal properties
of plants. Very few records were made on wild
edible plants. During working on Maharashtra gene
bank programme, it was found that Dhadgaon region
is very rich in wild food diversity; and in literature
the data on WEPs is very limited in Dhadgaon region
of Nandurbar district. Present paper reveals the
information on exploration and documentation of
WEPs with respect to correct identification, habit
and habitat, edible part, processing method, season
of availability, domestication and conservation.
MATERIALS AND METHODS
Study area
The study area is situated in Satpuda ranges. The
study was carried out in 12 villages in Dhadgaon
region of Nandurbar district. Nandurbar district is
situated in Northern part of the state of Maharashtra
bordering the state of Gujarat and Madhya Pradesh.
Nandurbar district is situated between 200 to 210
North latitude and 740 55’ and 760 59’ East longitude.
The forest in the district covers an area of 4732.199
sq. km. (Tayade et al., 2016)
Data collection
For data collection household survey and field studies
were carried out during different seasons of the year
(2014-16). Data of wild edible plants were
documented through different interview methods
(participatory rural appraisal (PRA), direct
observation, semi-structured interviews, key
informant interviews, individual discussions, focus
group discussions and questionnaires etc.) Beside
these, exhibition cum recipe competition of wild edible
plants was organized for in-depth understanding of
plant diversity. During survey, the local name, parts
used, habit and habitat, collection period and
preparation methods, propagation, utility other than
food, and people’s perceptions about plants were
recorded and few specimens were collected.
Collected plant specimens were identified by using
relevant scientific literature and regional/ state flora
(Cooke 1967 (Rpr.); Sharma et al. 1996; Singh and
Karthikeyan 2000, Singh et al. 2001.)
RESULTS AND DISCUSSION
Diversity of species, growth forms and edible
parts
During present study 91 species of wild edible plants
were documented that belongs to 69 genera 40
families of flowering plants (Annexure 1). Majority
of edible plants belongs to family Fabaceae (11
species), Araceae (7), Asparagaceae (6), Malvaceae
(6), Amaranthaceae (5), Apocynaceae (5),
Asteraceae (4), Dioscoriaceae (4), Rubiaceae (4),
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Cucurbitaceae (3). The genera represented by the
highest number of species are Chlorophytum (5
species) followed by Dioscorea (4), Amaranthus
(3) and 2 species each from Amorphophallus,
Arisaema, Bauhinia, Cassia, Launea, Moringa,
Smiathia, Sterculia, Vigna and Ziziphus (Figure
1). Documented flowering plants distributed into
different habits with herbs (42%), trees (37%),
Climber (13%) and shrubs (8%) (Figure 2). Out of
these recorded wild edible plants 41% species has
edible leaves/ tender stem, 29 % species has edible
fruits, 16% species has edible inflorescence and
flowers, 9 % species has storage parts (Tuber,
Rhizome, Corm, bulbils etc.) and 5% species has
edible seeds. The most frequently used parts are
young leaves/ stem, fruits and flower/ inflorescence
(Figure 3).
More than one plant part is used from about 14% of
the species e.g. petioles and leaves of Colocasia
esculenta used for preparation of various dishes of
vegetable as well as corms are also edible and stored
for lean period; leaves, flower and tender fruits of
Bauhinia racemosa are edibles; tender leaves, young
flowers, fruits and seeds of Tamarindus indica are
edible.
Storage of edible plant parts: Underground tubers
and bulbils of plants like Amorphophallus sp.,
Colocasia esculenta, Dioscorea, are often dried
in the sun after collection and stored. Leaves of
various plants like Amaranthus sp. Sauromatum
venosum, Hibiscus sp., and calyx of Hibiscus sp.
are also stored by sun drying for lean period. Pickles
are made of fruits like Capparis zeylanica, Carissa
carandas, Carrisa congesta, Catunaregam
spinosa, Garuga pinnata, Meyna laxiflora,
Radermachera xylocarpa, Spondias pinnata, and
Tamilnadia uliginosa etc.
Multiple uses of wild edible plants:
Many wild edible plants have uses other than food,
e.g. Agave sp. is used as hedge, fiber plant and as
soil binder. Bambusa arundinacea is important
timber plant and many household goods are made
from it. Cassia fistula, Celosia argentea,
Chlorophytum borivilianum Holarrhena
pubescens and Wrightia tinctoria are used as
medicine. Catunaregam spinosa is used in grain
storage; Crotalaria juncea is grown for green
manure; Hibiscus sp. and Bombax ceiba are fiber
plant; Alocasia macrorhizos, Basella alba,
Bauhinia sp., Dioscorea alata, and Thespesia
populnea are grown as ornamental or avenue plants.
Role of wild relatives of crop for genetic
improvement and crop production
Wild crop relatives are of great importance to
maintain the productivity and stability of traditional
agro-ecosystems (Meilleur and Hodgkin 2004;
Harlan, 1965). Some of the wild relatives of fruit,
vegetable and fiber crops documented in this study

are Amaranthus sp., Amorphophallus commutatus,
Ensete superbum, Hibiscus sp., Momordica
dioica, Moringa concanensis, Vigna sp., Ziziphus
rugosa etc. Conservation through domestication of
these plant species will help in crop genetic
improvement program in future.
Domestication and wider use of wild edible
plants
All domesticated plants had passed during the course
of human civilization, as the entire spectrum
represents a living analogue of the wild to semi-wild
to domesticated continuum (Asfaw and Tadesse,
2001). Periodic use, occasional purposeful planting
and harvesting, marketability, and proximal growth
with gardens, crop fields, and living quarters disclose
the position of wild edible species in the line-up of
useful plants (Asfaw and Tadesse, 2001). During
present study many edible plant species like
Amorphophallus sp., Colocasia esculenta,
Dioscorea sp., Emblica officinalis, Hibiscus sp.
Tamarindus indica, Vigna mungo are occurred in
wild as well as cultivated forms while some plants
like Agave sp., Bauhinia purpurea, Moringa
oleifera, Sesbania grandiflora, Alocasia
macrorhizos etc. are introduced in study area for
various purposes however in course of time they get
naturalized and people are utilizing them commonly.
The fruits of Annona squamosa, Carissa carandas,
Carrisa congesta, Garuga pinnata, Meyna
laxiflora are widely sold on roadsides and in the
market place for income generation. Although
Annona squamosa is fruit crop in other regions of
India, but in study area it occurs in nature only, and
there is great scope for domestication of such wild
edible plants in study area. Fruits of many species
can be considered for value addition and processing
into more palatable and storable food products e.g.
Annona sqaumosa, Tamarindus indica, Capparis
zeylanica, Carissa carandas, Carrisa congesta,
Catunaregam spinosa, Garuga pinnata, Meyna
laxiflora, Radermachera xylocarpa, Spondias
pinnata, and Tamilnadia uliginosa can be
processed into jam, jelly, candy, pickles, sharbat
(juices), ice-creams, various types of sweets etc. The
domestication of potential wild edible plants along
integration into existing land use will increase
livelihoods of rural community. With better market
linkages in place, wild edibles could also be promoted
for use by urban dwellers.
CONCLUSION
Present paper is the first documentation of WEPs
used by local communities in Nandurbar district. Local
community not only cultivates various crops, but also
collects wild edible plants as food. Present study
showed the diversity of WEPs and related indigenous
knowledge in this area. WEPs provide food and
nutrients, such as essential amino acids, various
vitamins and minerals which are needed to keep
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healthy and enhance immunity against diseases and
infections to local communities. If properly harvested,
WEPs could be the source of cash income for local
people.
Present study may provide basic information for
priority list preparation for domestication,
conservation, possibly further exploitation, and will
preserve local traditional knowledge.
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The present study was carried out to evaluate the nutritional analysis of
some fodder plant species in Wardha district. Most commonly observed
fodder species grazed by livestock were collected from the field. Samples
of fodder species were collected from a natural habitat in Wardha district
during the post monsoon season (October and November 2016).The samples
were collected before seed maturity. Fourteen fodder species viz. Apluda
mutica, Sehima sulcatum, Dichanthium sp., Themeda quadrivalvis,
Spodiopogon rhizophorus, Chrysopogon fulvus, Cleistachne stocksii
Sehima nervosum, Pennisetum pedicellatum, Eulalia fimbriata,
Heteropogon ritchiei, Cymbopogon martini, Thelepogon elegans,
Stylosanthes hamata were analyzed for crude protein, crude fiber, oil/ether
extract, ash, and silica content. The crude protein content of the investigated
fodder species ranged from 2.81 % to 10.17 %, the crude fiber content from
24. 56 % to 35.73%, the EE% from 0.59% to 1.01 % , ash content from 8.17%
to 11.55 % and silica content ranged from 3.87 % to 7. 47%. Being legume
Staylosanthes hamata shows higher protein content (10.17%). Crude fiber
content was highest in Thelepogon elegans (33.40 %); highest EE (1.01 %)
in Apluda mutica, highest ash content (11.55 %) in Sehima nervosum and
highest ash content (10.47 %) was found in Cymbopogon martinii. All the
fodder species have shown variations in nutrients status before seed
maturity stage and they are good source of fodder for grazing animals and
the livestock are being maintained on these available fodder species in the
study area.

INTRODUCTION
Livestock plays an important role in sustainable
livelihood, nutritional and environmental security and
growth of agriculture. Livestock has played a major
role in generating cash income through the production
of milk, butter, meat, egg, hides, skin, wool and
manure. The major advances made in the livestock
sector in the past decades are major reason for
growth rate recorded in agriculture sector.
Nutrition is one of the most critical constraints to
increase animal productivity in developing countries
(ILRI, 1995). The level of crude protein, the essential
amino acids and metabolisable energy in the recipes
for livestock and poultry has a significant impact on
productivity and depends on the breed, genetic
potential, nutrition and maintenance technology
(Stepurin and Vrancean, 2008; Caisin, 2010).
Increasing human population and growing preference
for cultivating food and commercial crops are sparing
only a limited area for fodder production (Radotra
and Katoch 2002). In most parts of tropics and
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subtropical countries, the grazing of available native
rangeland largely supports the production of
ruminants (Aregherore, 2001). In the developing
countries like India where many grazing animals
were reared, natural grasslands have remained the
source of nutrient for livestock. The importance of
natural grassland in tropical and subtropical has been
stressed by several researchers. In India the
traditional feeding systems, make maximum use of
local resources like crop residues, tree leaves, pods,
seeds, etc. (Pradhan et al. 1991).
In this context, the study of the nutritive value of
fodder species becomes essential. The factors that
have been reported to affect the nutrient value of
herbaceous plants are seasonal variability (Snyman,
1998), species variation (Arzani et al., 2008), soil
nutrient status of production location (Tessema et
al., 2011), grazing pressure (Henkin et al., 2011) and
management aspects (van der Westhuizen et al.,
2005). The present study was carried out to evaluate

the nutritional value of the common indigenous grass
species of Wardha district. This study will help to
know the nutritive composition of local fodder species
and to recommend composition in dietary
supplements.
MATERIALS AND METHODS
Sample collection
The most dominant fodder species in the study area,
which are being used for feeding livestock locally,
were collected during the month of November 2016
from Wardha district. The fodder species consists
of Apluda mutica, Sehima sulcatum, Dichanthium
sp., Themeda quadrivalvis, Spodiopogon
rhizophorus, Chrysopogon fulvus, Cleistachne
stocksii Sehima nervosum, Pennisetum
pedicellatum, Eulalia fimbriata, Heteropogon
ritchiei, Cymbopogon martini, Thelepogon
elegans, and Stylosanthes hamate. Fodder samples
were collected with the help of herdsman from the
natural habitat and identified with the help of regional
and state flora (Cooke 1967 (Rpr.); Sharma et al.
1996; Singh and Karthikeyan 2000, Singh et al. 2001.)
The samples were pre-dried at field for easy
transportation to laboratory.
Nutritional analysis
The analysis of the fodder was carried out in the
laboratory of the Department of Animal nutrition at
Central Research Station of BAIF Development
Research foundation, Urulikanchan. Crude protein
(CP %), Crude fiber (CF %), Oil /Ether extract (EE
%), Ash and Acid insoluble ash (Silica %) were
determined by standard methods following AOAC
1995.

Results and discussion
Proximate analysis for nutritive evaluation of the
forage species are depicted in table1. The crude
protein content of the investigated fodder species
ranged from 2.81 % to 10.17 %; crude fiber content
varied from 24. 56 % to 35.73%; the Ether Extract
ranged from 0.59% to 1.01 % ; ash content from
8.17% to 11.55 % and silica content ranges from
3.87 % to 7. 47%.
Being legume Staylosanthes hamata shows higher
protein content (10.17%). Crude fiber content was
highest in Thelepogon elegans (33.40 %); highest
EE (1.01 %) in Apluda mutica, highest ash content
(11.55 %) in Sehima nervosum and highest ash
content (10.47 %) was found in Cymbopogon
martinii.
Grasses are the dominant plants in most forage-based
enterprises throughout the world. Whether livestock
graze native rangeland or tame pastures, grasses
usually are the basis of the energy and nutrients for
animal growth and maintenance (Trlica, 2017). As
per recommendations of Bureau of Indian Standards
compounded cattle feeds should have 20% crude
protein, 2.5 % crude fat, 12% crude fiber and 4%
acid insoluble ash composition. Findings of present
analysis indicated that local fodder species provided
partly required nutrients for indigenous livestock and
reduce keeping cost in many folds. However in the
case of high yield improved breeds, even good quality
roughage alone cannot entirely replace concentrates.
Straw can form the roughage in the absence of
grasses and in such cases concentrates should be
given for maintenance.

T a b le 1 C h em ica l com p o sitio n (% D M b asis) fo r fod d er sp ecies
S r. N o . C o m m o n
S c ien tific N a m e
CP%
Nam e
1.
P o ch ad
A p lu d a m u tica L .
4 .1 5
2.
P a p an iy a
S eh im a su lca tu m (H a ck.) A .
4 .8 0
C am u s.
3.
M arve l
D ich a nth iu m sp .
4 .9 7
4.
D h o w y ad
T h em ed a q u ad riva lv is (L .)
5 .1 2
K u ntze
5.
S h id e
S p o d io p o g o n rh izo p h o ru s
4 .1 6
(S te ud .) P ilg .
6.
D o n g ari
C h ry so p og o n fu lvu s (S p ren g.)
4 .2 3
C h io v .
7.
S u g ara n
C le ista ch n e sto cksii H o o k . f.
4 .0 6
8.
S h ed al
S eh im a n ervo su m (R o ttler ex
4 .3 1
R o em . & S ch u lt.) S tap f
9.
D in an ath
P en n ise tu m p e dic ellatu m T rin .
4 .1 7
10.
P a w an y a
E u la lia fim bria ta (H ack .)
4 .0 2
K u ntze
11.
K u sal
H e tero p o g o n ritchiei (H o o k. f.)
2 .8 1
B la tt. & M cC an n
12.
T ik h ad i
C ym b o p o g o n m a rtin ii (R o x b .)
3 .7 1
W a ts.
13.
B o n d a re
T h ele po g o n eleg a n s R o th
3 .7 0
14.
S tylo
S tylo sa n th es h a m a ta (L .) T a u b .
1 0 .1 7
H a m ata
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in W a rd h a d istrict.
CF%
EE%
A sh %

S ilica %

2 9 .8 9
3 0 .1 3

1 .0 1
0 .9 8

8 .9 6
8 .5 9

5 .3 4
5 .2 6

2 4 .5 6
2 7 .2 6

0 .7 8
0 .8 8

8 .6 7
9 .2 7

6 .0 4
6 .1 3

2 9 .5 7

0 .6 8

9 .1 4

4 .6 8

3 5 .7 3

0 .7 6

8 .1 7

6 .3 8

3 4 .0 4
2 9 .2 2

0 .7 1
0 .5 9

8 .5 7
1 1 .5 5

6 .0 4
6 .1 6

2 6 .4 6
2 6 .2 3

0 .6 8
0 .6 3

1 0 .3 4
1 0 .2 6

5 .2 6
3 .8 7

3 2 .4 9

0 .7 3

1 1 .1 6

5 .6 8

2 8 .2 1

0 .7 1

1 0 .6 7

7 .1 8

3 3 .4 0
2 7 .0 9

0 .7 6
0 .7 6

1 0 .5 6
1 0 .4 7

6 .8 1
4 .7 4

CONCLUSION
All the fodder species have shown variations in
nutrients and they are good source of fodder for
grazing animals and the livestock are being maintained
on these available fodder species in the study area.
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ABSTRACT
The Earth’s climate is changing and the impacts are already being felt by
biodiversity and wildlife habitats across the planet. When the climate changes
drastically, it can have seriously negative impacts on the habitat. Even small
changes in average temperatures can have a significant effect upon
ecosystems. Decreasing rainfall contributes to increasing evapotranspiration
through increase in temperature. Regional evaluation of climate change impact
is necessary to evaluate impacts on precipitation, temperature and
evapotranspiration. Tamil Nadu state heavily depends on monsoon rains, and
therefore is prone to drought when the monsoon fails and flood occurs when
there is heavy rainfall. This study analyzed the trends in precipitation,
temperature and evapotranspiration in Tamil Nadu from 1971 to 2000. The
district-wise rainfall, temperature and evapotranspiration data for 30 years
covering all districts of Tamil Nadu state were downloaded from the Indian
Water portal. For this long term analysis, the average, minimum and maximum
rainfall, temperature and evapotranspiration data were used. The temporal
data were processed (average, minimum, maximum) annual and seasonal-wise
using MS Excel and trends for rainfall, temperature and evaporation were
plotted. The trends of the annual and seasonal rainfall, temperature and
evapotranspiration time series were analysed with Mann Kendall test to find
the statistical significance level and coefficient of variation. The processed
rainfall, temperature and evapotranspiration data were linked into the district
wise shape file of Tamil Nadu. The changes were identified spatially using
Interpolation techniques and were mapped using ArcGIS software. The rainfall
maps show that western districts of the Tamil Nadu are under high and moderate
rainfall zone, coastal districts fall in normal rainfall zone and the central districts
of the state are in low rainfall zone. Changes in precipitation are predicted to
be more variable between regions. This can cause major changes in some
ecosystem which are dependent on water supply. The annual maximum
temperature was 31.3°C for the period 1971 to 2000. It has been increased by
1.5°C compared with past 30 year data. The annual minimum temperature was
22.7°C and it has been increased by 0.4°C. Increase in temperature is good for
photosynthesis in plants but beyond the limits it can be harmful. It also causes
the sea level rise which affects the marine ecosystem.

INTRODUCTION
Healthy ecosystems and rich biodiversity are
fundamental to life on our planet. Climate change is one
of the most important global issues which has its impacts
on plants growth and survival of different species.
Ecosystems are already showing negative impacts under
current levels of climate change which is modest
compared to future projected change. In addition to
warming temperatures, more frequent extreme weather
events and changing patterns of rainfall and drought can

be expected to have significant impacts on biodiversity.
The average temperature of the Earth’s surface increased
by an estimated 0.7°C since the beginning of the
20th century and, according to the most recent projections
of the Intergovernmental Panel on Climate Change, could
rise by 1.6–4.3°C compared to 1850–1900 baseline by
2100. (IPCC, 2010).Decrease in rainfall and increase in
temperature will result in increase in evapotranspiration.
Decreasing rainfall contributes to increasing
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evapotranspiration through increase in temperature and
lower humidity. Therefore the small changes in these
parameters can cause major changes in the ecosystems.
Increases in temperature raise the rate of many
physiological processes such as photosynthesis in plants
to an extent beyond which it can be harmful.
Evapotranspiration clearly drives not only how much
plants grow, but also the conditions it promotes, like
abundant plant growth, which influences plant and animal
biodiversity (Wilson, 2011).
Environmental variables will not act in isolation, but also
in combination with one another, and with other pressures
such as habitat degradation and loss or the introduction
of exotic species. India is a developing country which is
heavily depended on the monsoon rainfall to meet its
irrigation and drinking water supply and also to protect
the rich biodiversity of the country. Agriculture is the
backbone of our country which is the most vulnerable
sector to climate change. It is highly depended on the
climate parameters. So it is necessary to examine the
annual and seasonal changes in these climate variables.
Regional evaluation of climate change impact is
necessary to evaluate impacts on precipitation,
temperature and evapotranspiration. (Duwal, 2011).
STUDY AREA
Tamil Nadu is located in the south - eastern part of Indian
Peninsula and is bound by the Eastern Ghats in the north,
the Nilgiris, the Anamalai Hills, and Kerala on the west,
by the Bay of Bengal in the east, the Gulf of Mannar,
the Palk Strait in the south east, and by the Indian Ocean
in the south. The western, southern and the north western
parts are hilly and rich in vegetation. The eastern parts
are fertile coastal plains and the northern parts are a
mix of hills and plains. The central and the south central
regions are arid plains and receive less rainfall than the
other regions. Tamil Nadu is mostly dependent on
monsoon rains, and thereby is prone to droughts when
the monsoons fail. The climate of the state ranges from
dry sub-humid to semi-arid. The state has three distinct
periods of rainfall: advancing monsoon period, south west
monsoon from June to September, with strong southwest
winds; North east monsoon from October to December,
with dominant north east winds; dry season from January
to May. The annual rainfall of the state is about 945 mm
(37.2 in) of which 48 per cent is through the north east
monsoon, and 32 per cent through the south west
monsoon. Since the state is entirely dependent on rains
for recharging its water resources, monsoon failures lead
to acute water scarcity and severe drought. Tamil Nadu
has historically been an agricultural state and is a leading
producer of agricultural products in India.
METHODOLOGY
This study analyzed the trends in precipitation,
temperature and evapotranspiration in Tamil Nadu from
1971 to 2000. The district-wise rainfall, temperature and
evapotranspiration data for 30 years covering all districts

of Tamil Nadu state were downloaded from the Indian
Water portal. For this long term analysis, the average,
minimum and maximum rainfall, temperature and
evapotranspiration data were used. The temporal data
were processed (average, minimum, maximum) annual
and seasonal-wise using MS Excel and trends for rainfall,
temperature and evaporation were plotted. To assess
the climate change it is necessary to analyse trends in
the hydro-climatic data. To see the trends and relations,
correlation and linear regression are the widely used.
So, simple linear regression and correlation can be used
for the detection of the trend and hence the assessment
of climate change.
Moreover, the trend analysis can be a preliminary and
important tool for the assessment of water resource
condition. Mann-Kendall test (MK) (Mann, 1945;
Kendall, 1975) is one of the widely used non-parametric
tests to detect trend significance in time series for
hydrological and climate analysis. This test used by many
researchers and was found to be an effective tool for
identifying trends in hydrologic and other related
variables.The trends of the annual and seasonal rainfall,
temperature and evapotranspiration time series were
analysed with Mann - Kendall test to find the statistical
significance level and coefficient of variation. The
processed rainfall, temperature and evapotranspiration
data were linked into the district-wise shape file of Tamil
Nadu. The changes were identified spatially using
Interpolation techniques and were mapped using ArcGIS
software.
RESULTS AND DISCUSSIONS
The district-wise rainfall, temperature and
evapotranspiration data for 30 years from 1971 to 2000
covering all districts of Tamil Nadu were processed and
the Mann – Kendall test results show that almost all
districts have an increasing trend for maximum
temperature and minimum temperature ( table 1). For
evapotranspiration, all districts have an increasing trend.
Precipitation shows a variation in trend among the districts
of Tamil Nadu. Ariyalur, Chennai, Cuddalore,
Kancheepuram, Nagapattinam, Pudukkottai,
Ramanathapuram, Sivaganga, Thanjavur, Thiruvallur,
Thiruvarur, Tiruvannamalai, Villupuram districts show a
decreasing trend in rainfall, whereas other districts show
an increasing trend. Minimun temperature and maximum
temperature of all districts except Salem were Statistically
Significant. Evapotranspiration of all districts were also
Statistically Significant. District-wise trend and
significance for precipitation, minimum temperature,
maximum temperature and evapotranspiration for 30
years (1971-2000) is calculated from Mann – Kendall
test and listed below. The processed climate data were
linked with the district-wise shape file of Tamil Nadu
and the changes were spatially mapped using ArcGIS.
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Table 1: District-wise trend and significance for precipitation, minimum and maximum temperature, evapotranspiration during 1971-2000.

Annual Rainfall:
The annual rainfall map show that districts like
Coimbatore, Nilgiris and Theni of the Tamil Nadu are
under high rainfall zone with rainfall intensity between
1530 to 2560 mm/year ( Fig.1). Rest of the western
districts falls under moderate rainfall zone. Coastal
districts such as Chennai and Kancheepuram also
fall under moderate rainfall zone. Other coastal
districts fall in normal rainfall zone and the central
districts of the state namely Dharmapuri, Salem,
Perambalur, Pudukottai are in low rainfall zone with
rainfall intensity of 850 to 880 mm/year.
Annual average maximum and minimum
temperature:
The annual average maximum temperature map
shows that districts like Thiruvallur, Chennai,

Villupuram, Cuddalore, Salem, Kancheepuram,
Ariyalur and Nagapattinam falls under high
temperature zone with maximum temperature
between 32.7°C to 33.2°Cfor the period 1971 to 2000.
Central districts of Tamil Nadu, Coimbatore and
Nilgiris comes under moderate temperature zone.
Western districts and southern districts fall into low
temperature zone between 24.6°C to 30.4°C ( Fig.2).
The annual average minimum temperature map shows
the variation of minimum temperature among the districts of Tamil Nadu. Coastal districts like
Nagapattinam, Aiyalur, Cudallore, Sivaganga,
Pudukottai experiences high minimum temperature
annually with minimum temperature between 23.3°C
to 25°C. (Fig.3) Central districts and western dis-
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tricts falls under moderate and low minimum temperature respectively.
Annual average evapotranspiration:
Northern districts of Tamil Nadu state falls under the
high evapotranspiration zone from 1971 – 2000 with

evapotranspiration between 4.36 to 4.85 mm/day.
Central districts falls under moderate
evapotranspiration zone and Southern districts falls
under low evapotranspiration zone between 3.24 to 4
mm/day. (Fig.4)

Figure 1: Annual rainfall during 1971 - 2000

Figure 2: Annual average maximum temperature
during 1971 - 2000

Figure 3: Annual average minimum temperature dur- Figure 4: Annual average evapotranspiration during
ing 1971 - 2000
1971 - 2000
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CONCLUSION
The trends and significance of the districts were
determined, from which increasing or decreasing trend
for precipitation is identified. Spatially mapping of the
climate variables provide us an understanding about
the districts which falls under high, moderate and low
zone. Ariyalur, Chennai, Cuddalore, Kancheepuram,
Nagapattinam, Pudukkottai, Ramanathapuram,
Sivaganga, Thanjavur, Thiruvallur, Thiruvarur,
Tiruvannamalai, Villupuram districts show a
decreasing trend in rainfall, whereas other districts
show an increasing trend. Precipitation is predicted
to be more variable between regions. Rainfall and
evapotranspiration are dependent on each other.
Evapotranspiration needs water, where rainfall is an
important source and rainfall needs evapotranspiration
which is a part of the hydrological cycle. Thus if
changes occur in any variable, it affects the
hydrological cycle. This can cause major changes in
ecosystems which are dependent on water
supply.Sudden increase in temperature could be
harmful for plants. The present study concludes that
Dharmapuri, Salem, Perambalur, Pudukottaidistricts
were more vulnerable with low rainfall. For the
temperature, Salem, Kancheepuram, Chennai,
Villupuram, Cuddalore, Ariyalur and Nagapattinam
were vulnerable with high maximum temperature and
Sivaganga, Pudukottai, Nagapatinam, Cuddalore were
vulnerable to high minimum temperature. All the
districts of Tamil Nadu show an increasing trend of
temperature and evapotranspiration.
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ABSTRACT
The consequences of ignorance of our nature for sustenance of human beings
through variegated interventions for development will be disastrous and
unpredictable. Agroecological components and entities promote ‘clean nature’
through proper maneuvering. Home gardens in Kerala represents such an agroecological land-use system typical of tropical South India, where interaction and
intimate association of different production components (crop-tree-animal mix
combine) insitu are intensively facilitated and managed by family labour so as not
only to meet the food production but also to generate additional income through
sale of farm surplus. Riparian home gardens are havens of bio-networks.
Interventions interferes with essential ecological functions leading to the loss of
biodiversity that has multiple consequences that threatens our food supplies,
opportunities for recreation and tourism, and sources of wood, medicines, energy
and income. Loss of biodiversity has reduced the repository of wild gene pool
and has resulted in pest outbreaks in domesticated crops leading to the use of
chemicals for its control and management and thus leading to pollution of the
Keywords:
environmental at large. The efforts to assess the quality of water in the Chalakkudy
Biodiversity, Landscapes,
tributaries confirmed the presence of pesticide residues of quinalphos and ethion
Shannon, Ecosystem,
through chemical analysis in 47.37% of total number of water samples. Riparian
Species, Anthropogenic,
ecosystems are so fragile, sensitive and important for the sustenance of terrestrial
Pollution.
biodiversity which are the natural resource of human development. Ecological
services rendered by riparian ecosystem are uniquely different and its damage for
any developmental purpose would be extremely costly or impossible to replace.
This explorative study was conducted in the 60 selected home gardens in the leftright riparian banks of Chalakkudy river in Kerala, India casting the upper reaches
and middle to lower reaches. The study aimed to assess the crop composition
structure of tropical riparian home gardens in terms of diversity index. Biodiversity
was quantified using Shannon wieners index (H’). From 60 home gardens that
were analyzed, H’ varies from 1.235 to 1.765 in the upper riparian reaches with an
average H’ of 1.518 and for the middle to lower reaches the mean H’ value ranged
between 0.873 and 1.736 with an average diversity index of 1.453 indicating a lower
biodiversity in home gardens from the middle to lower reaches of the riparian
corridors. Riparian home gardens that are of importance to the mainly subsistencelevel existence of farmers are often subjected to the economic interest. As a result
this system has undergone radical changes due to variegated interventions leading
to lessening biodiversity. Riparian home garden farming systems are human
landscapes that are sustainable fulfilling the different pillars of socio-economic
and environmental stability and hence it becomes essential to protect this system
by ensuring programmes to conserve and augment riparian biodiversity.

INTRODUCTION
Biodiversity describes the variety and array of life on
Earth. A common measurement of biodiversity is the
total number of species found in an area often
measured in terms of diversity index. High levels of
ecosystem stability is ensured when system is more

diverse and is better able to cope with environmental
stressors, such as floods or drought. Biodiversity gives
us choices, options and flexibility to help us cope with
variability, including long-term habitat changes. But,
riparian (describes the land immediately surrounding
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water sources where water strongly influences the
immediate ecosystem) areas, that support high levels
of natural biodiversity is often the niche of
intervention, exploitation and ironically the sites of
conservation. Historically, riparian areas that were
important for native peoples facilitating early
settlements owing to transitions have transcended to
dwelling units with agricultural and riparian resource
acting as the main resources for making them the
ways and means of their life. Home garden forms
the basic farming production system in Kerala and is
present in all agro-ecological zones.
Home gardens of Kerala supports 2.76% of India’s
people (The Hindu, 2013) signifying the importance
of this predominant type of agricultural production
system. This system with a repository of high diversity
valuable plants and animals per unit area with inclusive
interaction through intervention by man has resulted
in a unique combination of high levels of productivity,
dependability and sustainability. The same is the case
of Kerala riparian home gardens. Hodgkin (2001)
articulates that the home gardens contribute to the
conservation of biodiversity at the ecosystem, species
and within species levels. Under the shrinking per
capita land availability, dominance of nuclear family
structure, occupational shifts, resettlement after
migration, cultural diversity, coupled with the
intricacies of the global and market economy, home
garden systems are mushrooming and at the same
time are facing its own challenges. The aesthetic and
economic value of the riparian home garden agro
ecosystem facilitates both agricultural and allied
interventions with other occupational interferences
which is uniquely different from the general garden
land based home garden farming system. One of the
major challenges is its rapid influence of home gardens
in the riparian biodiversity. Hence this study envisaged
for a comprehensive study of crop diversity in the
riprian home gardens.
METHODOLOGY
Measure of diversity index
Floristic richness of the Kerala home gardens is quite
substantial (Kumar, 2011). In this study, ShannonWeiner index of diversity based on information theory
(the information content is a measure of the amount
of uncertainty) was used to calculate the diversity
index of the home gardens. This index was
purposively chosen as its measure enables a better
understanding of the structural configuration of home
gardens. Also, the whole of a home garden could be
considered as a single unit for the study unlike other
cases where usually a portion of the ecosystem is

considered by way of further sampling. The formula
used for determining the diversity index was:

Where
H‘ - Shannon-Wiener diversity index (Di)
Pi - A proportion of total sample
belonging to ith species
Sampling
A total of 60 riparian home gardens were enumerated
for its crop diversity. The sixty samples were
enumerated from the ‘upper, middle and lower’
reaches of Chalakkudy river at an interval of one
km. Both left and right banks of the river was covered
for a total of 30 km stretch in one side enabling an
understanding on the agricultural biodiversity of the
entire stretch of the river bank ecosystem.
RESULTS AND DISCUSSION
The riparian ecosystem diversity is influenced by the
influence of agricultural activities and home gardens
that caters to the subsistence and other economic
needs of the farm home, irrespective of the nature of
different agroecosystem, Saikia et al. (2012) pointed
that high diversity and low density of dominance in
diverse home garden categories may be due to
differences in anthropogenic pressure in different
home gardens. Hence, region wise Shannon diversity
index (H’) was worked out for a proper understanding
of the diversity level of riparian home gardens
indirectly throwing light to the biodiversity status of
the Chalakkudy riparian tracts. The results are
enumerated and discussed under the following
subheads.
Region wise Diversity index (Di) of riparian home
gardens in the upper reaches and mid to low reaches.
The results of region wise diversity index presented
for sixty samples of riparian home gardens selected
randomly from the upper and lower reaches is
presented in table 1.
Table 1 revealed that the biodiversity was more in
the home gardens of upper reaches (mean Shannon
H’=1.518) compared to the H’ measures of mid to
lower reaches wherein the mean value was 1.453. A
wary perusal of table also revealed that the Shannon
(H’) of home gardens ranged from 1.235 to 1.765 in
the upper reaches; wherein 60 per cent (Table 2) of
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home gardens were categorised as low biodiversity
home gardens when compared with mean value
(Mean H’= 1.518) as the check. In case of home
gardens stretching across the mid to lower reaches
of the tributaries of Chalakkudy river, the Shannon

H’ value ranged between 0.873 and 1.736. Fifty two
per cent of riparian home gardens from the mid to
lower reaches were categorised as higher biodiversity
home gardens when compared with its mean value
(Mean H’= 1.453) as the check as presented in table
2.

Table 1. Biodiversity index of riparian home gardens in the upper and mid to lower reaches of Chalakkudy
river

It was interesting to note from Table 1 and 2 that,
when more percentage of high biodiversity home
gardens were found in lower reaches of the stream
more of lower diversity home gardens appeared in
the upper reaches. This could be because more
number of home gardens appeared in mid to lower
reaches of the river and were small holdings when
compared to the home gardens in the upstream that
were less in number and larger in size when compared
to the riparian home gardens in the lower reaches.
Also, the smaller home gardens may have more
number of taxonomically distinct crops in position as
compared to that of larger home gardens that may
include more number of species of a dominating
variety with more of economic interest. Another point
is at the management level, as reported by Thomas
(2004). As the middle to lower reaches was more
denser, home garden farmers could have intervened
to capacitate his garden with more number of specific
imperative and remunerative species, intentionally
thus lowering the biodiversity in the lower reaches .
Since the home gardens for study belonged to a unique
riparian ecosystem, these biodiversity values cannot
be a representative of the home gardens for whole
of Kerala. However, there is a perceptible view that
agroforestry crops are on the decline side in home
gardens which is a clear indication of cut and removal
of the same for inclusion of economic dominant crops

Table 2. Categorisation of region wise diversity index (H’) of riparian home gardens (upper and mid to
low reaches).

or as a result of spatial pressure due to the constraints
of family attributions. This is resulting in the overall
decline of biodiversity in home gardens which in real
is negating the prospective thinking of Das and Das
(2005) who described that home gardens are the
centres of conservation of a large diversity of
domesticated or naturally generated/regenerated
plants because of their multipurpose benefits rendered
to the households.
The efforts to assess the quality of water in the
Chalakudy tributaries from 17 sites transcending from
the upper reaches to middle reaches confirmed the
presence of pesticide residues of quinalphos and ethion
in 47.37% of total number of water samples collected
during the survey. Ethion constituted 77.78% of the
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water sample confirming for pesticide residues,
indicating that agricultural practices have an influence
on the quality of natural water bodies. Results
suggested that the continuous presence of pesticide
residues of ethion and quinalphos can contaminate
other nearby surface water bodies or even ground
water that can masquerade critical health threats to
the health of local residents of this area.
CONCLUSION
Riparian home gardens that are of importance to the
mainly subsistence-level existence of farmers are
often subjected to the economic interest. As a result
this riparian home garden eco system has undergone
radical changes due to variegated interventions
leading to lessening biodiversity. The diversity of crops
with primary home garden components along with
vegetation, livestocks, fisheries and other
specialisations enabling continuous produces/products
and reduces the production risks that in turn keeps
up the motivation level of farmers to try out with more
of commodity crops-non commodity crops
combination. This will ensure remunerativeness as
well as maintain or augment biodiversity of the
riparian agroecosystem. Crops that contribute
economically was observed to exhibit more diversity
is an indication justified by Schadegan et al (2013)
that there is significant positive relationship between
home garden species richness, household income that
satisfies the bio-physical, economic and environmental
needs of the home garden family and the riparian
niche. Riparian home garden farming systems are
human landscapes that are sustainable fulfilling the
different pillars of socio-economic and environmental
stability and hence it becomes essential to protect
this system by ensuring programmes to conserve and
augment riparian biodiversity.
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ABSTRACT
An extensive survey on fungi associated with post-harvest decay of root,
tuber and bulb crops was conducted in different market places of Odisha,
India, during 2014-15. Rotten samples of potato, sweet potato, radish, carrot,
beet, colocasia, yam, elephant foot yam (Amorphophallus), onion and garlic
were collected from six different localities such as Bhubaneswar, Cuttack,
Jajpur, Puri, Balasore and Bhadrak. Isolation, identification and pathogenicity
of those isolated fungi were conducted. A comparative nutritional study was
also conducted to know the effect of Sabouraud Dextrose Agar (SDA), Czapek
Dox Agar (CZA) and Potato Dextrose Agar (PDA) on the mycelial growth of
isolated fungal species causing storage decay of these root, tuber and bulb
crops. A total of nine species of fungi belonging to eight different genera such
as; Aspergillus flavus, Aspergillus niger, Fusarium oxysporum, Geotrichum
candidum, Rhizopus oryzae, Mucor sp., Junghuhnia sp., Neoscytalidium sp.
and Penicillium sp. were isolated from rotten samples. As regards to the
frequency of their occurrence, Aspergillus niger recorded the highest
percentage frequency while Rhizopus oryzae, Geotrichum candidum and
Aspergillus flavus recorded the same frequency of occurrence next to
Aspergillus niger. Storage rot of beet and yam by Junghuhnia sp. and storage
rot of yam by Neoscytalidium sp. was found to be a new host record in India.
The data on the pathogenicity tests revealed that all the isolated fungi were
pathogenic to the respective host species. The nutritional study on the effect
of three solid nutrient media on these test fungi revealed that Sabouraud
Dextrose Agar supported maximum growth followed by Czapek Dox Agar and
Potato Dextrose Agar. The use of improved cultivars, good storage facilities
and adequate control measures during transit and transport need to be
encouraged in order to reduce storage rot of these root, tuber and bulb crops
in India.

INTRODUCTION
Vegetables are an important source of human nutrition
and comparatively a cheaper source of vitamins and
minerals. They also serve as source for maintenance
of good health and beneficial in protecting against
some degenerative diseases. Different parts of
vegetables are used for human consumption and they
belong to different botanical groups with varying
cultural and climatic requirements. The vegetables
grouped under root, tuber or bulb crops are most
important as compared to other vegetables because
of their non-perishable in nature. After harvest, they
can be stored and consumed throughout the year.
Some important vegetables included in this group are
potato (Solanum tuberosum L.), sweet potato

[Ipomoea batatas (L.) Lam.], radish (Raphanus
sativus L.), carrot (Daucus carota L.), beet (Beta
vulgaris L.), colocasia [Colocasia esculenta (L.)
Schott], yam (Dioscorea alata L.), elephant foot yam
[Amorphophallus paeoniifolius (Dennst.)
Nicolson], onion (Allium cepa L.), and garlic (Allium
sativus L.). These crops are drought tolerant and
provide a wide harvesting window which makes it
act as a famine reserve. However, post-harvest
deteriorations caused by microbial invasion of the
tubers are the most important factors for loss in its
production and contribute hugely to the unsuccessful
long term storage of the root tubers (Okigbo et al.,
2009).
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Food scarcity is the world’s third most pressing
problem after poverty (FAO, 1997). Several countries
faced food scarcity which is one of the important
major concerns. It is reported that around 1 billion
people are challenging by severe starvation in
developing nations of which 10% actually die from
hunger-related complications. This problem arises due
to inadequate agricultural storage and produce
preservation from microbes-induced spoilages
(Salami and Popoola, 2007; Kana et al., 2012).
The present study was carried out to isolate and
identify fungi associated with storage rot of some
selected root, tuber and bulb crops in Odisha, India.
The significance of the present work lies with the
rapid incidence of post-harvest decay of the vegetable
with special reference to the agronomic conditions in
Odisha caused due to fungi and its possible control.
MATERIALS AND METHODS
Collection of rotten samples
Potato, sweet potato, radish, carrot, beet, colocasia,
yam, elephant foot yam (Amorphophallus), onion and
garlic showing symptoms of rotting were randomly
selected from different market places and store
houses of Odisha such as Bhubaneswar, Puri,
Cuttack, Balasore, Bhadrak and Jajpur. The samples
were collected and kept separately in sterile polythene
bags and brought to the Laboratory of Microbiology,
Post Graduate Department of Botany, Utkal
University, Bhubaneswar, Odisha, India for further
phytopathological analysis.
Isolation and Identification of associated Fungi
The diseased samples were washed with tap water
and sterilized the surface with 0.1% mercuric chloride
solution for 2-3 minutes. The healthy samples were
cut through with a sterile knife. Slicing was done
starting from the healthy portions. Pieces of 5 × 5
mm were cut and placed on potato dextrose agar
(PDA) medium and incubated at room temperature
for 24 hours (Khatoon et al., 2014).
Representative colony types were purified by subculturing on fresh PDA plates. Pure cultures were
transferred to slants of PDA and the isolates were
grown singly on PDA for identification. The isolated
fungi were identified based on the isolate’s colony
characteristics on culture plates and microscopic
features in the slide cultures. Using a sterile
inoculating needle, a portion of each mycelial colony
was aseptically taken and placed on a clean
microscopic slide. Further it was tested in a drop of
lacto-phenol cotton blue to observe the presence of
fungi under microscope. The isolates were identified
with the help of the available literature. Authentication
of identification was made in the Department of
Mycology and Plant Pathology, College of Agriculture,

Odisha University of Agriculture and Technology,
Bhubaneswar, India. The frequency of incidence of
each fungus on different rotten samples was estimated
by the formula:
Frequency of incidence = X/Y × 100
Where X = the number of pieces showing the
presence of different fungi and Y = total number of
pieces investigated. The frequency of incidence was
expressed in terms of percentage.
Pathogenicity test
Fresh and healthy samples were washed with tap
water and the surface was sterilized with 0.1%
mercuric chloride solution for 2-3 minutes. Cylindrical
cores were removed from the tubers with the help of
5 mm cork borer. Four millimeters (4 mm) of agar
discs containing 7 days old cultures of the isolates
were introduced into the holes and sealed with the
sterile Vaseline. Controls were set up as described
except that the inoculate consist of uninoculated potato
dextrose agar blocks. All the treated samples were
put separately into sterile polythene bags and
incubated at 28 ± 2 °C for 10 days. The roots were
cut through and examined for the extent of rotting at
regular intervals till the end of the incubation period
(Khatoon et al., 2014).
Nutritional study
A comparative nutritional study was conducted to
know the effect of three different solid nutritional
media on the mycelial growth of these 10 isolated
fungal species causing storage decay in the
aforementioned root, tuber and bulb crops. The test
solid media used during the experiments were:
Sabouraud Dextrose Agar (SDA), Czapek Dox Agar
(CZA) and Potato Dextrose Agar (PDA). The
inoculated petriplates were incubated for 1-15 days
of their respective growth at 28° C ± 1 °C inside an
incubator. Observations on the linear growth of each
test fungus were recorded by measuring the diameter
of the colony in two planes at a right angle to each
other. The incubation period followed for different
test fungi such as Aspergillus flavus, Aspergillus
niger, Fusarium oxysporum, Geotrichum
candidum, Rhizopus oryzae, Mucor sp.,
Junghuhnia sp., Neoscytalidium sp. and Penicillium
sp. and was 4, 8, 6, 11, 2, 10, 5, 3 and 15 days
respectively.
RESULTS
Isolation of fungi from the rotten sample:
The data presented in Table 3.1 revealed that 8 genera
comprising of 9 species of fungi were isolated from
rotten samples collected from the markets of
Bhubaneswar, Puri, Cuttack, Jajpur, Balasore and
Bhadrak in frequencies ranging from 3.63 % to 86.16
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%. Taxonomically, these ten species were identified,
along with their respective hosts like Aspergillus
flavus from potato, colocasia, elephant foot yam,
sweet potato and onion; Aspergillus niger from
garlic, onion, beet root, radish, carrot, yam, elephant
foot yam, colocasia and potato; Fusarium oxysporum
from potato and yam; Geotrichum candidum from
potato, colocasia, radish, carrot, yam and elephant
foot yam; Junghuhnia sp. from yam and beet; Mucor
sp. from potato; Neoscytalidium sp. from yam;
Penicillium sp. from potato and colocasia and
Rhizopus oryzae from sweet potato, colocasia,
radish, carrot, beet root and garlic. The study also
revealed that Aspergillus, Geotrichum and Rhizopus
were found to be the dominant fungi causing maximum
decay of these vegetables in storage condition due to
rotting. Among them, the post-harvest rot of yam by
Neoscytalidium sp. and Junghuhnia sp.; beet by
Junghuhnia sp. were found to be new hosts record
in India.
Pathogenicsity test:
All the fungi encountered were found to be pathogenic
to their respective hosts in artificial inoculation test.

Aspergillus niger, Mucor sp. and Geotrichum
candidum were found to be quick rotters of potato,
Rhizopus oryzae was of sweet potato, Aspergillus
niger and Geotrichum candidum were of radish,
Rhizopus oryzae, Aspergillus niger and Geotrichum
candidum of carrot, Junghuhnia sp. of beet,
Rhizopus oryzae and Geotrichum candidum were
of colocasia; Neoscytalidium sp., Geotrichum
candidum and Aspergillus niger of yam; Aspergillus
niger of onion and Rhizopus oryzae of garlic was
found to be quick rotters in inoculation test. All the
three isolated fungi from elephant foot yam were found
to take a long time for its rotting (Table 3.2).
Nutritional study
Studies on the effect of three solid nutrient media on
the mycelial growth of ten fungi indicated that among
the three solid nutrient media tested Sabouraud
Dextrose Agar supported the maximum radial growth
of most of the fungi except Fusarium oxysporum,
Geotrichum candidum, Mucor sp. and Penicillium
sp. Maximum growth of these fungi was obtained on
Czapek Dox Agar. Rhizopus oryzae showed its 100
% growth on all three test media (Table 3.3).

Table 3.1: Fungi associated with root, tuber and bulb crops and their frequency of occurrence

Table 3.2: Pathogenicity test of the respective host
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Table 3.3: Nutritional study of the isolated fungi

DISCUSSION
From the present study, it was found that a species
of Junghuhnia and Neoscytalidium were
responsible for post-harvest storage decay of yam
and Junghuhnia sp. of beet which were found to be
new hosts record in India. However, there was a
report on Junghuhnia vincta which is a casual agent
of a root disease of Pinus radiata (Hood and Dick,
1988). Besides P. radiata, Junghuhnia vincta is
associated with a root disease of other coniferous
hosts and also with other dicotyledonous trees (Taylor
and Sale, 1980). So Junghuhnia sp. is described here
for the first time as a pathogen of yam and beet root
causing storage rot in Odisha, India. Neoscytalidium
is a genus of fungi in the Botryosphaeriaceae family
with two species namely Neoscytalidium dimidiatum
and N. novaehollandiae and reported to cause
diseases (Crous et al., 2006). In Australia, Ray et
al., 2010 reported dieback of Ficus carica by
Neoscytalidium dimidiatum and dieback of
Mangifera indica by N. novaehollandiae.
Neoscytalidium dimidiatum was also found to cause
stem canker on red-fleshed dragon fruit (Hylocereus
polyrhizus) plantations in Malaysia (Mohd et al.,
2013) but there is no earlier report on storage rot of
D. alata by any species of Neoscytallidium. So
storage rot of D. alata roots by Neoscytalidium sp.
was found to be a new host record in India.
It was also noted that all the isolated fungi are
generally the soil inhabitants. They came in contact
with the tubers and fleshy roots of these vegetables
during the crop stand as surface microflora. After
harvest and during transport, transit and storage, they
infected the tubers and roots through wounds arising
out of harvest, transportation and storage handlings
or by injuries caused by insects and other
microorganisms when the environmental factors are
favourable for their growth and disease development
and thereby causing losses in storage and markets.
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ABSTRACT
The study was carried out in Biligiri Rangawamy Temple Tiger Reserve (BRT
TR) from February 2009 to May 2010 to assess the population and distribution
of the Asian Elephant, to document the human-elephant conflict, to identify
the conservation issues of the Asian Elephant and to assess the past and
present vegetation cover loss. The population of elephants in BRT TR was
assessed based on sampling of dung along transects (Barnes and Jensen
1987, Burnham et al. 1980, Dawson and Dekker 1991. The location of sightings/
signs (dung, feeding signs) besides waterhole were marked using GPS for
layering through GIS techniques for the distribution of elephants. The humanelephant conflict was documented during survey of villages. A total of 93
raids were recorded in HEC survey. The density of elephants in the dry season
was 1.04/km2 and wet season 0.77/km2. Habitat-wise, density was highest in
the moist deciduous forest (1.39/km2) and lowest (0.62/km2) in the scrub jungle
in during the dry season. In the wet season, the density was again highest in
moist deciduous and least in the scrub jungle. Extrapolating the density
estimates for the whole sanctuary (610 km2), the population of elephants
forthedry and wet season was 634 and 470, respectively. The adult male to
adult female sex ratio was 1: 5.6 and sub-adult male to sub-adult female was 1:
2.44. The cow to calf ratio was 1: 0.45. The population study in BRT TR shows
stable compared with the estimations carried out by AERCC and Karnataka
Forest Department in 2010 (1.04/km2).

INTRODUCTION
The Eastern Ghats supports one of the last remnant
tracts of the forests of the eastern parts of the
Peninsula. However, even these tracts are facing
severe threats due to the pressures of rapidly growing
human populations (Price 1977, Krishna Raju et al.
1990, Pulliah 2002), and these impacts are affecting
Asian Elephant Elephas maximus populations that
still survive in this range (see Sukumar 1985, 1986a,
1986b, 1989, 1990, Ramesh Kumar 1994, Daniel et
al. 1995, Sivaganesan & Bhushan 1986, AERCC
1998). The Bombay Natural History Society had
recently undertaken two U.S. Fish and Wildlife Service
sponsored projects on elephants of the southern areas
of the Eastern Ghats in Andhra Pradesh and Tamil.
The first was in Koundinya Wildlife Sanctuary, which
is one of the colonized sites for elephants that dispersed
from the Hosur-Dharmapuri forests (Daniel et al.

2006). Subsequent to this, another project (Daniel et
al. 2008) was undertaken with work extended to the
other colonized site in Andhra Pradesh (viz., Sri
Venkateswara Wildlife Sanctuary-National Park) and
the original home of the elephants (viz., the Hosur
and Dharmapuri reserve forests).
With the two above mentioned studies, the situation
of the elephants in the three study sites got fairly well
documented. The studies have provided a better
picture of the long-term conservation potential for
elephants in these areas, and have resulted in more
precise estimates of the population of elephants in
these sites. For example, the Forest Department’s
population estimate of elephants in the Koundinya WS
was around 60 in number, but has been scaled down
to 13 after our study. In the case of Sri Venkateswara
Wildlife Sanctuary-National Park, the population was
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recorded to be around 30 elephants (vs. 14-17
estimated by the Forest Department). In the HosurDharmapuri forest tract, field observations indicate
that there has been a significant decline from earlier
population estimates, besides a marked decline in bulls
in the population. The studies also revealed that all
the three sites face serious human- related biotic
pressures such as woodcutting and grazing. The loss
or changes in vegetation cover were evident on
analysis of past and recent vegetation maps generated
through the projects. Additionally, the studies have
helped us understand the causes and consequences
of elephant dispersals, offering insights into why
elephants disperse and their impacts on the intervening
areas along the dispersal routes and in colonized
areas. The lessons learned will help wildlife managers
to better understand and manage problems associated
with dispersal and colonization by elephants.
With these studies, a large tract of elephant areas in
the southern Eastern Ghats got documented. The
remaining forests of this region that lacked data on
the lines collected under this study a tract that lies to
the north, west and south of the Hosur-Dharmapuri
forests and up to where the Eastern Ghats terminate
at the northern edge of the Moyar Valley. These
comprise the forests of Cauvery Wildlife Sanctuary,
Kollegal Territorial Forest Division, Biligiri
Rangaswamy Temple Wildlife Sanctuary,
Bannerghatta National Park, the reserve forests of
Kanakapura Forest Division, all these in Karnataka
State, and Erode and Satyamangalam forest divisions
of Tamil Nadu.
METHOD
Population and distribution of elephants
The population and distribution of elephants in the
study areas were assessed based on sampling of dung
along transects (Barnes and Jensen 1987, Burnham
et al. 1980, Dawson and Dekker 1991), recordings
of sightings of animals, elephant signs (dung, footprints
and feeding signs) and from reports of elephant
sightings from tribals, woodcutters, villagers and
Forest Department personnel. The locations of
sightings/signs were marked using GPS for layering
onto maps of the study area through GIS techniques.
Sampling by direct sighting method to assess the
population, as proposed under the project, could not
be done due to the growth of Lantana (Lantana
camara) shrub in all the three study areas, which
impacted sighting of the animals, and especially in
BRTWS where the growth is extremely dense.
Sampling of dung along transects was used to
calculate elephant densities and estimate the
population, while the other exercises assessed the
distribution of elephants in the study sites. A total of
52 transects of 2 km each were sampled in BRTWS

during the wet and dry season, totalling 104 km for
each season. In CWS, 50 transects of 2 km each
were sampled during the dry and wet seasons,
totalling 100 km for each season. The transects in
BRTWS and CWS were those laid by the Forest
Department for census operations. Dung piles seen
from the transect line were recorded, and the
perpendicular distance from the transect line to the
center of the dung pile was measured by a measuring
tape. The defecation and dung decay rates of
elephants (variables required to estimate density)
were not assessed in this study, but standard values
obtained from a study in the Eastern Ghats
(Bannerghatta National Park: Varmaet al. 2009),
which were 16.33/day (defecation rate) and 0.0103,
SE=0.002 (decay rate) were adopted. These values
are also used by the Forest Department for estimating
elephant populations during the Synchronized Elephant
Census in these areas. The density of elephants was
calculated by the formula E = (Y x R)/D, where E=
density of elephants, Y = density of dung, R = daily
decay rate of decomposition, and D= no. of dungpiles deposited per elephant per day (defecation rate).
This analysis was done using software GAJAH
version 1.0, from which estimates of the population
were also derived.
Changes in vegetation cover
Topographical maps of the scale of 1:50,000 published
by the Survey of India of around 1980s and
LANDSAT Thematic Mapper (TM) and Enhanced
Thematic Mapper + (ETM+) for the time periods
1989 and 2000 respectively. The satellite dataset
LANDSAT consists of: TM data path 144, rows 51
and 52; dated 10.02. 1989 and 01.11.1990 respectively;
and ETM+ data path 144, row 52 dated 09.11.2012.
The satellite images were acquired from the Global
Land Cover Facility (GLCF) server at the University
of Maryland, Institute for Advanced Computer
Studies (UMIACS). The free access to an integrated
collection of land cover data is provided by the GLCF
(http://USGS.com).
Human-Elephant conflict
The current human-elephant conflict was documented
during surveys of villages, covering all the enclosure
villages and representative fringe villages along the
borders of the three sanctuaries, the selection
depending largely on reports of past and present HEC
incidences from records of Forest Department,
farmers and newspaper reports. For assessing current
HEC data (besides the crop compensation claims data
with the Forest Department), we surveyed 32 enclave
and 110 fringe villages in BRTWS from March 2009
to April 2010, 20 enclave and 22 fringe villages in
CWS from May 2010 to June 2011, and 37 enclave
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and 29 fringe villages in KTFD from July 2011 to
March 2012.
The data collected pertained to the villages raided,
crops raided, extent of damage, and on the age-sex
and group size of the raiding elephants (mostly derived
from dung measurements as crop raiding mostly
occurred at night). Additionally, farmers whose crop
fields were raided were interviewed to obtain more
information on the raiding pattern. Measures adopted
by the Forest Department to prevent or mitigate
human-elephant conflict (i.e., compensation, power
fences, trenches, driving by elephant trackers) were
assessed from actual observations and through queries
with affected people.
RESULT
Biligiri ranga temple wildife sanctuary
Population and Distribution
The densities of elephants in BRTWS obtained by
the dung count method in the dry and wet seasons
were 1.04/km2 and 0.77/km2 respectively (Table 4.1).
Habitat-wise, density was highest in the moist
deciduous forest (1.39/km2) and lowest (0.62/km2)
in the scrub jungle in the dry season (Table 4.2). In
the wet season, the density was again highest in the
moist deciduous and least in the scrub jungle (Table
4.3). The transects in the moist deciduous and semievergreen forests zone had water sources in their
vicinity, which may partly explain why elephants were
more abundant there than in the dry deciduous and
scrub forest. Extrapolating the density estimates for
the whole sanctuary (610 km2), the population of
elephants during the dry and wet season were 634
and 470 respectively.

dung/km) and least in the high-elevation Punjur range
(3.75 dung/km). In the dry season, theencounter rate
was again high in the K. Gudi (27.05 dung/km) and
Kollegal (18.85 dung/km) ranges – both of which had
significant water sources – and again least in Punjur
range (9.2 dung/km).
Population Structure
A total of 31 sightings of elephants were obtained
during the study period (February 2009 to May 2010),
comprising of 13 solitary bulls (12 adults and one subadult) and 14 family herds, all totaling 172 individuals
(Table 4.4). No makhnas were recorded. The
photographs of some of the individually identified bulls
and herd members are given in the plates at the end
of the report – an album of the 12 bulls and 67 herd
members identified was given to the Forest
Department for their records.
The herd size ranged from 1 (12 solitary bulls and
two cases of old cows) to 12 individuals. The family
herd size ranged from 2-12 individuals. Among the
12 solitary bulls, 11 were less than 30 years old. No
makhnas were recorded. The adult male to adult
female sex ratio was 1: 5.6 and the sub-adult male to
sub-adult female ration was 1: 2.44. The cow to calf
ratio was 1: 0.45 (Table 4.4).
Table 4.4. Population structure of elephants sighted
in BRTWS

Table 4.1. Overall elephant density in BRTWS (Dung
Count Method)

Due to insufficient sample size for range-wise analysis
of densities, we used encounter rates of dung to assess
the abundance of elephants in the five ranges during
the dry and wet seasons (Fig. 4.1). The encounter
rate of dung in the wet season was high in the Kollegal
range (16.65 dung/km) followed by K. Gudi(14.35

* calf to adult cow ratio.
CAUVERY WILDIFE SANCTUARY
Population and Distribution
The densities of elephants in CWS obtained by the
dung count method in the dry and wet seasons were
0.24/km2 and 0.13/ km2 respectively (Table 4.5).
Habitat-wise, the density was 0.37/km2 in the scrub
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forest and 0.23/km2 in the dry deciduous forest during
the dry season – the Forest Department had cut
transects in only these two major vegetation types
(Table 4.6). In the wet season, the density was almost
equal in both the habitat types (Table 4.7), but overall
it was less in the scrub jungle during the dry season.
Extrapolating the density estimates for the whole
sanctuary (527 km2), the population of elephants
during the dry and wet seasons were 126 and 68
respectively.
Table 4.5. Overall elephant density in CWS (Dung
Count Method)

* calf to adult cow ratio
Due to insufficient sample size for range-wise analysis
of densities, we used encounter rates of dung to assess
the abundance of elephants in the five ranges during
the dry and wet seasons (Fig. 4.3). As in the case of
density, the encounter rates of dung were lower in
the wet season than the dry season for all the ranges.
The encounter rate was relatively higher in the
Kanakapura range during both the seasons than the
other sites.
Population Structure
A total of 29 sightings of elephants were obtained
during the study period (June 2010 to June 2011),
including those of four solitary bulls (all tuskers). Unlike
in the case of BRTWS, individual identification of
individuals in the herds was difficult due to various
reasons, and the 25 sightings of family herds could
be cases of re-sighting of the same herds. After
making some rough provision for herds where the
matriarch/herd members were individually identified
and/or considering the size and population structure
of the herds, it appeared that a minimum of 8 family
herds were operating in the CWS during the study
period (Table 4.8), totaling 92 individuals.
The herd size ranged from 1 (4 solitary bulls) to 12
animals individuals. Among the 4 solitary bulls, 3 were
less than 30 years old. The adult male to adult female
sex ratio was 1:5.7 (Table 4.8); the sub-adult cow to
sub-adult bull ratio 1: 4.2; and the cow to calf ratio
was 1:0.51.
Table 4.8 Population structure of elephants in CWS

Kollegal territorial forest division
Population and Distribution
Arriving at population estimates for KTFD was not
possible due to insufficient sample size of dung
encountered in the transects (see Table 4.9). To
compensate for this, we combined the dung recordeds
in the transects with the dung recorded during surveys
undertaken on foot and jeep over the whole sanctuary
to assess the distribution of elephants in the sanctuary
and their encounter rates habitat and range wise.
Range-wise, more elephants were recorded in the
MM Hills range (Fig. 4.5), and habitat-wise, bamboo
dominated areas recorded more elephants (Fig. 4.6).
The distribution of elephants in the sanctuary based
on dung recordeds inthe transects, with elephant
sightings, dung and feeding signs recorded during
surveys are given in Fig. 4.7.
Table 4.9. Overall elephant density in KTFD (Dung
Count Method)

Population Structure
A total of 13 sightings of elephants were obtained
during the study period (July 2011-March 2012),
comprising of 3 solitary bulls and 10 family herds
consisting of 97 animals, all totaling 122 individuals.
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No makhnas were recorded. We were certain that
there was a minimum of 10 herds during the studyies
based on identification characters of matriarchs and
some individuals of these herds.
The herd size ranged between 1 (3 solitary bulls) to
15 animalsindividual. The family herd size ranged
from 2-12 individuals. Among the 3 solitary bulls, 2
were less than 30 years old. The adult male to adult
female ratio estimated was 1:10; the sub-adult male
to sub-adult female ratio was 1:0.9 and the cow to
calf ratio was 1:0.63 (Table 4.10).
Table 4.10 Population structure of elephants in KTFD

population of elephants is especially low in KTFD
though it is about double the size of CWS and
BRTWS. KTFD is the most disturbed of the three
study areas due to its status as a reserve forest
(contra wildlife sanctuary) and since the forests exist
primarily as patches of stretches of forest amidst
human habitation areas and crop fields – similar to
the situations in the forests of Hosur and Dharmapuri
(see Daniel et al. 2008a). This is unlike the other
two study areas where the forest is an overall compact
piece with villages at its borders and with a few within
its confines. Water is also scarce especially in the
Ramapura and Hanur ranges of KTFD, and other
than the Palar River which dries up along vast
stretches during summer, water is largely available in
small pools over these ranges.
The male-female sex ratios reported during the SEC
2010 were 1:3.5 for BRTS, 1:3.8 for CWS and a
surprising 1:1.2 for KTFD (Table 4.12). The sex ratios
from our studies were found to be 1:5.6 for BRTS,
1:4.6 for CWS and 1:10 for KTFD, which revealed
an especially highly skewed sex ratio in favour of
females for KTFD. The skewed sex-ratio is
significantly less in the sub-adult classes in all the
three study areas, and especially in KTFD. This is
probably because the population of younger bulls have
picked up after the cessation or control on poaching
of bulls, which was a serious problem in all the three
areas, and especially CWS and KTFD till 2004. This
explains why the SEC 2002 figures show a much
higher skewed sex ratio than the SEC 2012
Sex ratio (adult male: adult female) of elephants in
the three study areas

*calf to adult cow ratio.
DISCUSSION
The 2012 estimate for the elephant population in India,
based on Synchronized Elephant Censuses (SEC),
ranged from 27,669–27,719 (source: Project Elephant,
Government of India, 2010). Elephant population
estimates for the southern Eastern Ghats are given
in Table 4.11. The SEC uses a combination of direct
(sample block), indirect (line transect dung count) and
waterhole count to assess the population and
population structure of elephants, which are conducted
during the dry season (in May) once every 2 years.
These exercises are done by the field staffs of the
Forest Department with volunteers over a 3 day
period.
In contrast, most regions of KTFD and CWS are
relatively arid, except during the rainy season, and of
these, only CWS does not have the problem of scarcity
of water due to the presence of the River Cauvery
all along its eastern border. Among the two, the

A highly skewed sex ratio in favour of females has
been reported in a number of other sites that face or
had faced poaching pressure (see Sukumar, 1989a,
Easa and Sabu Jahas 2002, Daniel et al. 1995, 2008a,
2008b), and the population of bulls increasing with
control of poaching has been documented in a recent
study in Mudumalai Wildlife Sanctuary (Daniel et al.
2008b). The reason for the almost equitable sex ratio
of 1:1.2 for KTFD during the SEC of 2010 is difficult
to explain, especially since we obtained a ratio of 1:10
in 2012.
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ABSTRACT
This study was carried out to observe the abundance and diversity of macro
benthic polychaetes in three distinct locations in Tamil Nadu coast along with
physico-chemical characteristics. In the present study, the health of the
environmental circumstances was illustrated by the presence of indicator
species and the species variations in the study areas. The univariate and
multivariate techniques were used to characterize the area based on the
relationships among biological and environmental variables. Water temperature
ranged from 26oC to 35oC. Salinity varied from 10 to 36 ppt, while water pH
fluctuated from 7.9 to 8.1. Dissolved oxygen concentration ranged from 4.63
to 5.98 mg/l. A total of 29 polychaete species was recorded in the present
study. The Shannon–Wiener index ranged between 1.42 and 2.60. The evenness
(J2 ) varied from 0.78 to 1.00 and the richness (d’) value varied from 0.72 to
2.17. The dominance of benthic polychaete species exhibited in Pisione indica
and Pisione africana at St- 1; Notomastus aberans and Capitella capitata at
St- 2; Prionospio pinnata at St- 3. Variations of the potential polychaete
existences due to substrate suitability and the environmental conditions persist
in the study areas.

INTRODUCTION
Rapid industrialization and urbanization attribute to
environmental pressure on the coastal region with
decreasing water quality. Widespread aquatic pollution
due to indiscriminate waste disposal causes severe
ecosystem modifications and depletion of fishery
resources (Varshney et al., 1995). Estuaries are the
most important sink of pollutants derived from
anthropogenic activities (Saravanan et al., 2014). An
assessment of the health of a particular ecosystem
can be achieved only through a careful analysis of
fauna and flora. In short, the faunal components – a
dynamic element of the marine environment, are
considered as a good tool for monitoring the interaction
between coastal pollution and intertidal ecology. The
intertidal benthic assemblages and the community
variations are mainly affected by the anthropogenic
stress. Thus, the studies on the biological components
are needed to assess the environmental status,
especially benthic biota and particularly those related
to macro benthos they are the most useful tool in
environmental impact as-sessment. The effects
produced by polluted water or sediments on the

environment are well determined through the study
of benthic communities rather than analyses of
chemical features (Chapman, 2007). Polychaetes are
one of the most important groups of the marine benthic
community (Gendy et al., 2012). In addition,
polychaetes have a high level of tolerance to adverse
effects – both to pollution and natural perturbation
(Bryan and Gibbs, 1987; Burd and Brinkhurst, 1990;
and Levings et al., 1985).
The dominance of some species belonging to the
families Spionidae and Capitellidae is an indicator of
organic pollution (Tsutsumi, 1990). Polychaetes have
been used as bioassays for monitoring toxic
compounds and as indicators of perturbed
environments at the community, popula-tion and
specific levels. Few studies have been carried out on
the macro- fauna particularly on the polychaetes in
East coast of India. Hence, the present study
emphasises to assess the polychaete diversity with
the environmental variables in three different stations
in Tamil Nadu coast, south east coast of India.
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MATERIALS AND METHODS
Station 1 (Ennore-estuary) is located in between
13o13.982’N and 080o19.845’E; it is in the outskirts
of Chennai city and harbors a variety of industries
like pharmaceuticals, engineering, fertilizers, thermal
power plant in this area. Station 2 (Cuddalore-Uppanar
estuary) is located in between 11o40.124’N and
079o45.236’E; in this station, the major problem
confronted in the town is due to the development of
Cuddalore chemical complex by the SIPCOT near
the coast. There are 12 major industries very close
to the seacoast. Station 3 (Nagapattinam-Kaduvaiyar
estuary) is located between 10o45.287’N and
079o50.976’E; in this station, a classic symbol of
pollution caused by operation of fishing gears and
crafts, shrimp farming activity, domestic sewage.
Seasonal samplings were made for the year 2014.
Water quality parameters were measured using
standard methods. The temperature was recorded
by using a standard precision Celsius thermometer
with an accuracy of ± 0.5 oC. Salinity was estimated
with the help of refractometer (ATAGO, Japan) and
the values were expressed in ppt. Dissolved oxygen
was estimated using the Winkler’s method (Strickland
and Parsons, 1972) and the values were expressed
in mg/l. The pH was measured using digital pH meter.
For the sediment analysis, 100 gm of soil was collected
using grab haul. After taking samples, they were
transferred into cleaned polythene bags then air dried.
After air drying, the samples were sieved with the
help of a mechanical shaker (Buchanan, 1984) for
the soil texture studies. Total organic carbon was
estimated using the standard procedures. (el Wakeel
and Riley, 1956) Triplicate sampling was carried out
using a long armed Peterson grab which covered an
area of 0.0251m2 for macro benthic polychaetes.
(Mackie, 1994) soon after retrieval, samples were
gently sieved through a 0.5-mm sieve. The organisms
retained by the sieve were preserved in 5% formalin
and brought to the laboratory for further identification.
The sorted organisms were first segregated into
different groups and then identified to specific, genetic,
or other higher levels to the greatest extent possible
with the help of standard taxonomic references.
(Fauvel, 1953; Day, 1967; and Srikrishnadas et al,
1998)
Macro benthic polychaetes collected from the beds
were identified and listed. Pearson correlation
coefficient was employed for better understanding
of the relationship between the concentration of
various sediment nutrients, sediment composition and
pH by using a statistical package (SPSS 20.0). Their
settlement was analyzed using several indices:
univariate measures such as Margalef’s species

richness (d), Shannon– Wiener diversity (H2 log)
and Pielou’s evenness (J2 ) and multivariate tool such
as Bray–Curtis similarity after suitable transformation
of sample abundance data, classification (hierarchical
agglomerative clustering using group-average linking),
and ordination (multidimensional scaling, MDS) were
used for treating the data and were calculated using
a computer software PRIMER (Plymouth Routines
In Multivariate Ecological Research ver. 6.0).
RESULTS AND DISCUSSION
The physical parameters of water and sediment were
observed at all stations throughout the study period.
Temperature, salinity, DO and pH of water was
recorded. The values ranged from 26 °C to 35 °C, 10
to 36 ppt, 4.16 to 5.98 mg/l and 7.9 to 8.1 respectively.
In sediments, the total organic carbon varied from
4.63 and 11.02 mgc/g. Sediment texture in terms of
sand, silt and clay (%) were 94.17 to 99.46, 0.43 to
5.21, and 0.11 to 1.64 respectively in all the three
stations. In the present study, the water quality
parameters showed marked variation between three
regions, particularly temperature and salinity. The
maximum temperature was recorded in St- 1. This
could be due to the ennore power plant discharge the
heat water nearer to this site. A heated effluent
increases the temperature level significantly, which
in turn trigger the salinity level. This is stated previouly
(Kailasam et al., 2004 and Murugesan et al., 2011) at
Tuticorin bay. True to this, in the present study, the
maximum temperature of 36 oC and salinity of 36 ppt
was recorded in Ennore (St- 1). Dissolved oxygen
was observed minimum at Ennore (St-1) this may be
due to the increased water temperature which reduces
the dissolution of O2 in the coastal waters. The
temperature and salinity affect the dissolution of
oxygen in earlier reports (Viijayakumar et al., 2000).
Hydrogen ion concentration (pH) in surface waters
remained alkaline at all sites throughout the study
period with the maximum value during summer
seasons and the minimum during the monsoon.
Maximum temperature and salinity with low dissolved
oxygen did not show any variation in the polychaete
abundance in St- 1. Sediment texture plays an
important role in the ecology of benthic invertebrates
(Sanders, 1956; Maurer, 1969). These considerations
on the macro benthic assemblages and the
environmental variables in the east coast were
observed by earlier studies (Sekar et al., 2013 and
Chandrasekar et al., 2014). Sediment character has
been identified as one of the driving forces in
determining the polychaetes communities. But the
present study showed that there is no considerable
variation in the sediment composition between the
study areas. Total organic carbon was high in St- 1
and the low in St-3.
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A total of 29 species belonginnng to 16 family were
recorded from the study area. Predominantly
capitellidae, pisionidae and spionidae were the most
abundant in all the stations. Pisionidens indica
(19.29%) and Pisione africana (16.72%) were the
dominant species in station1. Notomastus aberans
(28.44%) and Capitella capitata (24.00%) were
found to be the dominant species in station 2.
Prionospio pinnata (15.86 %) followed by Capitella
capitata (14.78 %) were dominant species in station
3.. In the present study, Pisione africana and
Pisionidens indica were recorded as dominant
polychaete species in St- 1 (Ennore). Pisionidae is
recorded in the polluted environment in several
studies. (Rivero et al., 2005; Ajmalkhan et al., 2005)
N. aberrans and C. capitata were dominant in St- 2
(Cuddalore). The deposit feeders were found all
substrates with low and high organic carbon. (Gray,
1981; Belan, 2003; Musale and Desai, 2011) The
polychaetes species Prionospio pinnata was the
most dominant in St- 3 (Nagapattinam). Formerly
many reports found the same observation in all over
(Rygg, 1985; Yokoyama, 1990; Quiroga et al., 2007).
Earlier investigations carried out on polychaetes at
Southern sites of Zuari estuary and harbors of central
west coast of India also reported maximum number
of P.pinnata species (Harkantra et al., 2004; Ingole
et al., 2009).
The macro benthic polychaete density (ind/m2) was
calculated and the values were ranged from 300 to
800 ind/m2, from 125 to 550 ind/m2 and from 225 to
950in d/m2 at stations 1, 2 and 3, respectively. The
maximum number of polychaete species was
recorded at St- 3. The maximum macro benthic
polychaete density was recorded in the summer
season at St- 3. In the present study, 29 polychaete
species were identified from the study area, of which
15species are from St- 1, 12 species from St- 2, and
18 species from St- 3. In a healthy environment the
Shannon diversity values are higher and it ranges
between 2.5 and 3.5. (Ajmalkhan et al., 2004)
However, in the present study, stations 1 and 2 have
values below 2.5, except station 3 (H2 = 2.6). Thus,
the study areas has moderate Shannon diversity values
(1.73–2.6), suggesting environmental deterioration
associated with anthropogenic activities (Quadros et
al., 2009 and Ajmalkhan et al., 2014).
Classification analyses (using Bray–Curtis similarity)
followed by an ordination through MDS on abundance
data (individual/m2) independently for polychaetes (29
species) were undertaken. The 12 investigation
stations (four seasons×three stations) have been
divided into three groups: Ennore (station 1) [EPM,
ESM, EPRM, EMON], Cuddalore (station 2), [CPM,

CSM, CPRM, CMON] and Nagapattinam (station
3) [NPM, NSM, NPRM and NMON].
MDS ordination and hierarchical clustering, on species
abundance data during the four seasons (postmonsoon, summer, pre-monsoon and monsoon) in the
three study area. The performed cluster analysis on
polycheate abundance showed 80% similarity
between stations and seasons. The 2D stress value
(0.01) indicated that the results are credible. From
the dendrogram results, it is possible to classify the
results according to stations and also for seasons. In
the MDS plot, it is found that samples taken from all
the season are separated conforming to the
dendrogram.
Multiple k-dominance plots facilitate the discrimination
of macro benthic polychaetes according to speciesrelative contribution to standard stock. The kdominance curves obtained for different stations and
seasons show the diversity. The stations NPRM and
NPM show maximum diversity as the curves for all
three stations are lying lower than others whereas
the curve of the CPRM and CMON are lying at the
top and has a stiff elevation indicating the lowest
diversity. The k-dominance plot is plotted according
to the station showing the plot for pooled data. It
shows a curve indicating the high diversity of macro
fauna in station 3 (Nagapattinam) with less disturbance
when the curves were drawn separately among the
three stations. The cluster analysis show that the
seasonal abundance of polychaetes species in the three
regions. St- 1 got grouped separately from the St-2
and 3 indicating species dissimilarity. The k-dominance
plot points out the diversity varied among the stations,
lower with Station 2 and higher with Station3.
The correlation co-efficient was plotted between
polychaete diversity and environmental variables. At
station- 1, species diversity is negatively correlated
with water pH and sand while water temperature,
salinity, DO, silt, clay and TOC positively correlated;
richness is very much correlated with the diversity
and clay at p <0.05 level (Table 1). At station 2, species
diversity is negatively correlated with water pH and
sand while water temperature, salinity, DO, silt, clay
and TOC positively correlated; diversity is very much
correlated with the richness at p <0.05 level (Table
2). At station 3, species diversity is negatively
correlated with water pH and silt while water
temperature, salinity, DO, sand, clay and TOC
positively correlated; diversity is very much correlated
with the richness at p <0.05 level (Table 3).
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Table 1: Simple correlation coefficient (r) between
macro benthic polychaete species and physico-chemical parameters at station 1

Table 3: Simple correlation coefficient (r) between
macro benthic polychaete species and physico-chemical parameters at station 3

Overall the present study showed the similar tendency
Table 2: Simple correlation coefficient (r) between on the polychaete abundance and diversity among
macro benthic polychaete species and physico-chemi- the three stations with slight variations. The diversity
value below 2.60 in stations 1and 2 could be attributed
cal parameters at station 2
to the existence of many industries situated close to
the study areas. Generally, the benthic community in
an unstable environment is typically dominated by
opportunistic species characterized by higher
reproduction rate and genetic variation and is,
therefore, more stress tolerant. (Jernelov and
Rosenberg, 1976) In a pollution-stressed environment,
the conservative species are replaced by opportunistic
species characterized by small body size and a shortlife span which dominate numerically resulting in low
species diversity. (Warwick, 1986) Therefore, it is
inferred that the polychaetes could be effectively
utilized to assess ecological changes in the disturbed
environment. In this present study, the observed
spionids, capitellids and pisionids were found to be
potentially adaptive in these environments. Because
of the spionids and capitllids were universal indicators.
CONCLUSIONS
Scarce on the polychaete study in Indian Coast,
especially southeast coast, the work was considered.
So this work has framed. From this observation the
study concludes that Cuddalore (Uppanar) estuary
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had the lower polychaetes diversity than the Ennore
estuary and Nagapattinam (Arasalar) estuary
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ABSTRACT
The present paper describes the diversity of Caliciales lichens in Rayalaseema
forest of Andhra Pradesh. The order Caliciales revealed the occurrence of 53
spp. belonging to 14 genera under Caliciaceae and Physciaceae. Out of this 3
spp. viz. Heterodermia tremulans (Müll. Arg.) W.L. Culb., Physcia caesia
(Hoffm.) Fürnr., and Physcia integrata Nyl. are new distributional records to
the state and 8 spp. are endemic to India. Among the different growth forms,
the order exhibited the maximum diversity of foliose lichens represented by 32
spp. and based on the substratum, the order exhibits the luxuriant growth of
corticolous lichens represented by 33spp. The lichen genera Buellia and Pyxine
showed their dominance with 9 spp. each while Pyxine petricola var. pallida
Swinscow & Krog, Norweg and Dimelaena tenuis (Müll. Arg.) Mayrhofer &
Wippel. are dominant species in the area by representing 23 and 20 localities
respectively. Chittoor district exhibit the maximum diversity of Caliciales
represented by 39 species followed by 24, 21, and 14 species from YSR Kadapa,
Anantapur and Kurnool district respectively. Among the 41 localities surveyed
in Rayalaseema forests, the Neeladri range (Tirumala hills) and Talakona areas
exhibited the maximum diversity of Caliciales in Chittoor district represented
by 15 spp. each. The present data on the diversity and distribution of Caliciales
will be useful as a baseline data and for future bio-monitoring studies in
Andhra Pradesh.

INTRODUCTION
The Eastern Ghats are an assemblage of
discontinuous ranges, hill plateaus, narrow basins and
gorges, run in fragmentary spurs down the east side
of Peninsular India which includes Rayalaseema
forests of Andhra Pradesh. Biogeographically, the
region comprises of four districts viz. Anantapur,
Chittoor, Kurnool and YSR Kadapa of Andhra
Pradesh including 21.38% of deciduous forest areas
(Plate-1, A-E). The Rayalaseema forests have
unique lichen diversity district wise (Anjali et al. 2013;
Mohabe 2016a; 2017) and being explored continuously
by providing information on updated lichen wealth and
new distributional records to India or Andhra Pradesh
(Reddy et al. 2011; Nayaka et al. 2013; Mohabe et
al. 2014). Interestingly, the region is well known for
the type localities (Gundlabrahammeshwaram forest,
Rudrakodur and Neeladri range in Tirumala hills) of
newly described lichens from Kurnool and Chittoor
district (Mohabe 2015a, b & 2016b) which shows a
good scope to explore unexplored and underexplored

areas and to find out more diversity of lichens from
tropical India.
Caliciales with families Caliciaceae and Physciaceae
is a highly diverse order of lichenized ascomycetes in
the world comprising 1,276 spp. and in India it is the
third largest comprising 200 spp. (Lucking et al. 2017;
Singh & Sinha 2010). In earlier publications (Reddy
et al. 2012; Anjali et al. 2013; Nayaka et al. 2013;
Mohabe et al. 2014; 2015b; 2016a) all the genera
and species belonging to Caliciales in Andhra Pradesh
were reported under the lichen family Physciaceae
following Lumbsch & Handrof (2009). The present
work is based on lichens exploration carried out in 41
different localities of four districts in the Rayalaseema
forests of the state. The updated diversity and
distribution of Caliciales are represented for the first
time in Andhra Pradesh following recent classification
of lichenized fungi (Lucking et al. 2017).
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MATERIALS AND METHODS
The current study is carried out by investigating nearly
250 lichen samples collected during the 2012 to 2015
from 41 localities of l the four districts in Rayalaseema
forests of Andhra Pradesh. The morphological
features of lichen thallus and ascomata were observed
under Magnüs MS 24/13 stereomicroscope. Spot test
for colour reaction was carried out by 10% aqueous
solution of potassium hydroxide (K), Steiner’s stable
para-phenylenediamine solution (PD) and calcium
hypochlorite solution (C). For anatomical investigation
of fruiting bodies, light microscope of ZEISS Axiostar
plus was used. All the measurements of anatomical
structures were taken in water and 10% aqueous

solution of K. The lichen substances were identified
with Thin Layer Chromatography in solvent system
‘A’ following White and James (1985) and Orange et
al. (2001). Identification and classification of lichens
were done by following Awasthi (1991 & 2007),
Marbach (2000), Corticole und lignicole Arten der
Flechtengattung Buellia sensu lato in den Subtropen
und Tropen, Biblioth. Lichenol. 74: 1–384. Mayrhofer
(1996) Scheidegger (1993), and Lucking et al. (2017).
All the genus and spp. are arranged alphabetically
within each family. All the specimens were preserved
at the herbarium of Department of Botany, Yogi
Vemana University, Kadapa, Andhra Pradesh.

Plate-1. Lichen rich sites for Caliciales in different districts of Rayalaseema forests: A. Exposed rock
boulders at Gundumala hills, Anantapur district, B. A view of Tirumala hills in Chittoor district, C. View of
Horsley hills, D. Ahobhilam forest in Kurnool district, E. Forest with rocky outcrops at Guvallacheruvu
Ghats in YSR district, F-H. New records to Andhra Pradesh: F. Heterodermia tremulans, G. Physcia
caesia, H. Physcia integrata.

306

RESULT AND DISCUSSION
The order revealed that the occurrence of 53 spp.
belongs to 14 genera within the two families,
Caliciaceae and Physciaceae following Lucking et
al. (2017). Out of this, Stigmatochroma microspora
Mohabe, Nayaka & Reddy has already been
described as new to science and many new
distributional records to Southern India and Andhra
Pradesh (Anjali et al. 2013; Mohabe et al. 2016b &
2017). The present checklist of Caliciales of
Rayalaseema forests includes 3 new records viz.
Heterodermia tremulans (Müll. Arg.) W.L. Culb.,
Physcia caesia (Hoffm.) Fürnr., Physcia integrata
Nyl. which are new to Andhra Pradesh (Plate.1FG). A total of 8 spp. viz. Buellia morehensis Kr. P.
Singh & S. R. Singh, B. hemispherica S.R. Singh &
D.D. Awasthi, B. nilgiriensis S.R. Singh & D. D.
Awasthi, B. quartziana S.R. Singh & D.D. Awasthi,
B. substigmea S.R. Singh & D.D. Awashti, Physcia
abuensis D.D. Awasthi & S.R. Singh, Pyxine
punensis Nayaka & Upreti and Stigmatochroma
microspora Mohabe, Nayaka & Reddy were also
recorded which are restricted in different states in
India as endemic spp. (Singh & Sinha 2010; Mohabe
et al. 2015).
Among the different growth forms, the order exhibited
the maximum diversity of foliose lichens represented
by 32 spp. (60%) followed by 19 spp. (36%) of
crustose and 2 spp. (4%) of squamulose (Fig.1).
Based on the substratum, the order exhibited the
maximum diversity of corticolous lichens represented
by 33 spp. (51%) followed by 30 spp. (46%)
saxicolous and 2 spp. (3%) ramicolous (Fig.2). Out
of which 23 spp. were found growing only on bark,
20 spp. only on rocks, while 8 spp. shared both on
bark and rocks, a single species Hyperphyscia
adglutinata (Flörke) H. Mayrhofer & Poelt shows
a luxuriant growth on all habitats. Among the 14
genera, Buellia and Pyxine are the most dominant in
the area represented by 9 spp. each under Caliciaceae
followed by Heterodermia and Physcia with 8 and
7 spp. under Physciaceae (Fig.-3). Among the 53
species, Pyxine petricola var. pallida Swinscow &
Krog, Norweg, and Dimelaena tenuis (Müll. Arg.)
H. Mayrhofer & Wippel was the most dominant
species in the forests, found in 23 and 20 localities
followed by P. Petricola Nyl. and Dirinaria
applanata (Fée) D.D. Awasthi were found in 16 and
15 localities. Among the 41 localities surveyed, the
Talakona and Neeladri range (Tirumala hills) exhibited
the maximum diversity represented by 15 spp. each
in Chittoor district followed by Gundumala with 14
spp. in Anantapur district, Kodur with 11 spp. in YSR
Kadapa district and Ahobhilam forest with 8 spp. in
Kurnool district (Fig. 4).

Among the two families, Caliciaceae have maximum
diversity in the forests represented by 30 spp.
belonging to 9 genera. The family exhibited more
diverse habitat of saxicolous and corticolous habitat
with 18 spp. and 16 spp. Based on the different
growth forms the family exhibits a maximum diversity
of crustose and foliose lichens represented by 15 and
13 spp. followed by single squamulose species
Dimeleana tenuis. The family shows maximum
diversity in Srivari Padalu and Talakona area
represented by 8 spp. each followed by Horsley hills
and Neeladri range (Tirumala hills) with 7 spp. each.
In case of Physciaceae, the family represents 23 spp.
under 5 genera. It has a luxuriant growth of
corticolous lichens represented by 17 spp. followed
by 11 spp. of saxicolous lichens and 2 spp. of
ramicolous lichens out of which 4 spp. share both the
habitat of bark and rocks, single species Physcia
albata (F. Wilson) Hale grows on bark and twig and
Hyperphyscia adglutinata var. adglutinata (Flörke)
H. Mayrhofer & Poelt is found growing on all the
three habitats - bark, rock and twig. The family
showed maximum diversity in Gundumala hills
represented by 10 species in Anantapur district
followed by Guvallacheruvu and Kodur with 9 species
each in YSR Kadapa district. Among all the districts
surveyed in this area, Chittoor district exhibit the
maximum diversity of Caliciales represented by 39
species followed by 24, 21, and 14 species from YSR
Kadapa, Anantapur and Kurnool district respectively.
All the genera are arranged alphabetically within the
family and its diversity and distribution are presented
in Table-1.
CONCLUSION
In earlier publications from the Rayalaseema forests,
district wise diversity has already been presented and
noted that, the lichen member Physciaceae was
largest family in Kadapa and Anantapur district (Anjali
et al. 2013; Mohabe et al. 2016 & 2017) following
the classification of Lumbsch & Handrof (2009).
According to the recent classification of lichen fungi
in the Ascomycota and Basidiomycota, the order
Caliciales has been divided into two families
Caliciaceae and Physciaceae (Lucking et al. 2017).
Therefore, the present study indicates that Caliciaceae
is the largest family in Anantapur & YSR Kadapa
district. Among the four district surveyed in
Rayalaseema forest, Chittoor district shows the
maximum diversity of Caliciales represented by 39
spp. followed by YSR Kadapa district with 24 spp.,
Anantapur with 21 spp. and Kurnool district with 14
species. Out of 53 spp., some of the interesting
specimens are partially identified up to genus level
(Buellia, Dimeleana, Endohyalina, Physcia and
Rinodina) and they are either new to science or new
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records for India. Hyperphyscia adglutinata var.
adglutinata (Flörke) H. Mayrhofer & Poelt,
Dimelaena tenuis (Müll. Arg.) Mayrhofer & Wippel.,
Dirinaria applanata (Fée) D.D. Awasthi, Pyxine
petricola Nyl. P. petricola var. pallida Swinscow
& Krog, Norweg shows their presence in all the 4
districts.
The present study includes 28 new additions for
Chittoor district followed by 11spp. for YSR and 3

spp. for Anantapur districts under Caliciales (Anjali
et al. 2013; Mohabe et al. 2014, 2016, 2017). It is
also noticeable that, present work includes 13 new
additions to Kurnool district for the first time from
Andhra Pradesh. The present data on lichen diversity
and distribution of Caliciales in Rayalaseema forests
of Andhra Pradesh will act as a baseline data for
future bio-monitoring studies in the state as well as
India.
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Fig.1 .Diversity and percentage of Caliciales with
various growth forms represented in Rayalaseema
Forests

Fig. 2. Habitat preference of Caliciales and their
proportion represented in Rayalaseema Forests
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Fig. 3. Generic diversity of Caliciales in Rayalaseema forests.

Fig. 4. Diversity and distribution of Calicilaes in different district of Rayalaseema Forests.
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ABSTRACT
The Seoni is well known district of central India, located in the southerneast part of Madhya Pradesh, also known as “Land of Mowgli”. Rudyard
Kipling wrote about the Seoni Hills and its wild denizens. Seoni is most
popular district due to Priyadarshini Pench National Park and also for
Tiger Reserve, and Amodagarh for Land of Mowgli. Geographically it is
located between latitudes 21o35' and 22o58’N and longitudes 79o12' and
80o18' E and extends over an area of 8758 km2. Altitude varies from 425
to 620 MSL. The temperature varies from 4°C in December to 45°C in
May. Average rainfall is 1300 mm. The climate of the district is dry
subtropical in plain area and moist subtropical near Totladoh Dam, Bargi
Dam, Bhimgarh Dam and Wainganga river belt. Biodiversity wise Seoni
district is highly diverse area. The forests are tropical dry deciduous mix
types with more than 1200 species recorded including several grasses,
endangered and ethno-biologically important ones. The present paper
shows the present status of grass taxa (only up to genera and species
level) of the Seoni district, based on all the intense survey of different
locality around the year and along with photography. In this area we have
considered 39 genera with 87 species (some unidentified species are not
listed) belonging to Poaceae. All taxa of the grasses accepted here are
enumerated alphabetically. The present work is an attempt to enumerate
the grass taxa of the Seoni district. It is observed that 89 taxa are used
as fodder grass by domestic and wild life, all belong to family Poaceae.
The work has stimulates other researchers to study grasses of Seoni.

INTRODUCTION
The Seoni district is located in the southern-east part
of Madhya Pradesh. Geographically it is located
between latitudes 21o35' and 22o58' N and longitudes
79o12' and 80o18' E and extends over an area of
8758 km2. It is bordered by Jabalpur, Narsinghpur,
Balaghat and Mandla districts. Altitude varies from
425 to 620 Meters above Mean Sea Level. The
temperature varies from 4°C in December to 45°C
in May. Average rainfall is 1300 mm. The climate of
the district is dry subtropical in plain area and moist
subtropical near Totladoh Dam, Bargi Dam, Bhimgarh
Dam and Bainganga river belt.
Biodiversity wise Seoni is district highly diverse area.
The forests are tropical dry deciduous mix types with
more than 1200 species recorded including several
endangered and ethno-biologically important ones. The
forest cover in this area includes grand Tectona
grandis mixed with other dominant species like,
Adina cardifolia, Anogeissus latifolia, Boswellia
serrata, Butea monosperma, Cassia fistula,
Emblica officinalis, Ixora arborea, Lagerstroemia

parviflora, Pterocarpus marsupium, Semecarpus
anacardium, Sterculia urens, Terminalia
tomentosa, etc. The ground is covered with maze
of grasses, plants, bushes and saplings. Bamboo is
also found at some places.
The grass family (Poaceae) is one of the largest, yet
often under-appreciated, plant families on the planet.
Most grasses are not showy and have a low rating
on the human “wow scale” compared to other
blooming plants. People often find even the thought
of identifying a grass to species as an intimidating
task.
The grasses serve the nature as good soil binder and
they prevent the soil erosion naturally, and these are
good fodder for domestic and wild ruminants. Nutrient
cycling is another important role grasses play in plant
ecology.
MATERIALS AND METHODS
The present paper shows the present status of grass
taxa (only up to genera and species level) of the Seoni
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district, based on all the intense survey of different
locality around the year. All taxa of the grasses
accepted here are enumerated alphabetically. For the
phenological data consulted along with the review of
literature.
Diversity of grasses
On the basis of species number the Poaceae are the
fifth most diversified family with its about 9500
species stands after the Asteraceae (22,750).
Orchidaceae (18500), Leguminosae (18,000) and
Rubiaceae (10,200) species respectively. On the basis
of number of genera, the Poaceae (668) stand third
after the Asteraceae (1528) and Orchidaceae (788)
in their credit respectively ( Mabberely, 2008).
In India, Poaceae both on the basis of the number of
the species and genera stand first with its 1291
species distributed in 263 genera closely followed by
Orchidaceae (1229 species under 184 genera),
Leguminosae (1192 species under 173 genera),
Asteraceae (800 species in 166 genera), and
Rubiaceae (616 species in 113 genera) respectively
(Karthikeyan, 2000).
In Madhya Pradesh 95 taxa of Poaceae was reported
by Singh and Koul (2002). But in Seoni district, there
is no work has been done so far in this area.
RESULT AND DISCUSSION
In Seoni we have considered 39 genera with 87
species (some unidentified species are not listed)
belonging to Poaceae.
1. Apluda mutica, L,
2. Aristida sp.,
3. Bothriochloa pertusa,(L) A.Camus,
4. Chloris verigata, SW,
5. Chrysopogon fulvus, (Sprang.) Chiov,
6. Coix lacrima-jobi,L.,
7. Cymbopogon martini, Wats.,
8. Cynodon dectylon (L.) Pers,
9. Dectyloctenium aegiptium, (L.) Willd.,
10. Desmostachya bipinnata, Stapf.,
11. Dichanthium anulatum,(Forssk.) Stapf,
12. Digitaria stricta, Roth,
13. Dimeria ornithopoda, Trin,
14. Dinebra sp.,
15. Echinochlioa colonum,
16. Eleusine indica,
17. Eragrostis gangetica,
18. Eulaliopsis binata, C.E. Hubb.,
19. Heteropogon contortus, Beauv.,
20. Imperata cylindrica, P. Beauv.,
21. Ischaemum sp.,
22. Melanocenchris sp.,
23. Mnesithea sp.,
24. Ophiuros sp.,
25. Oplismenus sp.,
26. Panicum miliaere,
27. Paspalum scrobiculatum,
28. Pennisetum sp.,

29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.

Phalaris sp.,
Phragmites karka, Trin.,
Polypogon monspeliensis,
Rottboellia sp.,
Saccharum munja, Roxb.,
Saccharum spontaneum, Linn.,
Setaria pumilla,
Sporobolus sp.,
Themeda quadrivalvis, O. Kuntz.,
Thysanolaena maxima, O. Kuntz.,
Vetiveria zizaniodes.

CONCLUSION
The present work is an attempt to enumerate the grass
taxa of the Seoni district. Grass flora of this area is
quite diverse. However, identification is done up to
genus and species level.
In the present work, it is observed that 89 taxa are
used as fodder grass by domestic and wild life, all the
belong to family Poaceae.
One of the most significant challenges for the
Ecologist is to prevent the soil erosion naturally. Due
to increase of population pressure, deforestation in
natural courses which causes for the phenomenon of
soil erosion. To solve these problems, ecologists are
searching for some grasses. They have selected a
numbers of grasses which can be used as soil binders.
Nutrient cycling is another important role grasses play
in plant ecology. Since grasses often dominate the
plant cover in the natural world, their dead and
decaying litter adds a great amount of organic matter
to the soil, which feeds soil organisms and creates
healthier soil.
Domestic animals and wild life are dependent on the
grass family for survival; it is somewhat a codependency for all involved. They provide shelter belts
for wildlife and corridors between remnant vegetation.
The work has stimulates other researchers to study
grasses of Seoni.
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ABSTRACT
Vechur cow, an indigenous cattle variety of Kerala, a rare breed of Bos
indicus, is the smallest cattle breed in the world. This dwarf cattle breed is
well adapted to the hot, humid tropical climate of Kerala and high disease
resistance. Vechur Cattle were on the verge of extinction, and thus the
Vechur conservation unit came into existence in Kerala Veterinary and
Animal Sciences University to campaign “Save Vechur”. Breed
characterization is a primary step in designing appropriate management
and conservation programs of indigenous cattle in developing countries.
To support the conservation effort and understand innate immune
Keywords:
mechanism of Vechur breed, characterisation of the Toll-like receptors
Vechur, immune, TLRs,
(TLRs) in disease resistance was carriedout. Blood and milk samples were
Promoters and mRNA
collected from Vechur cattle, maintained in the Vechur Conservation unit.
DNA was extracted from blood samples, and total RNA from milk somatic
cells was isolated using TRI reagent. Primers used to amplify the promoter
region and mRNA of TLR2, TLR4 and TLR9 genes in Vechur cattle were
designed from Bos taurus sequences available in NCBI database. The
amplified promoter and mRNA product were sequenced commercially by
primer walking technique. The promoter and mRNA sequence of TLR
genes in Vechur cattle were characterized using various bioinformatics
tools. The sequence of promoter region of TLR2 of Vechur cattle with the
Bos taurus sequence showed 98 per cent similarity whereas TLR4 and
TLR9 revealed 99 per cent similarity. TLR2 and TLR9 revealed variations
for three sequence motifs. Significant variants observed for TATA and
CAT boxes and multiple putative binding sites in the promoter region of
TLR2 and TLR9 genes in Vechur cattle breed, may potentially link the
influence the innate immunity response against diseases. All three TLR
mRNA sequences showed 99 per cent homology with Bos taurus
sequence and exposed variations for 17 nucleotide in TLR2, 7 nucleotide
in TLR4 and 5 nucleotide in TLR9 mRNA. The ectodomain of Vechur
cattle displayed 10 LRRs for TLR2, 13 LRRs for TLR4 and 18 LRRs for
TLR9. The variation in the extracellular domain of LRRs, which may
promote the recognition of pathogen ligand specificity. The primary
structure of protein showed highest per cent of leucine amino acid for all
three TLRs and alpha helix is the prominent secondary structure seen in
all TLRs followed by beta turn and random coil. The presence of unique
structural features and substantial variation for TLR genes in Vechur
cattle breed, may change the confirmation of TLR proteins, which may
influence the binding affinity and interaction with pathogen to boost the
innate host disease resistance in Vechur cattle breed.

INTRODUCTION
Vechur cow, an indigenous cattle variety of Kerala, a
rare breed of Bos indicus, is the smallest cattle breed
in the world. This dwarf cattle breed is well adapted
to the hot, humid tropical climate of Kerala and is
highly disease resistance (Anilkumar and

Raghunandan, 2003). Vechur Cattle were on the
verge of extinction, and thus the Vechur conservation
unit came into existence in Kerala Veterinary and
Animal Sciences University to campaign “Save
Vechur”. Breed characterization is a primary step in
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designing appropriate management and conservation
programs of indigenous cattle in developing countries.
Selection of breeds that are resistant to diseases and
the integration of resistant trait in cattle is a promising
alternative to decrease the problems caused by
infectious diseases. Investigation may provide an
insight into the mechanisms involved in the disease
resistance. To support the conservation effort and
understand innate immune mechanism of Vechur
breed, this research was carried out to characterize
the role of Toll-like receptors (TLRs) in disease
resistance of indigenous Vechur cattle breed.
Recognition of pathogen is an essential for the initiation
of innate immune system and is mediated by TLRs
receptors (Aderem and Underhill, 1999). TLRs are
critical sensors of invading pathogens and effectors
of the innate immune system mechanism, which
enables the host to eliminate pathogens. Currently,
13 TLRs have been identified in mammals of which
ten are known to occur in cattle, each possessing
their own ligand recognition site and the expression
of TLR transcripts varies among different mammalian
species (Tabeta et al., 2004). Among the members
of TLR family, the expression of TLR2 is the key
receptors for PAMPs from Gram-positive bacteria
and TLR4 for Gram-negative bacteria. TLR9 acts
as an important adjuvant and complement the selection
of TLRs for the mounting of the immune response
(Goldammer et al., 2004). To investigate the role of
innate immune system of Vechur cattle in resisting
diseases, members of mRNA of TLR and its promoter
regions were sequenced and analysed with Bos tarus
sequence.
MATERIALS AND METHODS
Sample
Blood and milk samples of Vechur cattle breed were
collected from the Vechur Conservation unit,
Mannuthy Thrissur. Blood samples were collected
from jugular vein of Vechur cattle, using sterile
needles and syringes with 1ml of acid citrate dextrose
anticoagulant for 10 ml of blood.
DNA Isolation
Genomic DNA was isolated from collected blood
sample by using phenol chloroform method (Sambrook
and Russell, 2001). The concentration, purity and
quality of DNA were checked in a nanodrop
spectrophotometer (NanoDropTM 2000C). The
quality of the extracted genomic DNA was assessed
by agarose gel (one per cent W/V) electrophoresis
and by visualizing under UV trans-illuminator.
RNA Isolation
Somatic cells were isolated from the collected milk
samples. Total RNA from milk somatic cells was
isolated using TRI reagent The RNA isolated was
treated with DNase enzyme (Sigma-Aldrich) to
remove DNA contamination in total RNA. Quality
and integrity of isolated total RNA was checked
electrophoretically by agarose gel (1 per cent W/V).

First strand of cDNA was synthesized using
RevertAid First strand cDNA synthesis kit \using oligo
dT primers.
Primers and PCR amplification
Primers used to amplify the promoter region of TLR2,
TLR4 and TLR9 genes in Vechur cattle were
designed using online software Primer 3 software
from Bos taurus sequences (AC_000174,
AC_000165 and AC_000179 receptively) available
in National Centre for Biotechnology Information
(NCBI) database. Similarly, primers for TLR4 and
TLR9 genes were designed in two and three sets,
respectively utilizing TLR4 (Accession No.
NM_174198.6) and TLR9 (NM_183081.1) genes
sequence of Bos taurus. As TLR2 gene of Vechur
has been was sequenced earlier and it was retrieved
directly from the NCBI Genbank (Accession No.
KT862891.1). Primer properties were analysed using
sequence
manipulation
suite
(http://
w w w. b i o i n f o r m a t i c s . o rg / s m s 2 / p c r primer_stats.html). The conditions for PCR were
standardized to minimize non-specific amplification
and to get maximum amplification of the desired
product. Annealing temperature was standardized for
the promoter region for TLR2, TLR4 and TLR9 as
follows 53.2°C for 30 sec, 56.0°C for 30 sec, 53.0°C
for 30 sec, respectively. The amplification reaction
was carried out in 0.2 ml PCR tubes with 40 µl of
reaction volume.
Sequence Analysis
The amplified product of TLR prompters were
sequenced by Sanger’s enzymatic method. The
mRNA of TLR was sequenced by primer walking
technique (Chromous Biotech, Pvt. Ltd, Bangalore).
Complete sequence of each gene was obtained by
multiple sequence alignment (MSA) technique using
ClustalW method in MegAlign DNASTAR.
Nucleotide sequences of promoter region of TLR
genes were submitted to NCBI GenBank are assigned
with the following accession numbers: KR559022.1
for TLR2 promoter; KR559023.1 for TLR4 promoter;
KR559024.1for TLR9 promoter. The mRNA
sequence of TLR genes submitted to NCBI GenBank
was assigned with the following accession numbers:
KX138607 for TLR4 and KX138608 for TLR9.
Sequences obtained for TLR2, TLR4 and TLR9
genes in Vechur cattle were analysed using various
bioinformatics tools.
RESULTS AND DISCUSSION
Vechur cattle breed of Kerala are well known for
their low susceptibility to diseases than the crossbred
cattle. The marked differences in susceptibility to
diseases predict that there is considerable variation
in the efficiency of the antimicrobial defence within
the Vechur breeds. However, the mechanisms
underlying attenuated or exaggerated response of
Vechur breed to disease resistance is remain unclear.
As TLRs are critical for innate immunity, exploring
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the genetic basis of varied expression of TLR and
function may unravel many aspects of TLR signalling.
TLRs are critical sensors of invading pathogens and
effectors of the innate immune system mechanism,
which enables the host to eliminate pathogens. TLR2,
TLR4 and TLR9 are reported as critical sensors of
innate defence against bacterial infection (Fernando
et al., 2012). Hence, we sequence the promoter and
mRNA of TLRs to elucidate innate immune system
of Vechur cattle, and therefore characteristics Vechur
TLR sequences were analysed and reported here.
Promoter sequence of TLRs
The promoter region of TLRs plays a crucial role in
the transcription of genes. Promoter region consists
of various consensus sequences, capable of regulating
the rate of transcription by inducing or suppressing
the respective genes. The promoter sequence
obtained for TLRs genes in Vechur cattle were
assessed with that of Bos taurus for the important
sequence motifs, consensus sequence and their
functions (Table 1). The sequence comparison of
TLR2 revealed 98 per cent similarity with Bos taurus
sequence and showed variations at three sequence
motifs in TATA, Cyclic responsive element(CRE) and
Sp1 binding site. The promoter sequence of TLR4 of
Vechur cattle shown 99 per cent similarity with that
of Bos taurus sequence without any significant
variations in motif regions like TATA, CAAT, E-box,
NF-ºB, CRE and CpG regions required for regulation
of transcription. Promoter region of TLR9 also
showed 99 per cent similarity to Bos taurus genome
and revealed changes at three sequence motifs in
CAAT, NF-ºB, Sp1 binding site. The reported variation
for promoter sequence of TLR genes in Vechur breed
might influence the innate immunity response against
disease resistance.
Table 1. Important sequence motifs and variations
observed in the TLRs promoter

mRNA sequence of TLRs
Nucleotide sequence of TLR2 mRNA in Vechur
cattle was obtained from the Genbank revealed ORF
of 2355 bp coding of 784 amino acids. Sequence of
TLR2 revealed 2355 bp ORF in Vechur cattle, which
was in accordance with Raja et al. (2011).
Nucleotide sequence of TLR4 mRNA in Vechur
cattle revealed ORF of 2526 bp coding of 841 amino
acids and TLR9 revealed ORF of 3090bp coding for
1029 amino acids. All three TLR mRNA sequences
showed 99 per cent homology with Bos taurus
sequence and exposed variations for 17 nucleotide in
TLR2, 7 nucleotide in TLR4 and 5 nucleotide in TLR9
mRNA (Table 2).
Table 2. Nucleotide sequence variation of TLRs gene
in Vechur cattle

Amino acid sequence of TLRs
Amino acid sequence of Vechur TLRs protein was
predicted and analyzed by using SMART. The
ectodomain of Vechur cattle displayed 10 LRRs for
TLR2, 13 LRRs for TLR4 and 18 LRRs for TLR9.
Raja et al. (2011) reported 22 LRR for TLR4 gene
in goat and he also observed variation in the predicted
numbers of LRR. The LRR domain is important for
recognition of specific pathogen, since change in the
structural variation in LRR domain might be one of
the reason for better immunity in Vechur cattle.
Prediction of signal peptide sequence is important for
translocation of the newly synthesized protein and it
is further cleaved by signal peptidase enzymes. Signal
peptide prediction exposed the presence of signal
peptide with high prediction score of 0.8 out of one
for TLR2, 0.6 for TLR4 and 0.7 for TLR9. Cleavage
site between position 20 and 21 for TLR2, 16 and 17
for TLR4, 24 and 25 amino acid for TLR9 (Table 3).
In TLR2, the signal peptide cleavage site was
predicted between 20th and 21st amino acid, similar
to the report of Banerjee et al. (2012).
Table 3. Signal peptide region and LRR of TLRs

The primary structure of protein showed highest per
cent of leucine amino acid for all three TLRs, 15.43
for TLR2, 16.05 for TLR4 and 18.56 for TLR9.
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Leucine rich regions recognize various microbial
components engaging signaling cascade that results
in the response against such microbes. These results
are in accordance with the Raja et al. (2011). Alpha
helix is the prominent secondary structure seen in all
TLRs followed by beta turn and random coil. Highest
per cent of alpha helix for TLR4 gene in goat was
reported by Goyal (2012).
CONCLUSION
The presence of unique structural features and
substantial variation for TLR genes in Vechur cattle
breed, may change the confirmation of TLR proteins,
which may influence the binding affinity and
interaction with pathogen to boost the innate host
disease resistance in Vechur cattle breed.
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ABSTRACT
The annual spatially normal rainfall is extremely variable and most erratic
in the Western Ghats region of Maharashtra state. As a result, it
frequently experiences spells of scarcity situation. Surface water resources
are also meagree and distributed unevenly. Scarcity is a multi-dimensional
phenomenon and its direct impacts include withering of crops, drying of
watering points and reduction in fodder for livestock. The present study
was undertaken in Akole block of Ahmednagar district which is situated
in Sahyadri mountain of Western Ghats. The Kanadis, Mahadev Kolis
and Thakar pastoralists are migrating to other places and regions as a
coping mechanism against the scarcity of fodder and waterin the region.
The scarcity of fodder at any time is a function of stocking rate and
carrying capacity of the system at that time, which is affected mainly by
the amount of precipitation and livestock population. This has been
covered through analysing migration routes, herd size, management of
animals during migration, feeding practises along with plants used for
feeding, human involvement and difficulties faced by the communities.
The study indicated that migration period was about 4 months starting
from the month of January, the herd size was found to be in a range of 10
to 90 animals, one to three persons from a family were involved in this
migration and totally open system and extensive management system was
followed by the cattle owners. The total of 13 species of fodder plants
were documented which have contributed as major source of fodder for
the livestock. The unavailability of grazing land, market access, humans
and animals health services, theft of animals and belongings are some of
the difficulties observed during the migration.

INTRODUCTION
A cattle rearing is an important enterprise in dry land
regions and in most semiarid agricultural systems
Pastoralists, by definition, derive most of their
livelihood from raising livestock on natural forages or
crop residue, rather than on cultivated and stored
fodder or fenced pastures. For the pastoralists like
Dangi Cattle Owners in Akole Block of Ahmednagar
District, Maharashtra, domestic animals are a living
asset that contributes to household income, food
security, and health through dietary diversification.
The pastoralists have developed traditional migration
routes and a partition of responsibilities, with some
castes specializing in animal herding and others in
cropping. Over the centuries, herders have developed
traditional knowledge of animal husbandry and natural
resource management. This knowledge has allowed
them to endure periodic severe droughts on their
communally-managed rangelands (Kavoori, 2005).
This study was conducted to understand the
economics of Dangi breed rearing in migratory system

as well as the management with route followed by
the Dangi cattle keepers. Interviews along with the
small survey were conducted with Dangi cattle
keeper communities in Akole block of Ahmednagar
district.
Geographical distribution and native
environment of Study area
The present study area, Ahmednagar district is situated
more or less in the central part of the Maharashtra
state. It is formed in 1818 as a district of Maharashtra
state after the fall over of Peshwa Empire. The
Ahmednagar district is largest district of Maharashtra
occupying more or less the central position in the state
with a geographical area of 17,413 sq. km. The district
is located between 18°02’ and 19°09’ north latitude
and 73°09’ and 75°05’ east longitude. The district at
present divided into 14 revenue Tahasils. In these
regions thick forests are sheltred and hill forts such
as Harischanragad (1424 m), Kullang hill fort (1470
m), Ajoba hill (1375 m), Ratangad (1297 m) and
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Kalsubai hill (1646 m) are present. Kalsubai hill is
the highest peak of Sahyadri ranges in Maharashtra
(Anonymous, 1905). The average general elevation
of the district is 500-600 m.
Sahyadri ranges forms a natural boundary about 60
km. between Ahmednagar, Thane and Nasik districts.
Due to this north-west part of district is highly rugged.
There are three hill-forts Kulang, Ratangad and
Harishchandragad and the peak Ajuba Dongarare
found within the district. The average elevation of
the crestline of the Sahyadri within the district is about
1,300 m. The altitude ranges from a minimum 500 m
in the plains to maximum of 1664 m above mean sea
level in the higher hills of Western Ghats. The forest
area under the Forest Department is 1,432.64 sq km.
The forest cover is 8.41% of the total geographical
area of the Ahmednagar district. The vegetation of
the district in general is predominantly Southern
Tropical Dry Deciduous type which are scattered in
sheltered pockets of spurs and valleys and are situated
mainly in Akola, Sangamner, Ahmadnagar, Shrigonda,
Parner and Rahuri talukas. It covers about 80-90%
of the forest along with semi-evergreen patches in
sheltered ravines. The other parts of the district are
dominated by thorny scrubs and dry deciduous forest.
These forests can be broadly classified as dry tropical
forests, moist tropical forest and Western subtropical
hill forest. There are about 12 different tribes in the
Ahmednagar district are: MahadeoKoli, Bhill,
Chodhara, Gamit, Gond, Kothodi, Kokna, Kolidhor,
Naikada, Pardhi, Thakar and Warli. Out of these Bhil,
MahadeoKoli, Pardhi and Thakar are major tribal
groups of the district. According to 1971 census the
total tribal population of the district was 1, 45,783 (6.42
%). It forms 4.93 per cent of the tribal population of

Maharashtra state. While according to 1981 census
the total tribal population of the district was 1 87,656.
As per 2001 census the total population of the district
is 40, 88,077 (21, 06, 501 male & 19, 81, 576 females).
The tribal population is 3, 03,000 (07%).
METHODOLOGY
Herders with significant numbers of migratory Dangi
cattle were selected for study. As cattle herders were
migrating during the deficit period, the migratory tracts
were identified based on the results of the enquiry
from the Dangi cattle keepers by direct identification.
The places covered during migration and their distance
was obtained from enquiries. The information on
migratory tracts of the cattle herds during different
months in a year and the total radial distance travelled
by the herd were collected (Rao et al., 2011). All
three communities Kanadis, Mahadeo Kolis and
Thakars were interviewed during their migration with
a small questionnaire. Data was collected on the
general palatable fodder species available during the
migration for grazing, economics from cattle rearing
and constrains along with the ranking and priorities
of 25 migrating families.
RESULTS AND DISCUSSION
As discussed with the cattle herders the season for
cattle migration is from February to October and the
typical route for migration along with the names of
major halting places were identified and searched with
the Google map (Fig. 1), the choice of halting places
is based on the availability of water bodies. Two
persons per family depending on the herd size are
involved in the activity. Available fodder species during
migration are given in table 1.

Figure 1: Traditional migration route of Dangi keepers
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Table 1:Available fodder Species during Migration

Table 2: Financial Returns from Dangi cattle rearing

It was observed that major gains are from sale of
manure, although herders with more number of
animals are gaining more cost in both male calf sale
and manure sale, the management of the large herd
size is more risky. Selling the manure and getting
money from it is risky deal during the migration so
the cattle herders deal in the way that they get grains
while halting in the fields of local farmers.
The constraints faced by owners during migration of
Dangi cattle are depicted in table 3. Major constrain
are rapid decline of common grazing lands due to
encroachment and restrictions, lack of good quality
fodder and lack of health services.
CONCLUSION
The migration of Dangi cattle in Akoletahsil of
Ahmednagar is an age old practice that allows
livestock keepers to maintain their herds because of
better fodder and water availability in the stated
migratory route. The deterioration of commongrazing
lands has made it difficult for large herd owners to
maintain the animals in their native areas round the
year. Though livestock keepers have their own
management system which determines routes to be
followed and areas to be approached for grazing, they
face difficulties in obtaining institutional health

Table 3: Major constraints and their ranking

services, quality medicines at reasonable prices. The
interventions of state government by making provision
of mobile veterinary services and quality medicines
on different migratory routes will help in reducing
losses to livestock owners. Further, control of
criminals shall provide a healthy space for livestock
owners in different regions and ensure safety of
people engaged in this enterprise.
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ABSTRACT
The present work is focused on the updated lichen diversity of YSR
Kadapa district of Andhra Pradesh with the occurrence of 29 species
belonging to 19 genera under 10 families. The earlier work on lichen from
the district was explored with 46 species belonging to 17 genera under 10
families. A total of 21 corticolous species, 5 saxicolous species and 3
species were found growing on both substrates. The dominant families
were Lecanoraceae and Ramalinaceae. The most dominated genera are
Lecanora and Bacidia. The total diversity of lichens from the district
becomes 75 species belonging to 29 genera and 16 families. This
emphasized that the district is rich in lichen diversity.

INTRODUCTION
Lichen has proved the fact that life exists in adverse
climatic conditions also. The updated lichen wealth
of the world was recognized as more than 19,000
species which is around 17% of the known 1,10,000
fungal species (Lucking et al. 2016). The lichen flora
of the district was already explored by Anjali et al.
2013. The main aim of the research is to add new
additions and new species to the checklist already
provided to the district which has already been
explored in the field of lichenology. The district is rich
in Angiospermic flora as well as fauna. In the present
study we explored and identified some more lichen
to the flora of Andhra Pradesh.
MATERIAL AND METHODS
The present data is based on the more than 250
specimens collected during 2011-2015 from 10
localities of YSR Kadapa district in one of the district
of Rayalaseema region of Andhra Pradesh. The
lichen collections were done from different substratum
like rocks, barks and n both the surfaces. The
morphological characters of the specimens were
studied under Magnüs MS 24/13 stereomicroscope.
Spot test for chemical reactions were carried out by
using 10% aqueous solution of Potassium hydroxide
(K), Calcium hypochlorite solution (C) and Steiner’s
stable para-phenylenediamine solution (PD). Then
anatomical characters of the fruiting bodies and the
thallus were investigated by using Leica DM500
compound microscope. All the measurements of the
anatomical characters were done in water.The

secondary compounds were identified by using Thin
Layer Chromatography in solvent system ‘A’ White
and James (1985) and Orange et al. 2001. The
literature followed were Awasthi (1991, 2007),
Divakar and Upreti (2005), Joshi (2008), Mayrhofer
(1996), Nayaka (2005), and Laundon (1981). The
nomenclature and classification of lichens were
updated following Lumbsch and Huhndorf (2007),
Lücking et al. 2016. All the genera and species were
arranged alphabetically within each family. Identified
specimens were labelled, documented, digitalized. The
specimens were preserved in the herbarium of
Department of Botany, Yogi Vemana University,
Kadapa, Andhra Pradesh.
RESULTS AND DISCUSSION
The district has rich diversity of lichens represented
by 29 species belonging to 19 genera and under 11
families. These species were new additions to the
district form the state of Andhra Pradesh. Among
the different growth form of lichens the crustose
lichens exhibit the maximum diversity with 21
(72.42%) species followed by 7 (24.14%) species of
foliose and squamulose with 1 (3.44%) species. (Fig
1) Lichens based on the substratum 21 (72.42%)
species of corticolouswere found followed by 5
(17.24%) species of saxicolous and 3 (10.34%)
species were reported on both the substratum. (fig.2)
Fig.1 & 2
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From the present work 5 endemic species were
reported from the district, with these the endemic
lichen flora from the YSR Kadapa district has
reached to 13 species. A total of 2 new records were
reported from the district.

The most dominant species to the district are
Dimeleana tenuis(Müll. Arg.) H. Mayrhofer &
Wipplereported from six localities, followed by
Lecanora interjecta Müll. Arg reported from three
localities and L. helvaStizenb.,L.pseudistera Nyl., L.
tropica Zahlbr., Hyperphyscia adglutinata var.
adglutinata (Flörke) H. Mayrhofer & Poelt, Pyxine
cocoes (Sw.) Nyl. reported from 2 localities each and
remaining species were reported from single locality.
Among the 11 families that were reported the family
Caliciaceae was the dominant family with 8 (28%)
species followed by Lecanoraceae with 6 (21%)
species, Physciaceae and Ramalinaceae with 3 (10%)
species each, the families Parmeliaceae and
Teloschistaceae with 2 (7%) species each, the
families Graphidaceae, Ochrolechiaceae,
Stictidaceae, Trypetheliaceae, and Verrucariaceae
with 1(3%) species each.The more number of species
from the localities were reported from Kodur with
16 species, followed by Pincha with 14 species,
Palakonda with 6 species and Guvallacheruvu Ghat
and Palakonda hills with 2 species each respectively.
Other localities have deprived diversity with 1 species.
The reason behind the poor diversity in those regions
is due the lowest elevation with high temperature and
dry forest types, lack of moisture in those regions
and due to frequent anthropogenic disturbances.

CONCLUSION
The output emphasizes that the district is rich in lichen
diversity. The current work also included some
interesting specimens, partially identified upto genus
level such as Lecidella and Thelopsis as they are
considering either new to science or new record for
India. The identification is still under progress in
consultation with protologue, type specimens and
specialist’s personals. It is noteworthy to generate
the baseline data on lichens of Andhra Pradesh. The
earlier works of Reddy et al. 2011, Nayaka et al.
2013 and Mohabe et al. 2013 resulted to a total list of
107 species to the state. The Mohabe et al. 2015
reported 75 species from the chittoor district, as the
lichen diversity of Andhra Pradesh becomes 182
species. The present work includes 29 species with
these the lichen diversity of Andhra Pradesh has
reached to 211 species. The current work is very
useful to the upcoming researcher in the field of
lichenology from the state and also for the
Bioprospecting studies as the state is rich with lichen
diversity even though with the human disturbances in
the district. The work also requires the through study
in the entire region of the district as well as in the
state to complete lichen exploration for the complete
flora of Andhra Pradesh.
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ABSTRACT
Holostemma ada-kodien Schult.(family Asclepiadaceae) is a rare and
important medicinal plant. The tuberous roots are medicinally important
and have a huge demand in South Indian pharmacies. The plant is
threatened by habitat destruction and over exploitation. This necessitates
immediate attention for its conservation and cultivation. So the present
work is focused on the standardization of a viable tissue culture protocol
for micropropagation of H. ada-kodien for conservation. In vitro
experiment using nodal explants of H. ada-kodien were conducted for
clonal propagation and axillary bud proliferation. Nodal explants cultured
on full strength Murashige and Skoog’s (MS) medium fortified with
different combinations of growth regulators and also with additive,
adenine sulphate (AdS). The maximum number of shoots per explant was
achieved in MS medium fortified with BAP (3 mg L-1) in combination
with adenine sulphate (AdS) (8-9 shoots per explant). The present work
reports the successful induction of callus using nodal, inter nodal, petiole,
leaf explants. Induced callus in MS medium augmented with various level
of plant growth regulators to study their effect of callogenesis. The effect
in nodal explant on MS medium fortified with BAP (2 mgL-1),NAA (1
mgL-1 ) shown well developed nodular compact pale green callus. Sub
culturing resulted the regeneration. Rooting from the micro shoots was
achieved using in vitro rooting techniques. The multiple shoots formed
were transferred to rooting media (1/2 MS+IBA).Rooted plantlets were
potted and acclimatized in growth chamber and transferred to field with
69% survival after 12 weeks in the field conditions. Thus the production
of plantlets along with hardening was achieved. The protocol
standardized in the study may be effectively used for the conservation of
this rare and important medicinal plant. The study substantiates earlier
reports that the basal nodal explants form ideal starting material for axillary
bud proliferation for multiple shoot induction and also the nodal explant
is the best explant source for callogenesisis in H.ada-kodien. Addition of
Ads improved multiple shoot initiation along with healthy leaf and shoot
development.

INTRODUCTION
Micropropagation is an important technique for rapid
and large-scale multiplication of selected plants. The
type and concentration of plant growth regulators and
physiological status of the explant have profound
effect on the efficacy of plant regeneration. Plant
cell and tissue culture is used widely for the
conservation of endangered plant species, rapid mass
propagation and for genetic manipulation studies.
Population explosion, anthropogenic activities and
climate change has contributed to the decline in wild

populations of many medicinal species necessitating
strategies for their conservation. Micropropagation
helps the plant to manage the potential threats
including climate change, parasite attack. Plant
regenerated following this in vitro selection technique
might be genetically improved plants with an expected
capacity to cope with or even thrive in drier conditions
that they are subjected to as a result of climate change.
Therefore using this non-controversial, non-genetic
engineering approach could be an option to ensure
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the sustainability of the endangered plant (Gospal et
al.,2008).
Holostemma ada-kodien Schult. (family
Asclepiadaceae) is a rare and important medicinal
plant distributed in the tropical rain forests of the world.
(Kolammal, 1979; Sivarajan and Balachandran,1994).
The plant is used as an antidiabetic, rejuvenative,
aphrodisiac, expectorant, galactogogue, stimulant,
ophthalmic disorders and for maintaining youthful
vigour, strength and vitality (Moming 1987; Warrieret
al.,1995 and Gupta 1997). The medicinally important
tuberous roots are utilized as a major ingredient of
drug “jivanthi” (Kolammal, 1979) which has a huge
demand in South Indian pharmacies. According to
Dan and Shanavaskhan (1991), the gradual
disappearance of this plant is due to the indiscriminate
collection of root tubers as raw material for the
ayurvedic drug preparations as well as for other
anthropogenic reasons. Holostemma ada-kodien
is listed as vulnerable and rare in Foundation for
Revitalization of Local Health Traditions red list of
medicinal plants (FRLHT, 1997). Immediate steps are
therefore required for the conservation and cultivation
of this plant. The present work reports the successful
induction of callus using different explant source and
also increase number of axillary bud using nodal
explants of Holostemma ada-kodien for mass
multiplication.
MATERIALS AND METHODS
Plant material and maintenance
Stem cuttings of Holostemma ada–kodien were
collected during February – March from a mature
plant growing in the premises of a temple in Kollam,
Kerala, India and grown in the Botanical Garden of
the Department of Botany, Sree Narayana College,
Kollam.
Explant sterilization
Healthy and actively growing stem segments were
collected from field grown plants and washed
thoroughly in running tap water to remove debris and
soil from their surface. The plant material was cut to
appropriate size and subjected to sterilization
procedures. Initially the explants was soaked in 1%
(v/v) liquid detergent labolene with constant agitation
for 10 minutes, followed with systemic fungicide
Bavistin (1%) for 10 min. After the explants were
rinsed in sterile distilled water (DW) 3 times and taken
to culture room. In the laminar air flow (LAF) plant
material was subjected to further sterilization in 0.1%
aqueous mercuric chloride (HgCl2) for 3-5 minutes
followed by rinsing in sterile distilled water 3-4 times.
Medium and culture conditions
Murashige and Skoog’s (MS) basal medium
supplemented with various growth regulators singly
or in combinations were used in the present study.
The pH was adjusted to 5.8 before adding 0.8% w/v
agar (Sigma, India). Melted media dispensed into
culture tubes or culture flasks, plugged with non-

absorbent cotton plugs or caps and sterilized by
autoclaving at 15 lb (1.8 kg/cm2) pressure at 121°C
for 15 minutes. Sterilized nodal explants were trimmed
to appropriate size (7 -10 mm) and inoculated on MS
medium (Murashige and Skoog, 1962). The cultures
were incubated in the culture room at 25± 2ºC
temperature under 16/8 hours (h) photoperiod (light/
dark) with a light intensity of 1000 Lux (white
fluorescent light) emitted by 40W cool white
fluorescent–tubes (Philips, India) and 60- 70%
relative humidity.
RESULTS AND DISCUSSION
In the present investigation, the source of Holostemma
ada-kodien explants, were from field grown plants
(Fig.1). The initial treatment explant soaked in 1%
(v/v) liquid detergent labolene with constant agitation
for 10 minutes followed by treated with a systemic
fungicide Bavistin 1% for 10 min was adopted. This
treatment was followed by exposure to HgCl2 for 3
minutes. This was effective in reducing the
contamination rate and the loss of cultures was
reduced to 18 %. Treatment with Bavistin reduced
the loss from browning as well as fungal
contamination.
Nodal explants cultured on MS medium supplemented
with 6- benzylaminopurine (BAP) alone or in
combination with ±-naphthalene acetic acid (NAA)/
kinetin (KIN)/ indole butyric acid (IBA) showed
swelling and enlargement of axillary buds, callus
induction and or multiple shoot formation in 7-10 days
after inoculation. However after 4 weeks it was
evident that there was a great variation among the
cultured nodal explants. In some of the explants no
response was noted, while in others rapid proliferation
of callus from cut ends or callus formation and
subsequent axillary buds initiation and elongation was
observed. The results of the preliminary culture studies
led to the decision to analyse the effect of nodal
position on axillary bud initiation in Holostemma adakodien.
The experiments were initiated with the culture of
nodal explants excised from different regions of the
plant marked as positions (P) 1 - 4 (Fig. 2) in MS
medium supplemented with BAP (0.5, 1.0, 1.5, 2.0
and 3 mg L-1). It was observed that nodal explants
(P1 & P2) were slow to respond in culture compared
to the other nodal explants. The P3 Nodal explants
showed rapid proliferation of basal callus and but no
organogenesis was observed. The callus was pale
green and nodular but with the passage of time the
calli turned brown. Nodal explant P4 showed
proliferation of basal callus and emergence of single
shoot within 7 days of culture. Further studies were
carried out using P3 & P4 nodal segments and the
results are presented in (Table 1).
The P3 and P4 nodal explants cultured on MS media
with BAP (0.5 &1.0 mg L-1) showed axillary bud
initiation and swelling but the growth was very slow
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and calli formed was compact and nodular. 6 –
benzylaminopurine (1.0 mg L-1) was noted in P3
nodal explant that the calli turned brown with passage
of time.
The P4 nodal explants inoculated on MS media with
BAP (1.5 mg L-1) showed callus formation and
proliferation. The calli was pale green and its texture
was compact and nodular. Direct formation and
elongation of multiple shoots with basal callus
formation observed with passage of time (Fig 3). But
the further growth of the shoots was found to slow
down due to rapid proliferation of basal callus. Sub
culturing of the calli into the same medium resulted in
browning of the callus.
The P4 nodal explants on MS medium supplemented
with BAP (2 mg L-1) showed initial callus formation
and proliferation from basal cut ends, followed by
induction and elongation of multiple shoots in three
weeks. The callus was creamy green, compact and
nodular in texture. An average of 6 shoots was
formed. Sub culturing into the same media resulted
browning of the callus and drying of shoots. It was
found that the shoots when separated from the clump
of calli failed to survive in subcultures. Sub culturing
could be done only as a clump. In the present work
MS medium with BAP (2mg L-1) gives more basal
callus production with very good response of large
number axillary shoot formation (Fig 4). At higher
concentrations of BAP (3 mg L-1) the response of
nodal explants was poor.
On MS medium supplemented with BAP (1.5 & 2.0
mg L-1) in combination with NAA( 0.5 &1.0 mg L1) the nodal explants (P3 & P4) formed basal callus
which grew deep into the medium. The effect in nodal
explant on MS medium fortified with BAP (2 mg L1), NAA(1 mg L-1) shown well developed nodular
compact pale green callus. Subculturing resulted the
regeneration. MS medium supplemented with auxins
and cytokinins enhanced callus formation. The calli
were pale green nodular with good proliferation.
Occasional differentiation of shoot buds was observed
but the shoot differentiation was inconsistent and
occurred only in about 25 % of the callus cultures (12 shoots per culture). Nodal explants P3 & P4 in MS
medium supplemented with BAP (3mg L-1) in
combination with NAA (1.0 mg L-1) callus
proliferation was lowered and the calli turned brown
with sub culturing. The calli were nodular, compact
and green in colour.
Nodal explants P3 & P4 cultured on MS medium
fortified with BAP (1 mg L-1), NAA(0.5 mg L-1)
and KIN (0.5 mg L-1) the callus initiation started
within 12 days after inoculation. The callus
proliferation was rapid and the calli were nodular and
pale green. Subculturing into the same media resulted
browning of the callus. Shoot regeneration was not
observed.
In MS medium supplemented with BAP (1 mg L1)and IBA(0.5 mg L-1) nodal explants (P4) showed

initiation of axillary buds within 5 days after
inoculation. Development of axillary shoot was slow
due to the proliferation of basal callus. The calli were
nodular, compact and pale green in colour.
In MS medium supplemented with BAP (1.5mg L-1)
and AdS (1.0mg L-1) the nodal explants showed
faster initiation of shoots. MS medium supplemented
with BAP(2mgL-1) and AdS (1.0mg L-1) gave an
average of 4-5 shoots within 10 days. Nodal explants
in MS media with BAP (3mgL-1) and AdS(1.0mgL1) showed rapid callus initiation and proliferation 10
days after inoculation but with time the callus
formation and proliferation rate was found to
decrease and development of multiple shoot was
observed. An average of 8-9 shoots were produced
per explant. Sub culturing into the same medium
increased the number of shoots and also resulted in
elongation of internode (Fig 5). Adenine as AdS may
have stimulated cell growth and enhance shoot
formation as reported by Bantawa et al.(2009).
Increase in concentration of BAP in combination with
AdS resulted in reduction of callus formation and
development of multiple shoots from nodal explants
.The results are presented in (Table 2) .
Internodal explants in MS medium fortified with BAP
(0.5, 1.0, 1.5, 2.0 and 3.0) showed callus growth from
cut ends. Internodal explant cultured on MS medium
supplemented with BAP (1.0mg L-1) and NAA
(0.5mg L-1) induced callus was semi nodular pale
green initially but turned yellowish brown with
passage of time and also when sub cultured on the
same media(Fig 6). Petiole explants in MS medium
fortified with PGRs gave good response in terms of
callus induction with all the combination tried in this
work .The petiole explants gave a good callus initiation
from cut ends .The creamy green and friable calli
proliferated rapidly and covered the entire explant.
The best response in terms of callus initiation and
proliferation was in MS medium with BAP (1.0mg
L-1 ), NAA (0.5mg L-1) and KIN (0.5mg L1) (92%)
(Fig 7). The effect of different PGRs on the callus
induction from leaf explants of Holostemm aadakodien inoculated in MS medium augmented with
different combination of BAP, NAA, KIN and IBA
alone and in combinations also showed good callus
initiation and proliferation from cut ends. In MS media
supplemented with BAP (3.0 mg L-1), the leaf
explant showed faster initiation and the proliferation
of callus. The calli were nodular and the proliferation
of calli occurred on both adaxial and abaxial sides
(Fig 8). Callus formation was observed on the veins
and vein tips of leaves also. In MS medium fortified
with BAP (1.5,2.0 & 3.0 mg L-1) in combination with
NAA(0.5&1.0 mg L-1) the callus formation was
slower and less profuse when compared to the
response to BAP alone. Shoot differentiation was not
observed from the proliferating calli formed from leaf,
internodal or petiole explant in this study. Among the
different explants the basal nodal explant was the
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best source explant for multiple shoot initiation.
Increase the callus proliferation was coupled to
lowered number of multiple shoots.
For rooting the shoots were excised and individual
shoots inoculated on half strength MS media
supplemented with IBA at different concentrations
(0.1,0.2, and 0.3 mg L-1). The best response was in
MS media containing IBA (0.2mgL-1) which formed
an average of 5-6 roots. Well rooted plantlets were
transferred to paper cups covered with polythene
covers and kept in the green house. After 12 weeks
69% survival was achieved. The study substantiates
earlier reports that the basal nodal explants form ideal
starting material for axillary bud proliferation for
multiple shoot induction and also the nodal explant is
the best explant source for callogenesis in
Holostemma ada-kodien. Addition of Ads improved
multiple shoot initiation along with healthy leaf and
shoot development.

Fig.3: MS+BAP 1.5 mg L-1

Fig..5:MS+BAP 3 mg L-1
and AdS 1.0 mg L-1

Fig.1: Holostemm aada-kodien in natural habitat

Fig.4:MS+BAP 2 mg L-1

Fig.6: MS+ BAP 1mgL-1+NAA
0.5 mg L-1

Fig. 7:MS+BAP 1 mg L-1+ NAA
0. 5 mg L-1+ KIN 0.5 mg L-1

Fig. 8:MS+BAP 3 mg L-1

Figure 2: Sketch of Holostemma ada-kodien
nodal position of explant
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Table 1.Effect of PGR’s on callus induction from nodal explants of Holostemma ada- kodian

Table 2-Effect of PGRs and adenine sulphate (AdS)
on induction of multiple shoots from nodal explants
of Holostemma ada-kodian
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ABSTRACT
Caralluma sarkariae is a succulent, endangered and endemic plant from
southern Western Ghats. This is an ethanomedicinal plant used by
traditional healers of Southern Tamilnadu. Traditionally the plant has been
used as the treatment of Rheumatism, ulcer, asthma, fever, inflammation,
diabetes, stress, cancer and obesity. The species was frequently found in
dry deciduous regions of southern Tamilnadu. The habitat of this plant is
greatly affected by human interference for housing, tourism, land
speculation and lack of organized cultivation and overgrazing. So the
wild population has become limited and this species has now been added
to the list of Indian endemic plants. Therefore there is an urgent need to
conserve this plant species. An in vitro conservation protocol was
standardized for the medicinal plant Caralluma sarkariae from stem
explants on Murashige and Skoog’s basal medium. The stem explants
were tested on various concentrations of growth regulators. The explant
induced callus on MS medium supplemented with various concentrations
of TDZ, 2,4-D and NAA. The optimized callus induction occurred at the
concentration of TDZ+NAA (1.5+0.05 mg/l). The multiple shoot initiation
was achieved in the medium containing TDZ with NAA at the
concentration of 1.5+0.02mg/l. Root induction was significantly
approached on MS medium with 1.0mg/l IBA. Rooted plantlets were
significantly acclimatized with a survival rate of 86%. Best hardening
mixtures are Vermiculture: Sand: Red soil: Charcoal (1:1:1:1). The present
work demonstrates a dedifferentiate callogenic propagation, which could
be useful for large scale cultivation and conservation of this endemic
medicinal plant.

INTRODUCTION
Plants have been used as sources of medicinal agents
for millennia. As the age of modern, scientific
medicinal and single pure drugs has evolved, plantderived active principles and their semi-synthetic and
synthetic analogs have seemed as a major source for
new pharmaceuticals for the treatment of malignant
diseases, including diabetics. Although plants have a
long history of use in the treatment of cancer,
diabetes, many it not all, of the climes for the efficacy
of such treatments should be viewed with some
skepticism because cancer and diabetics as a specific
diseases entity, is poorly defined in folkloric and
traditional medicine. The family Apocynaceae is
mostly with climbers and the great majority of the
species could be found in countries with a tropical
climate (Gravely and Mayuranathan, 1931). Although
small, the family contains a number of plants with
scientifically recognized important pharmacological

activities (Aditya, 2011). The folk medicinal system
of India mainly relies on medicinal plants for treatment
of various ailments, where the folk medicinal
practitioners use whole plants or plant parts for oral
or topical administration for treatment of ailments. A
number of plants of this family have been used in the
traditional medicines in several countries.
Caralluma sarkariae is an endemic and endangered
medicinal plant found in Southern Western Ghats of
India and over exploited by the local tribal peoples
and medicinal practitioners for its highly useful
medicinal properties. Therefore the present study has
been undertaken on this plant for the conservation
aspects using in vitro propagation techniques.
MATERIAL AND METHODS
Plant material and explants source:
The stem of Caralluma sarkariae was collected
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from Sivakasi, Virudhunagar District and brought to
Coimbatore and grown under greenhouse conditions
was used for this study. The stem explants were
thoroughly washed under running tap water for 2530 min and then rinsed in a solution containing the
surfactant Tween-20 (2 drops in 100 ml solution).
Subsequently, they were surface sterilized with 0.1%
(w/v) HgCl2 solution for 0.5-1 min, followed by 3 to 5
rinses with sterile distilled water in a clean air cabinet.
The surface- sterilized explants were aseptically cut
into 1- 2 cm segments and carefully inoculated onto
MS culture media (Murashige and Skoog, 1962). In
this study, analytical grade chemicals procured from
Hi Media Pvt. Ltd. Mumbai, India were used.
Culture media and culture conditions: The
culture media consisted of MS salts augmented with
3% (w/v) sucrose and gelled with 0.8% (w/v) agar
(Hi-Media, India). The MS medium is supplemented
with combination of various auxins and cytokinins.
All plant growth regulators were added to the medium
before autoclaving. The pH of the medium was
adjusted to 5.6 to 5.8, followed by autoclaving at 121°C
at 15 psi (1.06 kg/cm2) pressure for 15 to 20 minutes.
The cultures were incubated at 25 ± 2 °C and 60
µmol m-2 s -2 light intensity under 12 h photoperiod
with cool-white fluorescent tubes (Philips, India) and
55% relative humidity.
Statistical analysis: A minimum of ten culture tubes
were developed for all combinations previously
explained. Analysis of variance (ANOVA) and mean
separations were carried out using Duncan’s multiple
range test to assess the statistical significance.
RESULTS AND DISCUSSION:
In order to establish an efficient in vitro multiplication
system for C. sarkariae, stem explants was incubated
on Murashige and Skoog’s basal medium. The stem
explants were tested on different concentrations and
the combinations of the growth regulators like TDZ,
2, 4-D and NAA used for callus induction. Direct
bud formation was observed from stem explants
cultured on MS medium supplemented with
appropriate plant growth regulators. The earliest
visible signs of growth were seen after two weeks of
inoculation in the form of swelling at one or both cut
ends of the stem explants on the MS fortified medium.
The young moderate sized stem explants were well
responded for rapid callogenesis after incubation
period of about four weeks. A Pale green colour and
healthy compact calli were observed on first week
of inoculation at the trimmed regions of leaf explants
on MS media supplemented with 2.0 mg/l TDZ
concentrations. The basal media supplemented (3%
sucrose) with 2.0+0.05 mg/l TDZ + NAA was found
to be more suitable for the callus induction. The MS
medium supplemented with all the concentrations of
2,4-D was found to be showed lower callus fresh

weight. However, highest callus fresh weight was
obtained in the MS medium containing 2.0 mg/l TDZ +
0.05 mg/l NAA combinations (Table-1and Plate-2).
The combined effects of TDZ and 2,4-D with NAA
were responded differently for shoot regeneration
from leaf derived callus of C. sarkariae (Table-2).
Stem explants grown on the media supplemented with
different concentrations of TDZ and 2,4-D alone or
in combination with NAA initially responded with the
enlargement and swelling of the stem tissues. They
started differentiating the multiple shoot buds within
2 weeks of inoculation, especially at the ends where
bud initials began to appear. The same callus developed
buds were also transferred to the MS medium which
allowed for further development and multiplication
of shoots.
The callus was cultured in MS medium with various
concentrations of growth regulators like TDZ and 2,4D (0.5 to 2.5mg/l). The highest number of shoots were
observed in (1.5+0.02 and 2.0+0.02 mg/l) TDZ+NAA
and followed by 2.5+ 0.02 mg/l of 2,4-D+NAA. The
regeneration frequency was high in TDZ combined
with NAA at 88% and 80% respectively (Table-2
and Plate-2).
TDZ was the most important factor for adventitious
shoot regeneration, as no adventitious shoot developed
on the explants exposed to the media without TDZ.
Higher concentrations (above 2.5mg/l) of 2, 4-D alone
produced light green compact and brown friable callus.
Lower concentrations of cytokinins had no
adventitious shoot formation, however, only the
optimum concentration showed adventitious shoots
from the wound points of stem explants, after 2 to 3
weeks. The combinations of TDZ (2.0mg/l) with NAA
(0.05 mg/l) improved the shoot proliferation rate
significantly (7.5 and 5.5 shoots, respectively) when
compared with 2,4-D and TDZ alone. For shoot
elongation, 30 days old multiple shoot mass were
transferred to half strength MS medium containing
TDZ/NAA (0.5 to 2.5mg/l) alone or with the
concentrations of NAA (0.05mg/l). When the
concentration of TDZ was increased, the shoot length
also increased up to the optimum level (5.2cm). The
optimum concentration of TDZ (1.5mg/l) + NAA
(0.02mg/l) was proved the best shoot elongation and
enhanced the number of multiple shoots (Table-2).
The calli have developed roots on half strength MS
medium supplemented with IBA and NAA at different
concentrations (0.1, 0.5, 1.0, 1.5 and 2.0mg/l). In IBA
supplemented MS medium, the number of roots and
their length were high when compare to NAA
supplemented medium. Among the various
concentration used, IBA at 1.0 mg/l was found to be
yielded higher percentage of rooting in the in vitro
derived shoots. The higher frequency of rooting
response was observed within 15 to 20 days of culture
(Table-3 and Plate-2). The maximum 84 per cent
frequency of rooting was noticed, when the shoots
were cultured in half MS medium fortified with the
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optimum level of NAA (2.0mg/l). After 15 days of
culture in rooting medium resulted in maximum
percentage of rooting and the four to six days of dark
treatment stimulated maximum rooting in IBA or NAA
supplemented medium. The hormone concentration
with respect to percentage of rooting per shoot and
nature of roots were controlled by auxins and their
various concentrations.
Rooted plantlets of two weeks old cultures were
transferred to soil under shade for in vitro hardening.
The plantlets were taken out from the flasks, removed
from agar/medium washed with sterile water and
transferred to paper cups containing vermiculite, sand,
red soil and charcoal at the ratio of 1:1:1:1. These
plantlets were irrigated with half strength MS medium
twice for 20 days in the controlled conditions and were
covered with plastic covers. These plants were
maintained under controlled temperature (25±2°C)
for a week. The regenerated plants did not show any
detectable variation in morphology or growth
characteristics with the respective donor explants.
The survival percentage was 84%. The welldeveloped plants were then transferred to earthen
pots (Table-4 and Plate-2). Similar activities were
performed by others, the C. sarkariae propagation
showed the maximum number of shoots were
regenerated 65% from the callus on MS medium with
BAP+Kn+NAA (2mg/l+0.5mg/l+0.5mg/l). The
elongated shoots were rooted on MS medium with
0.1mg/l NAA (Raja sreelatha et al., 2009).

Table 2: Effect of different cytokinins and auxins on
multiple shoot regeneration from in vitro grown callus
of Caralluma sarkariae

Table 1: Effect of different concentrations of plant
growth regulators on callus induction from leaf
explants of Caralluma sarkariae

Table 3: Effect of different concentrations of auxins
on root induction from in vitro regenerated shoots of
Caralluma sarkariae
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Table 4: Effect of different concentrations of hardening
medium on survivability of in vitro developed plantlets
of Caralluma sarkariae

CONCLUSION
Caralluma sarkariae is an endemic and endangered
succulent and wild medicinal plant, growing in dry
parts of Southern Tamilnadu. It is having a limited
number of population. The Caralluma species are
edible and have medicinal property include antiinflammatory, anti-nociceptive, anti-ulcer, anti-diabetic,
carminative, febrifugal, anti-pyretic and antioxidant.
Caralluma have also been found to be appetite
suppressant, a property which is well known to Indian
tribals, Sheppard’s and hunters. The extracts of
Caralluma in the form of capsules, has been released
under trade name GENASLIM for body weight
control. Due to large scale and indiscriminative
collection of wild plants of C. sarkariae for medicinal
use from forest and insufficient attempts to either
allow its replenishment or cultivation, the plant
population is dwindling. So this medicinal plant
conserve through plant tissue culture technique. The
present report demonstrates a dedifferentiate
callogenic propagation route via adventitious shoot
development in C. sarkariae, which could be useful
for large scale cultivation and conservation of this
endemic medicinal plant.
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ABSTRACT
The genus Syzygium belongs to the family Myrtaceae comprises about
1374 species from the world, among that 54 species reported from India, in
which 52 species are from the different forest areas of Western Ghats.
Syzygium myhendrae is one the endangered tree species (B1+2c ver. 2.3)
growing in the isolated forest areas of the Western Ghats. The color and
ornamentation of young leaves are highly attractive and many
taxonomists recommended that it can be introduced as an ornamental.
The fruits are edible, sweet cum acidic taste with a tinge of mango flavor.
Also this tree considered as a important food source for several arboreal
of evergreen forest. The populations of S. myhendrae were affected by
anthropogenic activities including forest fragmentation, recreations,
selective logging, deforestation, collection of medicinal plants, extraction
of non-timber forest products, hydroelectric projects and its associated
developmental activities, which alter the biodiversity. As far as literature
concerned, no such effective strategies have been proposed to conserve
this endangered tree species. Tissue culture is an effective strategy for
the conservation of endangered trees species, like S. myhendrae, which
can be propagated in large number. Therefore, the present study attempt
to propagate the tree S. myhendrae by tissue culture methods.

INTRODUCTION
Myrtaceae, the myrtle family, of the order Myrtales,
comprises about 130–150 genera and 5650 species.
This family is distributed in tropical and concentrated
in America as well as Malesia and Australia. The
species of this family are known for their rich volatile
oils which are used to medicinal purposes. Most of
the species of Syzygium are economically important
as they are a source of timber, essential oils, spices,
edible fruits, fuel wood and also in folk medicine. The
leaves and bark of most of the species of this genus
have antibacterial (Shyamala & Vasantha 2010), antiinflammatory, antimicrobial,antifungal (Park et al.,
2007; Ayoola et a,.. 2008), antitumor,
antihyperglycemic (Rekha et al., 2010),
antihyperlipidemic, antioxidant (Nassar et al., 2007),
antidiabetic (Nonaka et al., 1992; Kumar et al.,
2008), antigastric and anti-HIV properties (Reen et
al., 2006). The bark of the trees is employed in folk
medicine for the treatment of inflammation
(Muruganandan et al., 2001). Being an economically
important genus, most species of Syzygium are over
exploited for their valuable compounds from parts like

leaves, bark, and seeds and thereby are under severe
threat of extinction. Of the 52 species reported from
the Western Ghats, 26 species of Syzygium have been
listed under the IUCN Red List category. Among
them, five species are included under critically
endangered and eight species are under the
endangered category. Overexploitation, habitat
degradation, irregular phenological events, lower
productivity and lesser seedling establishment in the
natural habitat are the real factors for the vanishing
of the population of most of the species of Syzygium
(Vinodkumar 2003).
Syzygium myhendrae is one of species of the family
Myrtaceae, which is the important native tree species
growing in selected forest areas. The trees has
recorded as endemic and endangered in Southern
Western Ghats by IUCN (B1+2c ver. 2.3). The color
and ornamentation off young leaves are highly
attractive and many taxonomists recommend that it
can be introduced as an ornamental. Fruits are edible,
sweet cum acidic taste with a tinge off mango flavor
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(Shareeff & Rasfiya, 2015) and species have
potential biochemical compounds which are used in
several traditional health care systems (Ramasubbu
et al., 2016). The plant was collected continuously
for several purposes and destroyed from the wild in
ancient time. Therefore, S. myhendrae have not
received much attention from conservation
perspective. Ramasubbu et al., (2016) stated that S.
myhendrae has constraint of fruits set due to the
absence of pollinators, limitation of reproductive
efficiency and low seed viability. In view of this, to
prevent the population reductions, alternative
strategies are to be developed to protect these little
known important tree species. Hence, Plant tissue
culture would be the promising option for amplification
and conservation of S. myhendrae. Here, efforts
have been made to define efficient protocol for the
revival of this endemic plant through organogenesis.
In this present study, shoot and root emergence was
observed for the nodal parts and there have been no
reports on micropropagation of S. myhendrae and is
the first report for tissue culture of S. myhendrae.
MATERIALS AND METHODS
Fresh disease free explant materials of S.myhendrae
L. were obtained from the Megamalai Hills, Western
Ghats, India. The explants such as leaves, nodes,
internodes, petiole and cotyledon were taken from
the donor plants for present investigation. For
collection of explant, the mature tree was pruned
during winter season and sprouted fresh branches
were collected and used as explants. All juvenile
explants from 6 month old donor plants were kept for
15min under tap water followed by the treatment with
10min Tween-80 as an antimicrobial agent, prior to
surface sterilization. For surface sterilization, explants
were subjected to 0.05% HgCl2 for 1min. then
washed with distilled water followed by NaOCl (2%)
for 1min., placed in 70% ethanol for 1 min. and finally
washed with distilled water in laminar airflow cabinet.
Sterilized explants were kept on the sterilized filter
paper for removing of excess water adhered. The
juvenile explants were dissected into 1cm pieces and
inoculated in the MS media with different combination
of plant growth regulators with various concentrations
such as BAP (0.5-2.5mg/l), Kn (0.5-2.5mg/l), BAP
(1mg/l)+IAA (0.5-2.5mg/l) and BAP (1.0mg/l)+NAA
(0.5-2.5mg/l) for shoot amplification. The developed
cultures were maintained at 25±2Ú C under the light
intensity of 3000 lux provides by cool fluorescent
lamps.
RESULT AND DISCUSSION
Syzygium myhendrae (Bedd. ex Brandis) Gamble,
Fl. Pres. Madras 478 (338). 1919 [1: 338. 1957
(Repr.)]; V. Chitra in N.C. Nair & A.N. Henry (Eds),
Fl. Tamilnadu Anal. 1: 157. 1983; Gopalan & Henry,
End. Pl. India SW Ghats 398. 2000; Sasidh. et al. J.
Econ. Tax. Bot. 26: 609. 2002. Sasidharan et al. KFRI

research report. 282. 2006. Sasidh., Biod. Doc.
Kerala pt. 6, Fl. Pl.: 178. 2004; Nayar et al. Fl. Pl.
Kerala-Handb.: 451. 2006. Nayar et al. Fl. Plant of
Kerala.452.2006; Nayar et al. Fl. The Western Ghats,
India, 1:677. 2014. Ramasubbu et al., 2016. J.
Threatened Taxa, 8(11). 9384-9390. Eugenia
myhendrae Bedd. ex Brandis, Indian Trees 325.
1906; Bourd., Forest Trees Travancore 189. 1908;
Rama Rao, Fl. Pl. Travancore. 171. 1914.
Medium sized trees, upto 12m high, bark greyish pink;
branchlets tetragonous. Leaves aromatic, simple,
opposite, estipulate; petiole 2–5 mm long, slender,
glabrous; lamina 3–7 x 2–2.5 cm, oblanceolate or
obovate, base cuneate, apex obtusely acuminate, tip
of acumen obtuse, margin entire, glabrous,
coriaceous; lateral nerves many, slender, close,
parallel, obscure, looped at the margin forming
intramarginal nerves; intercostae reticulate, obscure.
Flowers; petals free, bisexual, small, white, sessile in
terminal corymbose cymes of umbellules, branches
of inflorescence quadrangular; calyx tube 3mm,
turbinate; lobes 4, round, petals 4, caducous; stamens
many, regularly folded at middle in bud, 5mm long;
ovary inferior, 2-celled, ovules many; style filiform,
shorter than the stamens; stigma simple, acute. Fruit
sessile, 7–8 mm across, globose, pink-purple, crowned
by persistent calyx limb (Images 2 & 3).
Distribution and ecology: Syzygium myhendrae
is mainly distributed in Karnataka, Kerala (Idukki,
Kollam, Thiruvananthapuram) and Tamil Nadu
(Mutukuzhivayal, Tirunelveli) (Shareef & Rasiya
2015). Recently, it has been collected from the
Megamalai Hills, Theni District, Tamil Nadu
(Ramasubbu et al., 2016) (Plate A & B).
Phenology: Flowers in June and fruit set in
September.
In in vitro propagation, the plant growth occurred
due the balance between the plant growth regulators
supplied with particular medium. In the present study,
different types of disease free juvenile explants like
node, internode and leaves as well as different
medium such as MS medium, Woody Plant medium
and B5 medium were used for clonal propagation.
The age of the explant had significant effect on bud
developing process and poor responses were
observed on explants collected from 15 to 17 year
old wild trees. The explants collected from the old
trees were turned to brown followed by black and
died within the five week of culture. Within three
weeks, about 70% of explants sprouted which were
collected from seedlings grown in the mist chamber.
For this study, WP medium has alone responded well
for organogenesis of tree species of S. myhendrae
when compared with other medium (B5 and MS
medium). For shooting, the explants were cultured
on WP medium supplemented with various

334

concentrations of BAP, Kn alone and various
combination of BAP+IAA and BAP+IBA. Almost
at every concentration, bud break was seen during
21-28 days the number of shoots and length of shoots
were shown considerable differences at various
concentration in the induction media. Multiple shoots
were induced by cytokinin (BAP) alone as well as
combination like BAP+IAA or IBA. The maximum
number of shoots (8.63±1.19) and regeneration
frequency (47.46%) were observed on WP medium
containing 1.0mg/l of BAP alone. The mean shoot
length was observed as 3.00±0.48cm in nodal
explant. This was followed by of BAP (1.5mg/l) with
a shoot regeneration (3.34±1.15) and mean shoot
length (1.72±0.28cm) (Plate C). Vinod et al. (2004)
reported that the effect of BAP on the rejuvenated
nodal stem explants of S. cuminii responded of bud
breaking and 90% produced multiple shoots.
Rahman et al. (2004) advocated that MS medium
supplemented with 2.0 mg/l BAP is the best
hormonal concentration for multiple shoot production
of Curcuma longa. Prem and Huiling (1999)
observed similar results that cytokinin had a
significant effect on callus formation of Australian
fan flower Scaevola. Synergistic effect of an auxin
and cytokinin on shoot amplification has been
observed by Upadhaya and Chandra (1983) in
Albizia lebbek as well. Many researchers have
confirmed that, the cytokinin is decisive for shoot
amplification and elongation of many other medicinal
plant species (Saxena et al., 1998; Rout et al., 2000;
Chandrasekhara Reddy., 2014). In this study, the
lower concentration of BAP (0.5mg/l) exhibited
meager number of shoots (1.53±0.32) whereas
highest concentration of BAP at 2.5mg/l induced
calli formation with pale green color, soft and not
suitable for shoot amplification (Plate D). When
concentration of BAP increased beyond 2.0ml/l, the
emergence of number of shoots decreased to
3.34±1.15. The similar result was observed by
Ramasubbu et al., (2015) on Osimum tenuiflorum
inoculated on MS medium fortified with BAP (1.5mg/
l) responded highest number of shoots (7.33±0.59)
as well as at 2.0mg/l exhibited poor response of mean
number of shoots (4.65±0.39). However, in contrary
to this combination of cytokine and auxin reduce
the shoot proliferation in case of Morus nigra L.
(Yadav et al., 1990). In comparison with BAP, Kn
showed quit poor response however, all the
concentration of Kn used for shoot multiplication,
maximum 16% of sprouting frequency of shoot
regeneration and an average of 3.0±1.0 number of
shoots were emerged per nodal segment at 2.0mg/
l. Kn at 2.5mg/l provided 1.67±0.57 number of
regenerated shoots when compared with other Kn
concentrations (0.5mg, 1.0mg, 1.5mg) assessed (Plate
E). Previously Awad et al. (2004) proved that induction
of minimum multiple shoots of S. francissi were
achieved on MS medium fortified with Kn (Table 1).

Table 1. In vitro shoot multiplication of Syzygium
myhendrae (Bedd. ex Brandis) Gamble. on WP
medium with different growth regulators

In this present study, the combined effect of
cytokinins and auxins on in vitro shoot amplification
also discussed. About 100% frequency with
18.2±1.07 highest mean number of shoots and
4.73±0.83cm of shoot length were exhibited from
equal concentration of 1.0mg/l of BAP and 1.0mg/l
of IAA (Plate F & G). The effect of 1mg/l of
BAP+1.5mg/l of IBA gave the better result for mean
number of shoots 6.8±0.45 and mean length of shoots
3.16±0.47cm (Table 1). Yaser et al., (2011) reported
that MS medium with 0.5 mg/l of TDZ and 1.0 mg/l
of IBA proved to be the most effective in terms of
number of shoots per explant (4.3) and shoot length
(6.2 cm) in Syzygium cordatum. Many investigations
proved that exogenous application of cytokinins and
auxins has been known to increase shoot proliferation
in many plant species (George, 1993) and in Syzygium
alternifolium (Sha Villa Khan et al., 1997), S. cumini
(Yadav et al., 1990; Remashree et al., 2007) and S.
francissi (Awad et al., 2004). Vidwans et al. (2015)
stated that nodal explant of S. cuminii inoculated on
medium contain cytokinin (1mg/l of BAP) with auxins
(0.5mg/l of IBA), responded as best with number of
shoots 3.98±0.50 and shoot length 5.0±0.25. The
similar results were proved by Anand et al., (1999)
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in which induction of multiple shoots of S.
travancoricum were achieved on medium
supplemented with 17.7µm BA and 1.3µm NAA and
the mean number of new shoots per explant declined
at higher concentrations of (26.6µm) BA and above.
The response confirms that the presence of auxin at
lower concentration is sometimes favorable for
optimal shoot multiplication in woody plants (Rahman
et al., 1993).
Table 2. In vitro Root multiplication of Syzygium
myhendrae (Bedd. ex Brandis) Gamble. on WP
medium with different growth regulators

played an effective role in root formation for
Ceropegia santapaui.
The micropropagated plantlets from IBA (1.0mg/l)
supplemented medium were taken out from the test
tubes with the help of sterile forceps and washed
with double sterile distilled water to remove the traces
of medium. These plantlets hardened successfully in
culture room condition with different ratio of planting
substrates like soil, sand and coco peat (1:1:2). The
highest survived (90%) plantlets of S.myhendrae
were transferred to the plastic pots containing soil,
sand and coco peat within 29 days and these seedlings
are similar to wild type plants with homogeneity
without any morphological variations.
PLATE 1:A. Leaves and Flowers of Syzygium
myhendrae: B. Fruits of Syzygium myhendrae: C
& D. Shoot multiplication and callus formation of
BAP: E. Shoot formation by Kn: F & G. Shoot
initiation and amplification of combined effect of
BAP+IAA; H. Root formation by IBA

The success of in vitro regeneration experiments
depends on efficient root generation of
micropropagated plants. Our results showed that
auxin plays a crucial role in the formation of roots in
S. myhendrae. In this study, healthy shoots with 45cm with 16-18 nodes were inoculated individually
on WP medium with different auxins tested for in
vitro rooting. The highest response was observed in
IBA when compared to other concentrations of IAA
and NAA. The maximum frequency (100%) of root
formation with mean number of roots (7.12±0.01) and
mean length of roots (13.54±0.50) were noticed on
WP medium fortified with 1.0mg/l of IBA (Plate H;
Table 2). However, Awad et al. (2004) reported that
in S. francissi, 100% of rooting achieved on MS
medium with 4.43µm IBA. Eventhough, Anand et al.
(1999) reported that in S. travancoricum, rooting was
achieved when IAA was used. In vitro rooted plants
showed 95% survival and plants produced good green
color, were healthy, and grew well in the greenhouse.
This result is better than those previously reported
for another Syzygium species (Mathew and
Hariharan, 1990; Yadav et al., 1990). In our study,
NAA (2.0mg/l) exhibited poor number of roots
(1.95±0.54). To corroborate with present present
findings Chavan et al., (2013) also reported that NAA
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Names with Standing in Nomenclature (LPSN) http:/
/ www.bacterio.cict.fr]. India is lagging behind in
describing below ground diversity associated with
above ground plant diversity specifically of native
legumes. We have not been able to validly describe/
publish much new species of rhizobia till date although
the country has enormous wealth of native and
endemic legumes in the Eastern and Western Ghats;
North-Eastern sub-Himalayan and Himalayan regions
as well as in arid and semi-arid regions of India
including the Thar desert. One limitation seems to be
the cumbersome field exploration and secondly the
correct identification of the host legume in the field
for which experts/legume taxonomist is required. The
limited access to the closest type strains available in
foreign bacterial type culture repositories that is
hindering experimentation for DNA:DNA
hybridization to describe a new species in addition to
the new regulations of National Biodiversity Authority
(NBA) related to deposition of microbes as type
strains outside the country.
Considering the vast scope of N fixing rhizobial
diversity that may be useful in making consortium of
agriculturally important microbes for future use in
sustainable agriculture, forest nurseries and
reclamation of degraded land as well as
biotechnological application in India, the following
objectives were achieved with the help of funding
from Department of Biotechnology (DBT),
Department of Science and Technology (DST) and
University Grant Commission (UGC). (1) Exploration
work/ field survey in arid and semi-arid regions of
Indian Thar desert (Gehlot et al., 2012) and extending
such explorations in North-Eastern region, and
preparation of a status report on nodulating native
legumes of India. (2) Identification, characterization
and studying the genetic diversity of microsymbionts
(N fixing rhizobias) associated with several nodulated
native legumes from the Indian Thar desert (Gehlot
et al., 2013; Sankhla et al., 2016; Tak et al., 2016a)
(3) Study of molecular phylogeny of housekeeping
and symbiotic genes (Gehlot et al., 2013; Sankhla et
al., 2016; Tak et al., 2016b). (4) Documentation
through deposition of core gene sequences (16S
rRNA, atpD, glnII, dnaK and recA) as well as
accessory gene (nodA, nodC and nifH) sequences
in NCBI Genbank (5) Documentation through
deposition of several well characterized
microsymbionts in National repository (Microbial
Culture Collection, National Centre for Cell Science,
Pune, India) for general access to Indian scientists
(6) Whole genome sequencing of novel N fixing
microsymbionts for genomic characterization and
finding useful genes (Tak et al., 2013; Gehlot et al.,
2016).
The plethora of work done on exploration,
identification, characterization and documentation of
rhizobial diversity associated with specifically native
legumes of Indian Thar desert as well as preliminary

work done on native legumes of acidic and wet subHimalayan region of North-Eastern state (Meghalaya)
of India will be discussed in this paper. The exploration
work and molecular/genomic data generated for
native N fixing rhizobias associated with indigenous
legumes from the Thar desert of India is probably
the largest piece of contribution made within India in
this particular area of research.
MATERIALS AND METHODS
Field survey of nodulating native legumes and soil
collection: Exploration work for recording nodulation
in native legumes of Indian Thar desert (Western
Rajasthan) was accomplished from 2006 to 2014. The
survey was conducted as described in Gehlot et al.
(2012) during the monsoon as well as post monsoon
period in major districts of Rajasthan and other
sampling sites in India as shown in Google map (Fig.
1). Legumes were identified with the help of flora of
Indian Thar desert (Bhandari, 1990) as well as through
help from the Regional Botanical Survey of India
(BSI), Jodhpur. Soils were collected from rhizosphere
of host legumes for soil analysis as well as rhizobia
trapping experiments. Soils were analysed for general
parameters like pH, total N, available P and organic
carbon as described previously (Gehlot et al., 2012).
Isolation and purification of microsymbiont:
Microsymbiont(s) were isolated from the excavated
nodules after washing and removing the adherent soil
followed by surface sterilization (Vincent, 1970). The
detailed procedure of sterilization, streaking and
purification was followed as described earlier (Gehlot
et al., 2012; Sankhla et al., 2015, 2016).
Assessment of genetic diversity through DNA
fingerprinting: Genomic DNA from the purified and
actively growing isolates in YEM and TY broth was
extracted using protocol of Cheng and Jiang (2006)
and purified by the phenol-chloroform extraction
method as described earlier (Tak et al., 2016a).
Genetic diversity among bacterial isolates was studied
by PCR-RFLP (ARDRA) as well as RAPD pattern.
The primers and PCR cycling conditions used for
RPO1 are presented in Table 2. The detailed methods
have been described earlier (Gehlot et al., 2012;
Sankhla et al., 2016). Based on ARDRA and RAPD
pattern the genetic groups were made and selected
isolates representing each group were further
characterized at molecular level.
Identification of microsymbiont: In the
representative isolates from various genetic groups
PCR amplification and sequencing of 16S rRNA was
performed as described earlier (Gehlot et al., 2012;
Sankhla et al., 2016; Tak et al., 2016b). The primers
used for 16S rRNA amplification and sequencing are
presented in Table 2 with PCR cycling conditions.
The PCR products of 1.5 KB size were sent to various
sequencing companies (Xcelris Genomics,
Ahmedabad; SciGenomics, Kerala and Macrogen,
Korea). The microsymbiont was identified on the
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basis of BLASTN sequence similarity search results
for 16S rRNA gene sequences in the nucleotide
database of NCBI.
Characterization of microsymbiont:
(A)
Phenotypic characterization: Phenotypic
characterization was based on colony characters,
carbon utilization and antibiotic resistance pattern. The
pH range, salt (NaCl) and temperature tolerance of
isolates were also worked out as described in
Somasegaran and Hoben (1994).
(B)
Molecular characterization: In addition to 16S
rRNA gene sequencing of selected bacterial isolates
the other housekeeping genes (recA, atpD, glnII and
dnaK) and symbiotic genes (nodA and nifH) were
also sequenced as described earlier in multilocus
sequence analysis studies (Sankhla et al., 2016; Tak
et al., 2016b). The details of primers used and PCR
cycling conditions are presented in Table 2.
Phylogenetic analysis of novel strains: The
sequences of different genes were aligned using
multiple sequence alignment tool CLUSTALW
(Thompson et al., 1997). Phylogenetic analysis of
housekeeping and symbiotic genes was performed
along with closest type strains whose sequences were
retrieved from NCBI GenBank database. The
phylogenetic trees were inferred using MEGA7
software (Kumar et al., 2016) with the maximum
likelihood method (Felsenstein, 1981) using GTR+G+I
model.
Cross inoculation studies and host range analysis:
Host range of selected rhizobial strains was studied.
Glass house experiments were conducted to test the
nodulating efficiency of strains by inoculating them
on roots of selected wild as well as few crop legumes
(mung bean, cowpea and soybean). The detailed
procedures of seed sterilization, inoculums preparation
was as reported earlier (Gehlot et al., 2013; Tak et
al., 2016b; Sankhla et al., 2016).
Documentation of rhizobial diversity: The
microsymbionts identified and characterized using
molecular approach were documented by deposition
of pure cultures at National repository (MCC-NCCS,
Pune) for long term preservation, submission of
various gene sequences to NCBI, presentation of
novel results and findings of our work in conferences
at national and international level, publication of
research papers in peer-reviewed journals as well as
academic collaborations were made at national and
international level.
RESULTS
Survey of native legumes and soil characteristics
Survey was conducted during the monsoon and post
monsoon period in few districts of Western Rajasthan
(Jodhpur, Nagaur, Bikaner, Barmer, Jaisalmer and
Churu). The various sampling sites from where
nodules were excavated and the associated
symbionts were isolated are shown in Google map

(Fig. 1). The GPS coordinates are presented in Table
1 along with some important soil characteristics. Soil
in all the surveyed districts of Rajasthan was alkaline
throughout ranging from 7.8 to 9.0. Total nitrogen,
available phosphorus and soil organic carbon was
found low (Table 1). The eleven legume genera
surveyed for occurrence of nodulation were
Tephrosia (8 species), Indigofera (7 species), Acacia
(3 native and 1 exotic species), Crotalaria (2 species),
Rhynchosia (2 species), Prosopis (1 native and 1
exotic species), Mimosa (2 native and 1 exotic
species), Alysicarpus (2 species), Dalbergia (1
species) Dichrostachys (1 species), Chamaecrista
(1 species). The taxonomic and medicinal details
about legume genera and species found nodulating in
the Thar desert of India has been reported (Gehlot et
al., 2012; Panwar et al., 2014).
Root nodule morphology and internal structure
The external root nodule morphology and internal
structure were studied in all species studied in present
investigation. Both determinate as well as
indeterminate nodules were recorded in different
legume hosts and were according to earlier described
types by Corby (1981). Peculiar aeschynomenoid type
of nodules associated with emerging secondary roots
was seen in Dalbergia sissoo showing determinate
growth. The root nodules in few species possessed
bark on their surface showing desert adaptation. The
root nodules were internally pink having central
infection zone and persistent apical meristem in
indeterminate nodules.
Isolation of microsymbiont and their phenotypic
characterization
More than seven hundred N fixing bacterial strains
were isolated from the root nodules of various legumes
growing in field as well as from trap experiments in
which plants were grown in nursery in different
rhizospheric soils collected. About three hundred
strains were purified and were screened on the basis
of colony growth and characters. The selected strains
were further studied for different phenotypic
characters such as NaCl tolerance, intrinsic antibiotic
resistance, sugar utilization, etc. and a considerable
phenotypic diversity was observed among them. Few
strains were able to grow at wide range of pH and at
high temperatures.
DNA fingerprinting to study genetic diversity
After preliminary screening on the basis of colony
characters such as milky, watery, gummy the DNA
was isolated from pure strains and Amplified R-DNA
Restriction Analysis (ARDRA) also known as PCRRFLP, as well as Randomly Amplified Polymorphic
DNA (RAPD) profiling were performed. The
ARDRA and RAPD pattern of selected rhizobial
strains are shown in Fig. 2. Significant genetic
diversity was observed in strains recovered from
different locations and various host plants.
Multilocus sequence analysis (MLSA) of N fixing
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microsymbiont
The 16S rRNA gene of all the selected rhizobial
strains isolated from root nodules of various native
host legumes were sequenced using universal primers
and two internal primers (800F and 820R) were used
to obtain complete sequence of 16S rRNA gene.
Based on BLASTn (Basic Local Alignment Search
Tool) search in nucleotide database the
microsymbiont(s) were identified as species of
Ensifer, Rhizobium, Bradyrhizobium, Burkholderia
and Cupriavidus. The high incidence of occurrence
of species of Ensifer was recorded from all the
alkaline-sampling sites of Thar desert.
The 16S rRNA gene phylogenetic tree of selective
novel strains of Ensifer and Bradyrhizobium is
presented in Fig 3a and 3b. The phylogenetic tree
constructed using 16S rRNA gene sequences inferred
that these RNB isolates are forming novel clades and
lineages and are different from the existing type
strains. The strains of Ensifer recovered in present
investigation are mostly closely related to Ensifer type
strains belonging to old world such as Ensifer saheli,
E. kostiensis and E. terangae isolated from species
of Acacia and Sesbania in the African countries.
Whereas the Thar desert Bradyrhizobium strains
are mainly divergent from Bradyrhizobium
yuanmingense isolated from China showing a
specific geographical pattern.
The four protein-coding housekeeping genes were
also studied in few (15-16) selective strains using the
primers and cycling conditions described in Table 2.
The list of GenBank accession numbers of gene
sequences submitted at NCBI is presented in Table
3.The percentage sequence similarity of selective
rhizobial strains with closest type strains based on
different genes computed using MEGA 7 is presented
in Table 4.
Characterization of symbiotic genes and their
phylogeny
Symbiotic genes (nodA and nifH) of Ensifer and
Bradyrhizobium were amplified using primers
mentioned in Table 2. The phylogenetic tree
constructed for nodA and nifH gene sequences
suggests that sym genes in case of Ensifer are novel
and show incongruence with the species phylogeny.
However in case of Bradyrhizobium the species and
sym gene phylogeny are in congruence (similar).
Novel clades and lineages were observed in nodA
phylogenetic tree of strains isolated from root nodules
of species of Tephrosia, Acacia, Rhynchosia,
Crotalaria, Mimosa, etc. (Fig. 4). Two major groups
of sym gene were observed in Thar desert-Ensifer
strains. The group one is diverged from E. fredii as
observed in case of strains from Tephrosia,
Rhynchosia, Crotalaria, etc. whereas the group two
is diverged from the E. arboris as seen in case of
strains recovered from root nodules of species of
Acacia and Mimosa.

Cross inoculation studies and host range analysis
The cross inoculation study showed that most of Thar
desert-Ensifer strains are promiscuous except those
obtained from root nodules of Mimosa hamata and
Mimosa himalayana. The Tephrosia-Ensifer strains
were found to efficiently nodulate member of
Mimosoideae (Prosopis cineraria), Caesalpinioideae
(Chamaecrista pumila) as well as crop legumes
such as Vigna radiata and Vigna unguiculata.
Interestingly the Ensifer strain PC2 isolated from P.
cineraria was found to effectively nodulate Australian
Acacia saligna.
Documentation of rhizobial diversity
The works carried out on native Indian N fixing
rhizobia isolated from various wild legumes were
documented as follows:
1.
Twenty six well characterized N fixing
microsymbiont isolated from root nodules of more than
twelve native legumes growing in arid and semi-arid
region of Indian Thar desert as well as in wet-acidic
soils of Shillong were deposited under general deposits
at Microbial Culture Collection (MCC), Pune (Table
5). Many more such well characterized efficient N
fixing rhizobias are in the process of deposition.
2.More than 500 gene sequences have been deposited
to NCBI GenBank (Table 3).
3.The research work and novel findings have been
prioritized at National and International level through
poster and paper presentation, invited lectures in
European, Asian and International Nitrogen fixation
conferences, symposia in India and Abroad (Ghent,
Belgium; Budapest, Hungary; Miyazaki, Japan;
Phuket, Thailand; Chengdu, China; Perth, W. Australia
and San Antonio, USA).
4.About ten research papers focussed on Legumerhizobia symbiosis theme have been published in
national and international peer reviewed journals of
reputes from Springer, Elsevier, Oxford press, Francis
and Taylor and BMC.
5.Total of six Ph.D. thesis have been awarded and
five Ph.D. students are working towards various
aspects of rhizobial research including exploration,
identification of bacterial species and symbiotic gene
characterization along with cross inoculation studies
to define host range through glass house experiments.
DISCUSSION
Plant and microbial diversity is one of the new
frontiers of science that is under constant pressure
of global climate change (Gadgil, 1996). Microbial
and phyto-diversity are valuable assets for the
ecological and livelihood security of the world.
Therefore, the basic need is to explore, characterize,
monitor and conserve the natural bio-resources like
plants, animals and microbes. Exploration,
identification, characterization and inventorying of
invisible and often unculturable microbial diversity are
difficult. Microbes are bestowed with phenomenal
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physiological and functional diversity and therefore
have immense application in agriculture, industry and
environment (Johri et al., 2005). Nitrogen fixing
symbiotic rhizobia is important due to their versatile
nature of symbiotically fixing plenty of available
atmospheric N into a valuable product (ammonia)
which all plants needs for optimizing their growth,
development and productivity. This eco-friendly
symbiotic system is indirectly helping the environment
that otherwise depends on extensive use of chemical
fertilizers at the cost of air and water pollution as
well as cost suffering for farmers. To identify
efficient legume-rhizobia couples for using them as
bio-fertilizers an exploration, identification and
characterization of diverse N fixing microsymbiont
from the natural ecosystems such as deserts, wet
lands and regions of legume endemism is highly
desirable. From the last one decade several
explorations related survey has been made from the
Western Rajasthan to several other regions of India
{Jorhat (Assam), Shillong (Meghalaya), Haridwar,
Rishikesh (Uttarakhand), Bokaro (Jharkhand), Vapi
(Gujarat), Kilikudi (Tamil Nadu), etc.}. The soil was
absolutely alkaline in Rajasthan (7.8 to 9.1), neutral
to slightly acidic (6.8 to 7.2) in other parts of the
country and highly acidic (4.6 to 5.9) in Bokaro,
Uttarakhand and North-Eastern sub Himalayan
region. The diversity of Ensifer associated with most
of the native legumes was highest in alkaline soils of
Thar desert. Several novel clades as well as lineages
were found diversifying from the old world Ensifer
species E. saheli, E. terangae and E. kostiensis
(Sankhla et al., 2016 and Tak et al., 2016b).
Strains of Bradyrhizobium that have diverged from
B. yuanmingense were isolated from some native
legumes of the Thar desert as well as have been
previously reported from species of Vigna and
Glycine max from other regions of India. The
occurrence of B. yuanmingense type of strains from
large number of sampling area from the country
suggest that probably this strain is widespread in
Indian soil (neutral to alkaline) and has also been
reported by other workers from India (Appunu et al.,
2009; Vinuesa et al., 2008). The high diversity of beta
rhizobia (Cupriavidus and Burkholderia) nodulating
exotic Mimosa pudica was found in acidic soil of
Jorhat (Assam) and Shillong (Meghalaya). The exotic
M. pudica is nodulated by strains of Burkholderia
phymatum, B. mimosarum and Cupriavidus
taiwanensis whereas native Mimosa species (M.
hamata and M. himalayana) was found nodulating
by Ensifer strains in the alkaline soil of the Thar desert
(Gehlot et al., 2013). These results suggests that
certainly soil pH, aridity, high precipitation and altitude
favours different types of N fixing microsymbiont
(Ensifer or Bradyrhizobium and Burkholderia sp.).
Interestingly high incidence of horizontal gene transfer
(HGT) of sym genes from the alkaline and arid soil
was recorded as evidenced by incongruence in

species and sym gene phylogeny of Ensifer’s.
Therefore, it was hypothesized that probably harsh
conditions of the Thar desert might be imposing HGT
for survival and facilitating the establishment of best
combination of host-rhizobia symbiosis (Sankhla et
al., 2016).
Multilocus Sequence Analysis (MLSA) of proteincoding core genes of novel strains of Ensifer
confirmed the presence of several new species of
Ensifer in the arid regions of Thar desert that further
needs to be validated by DNA:DNA hybridization,
Average Nucleotide Identity (ANI) with the closest
type strains for validly describing them as novel
species of Ensifer from India (Sankhla et al., 2016;
Tak et al., 2016b). Soil pH, precipitation and elevation
are important environmental factors besides host
selection pressure influencing diversity of soil
microsymbionts. Occurrence of B. yuanmingense
and or Ensifer (E. saheli, E. kostiensis and E.
terangae) strains in alkaline to neutral pH and low
altitude, plain areas indicate the preference of bacteria
in such areas and environmental conditions. The
occurrence of several new clades and lineages while
studying phylogenetic relationship between the
existing genera and species of N fixing microsymbiont
from all over the world with that of Indian native N
fixing microsymbiont clearly showed biogeographical
pattern within the country and in the context of the
whole world. Therefore, the present investigation is
important addition in knowing the biogeography of
rhizobia in the world. This is probably the largest study
in India documenting native N fixing rhizobias
associated with wild indigenous legumes from Thar
desert (see commentary on ‘Legumes of the Thar
desert and their nitrogen fixing Ensifer’ by Ardley,
2017 published in Plant and Soil).
Conclusions and future prospects
The present investigation helps in making a status
report on nodulating native legumes and molecular
characterization of associated N fixing microsymbiont
of the Indian Thar desert as well as from other part
of the country. Large number of gene sequences
(>500) related to housekeeping and symbiotic genes
have been deposited in GenBank NCBI, USA.
Cultures of more than twenty five well characterized
N fixing microsymbionts have been deposited in
National repository of Microbial Type Collection
Centre (MCC-NCCS, Pune) in public domain that
will help in accessing of these novel strains to the
scientists in India and abroad. Some of the Ensifer
strains (TW10, TP6, PC2, etc.) are promiscuous
nodulating several native legumes other than host as
well as some crop legumes such as species of Vigna
(V. unguiculata, V. radiata and V. aconitifolia) and
C. tetragonoloba. Therefore such efficient strains
can be used in arid regions where agricultural
practices has to be extended in rain-fed as well as
canal areas in Barmer, Jaisalmer and Bikaner districts

342

of Rajasthan. The Ensifer strains recovered from
root nodules of native acacias from the Thar desert
are nodulating other species of Acacia as well as P.
cineraria making them useful candidates for
application in forest nurseries and plantation programs
for reforestation. Such studies are needed in other
part of the country such as (1) Eastern and Western
Ghats where several endemic and economically
important legumes grow (2) Central Himalayan region
including high altitude Leh where some local land races
of pea and Cicer are grown over several years.
Genomic studies (Whole genome sequencing and
functional genomics) of such well characterized
microsymbiont will help us in finding useful genes for
biotechnological intervention.
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Table 5. List of strains deposited for public access
at microbial culture collection (MCC), National
Centre for Cell Science (NCCS), Pune, Maharashtra,
India.

Legends of figures
Fig. 1 Google map of the various sampling sites in
India.
Fig. 2 UPGMA dendrogram of RPO1 profile of
Tephrosia wallichii isolates obtained from the
similarity matrix using Phoretix 1D.
Fig. 3 Phylogenetic tree constructed using 16S rRNA
gene sequences strains of Ensifer (A) and strains of
Cupriavidus, Paraburkholderia, Bradyrhizobium
(B) isolated from the Indian legumes together with
those of type strains. The tree was built using a
Maximum Likelihood (ML) method and bootstrap
values calculated for 1,000 replications are indicated
at internodes. The scale bar indicates nucleotide
substitutions per site. Accession numbers from
GenBank are in parenthesis. Abbreviations: C.,
Cupriavidus; P., Paraburkholderia; B.
Bradyrhizobium and E. Ensifer.
Fig. 4 Phylogenetic tree constructed using nodA
gene sequences of selective rhizobial strains isolated
from Indian legumes together with those of close type
strains. The tree was built using a Maximum Likelihood
(ML) method and bootstrap values calculated for 1,000
replications are indicated at internodes. The scale bar
indicates 5% substitutions per site. Accession numbers
from GenBank are in parenthesis. Abbreviations: C.,
Cupriavidus; P., Paraburkholderia; B.
Bradyrhizobium and E. Ensifer
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ABSTRACT
Rocky habitats are potential terrestrial biomes with heterogeneity in
relation to topographic and vegetation patchiness. The Peninsular India,
which hosts the Deccan plateau made up of largely hard crystalline rocks
like granites and gneisses, is referred to as “Basement complex”.
Exploration of phytodiversity plays a significant role in formulating
location specific recommendations of the region. The studies aim to help
in developing proper measures for restoration of these unique habitats on
a sustainable way. The entire study area of interest is divided into 1KM
X 1KM grids. Using GIS software developed Flora layers and these were
used for preparation of species distribution. A total of 360 plant species
belonging to 86 families and 286 genera were recorded in the selected
rock site of southern Telangana. Of these, 98 species were trees, 52
species of shrubs, 158 species of herbs, 40 species climbers & 12 species
hydrophytes. Out of the total species recorded 16 key tradable medicinal
plant were identified which were exploited in massive levels > 200 tones/
yr. Apart from this in Nalgonda & Mahbubanagar districts more than 37
mining, 272 quarry leases are exist for Lime stone, quartz & granite
extraction. Identified several anthropogenic activities and documented their
extent of disturbances on the rocky outcrops. Unscientific tapping and
extraction mechanism of natural resources leading to drastic change in
particular habitats. Location specific spatial maps were prepared to identify
forest fragmentation and to prioritize the areas for conservation.

INTRODUCTION:
Rock outcrop has been used for landforms ranging
from cliffs, isolated rocky hills, inselbergs ferricretes
and other rocky exposures of varying geological
history (Porembski & Barthlott, 2000). Rocky habitats
are inserted within most terrestrial biomes, and their
heterogeneity is related to topographic and vegetation
patchiness (Katia et al., 2007). The Peninsular India,
which hosts the Deccan plateau made up of largely
hard crystalline rocks like granites and gneisses, is
referred to as “Basement complex” (Pavanaguru, et
a.l, 2000). Unfortunately the region is under heavy
biotic pressures like quarrying, mining, grazing &
conversion to agriculture have been going on for
several years. Exploration of phytodiversity plays a
significant role in formulating location specific
recommendations of the region (Kettunen, et al.,
2007). We report on the floristic composition of
rupicolous vegetation of the Southern Telangana like

life-form distribution and association with rock outcrop
vegetation in elevated places. The studies aim to help
in developing proper measures for restoration of the
habitats on a sustainable way.
METHODOLOGY:
All prominent places such as higher elevations,
different habitat types, distribution of vegetation
structure and other vantage points were identified on
the map Topographical maps of Survey of India (SOI).
The entire study area of interest is divided into 1KM
X 1KM grids. In each grid 5 random sampling points
were laid and documented Flora (GPS Points) and
non-spatial data. Each quadrate will have 3subgroups
consisting of 10m x 10m for trees, 5m x 5m for shrubs
and climbers 1m x 1m for herbs and grasses. Using
GIS software developed Flora layers and these were
used for preparation of species distribution maps,
habitat suitability, species richness, species diversity,
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eveness and seasonal variations and abundance. All
the plants were identified from the key vegetative
and reproductive features by using the field guide of
the regional floras.
Study Area:
Southern Telangana region constitutes 3 districts,
Rangareddy, Nalgonda, and Mahaboobnagar. Of these
Nalgonda and Mahaboobnagar districts are having
rich rock sites associated with floral diversity (Fig.1).
Nalgonda district located in between 16°25' and 17°50'
of the Northern Latitude and 78°40' and 80°05' of
Eastern longitude. This region covers an area of
14,217 Sq. Kms with 5.6% of the area is under forests,
while Mahabubnagar district global location is between
16°73' N and 77°98' E. Region covering an area of
18,432 sq. kms forests occupy an area of 3,028
Sq.Kms covering 16.4% of the total geographical
area. The forest is broadly classified into Tropical
Dry Deciduous, Tropical Thorn (scrub) and Tropical
Dry Evergreen types in small pockets as per Champion
& Seth, 1968. The Nallamalla Range is a unique
section of the Eastern Ghats which stretch primarily
from Southern Telangana run in north-south alignment,
parallel to the Coromandel Coast for close to 430
km between the river Krishna. An extremely old
system have been extensively weathered and eroded
over the years. The average elevation today is about
520 m. These rocks are among the oldest in the world
and have been formed as a result of large scale
volcanic activity hundreds of millions of years ago.

RESULTS & DISCUSSIONS:
A total of 360 plant species were recorded in the
selected 5 rock site of southern Telangana. Of
these, 98 species were trees, 52 species of shrubs,
158species of herbs, 40 species climbers & 12
species hydrophytes. Location wise species
composition
was
recorded
high
in
Umamaheswaram area with species richness of
265 and Shannon’s species diversity as 2.32
followed by Manyamkonda with species richness
of 227 and Shannon’s species diversity as 2.02.
Lowest species richness was recorded at
Peddagattu area with species richness of 104 and
Shannon’s species diversity as 1.75 (Table.1). Of
these a total of 16 key tradable medicinal plant was
identified which were traded in massive levels >
200 tones/yr (Table.2) which is unsustainable
extraction and has long-standing adverse effects
on the population structure, which will be detected
only in the long run (Uma Shankar et al. 1998) .
Scientifically proven desirable harvest levels are
to be strictly adopted for each species. Owing to
the ill functioning of integrated forest management
system, unsustainable harvesting and uncontrolled
removal of forest products which will not disturb
functioning of the forest but also affect livelihood
of the associated indigenous tribal’s (Prakash et
al. 2006). Apart from this in both Nalgonda &
Mahbubanagar districts more than 37 mining, 272
quarry Leases exist for Lime stone, quartz &
granite extracting more than > 14.34 megatones/
yr under different mineral concessions including in
forest areas. Keeping in view of protecting these
aesthetic rock formations, in the present study an
attempt has been made to address, develop and
evaluate the spatial distribution of different rock
associated flora at one rock site of Peddagattu area
for demarcating potential areas for protection and
conservation.
Table.1 Species composition recorded from the
selected rocky out crops of Southern Telangana

Fig:1 Study area showing Nalgonda and Mahbubnagar
Forest Cover
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Table.2 Potential Tradable NTFP from Southern Telangana

Endemic and Threatened Plants:
In the present study, out of 360 species recorded,
Near Peddagattu rock site 8 species are listed in
threatened category, such as Decalepis hamiltonii,
Cleome viscosa var. nagarjuna kondensis,
Maeruaapetala, Alysicarpus mahabubnagarensis,
Saraca asoca, Caralluma adscendens var.
attenuata, Crotaleria paniculeta var. nagarjuna
kondensis & Urginea nagarjunae. Spatially the
distribution maps of 8 Endemic and threatened
species were developed with locations (Fig.3). The
species Alysicarpus mahabubnagarensis was
observed in rocky habitat. The second species,
Saraca asoca wild is endemic to peninsular India
was collected from Chitriyal. Urginea nagarjunae
is endemic to peninsular India and sighted once at
Kothapali where as the species Maerua apetala, is
located at Nandikonda . The other 3 species namely
Decalepis hamiltonii., Cleome viscose var.
nagarjunakondensis Sundararagh, Crotaleria
paniculeta var. nagarjunakondensis, were
recorded at Nagarjunakonda . All the reported species
are highly vulnerable due to degradation of habitat
and several anthropogenic activities which are to be
addressed immediately.

Species richness maps:
The number of species recorded was high (50-63) at
Lambapur and Pulicherla and adjoining areas covering
to the extent of 7 % while 24 % of the area was with
37- 50 species near Hazmapur, 38% with 25 – 37 species
Pervedula, 19 % with 12-25 species and remaining area
covers 12 % (Fig.1). The locations with high, moderate
and low species richness locations are to be focused for
conservation.
Spatial Distribution of important floral maps:
Cassia fistuala an important medicinal tree species
predominantly observed in forests and rocky habitats
with stunted growth near Parvedula and Pulicherla
(Fig.2). The stunted growth of these species is mainly
due to indiscriminate culling of trees for agricultural
requirements and also for medicinal purposes. Species
distribution maps can use to develop species level
conservation plan for this flagship species.

CONCLUSION
Unscientific tapping/collection mechanism of natural
resources like extraction of NTFP, Over Exploitation
of rocky out crops by quarrying, mining, grazing,
encroachment and deforestation leading to drastic
change in particular habitats. The area is under heavy
biotic particularly with mining and deforestation are
taken a heavy toll on the rocky outcrop. Based on
the location specific spatial maps, forest fragmented
areas are to be protected on priority basis. Temporal
maps of change detection were proposed to calculate
forest mortality from the last two decades which
enables to prepare prioritize more areas for natural
resource management on large scale.
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ABSTRACT
Pearlspot or Green chromide, Etroplus suratensis (Bloch, 1790), is the
largest cichlid fish endemic to Peninsular India and Sri Lanka. The
species represents the only member of the genus Etroplus from Kerala
waters, inhabiting in rivers, lakes, wetlands and estuaries. E. suratensis,
locally called as “Karimeen” is one of the major food fish contributing
significantly to the inland fishery of Kerala. The lakes and backwaters of
the state provide excellent habitat for this species that yields a good
annual catch and provides a sound livelihood to the local fishermen. A
drastic reduction is noticed in the catch of E. suratensis from Vembanad
Lake in the recent period. The local fishermen revealed that the average
size of Pearlspots in their catch have been reduced substantially in the
last decade. Estimates of the exploited stock of E. suratensis were made
based on the data generated from major fishing grounds of Vembanad
Lake, a Ramsar site of international significance, where surveys and
sampling were conducted during 2012-13 period on a monthly basis. Daily
landings from each category of gear were computed. The annual landings
have gone down to 135.28 tonnes from an earlier record of 1252 tonnes in
1969. The major threat for E. suratensis in their home range is the rapid
degradation of their natural habitats, over exploitation and biological
characteristics of the species including low fecundity, smaller clutch size
and comparatively average resilience.

INTRODUCTION
Pearlspot or Green chromide, Etroplus suratensis
(Bloch, 1790), is the largest cichlid and the only
member of the genus Etroplus from Kerala waters,
inhabiting in rivers, lakes, estuaries and wetlands
(Padmakumar et al., 2002). E. suratensis is
commonly known as “pearlspot” due to the marked
presence of diamond like white spots on its entire
black body. It is endemic in distribution to Peninsular
India and Sri Lanka (Munro, 1955). The fish is of
prime economical importance both as a popular food
fish and aquaculture candidate in its home range E.
suratensis, locally called as “Karimeen” is one of
the major food fish contributing significantly to the
inland fishery of Kerala. E. suratensis is a highly
demanded and popular food fish which is considered
a delicacy in South Asian countries, especially India
and Sri Lanka due to its exceptional taste, tender flesh
and high nutritive value. It fetches huge commercial
importance due to its bigger size, better growth, high
demand and good market prize. It is an ideal fish for
commercial culture in both brackish and freshwaters
owing to its wide salinity tolerance, omnivorous

feeding habit, hardy and non-predaceous nature and
breeding in confined waters (Sumitra et al., 1981).
The lakes and backwaters of the state provide
excellent habitat for this species that yields a good
annual catch and provides a sound livelihood to the
local fishermen. A drastic reduction is noticed in the
catch of E. suratensis from Vembanad Lake in the
recent period. On this regard, in order to evaluate the
present status of population of the species, estimates
of the exploited stock of E. suratensis were made
based on the data generated from major fishing
grounds of Vembanad Lake, a Ramsar site of
international significance.
MATERIALS AND METHODS
Vembanad Lake spreads across three districts of
Kerala and is the second largest brackish water
system of South India having a catchment area of
14500 km2. It consists of estuaries, lagoons, some
man-made canals, marshes, and mangroves
(Ravindran et al., 2006). It is a shallow and highly
productive tropical wetland ecosystem extending to
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a length of 96.5 km from Azheekode in the north to
Alappuzha town in the south in Kerala. The lake
opens to the Arabian Sea in two locations, one at
Azheekode, which is at least 100 m wide and fairly
deep, and the other at Cochin, which is 450 m wide
(Menon et al., 2000). The lake has been divided into
a freshwater dominant southern zone and a salt water
dominant northern zone by the construction of a manmade barrier called Thanneermukkom barrage. The
lake system supports a unique assemblage of marine,
brackish and freshwater species. 150 fish species
belonging to 100 genera and 56 families are known
to occur in Vembanad Lake (Kurup and Samuel,
1985). The lake is well known as a natural habitat of
pearlspots.
The study was carried out during June 2012 to May
2013 in Vembanad Lake, focusing major landing
centre, where regular systematic surveys and
sampling were conducted on a monthly basis. Details
of landings were collected from more than 30% of
the gears landed, giving emphasis to type of gear and
their mesh size, species composition and weight, actual
fishing hours and manpower engaged
(Alagaraja,1984; Kurup et al.,1992). Fish specimens
were preserved in 8% formalin and brought to the
laboratory for species level identification following
Day (1878), Talwar and Jhingaran (1991) and
Jayaram (1999, 2009). Specimens were weighed with
a kitchen balance. Daily landings from each type of
gears and fishing methods were computed following
Kurup et al. (1992), given by the formula:
W = (w/n) X N
Where, W
=
Total weight of fish, w =
Total weight of fish from gear sampled, n = Number
of gear sampled, N = Total number of similar gears
operated
Monthly catch was estimated by multiplying daily
catch with total number of fishing days in a - month.
The annual exploited quantity was calculated by
summating the landings of all months.
RESULTS AND DISCUSSION
A landing of 135.28 tonnes was recorded for E.
suratensis from Vembanad Lake during 2012-13
periods. The annual landings have gone down from
1252 tonnes in 1969 to 458 tonnes in 1989 (Samuel,
1969; Kurup et al., 1995). Later the quantity of fish
caught annually was again dropped to 200 tonnes
(Padmakumar et al., 2002). The figure is extremely
on a lower side on comparison with the previous
records (Figure 1) in past years which indicate a
possible reduction in the population density of the
species in the lake. The local fishermen revealed that
the average size of Pearlspots in their catch have
been reduced substantially in the last decade. Due to
these factors IUCN has declared a population decline
of E. suratensis, though it is included in the “Least
concern” category now.

Fig 1 The catch of E. suratensis from Vembanad
Lake during different years
The major threat for E. suratensis in their home range
is the rapid degradation of their natural habitats. The
continuous dredging of the lake bottom lime shell
deposits, increased sedimentation and the reclamation
of lake associated for various activities have altered
the breeding grounds of E. suratensis Vembanad lake,
which in turn impacted the recruitment and parental
caring of this mouth-brooding cichlid. An
indiscriminate catch of juveniles fishes and targeted
fishery of E. suratensis owing to its immense market
value may gradually lead the fish to death holes. The
co-existence of Mozambique tilapia Oreochomis
mossambicus and African sharp tooth catfish, Clarius
gariepinus, illegally introduced and spread in the lake
may definitely pose a massacre to pearlspots through
competition for food and space and active predation.
The excessive pollution resulting from urban wastes,
agriculture, house boats and ships have severely
affects the water quality that reduces the survival of
the fish in the lake.
The survival of E. suratensis is rather difficult in
degrading ecosystems due to its low fecundity and
comparatively average resilience. Though, the
breeding technology has developed for this fish on an
experimental basis, the commercial production has
not been standardized yet. The government of Kerala
has declared E. suratensis as the “State fish” in 2010,
due to a very least attention that has been received
towards the protection of the species. In the current
status, it is high time to initiate action plans towards
the conservation of the fish in its natural habitats.
The setting up of sanctuaries to protect the natural
habitats of the fish and techniques like ranching are
effective methods to protect E. suratensis in the state
waters.
REFERENCES
Alagaraja, K.(1984). Simple methods for estimation of parameter
for assessing exploited fish stocks. Indian J. Fish., 31(2): 177195.
Day, F. (1878). The fishes of India being a natural history of the
fishes known to inhabit the seas
and fresh waters of India, Burma and Ceylon. Text and atlas in 4

353

parts, William Davson; XX+
778 p, 195 pls.
Jayaram, K.C. (1999). The freshwater fishes of the Indian region.
Narendra publishing house, NewDelhi. 551p.
Jayaram, K.C.( 2009). The freshwater fishes of the Indian region,
Narendra publishing house.
Revised 2nd edition. 614p.
Kurup, B.M. and Samuel, C.T. (1985). Fish and fishery resources
of Vembanad Lake, pp. 77–82. In: Ravindran, K., N.U. Nair, P.A.
Perigreen, A.G.G. Pillai, P.A. Panicker & M. Thomas (eds.). Harvest
and Post- Harvest Technology of Fishes. Central Institute of
Fisheries Technology (CIFT) & Society of Fisheries Technologists
(SOFTI), Kochi, India
Kurup, B.M., Sebastian, M.J., Sankaran, T.M. and Rabindranath,
P. (1992). Fishery and biology of Macrobrachium spp of the
Vembanad Lake. E G Silas (eds). In fresh water prawns. Kerala
Agricultural University, Kochi; 78-89.
Kurup, B.M., Sebastian, M.J., Sankaran, T.M., and Rabindranath,
P.(1995). Exploited fishery resources of the Vembanad Lake.
Estimates of marketable surplus of production. J. Mar. Biol. Ass.
of India., 37(1&2), p 1-10.
Menon, N. N., Balchand, A.N. and Menon, N.R. (2000).
Hydrobiology of the Cochin backwater system-A review.
Hydrobiologia., 430:149-183.
Munro, I.S.R. (1955). The marine and freshwater fishes of Ceylon.
Dep. Of External Affairs, Canberra 177 pp+ pl 36.
Padmakumar, K.G., Krishnan, A., Radhika, R., Manu, P.S and Shiny,
C.K. (2002). Open water fishery interventions in Kuttanad, Kerala,
with reference to fishery decline and ecosystem changes; in Riverine
and Reservoir Fisheries, Challenges and strategies (eds) MR
Boopendranath, B Meena Kumari, J Joseph, TV Sankar, P Pravin
and L Edwin (Cochin: Soc. Fish. Tech. (India), CIFT) pp.15-24.
Ravindran, K., K. K. Appukuttan, V. N. Sivasankara Pillai, and
Boopendranath, M. R. (2006). Report on the committee of experts
on ecological and environmental impact of dredging at Vaduthala
Kayal and Vaikam Kayal. Unpubl. rep. submitted to the
Government of Kerala, Thiruvananthapuram 45 p.
Samuel, C.T. (1969). Problems and prospects of the estuarine
fisheries of Kerala. First All India Symposium on Estuarine Biology,
Tambaram,Madras.
Sumitra, V., Krishnakumari, L., Gopinath, V.J. and Dhawan, R.M.
(1981). Aquaculture of pearlspot, Etroplus suratensis in an
estuarine pond: Environmental characteristics, primary
production, growth and cost benefit ratio. Indian J. Mar. Sci., 10,
82–89.
Talwar, P.K., Jhingran, V.G. (1999). Inland fishes of India and
adjacent countries. Vol. I and II. Oxford and IBH Publishing
Company. New Delhi. 536p.

354

Perspectives on Biodiversity of India Vol. III

Theme 6
BIODIVERSITY CONSERV
ATION AND SUST
AINABLE
CONSERVA
SUSTAINABLE
UTILIZA
TION
THROUGH
TECHNOL
OG
Y
UTILIZATION
TECHNOLOG
OGY

IMPACT OF ECOSYSTEM QUALITY ON HEALTH STATUS OF SEA
TURTLES POPULATION
Madhusudhana Rao B.1, Sudhan C.2,Ranjithkumar K.3 and Vikas4
1. Department of Aquatic Animal Health Management, ICAR-Central Institute of Fisheries Education, Mumbai,
Maharashtra
2 Department of Fisheries Biology and Resource Management, Fisheries College and Research Institute, Tamil Nadu
Fisheries University, Tamil Nadu
3 Department of Fisheries Biotechnology, ICAR-Central Institute of Fisheries Education, Mumbai, Maharashtra
4 National Institute of Abiotic Stress Management (NIASM), Baramati, Pune, Maharashtra

Keywords:
Endangered, Pollution,
Pathogen, sea turtle

ABSTRACT:
Out of 7 species of worldwide, 5 species of sea turtles has been reported in India
from Cheloniidae (4) and Dermochelyidae (1) family with extensive distribution
in tropics and sub-tropics. Already huge stroke were faced by this community
that dragged their population to the endangered level by several factors that
significantly affects rejuvenation of the turtle stocks around the globe. Turtles
were known for its long life span with complicated life style that chains pollution of environment to have brutal blow on this group rather than other sea
living animals Yet, in future the real consequences would be pollution and
pathogen concern rather than fishing activities, Illegal harvests, destruction of
habitat and developmental activities. These ancient reptiles were battling to
show their existence against stress or gradients like macro algal contamination;
Parasite infestation; disease and bio-toxins; environmental issues and other
anthropogenic activities. Besides to their direct attack of environmental contagion on health status of individual it indirectly supports the proliferation of non
endemic organisms and parasites they in turn acts as resource for toxic compounds and disease causing pathogens.This paper presents on possible degree of correlation on the quality of habitat and health condition of marine turtle
complied and elaborated in a simple fashion.

INTRODUCTION:
Sea turtles are large, air-breathing marine reptiles that
inhabit tropical and subtropical seas throughout the
world and not at polar regions. They belong to the
Order Testudines and family Cheloniidae and
Dermochelyidae, which form an integral part of the
marine ecosystem (Vinothkumar et al, 2015). They
live in many different habitats of from inshore reefs
to open oceanic environments. They travel between
these habitats and pass through their different life
stages. They are also important economically and
culturally for the human throughout the globe.
Coastal places are developing at high velocity due to
the abundance of resources and good transportation
facilities and at the same point they are the area with
rich source of biodiversity. Now management of
turtle’s especially marine forms is so crucial and
actions are voted through each and every part of the
world for protection of these highly vulnerable living

beings. Presence of unlimited resources and suitable
environmental conditions; majority of biodiversity
including humans are localized in tropical and
subtropical regions of the mother earth. Turtles are
unsecure worldwide by various Humans
developmental disturbances.
Taxonomical classification of sea turtles
Kingdom
: Animalia
Sub-kingdom
: Metazoa
Phylum : Chordata
Sub-phylum
: Vertebrate
Super-Class
: Tetrapoda
Class
: Reptilia
Subclass
: Anapsida
Order
: Testudines
Family
: Cheloniidae (6)\
and Dermochelyidae (1)
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Species diversity Cheloniidae:
It includes all species of modern sea turtles with plates
or scutes, covering bony shells. Green sea turtles
(Chelonia mydas; globally distributed), including the
black turtle (Cheloniamydasa gassizii; found mostly
in the eastern Pacific), which is not recognized as a
separate species; Loggerheads (Caretta caretta;
globally distributed); Hawksbills (Eretmochelys
imbricata; globally distributed); Kemp’s ridley
(Lepidochelys kempii; found in the Atlantic Ocean
and Gulf of Mexico); Olive ridley (Lepidochelys
olivacea; found in the Pacific Ocean and the Atlantic
Ocean) and Flatback (Natator depressus; mostly
confined to Australian waters).

fauna. This phenomenon is proved to be caused by
basically via urbanization, which release overloaded
nutritive substance that in turn replaces the endemic
flora of the locality by foreign and opportunistic flora
there by it presents worst consequences by depleting
fauna also; due to hypoxia, anoxia, lack of food that
compromise the immunity of the animals, finally leads
to susceptible for pathogens. Here also algae replacing
the sea grasses, which has an efficient capabilities of
withdrawing a amino acid called Arginine (nitrogenous
biomolecule) this form of amino acid can induce the
pathogen proliferation by improving its strength
besides in suppressing animals immunity (Van Houtan
et al., 2010).

Dermochelyidae:
It consists of only one species, the leatherback sea
turtles (Dermochelys coriacea), which are
distributed globally. Leatherbacks are known for their
“leathery” skin, large body, and small bones making
up the carapace (shell), and an ability to regulate their
body temperature, which helps them survive in cooler
waters better than the Cheloniidae species
(Vinothkumar et al, 2015).

Toxic algal bloom:
Algae are the leading primary producer in grazing
food chain nevertheless we can also find toxic algal
spp. which blooms out during extreme conditions
(Garrard et al., 2008). The presences of these kinds
of harmful toxins in aquatic environment suggest the
deterioration of water bodies and act as indicators of
ecosystem (Skinner et al., 2013). Non endemic/
opportunistic algae proliferation by the effect of
environmental impact (eutrophication) which in turn
syntheses arginine by taking advantage of nitrogen
presents in bulk. This amino acid have skill of governs
the host immunity, stimulates etiological agent in
constructing itself and proliferation of pathogen
thereby leads to formation of tumors (Van Houtan et
al., 2010, Santos et al., 2011). Chiefly, two forms of
harmful algae are accountable for disease outbreak.
They synthesis two different bio-molecules they are:
1)“Lyngbyatoxin A” is a tumor inducing element
produced by algae “Lyngbya majuscule”. This
cyanobacterium is commonly noticed in habitat of
immature turtles resides and it can also yields another
toxin “Debromoaplysiatoxin”
2)Second tumorogenic substance is “okadaic acid”
produced by Prorocentrum lima, P. concavum, P.
haffmannianum, P. belizeanum and P. maculosum.
This alga usually will grow as epiphyte over
seagrassesand macrophages (Aguirre et al., 2004)
which is the general part of turtle’s food. And
nowadays
Protocentrum
group
of
organismsubiquitious in distribution, it became as wellliked as source of Diarrhetic Shellfish Poisoning
(Landsberg et al., 1999).
3)Third toxin is brevetoxin; and Karenia brevis is a
dinoflagelletes they are the factories of this toxin. Their
blooming leads to the phenomenon called “Red tides”.
It is a neurotoxin that exhibits “fish kills” followed by
severe economic losses in coastal states. A report of
Walsh et al., 2009 conveyed message overthis toxin
effects on marine turtles by targeting the immune
system of the animal. With symptoms like
sluggishness, head bobbing, shivering body, twitching
of muscles (Fauquier, et al., 2013).

Turtles and its environment:
Number of diseases and their prevalence is elevated
with high frequencies; message from many reports
suggest that quality of environment is acting a captains
character in establishment of infections. Above
mentioned point is completely proved in the case of
debilitating viral disease named as Fibropapillomatosis
(FP); this disease is identified by external cauliflower
like tumour over the skin and in severe case in visceral
organs. FP is resultant from several habitat factors.
They are two hypothesis became so popular with
respect to onset of FP
1) Increased nutrients
2) Immunosuppressive circumstances
Both of them convey same kind of summary that
water quality manipulates the condition of health
(Brodie et al., 2014). Degraded environment have
many deleterious effects, in that macroalgae are higher
vulnerable. Blooming of harmful algae creates such
a situation that it won’t allow the native food producer
to grow by occupying the space and intake of all
nutrients.
That is why if we urbanized coastal areas that
manipulate the habitat/ecosystem with poor species
diversity. In this case also the degraded environment
leads to have impact on diet and choice of foods of
animal; finally facilitate in poor performances in
survival, growth, fecundity, resistance to diseases
(Santos et al., 2011).
Increased nutrients and its impact on turtles:
Eutrophication:
Eutrophication has the great concern in recent past;
this is also an emerging problem to aquatic flora and
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Immunosuppressive circumstances and its role:
Surrendered immune system creates an opened door
for passage of pathogens; such immunity weakness
is established by pollution of habitat with persistent
organic compounds (pesticides runoff from
agriculture farms), metals (methyl mercury &
cadmium) and toxins from algae (Aguirre et al., 2004,
Brodie et al., 2014).The down fall of immune
organization ease the progress of foreigner’s entry
like papillovirus into host animal (Maglennon et al.,
2013)
At the same time another marine toxin “Ciguatoxin”
synthesized by Gambierdiscus sp.,a dinoflagellate.
It is the frequently described marine toxin which is
typically found in tropical and subtropical zones of
ocean, and it is being studied since from long span
but whole information concerningof epidemiology is
not cleared (Lehane & Lewis 2000). The correlation
point to be noted is disease related issues are also
more frequent in neritic areas of tropical and
subtropical zones. Sánchez-Sarmiento et al., (2016)
expressed the idea of effects of organochlorides in
implementation of diseases like FP is very ambiguous,
because of presence of disease in animal with low
level of contaminants compare to uninfected.
Considerable steps have to be followed for protection
of degraded coastal areas in particularly with species
diversified centers that supports conservation of other
herbivores along with turtles.
Endangered sea turtles and various factors
attributed:
Marine turtles are facing several troubles in various
ways like illegal harvests; global warming; hunting of
adults; egg harvest; predation pressure from wild
animals; beach erosion and egg loss; egg loss due to
over-crowding; artificial illumination; pollution; death
due to drowning; near shore predation of juveniles;
overfishing, destruction of habitat & consumption of
meat and eggs.
Disease outbreak and metal pollution:
Among disease concern, infectious diseases became
foremost constrain for conservation of endangered
animals. The point to be noted in the matter of
herpesvirus is that mainly juveniles are observed with
tumors; juveniles inhabit in neritic water. This pays a
pathway in relation with environment influence on
diseases introduction.
Da Silva et al., 2015 has stated the importance of
metal such as Cu, Fe and Pb, in development of FP.
Indeed, the abundance of those metal concentration
is immense in coastal regions; the feeding grounds of
turtles. Compare to terrestrial; the effect of
environmental factors on aquatic life is more. In those
factors UV radiation & metals are able to produce
surplus amount of ROS (Reactive Oxygen Species)
that can injure the bio-molecules of cells (lipids,
proteins, & nucleic acids). Mercury is element in

family of heavy metals; a study demonstrated that
Hg levels in blood of turtles are directly proportional
to haematocrit and creatine phosphokinase (enzyme
that damages tissues) activity; on other side it is
inversely proportional to lymphocytes count &
aspartate aminotransferase (Day et al., 2007).
Chemical pollution:
Persistant organic pollutants (POPs)are the chemical
substances which wants long time for vanishing out.
They includes Polychlorinated biphenols,
Polychlorinated dibenzo-p-dioxins, dibenzofurans,
Hexachlorobenzene, dioxins, chlorinated pesticides
etc., are common products released from industries,
agriculture fields & related farming practices and
various urban sources; indispensably into marine
ecosystem.They primarily accumulated mainly in
tissues of fat, liver & eggs. These compounds are
dominated by PCBs and all these pollutants are
causing sub lethal effect on health (Pugh and Becker.
2001). However, accumulation of persistent substance
is greatly depends also on gender, sex, and food
available (Pugh, and Becker,2001).
A paper by Keller et al., 2004 had expressed the
chances of injury to hepatocytes (liver); with
increased Aspartate Amino transferase activity and
damage to kidney persuaded by organochlorine
accumulation and also explained in detailed about the
general bond between OCs pollution with population
of marine turtles. Even through the primary etiological
agent of FP in turtles is a virus; but the rate of
incidence & the strength of disease is uplifted by
contaminated surroundings. However, Keller et al.,
2014 in their recent publication had showed that POPs
don’t have a key role in diseases outbreak, and also
mentioned immune system depression is noticed after
tumor development. Sea turtles are the distinct group
of marine beings whose existence became a question
mark by the combined effect of both natural (ants,
crabs, fishes, birds, marine mammals, sedimentation,
tides, storms) and artificial threats (illegal fishing,
poaching for meat & eggs, climatic changes, sea
pollution, habitat destruction, however latter problem
is giant problem
At least some kind of remedy is there for all above
mentioned threats but pollution and pathogens are the
existing issue which requires solutions and they are
the emerging threats and queries to be investigated.
Miao et al., (2001) outlined that chemical pollution
(especially PCBs) of habitat and its frequent exposure
possibly will bean important arm for rising of FP.
Toxic algal growth and tumor cells:
Skinner et al., 2013 has proved the domination of
Protocentrum genus of algae in Great Barrier Reefs
lagoon because of elevation of nitrogenous substance
in inshore waters. Reports are saying this particular
genus of dinoflagellate member named P.lima can
synthesize toxic compound “okadoic acid” it has a
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characteristic tumour (Fibro papillomatosis) inducing
factors. Okadoic acid can hold back the enzyme
“protein phosphatase type 1 & 2A that guides in
production of protein phosphatase; followed by
sequential steps for proliferation of cells (increase in
mitotic activity) (Landsburg et al. 1999). Whereas,
the both toxins from L. majuscule which triggers
Protein Kinase C (PKC) leads to develop typical FP
tumours (Arthur et al., 2008).

Other threats:
Spreading of plastic bags etc. to the sea coast and
throwing into the sea and trash in the water. Sea turtles
thinks the plastic bags are as jelly fishes and consume
as a food and dies due to suffocation in the
throat.Entanglement of turtles in marine debris.
Predation by animals such as dogs, pigs, crabs, crows,
foxes, jackals and birds. Heavy illumination to the
nesting sites.

Global warming – a global concern:
Temperature is also influence by industrialization and
it can also be counted as a cofactor in development
of disease (Aguirre et al., 2004).It is one of the
emerging issues which affect long-term threat to
animals. The prime impact on turtles leads to habitat
loss (nesting and foraging). Sea turtles are strongly
associated with coral reef ecosystem but, due to rising
sea temperatures and ocean acidity, these habitats
are now at risk. Sea turtle nests, eggs, and embryonic
development are very susceptible to fresh and
saltwater inundation and beach erosion resulting from
excessive rainfall or storm effects. The sea-level rise
leads to disappearance of nesting habitat during the
time of storm damage. The determination of sex fully
depends upon the incubation temperature of embryo
during embryonic development. Gradual change in
the global temperature reduced the turtle ratio. It also
alters the availability of turtle prey, a potential polewards redistribution of sea turtles into warmer waters
that, in recent history, have been too cold to support
sea turtles (Hayes et al., 2003; Glen and Morsvsky,
2004).

Aboriginal people and tribal fishermen to use sea turtle
as food and in ceremonies. Now sea turtles are listed
in CITES (Convention on Trade in Endangered
Species).
Acute threats have need of a direct incentive response
immediately.
Fishing lines and fishing hooks are
dangerous because the sea turtles can ingest
them.The trash consists of the plastic cups, plates,
plastics bottles, cans disposal plastic articles, foams,
cups, newspapers should not be thrown into the sea
surface water and
construction offshore jetties
towards establishment of coastal development
projects.

Oil spills:
The animals exposed to the crude oils have positive
and negative correlation with lymphocytes count and
RBC count. A paper of Lutcavage et al., (1994)
noticed the turtles caught in oil contaminated water;
that is suffering from epidermal cells damage, which
lays the foundation stone for infective agents.
Pollutants uploaded from urbanized localities; in
estuary of San Diego had altered the immunological
and physiological hoemostasis of Green turtle
(Komoroske et al., 2011) and also stated that
continuous sampling of water for pollutant
concentration with association with health parameters
will give a transparent picture of corrupted
environment on life.
Parasites and its infestation:
Parasites like leeches, blood flukes, barnacles and
ampipods their abundance is also improving; and its
multiplication is positively correlated with the health
of environment. Marine leech facilitates in
transportation of viral disease (FP) and this popular
disease is causing severe population loss of marine
turtles.

CONCLUSION:
The decline of quality of water is jumping to top as
time is passing by human manipulations with negligible
favor to nature. It is high time for installation of good
practices of utilizing water resources and processing
of things before going to dispend into aquatic bodies
exclusively marine; that will guarantee the long term
use of natural resources. They have badly affected
the health condition by acting as backbone
(immunosuppressive factors) for rendering to other
consequences such as diseases. Contamination levels
are keep on mounting up and almost reached a range
of intolerance limit of already susceptible animals this
impact is more on long lived animals like turtles. Most
of the research in the issue of turtle’s health reveals
that the pathological investigations in corresponding
with environmental degradation are due to incomplete
turtle’s physiological knowledge. The studies on the
subject of metals in corresponding to health care of
turtles to be focused in future. This is high time for
protection of these critically threatened marine reptiles
from environmental degradation, which in turn support
the other organisms to live and also creates a way
for sustainable use of resources.
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ABSTRACT
Generation of sustainable employment at the grass-root level is a
challenge for India, especially for people living in forest fringe areas and
in remote villages of the country. Livelihood generation through
agriculture is limited in scope and controlled by unpredictable natural and
seasonal factors. The mass exodus of rural India, including tribal and
indigenous people, leaving behind their traditional way of life is
detrimental to our country’s unique cultural diversity and spells doom for
the age old customs and practices. Only solution to this is employment
generation locally and creating livelihoods through use of locally available
bio-resources, in a profitable and sustainable way. The present paper
documents three machines which have been developed to mechanize and
modernize the manual traditional process of producing three different
small scale cottage industry products that have wide popularity and
demand in local markets. First is a biomass-fuelled Sal leaf plate/bowl
moulding machine, and third is a cereal puffing machine that increases
production of Muri/Murmura (puffed rice) by 1100% over the traditional
wok method. All three machines are manually operated and economically
viable alternatives to labour intensive traditional methods and because of
their non-electrical nature, are operable in the remotest corners of the
country, wherever similarly usable bio-resources are available. Having
found wide acceptance for socio-economic development of backward
classes, women empowerment and poverty alleviation in rural areas of
West Bengal, Bihar, Jharkhand, Chattishgarh and Odisha, through different
government agencies, the likes of such innovations could show the way
to sustainable income generation and migration prevention.

INTRODUCTION
The economy of India is lopsided, with the distribution
of wealth among its citizens being extremely nonuniform. As much as 77% of the country’s population
has been estimated to live in utter penury on less than
Rs. 20/- per day, as of 2007 (Dwivedi, 2012). Rural
areas, unsurprisingly, are the epicentres of poverty,
and abject poverty characterises the tribal belts of
states like Odisha, Bihar, West Bengal and
Chattisgarh. With scarce opportunities of employment
generation in these backward areas, apart from
agriculture, which again is plagued by increasing
draughts, irregular rainfall and other natural and
manmade vagaries, there has been a rising trend of
migration among the residents to seek employment
elsewhere.
Reports based on the National Sample Survey (NSS)
indicate that migration in India increased from 24.7%

in 1992–1993 to 26.6% during the period 1999–2000
(Srivastava and Sasikumar, 2003). The census data
of 1991 in India indicates that of the recorded 27.4%
migrants, 8.8% moved to secure employment
(Bhattacharyya and Bhattacharyya, 2016). Migration
leaves in its wake significant effects on the social,
economic, political and demographic structure of both
the source and destination areas of migration
(Dineshappa and Sreenivasa, 2014). Migration is also
a major cause of concern for the law and order
situation of the country and also negatively affects
the environment (Shurke 1993).
One of the negative effects of migration away from
rural areas is the gradual decline in the interest in
and the practice of traditional industries
(Bhattacharyya and Bhattacharyya, 2016). As such,
age old skills in crafts and cottage industries is being
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gradually lost and forgotten. Since these enterprises,
in their original forms, are not adequate income
generating sources, their loss is of little significance
to the able bodied migrants. However, a large section
of the rural and tribal elderly population, as well as
women and children, are associated with and reliant
on such traditional industries, and continuation and
upgradation of these industries to generate better
income would benefit them greatly. Sufficient income
generation from these enterprises could also stem the
rate of rural and tribal migration (Bhattacharyya and
Bhattacharyya, 2016).
One feature that is common to most of these traditional
enterprises is the use, as raw material, of locally
available bioresources. It is a widely acknowledged
fact that “valuable and productive biological
resources are crucial for sustainable economic
development” (Kannaiyan, 2009). As such, to
safeguard their own interests and way of life, rural
and tribal communities have long protected and
conserved their locally available bioresources. The
role of indigenous and local communities in biodiversity
conservation and sustainable development has been
acknowledged by the Convention on Biological
Diversity. It appears, therefore, that preservation of
traditional skills and crafts, as income generating
enterprises, using locally available bioresources,
carries with it the promise of biodiversity conservation
also, apart from being a potential means of migration
prevention, especially from backward rural areas of
our country.
To encourage rural and tribal people to continue with
their traditional skills and crafts, strong motivation in
the form of increased economic returns is
quintessential, which may be achieved through
modernization of their traditional enterprises.
Mechanization of the traditional skills in an economic
and uncomplicated manner is a way to achieve such
modernization. Through the use of modern technology,
the already rich traditional knowledge of indigenous
communities may be enriched further to enhance
livelihood generation.
The present paper discusses the advantages of three
such machines that have been developed to mechanize
age old traditional enterprises, over the traditional
method of producing said crafts. These traditional
industries are common across the rural and tribal
communities of the socio-economically backward
districts of West Bengal and Odisha where agriculture
is measly and seasonal, and large scale industries are
rare. Also, these industries use locally available bioresources in a sustainable way, thereby ensuring
protection and conservation of the said resources so
that a steady input of raw materials is maintained
throughout the year. The eco-friendly machines
discussed here generate substantially higher income

than the conventional methods, thereby promising both
economic empowerment of the beneficiaries and
management and conservation of the local bioresources, and may also prove to be suitable checks
to migration for employment.
Modernization of traditional enterprises through
mechanization:
Three traditional industries, viz., Sal leaf plate making,
Sabai grass rope making and Puffed rice (Muri)
making have been mechanized and the following
section discusses the various features of the
traditional methods and contrasts them with the
advantages derived from employing the innovative
eco-friendly mechanized alternatives.
Sal leaf plate making: India has long had a tradition
of eating on plates made from leaves of trees. Such
plates have been locally called by various names,
including Patravali, Pattal, Vistaraku, Vistar or
Khali. Usually leaves of Sal (Shorea robusta),
Banana (Musa sp.), Siali (Bauhinia vahlii) etc. have
traditionally served as plates/trenches on which food
has been served since ages, and which still continues
to be a custom in many villages of our country.
Because of their disposable nature, serving temple
food (prasad) on these platters was encouraged by
religious orders to maintain the standard of purity.
The idea to commercialize this traditional skill is
relatively new, taking effect only in the 1970s, mostly
due to the endeavour of traders in the Sal forest belt
of Eastern India, centered around the lateritic belt of
West Bengal, Odisha and erstwhile undivided Bihar
(Report – VasundharaOdisha, 2002). Sal leaves, being
a non-taxable Non Timber Forest Product (NTFP),
started providing substantial income to rural and tribal
communities which had little means of sustenance
before, but who resided in the heartland of this
precious natural product. One study estimated that
more than 70% of marginal land holders/farmers with
less than 2.5 acres of landholding were associated
with leaf plate making (Mahto and Chatterjee, 2011).
Initially, although just stitched leaves were sold,
pressing machines were soon invented to mould the
stitched template into firm shapes of plates and bowls,
which fetched higher demand and consequently higher
prices in the market. Electrical pressing machines
were the first to enter the market and still are in
operation in many areas (Islam et al., 2015). However,
certain constraints, chief among which are higher
capital investment and availability of electricity, limit
electrical pressing machines from being widely
adopted for Sal leaf plate/bowl making in the remote
rural and tribal areas in the heartland of Sal tree
country.
The need was therefore to adopt a non-powered
alternative to the electrical machines in pressing the
stitched leaf templates into finished products which
would improve earnings over the traditional stitched
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leaf plates but also not be as exorbitant as using
electrical pressing machines. One such alternative
has been developed jointly by the agricultural
machineries manufacturing firm M/s. Premier
Magnetos, Kharagpur and jointly patented with I.I.T,
Kharagpur, West Bengal.
The machine is a bio-fuelled pressing machine that

uses heat for moulding the stitched leaf templates
and shearing action for trimming the pressed leaves
into finished plates and bowls in one smooth wheeloperated action. The advantages of using this machine
over that of commonly used conventional electrical
pressing machines are listed in table 1.
Table 1: Comparison between Biomass operated and
Electricity operated Sal leaf plate/bowl pressing
machines

Table 1: Comparison between Biomass operated and Electricity operated Sal leaf plate/bowl pressing machines
The rates of production of finished product in both
the electrically powered and biofuel powered pressing
machines are similar, and the finished products fetch
higher margins of profit for the plate makers than
what unmoulded leaf templates fetch, and at least
one study found the profits made using the pressing
machines to be double than what the traditional
technique generated (Islam et al., 2015). The finished
products produced by the manually operated bio-fuel
charged leaf press generates 200% greater profits
over the un-pressed stitched leaf templates sold in
the markets. Also, the added advantages of only onetime investment, non-necessity of power supply, no
recurring power costs and the ability to dispense with
the practice of using carcinogenic and nonbiodegradable plastic films to bind leaves, makes the
biofuel powered manually operated pressing machine
the better and viable alternative.

Sabai grass making machine: Eulaliopsis binata,
commonly called the Sabai grass grows wildly in arid
lateritic soils of West Bengal, Odisha, Bihar,
Jharkhand, Punjab and other north western states of
India (Basu, et al., 2006). This grass binds the soil
tightly and is commercially valued for its use in paper
industry. Rope making from this grass is an age-old
traditional enterprise and is considered to be important
economy generator especially in the tribal belts of
the states where it grows and is often cultivated
(Satpathy and Sahu, 2010).
Traditional method of rope making is a tedious and
time consuming process with an average yield of
about 10 kilograms of rope made my one family of
four in one week. Increased demands of Sabai ropes
(Hathy, 2010) in the local and global markets
necessitates mechanization of the manual method to
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increase production.
A manually operated Sabai rope making machine has
been developed jointly (and patent filed) by M/s.
Premier Magnetos, Kharagpur, and I.I.T., Kharagpur,
that increases the production of ropes by 500% and
is drudgery free and suitable for operation by men
and women, requiring very little training. Because of
its cost-effective sturdiness and portable nature, this
machine can be used in the very hub of Sabai grass
production and can therefore effectively generate
greater profit margins of rural and tribal Sabai grass
farmers and craft makers.
Muri (Puffed Rice) making machine: Puffed rice
(muri/murmura) is a favourite snack across India,
and is a healthy, low calorie snack that is easily
digestible and tasty. It has been produced traditionally
for ages by hot air pufûng in woks, using wood or
coal as the heat source. The process is laborious and
exposes the operator to constant high heat and
combustion emissions, and does not enable operations
for long durations. However, the market demand for
traditional quality puffed rice remains high because
of its taste and quality.
In order to meet demands, mass production of puffed
rice has been in place for quite some time now, in
rice puffing mills, although the process benefits the
mill owners more than it benefits the individual
households who either sell the processed rice to the
mill owners for paltry sums or pay heavy prices for
puffing the rice in the mill. Also, the rampant use of
urea and salt in puffing rice in mills makes the finished
product distasteful, and decreases its demand. As
such, a necessity has been felt for mechanization of
the process but within the means of low-income
people of our country, and also maintaining the
traditional quality of the finished product.
In order to facilitate individual or collective households
to puff their own processed rice into the finished
marketable product, sparing them the necessity to go
to industrial-scale mills, a compact, bio-fuel operated,
manual, portable machine has been developed,
patented and marketed by M/s. Premier Magnetos,
Kharagpur, which increases the production of
traditional quality puffed rice by 1100% as well as
reduces fuel input significantly (Bhattacharyya and
Bhattacharyya, 2016), and is a modification of the
traditional process that enables mass scale production.
Pufûng in this machine yields better quality products,
with the same expansion ratio and higher crispiness
without salt treatment, which is one of the side effects
of producing puffed rice using the traditional method.
The machine is low cost and is easy and cheap to
maintain. After the initial cost of installation, the only
other cost incurred is that of fuel (wood/biogas)
(Bhattacharyya and Bhattacharyya, 2016). It is highly

suitable for women to operate for long durations and,
although meant primarily for puffing rice, has been
shown to be equally effective in making popcorn,
puffed paddy (popped rice), puffed wheat etc.
Implications of machines in bio-resource
conservation.
The three machines discussed above achieve
mechanization, thereby modernization, of three
traditional enterprises, all of which use locally available
bio-resources. Sal forests, which are the sources of
large quantities of leaves that are pressed into plates,
are unique ecosystems that support equally unique
biota (Biswas et al., 2004). Conservation of these
forests could be effectively achieved by involvement
of local stakeholders, who would care for and protect
the forests to ensure sustainable yield of leaves to
allow continuation of the traditional leaf making
enterprise. And through use of the modern machine
described above, sufficient income could be generated
through this enterprise to encourage increased
involvement of rural and tribal people who reside in
the heartland of Sal forests, which could also
potentially solve the problems of poverty alleviation,
women empowerment through employment
generation and migration.
Similarly, conservation of an important bio-resource,
Sabai grass, could be effectively encouraged by
increasing the profit from ropes made from this grass,
through the use of the non-powered machine
described above. That would also protect a traditional
skill from going extinct.
Local varieties of non-hybrid rice, which are not grown
chemical-intensively, when puffed into Muri, fetch
higher market prices. The machine described above
could encourage local farmers to grow these varieties
of rice instead of opting for high-yielding non-local
varieties, thereby helping to conserve local cultivars
of rice.
DISCUSSION AND CONCLUSION
Biodiversity conservation needs participation of local
communities. Indigenous communities have long been
engaged with skills, trades and enterprises that make
use of locally available bio-resources and for the sake
of ensuring sustained availability of these resources,
it has been a practice among these communities to
preserve and protect them. The traditional enterprises,
however, are facing the risk of extinction due to the
low income generated by them. Through
mechanization of these traditional skills, they may be
modernized enough so that substantial profit is
generated and more people are encouraged to practice
them. The present paper has described three such
machineries, which are non-powered, low cost, low
maintenance and user friendly, that improve the
production and profits from three traditional
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enterprises, which depend on locally available bioresources. It is hoped that a wider application of these
machines would, besides empowering rural and tribal
communities economically, help in conserving local
bio-resources by increasing interests among local
beneficiaries and making them stakeholders and
custodians of their resource rich environment.
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ABSTRACT
Indian Skimmer Rynchops albicollis is listed as Vulnerable by the IUCN,
because its population is undergoing a rapid decline. State of Odisha has
been a major area for this species and it has been documented that this
was resident. Wild Orissa has been monitoring this species in River
Mahanadi. During 2015 observation of large number of juveniles and
adolescent birds in Naraj-Mundali, indicating breeding in these areas of
the river, was made. During 2015 Wild Orissa addressed the central and
state government for notifying the Naraj-Mundali stretch of the river as
an eco-sensitive zone for the Chandaka-Dampara Wildlife Sanctuary in
order to safeguard the breeding for Indian Skimmer. During 2016 the
Wildlife Department Odisha has ensured protection to a stretch of River
Mahanadi near Munduli where the Indian Skimmer has been found to be
breeding from month of February. Around 64 nests and 180 eggs were
reported. Disturbance from planned development such as proposed
railway and road bridges, and increased removal of water for irrigation
could threaten skimmer habitat in the area. These issues need addressing
if the species is to be conserved effectively in Naraj-Munduli. There is
an imperative need to Ensure for maintaining the Skimmer habitat, Avoid
further degradation or loss of critical breeding and life cyle site in River
Mahanadi, Restrict development to areas where its impact on Skimmer
habitat is minimal, Educate the community about Skimmers and other
birds’ conservation, Collaborate with the primary stakeholders (Chandaka
Wildlife Division) in the delivery of key messages about birds
conservation, Discourage human intrusion in bird habitat, Monitor
population of coastal birds in other wintering and staging sites on the
river Mahanadi, Collaborate with relevant organisations (BNHS, ZSI,
SACON etc).

INTRODUCTION
Indian Skimmer Rynchops albicollis is from the
skimmers family Rynchopidae and is closely related
to the Black Skimmer and African Skimmer. The
plumage is black on the upper-side and white on the
underside, with white forehead and collar, and black
crown. The tail is short and forked, with the central
tail feathers being black. They have a long and thick
bill, which is of bright orange with yellow tip. The
peculiar feature is their longer lower mandible.
Juveniles have paler orange bill and black tip. They
give a nasal call (Zusi et. al. 2017).
It occurs primarily on larger, sandy, lowland rivers,
around lakes and adjacent marshes and, in the nonbreeding season, estuaries and coasts. It breeds
colonially on large, exposed sand-bars and islands
(Bird Life International, 2013).
Skimmers employ a very specialised foraging

technique, normally obtaining all their food from the
water surface along which they skims with bill open
and lower mandible cutting the water. The Asian
species is apparently mainly piscivorous, scales and
bones of small fish having been found in gizzards of
specimens, but the diet also apparently contains a high
proportion of small surface-dwelling crustaceans and
insect larvae. The gizzards of some have been found
to be packed with small fish “lying neatly parallel like
sardines in a tin”, while several others contained
nothing but a thick oily material. When winds are
strong they cannot hunt successfully as their large
wings gain too much lift; this perhaps explains their
predilection for crepuscular or even nocturnal foraging
when the summer winds subside and the air is
relatively calm; but equally, their feeding schedule
might relate to the activity patterns of their prey
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(Collar et. al. 2001).
International Status
Rynchops albicollis is confined to Pakistan and India,
north of c.16°N, Bangladesh, where a large proportion
of the population winters, principally in the PadmaMeghna delta, and Myanmar. It is a rare visitor to
Nepal. It was formerly widely distributed across the
Indian Subcontinent, along the major rivers of
Myanmar and along the Mekong in Indo-China. It
was common in the 19th century in Myanmar, Laos,
Cambodia and Vietnam, but there are very few recent
records from Myanmar (Sundar, 2004) and none from
Laos, Cambodia or Vietnam. It has declined in India
and Pakistan. Its population is estimated at 6,00010,000 mature individuals.
A 1994 count of 555 individuals along 403 km of the
Chambal river in the National Chambal Sanctuary,
Madhya Pradesh, suggests that this river system is
now one of the most important for the species
anywhere in the world. Although India hosts the
largest surviving population (containing several
thousand individuals at least), evidence suggests that
it is declining rapidly for a variety of reasons; indeed
it has been declared the most important species which
needs special conservation action in the Indo-Gangetic
plains (Collar et. al. 2001).
The population of the Indian Skimmer Rynchops
albicollis is declining rapidly as a result of widespread
degradation, and disturbance, of lowland rivers and
lakes, and therefore it is listed as Vulnerable (Bird
Life International, 2017). Its present global population
is estimated at 6,000–10,000 mature individuals. It
was formerly widely distributed across the Indian
Subcontinent, along the major rivers of Myanmar, and
along the Mekong in Indo-China. Today, small
numbers are present in Pakistan, it is known from
only three localities in Myanmar, and the species is
extinct in the Mekong Delta (Sundar, 2004). It is a
rare visitor to Nepal. At present, the last strongholds
of the Indian Skimmer are India, and Bangladesh.
Bangladesh has an important role in its conservation,
as a large population of skimmers winters on its coast
(Mohsanin, 2014). India holds the only remaining
breeding grounds for this species. In India it is mainly
confined to the major river systems of northern India,
notably the Chambal-, and Ganges Rivers (Ali and
Ripley 1995; Grimmett et al., 2011; Rasmussen and
Anderton 2012). It is one of the least studied species
in India (Rahmani, 2012).
Survey results show that over the years 2000 to 2013
there has been a 90% (c.5,400 to 600 individuals)
decline in the Indian Skimmer population in
Bangladesh (Mohsanin 2015). Rahmani (Rahmani
2012) also reported a more than 50% (c.555 to 230
individuals) decline between 1994 and 2010 in the

core breeding area in Madhya Pradesh, India. This
indicates that the species is facing rapid and
widespread decline (Mohsanin 2015).
Coastal wetlands in India also provide habitat for
several federally listed threatened and near
threatened bird species. The threatened species,
namely Indian Skimmer Rynchops albicollis are
found in the coastal wetlands (Balachandran, 2012).
The Asian Waterbird Census recorded 5,542 in 2001
(Li and Mundkur 2004). S. Balachandran
(Balachandran, 2012) estimated the Indian population
to be 2,500 individuals. Its total poulation is estimated
at 6,000-10,000 individuals, roughly equating to 4,0006,700 mature individuals. This species is listed as
Vulnerable because its population is undergoing a rapid
decline as a result of widespread degradation and
disturbance of lowland rivers and lakes (Bird Life
International, 2013).
In Andhra Pradesh sightings of the species have been
reported from Pocharam Wildlife Sanctuary and
Manjira Wildlife Sanctuary (Islam and Rahmani
2004). 19 Indian Skimmers were seen on an exposed
sandbar about 300 m from the river bank (16.716°N
82.250°E) near Neelapalli Village, Yanam, Andhra
Pradesh. In addition to this colony, Caspian Tern
Hydroprogne caspia and Gull-billed Tern
Gelochelidon nilotica were also seen in the vicinity.
On 27 March 2014, three skimmers were seen
nearby, close to the village, and two more were seen
on 2 April 2014.
MATERIALS AND METHODOLOGY
Rynchops albicollis in Orissa
“I came across a large flock consisting of Skimmers
and Terns (Seena aurantia) in the Mahanadi near
Cuttack. I managed to obtain half a dozen specimens
of the former, but was struck with difference in the
actions of the two species. While the terns affected
rather than frightened by my shots, flew in swarms
over and close to my head, the Skimmers, for the
most part, kept out of range. However, by waiting
patiently for chances, and leaving the Terns to their
diversions, I got the number I wanted. I previously
met this species in the Ganges near Rajmahal.” (Ball
1876)
“Indian Skimmer is found in Orissa, north and south
of Mahanadi.” (Ball 1878) “Cuttack, on the Mahanadi
river, a large flock consisting of skimmers and terns”,
undated (Ball 1876), “recorded elsewhere on this
river” undated (Ball 1878) “and thought to be resident
(D’Abreu 1935).” (Ball 1877)
Mahanadi river hosts the Indian Skimmer (Palei, et
al., 2014). The species has been recorded in Chilka
Lake (Balachandran et. al., 2009). Bhitarkanika
Wildlife Sanctuary in Orissa is a key congregation
area of Indian Skimmers in the country. 60 birds were
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counted in different areas of this sanctuary (Nayak,
2003). During a survey 110 Skimmers were counted,
flying in unison, which then landed on the Praharajpur
Dhia (island) (Gopi et. al,. 2006). Indian Skimmer at
Bhitarkanika during July 2002-July 2003, 70 numbers
at Barunei Mouth (Boere et. al. 2006). 250 individuals
were counted during winter of 2016 in the Satkosia
Gorge Tiger Reserve (Naik et. al. 2016). There have
been occasional reports of presence of Indian
Skimmer from River Mahanadi which flows
downstream of the Hirakud Dam in northern Odisha,
with a couple of records from the Main Dam Site.
(Nair et. al. 2014)
Study Area
‘Wild Orissa’ an organisation registered under the
Societies Registration Act 1860, was constituted for
the purpose of conservation of nature and wildlife in
Orissa. (Wild Orissa 2017). With an objective for
ascertaining the presence of Indian Skimmer
Rynchops albicollis the stretch from Bhagipur
(20.424512, 85.727538) to Naraj (20.472630,
85.766983), and from Athagarh by-pass (20.452884,
85.719925) to Kakhadi village (20.480135, 85.759765)
on both sides of the River Mahanadi, Cuttack District,
in Odisha was surveyed from June 2015 to April 2016
by Wild Orissa members viz. Bira Kishore Bhujabal,
Diptiranjan Patra, Chinmaya Bhujabal, Suchitra
Sahoo, etc. Surveys were conducted on weekly basis
by systematically walking on fixed routes on both the
banks of the river as well as dried up river beds and
sand bars throughout the study area. Boat transport
was also utilised during the survey. The birds were
observed during most active period of the day i.e.
6:00 AM to 8:30 AM and 16:00 PM to 18:00 PM with
the help of 8 X 40 Bushnell binoculars with the aid of
camera for recording observations. Bird identification
manuals were used during the survey (Ali et. al. 1987)
(Ali and Ripley 1995) (Grimmett et. al. 2011).
Historical records were examined and information
from local sources were also obtained and analyzed.
FINDINGS
Mahanadi findings
A total of 140 numbers of Indian Skimmer were
counted during July 2015 during the survey period
(Bira Kishore pers. commn.). During the months of
July and August 2015 photographs of juveniles of the
Indian Skimmer were taken in and around Munduli
by members of Wild Orissa (Bira Kishore pers.
commn.). The juveniles were observed to be feeding
in the company of full grown adult birds, on some
occasions being fed by their parents also. The
plumage of the juvenile was lighter/grey shades
instead of black (which is in adults), and they had
paler orange bills with prominence of black on the
tips of the bill. They had dusky orange bill with
blackish tip, paler brownish-grey crown and nape with

dark mottling, paler, more brownish-grey mantle, and
whitish to pale buff fringing scapulars and wing
coverts. The presence of juveniles of this species on
River Mahanadi indicated breeding on this stretch of
this river.
Rynchops albicollis breeding in Odisha
Bhitarkanika is a major key congregation area for
Indian Skimmers in the country with more than 100
birds that frequent the Praharajpur and the Barunei
estuary during the ebbtide for foraging. The seasonal
movements of this species are not known. Though it
is said to be a winter visitor to the Orissa coast, the
fact that a few individuals are sighted all through the
year indicates that this species possibly breeds in
Orissa. (Gopi et. al. 2006)
The Indian Skimmer has been mentioned as
‘Resident’ and common in the annonated checklist
of birds in Bhitarkanika mangroves in Odisha, during
course of an ecological study on the colonial nesting
of waterbirds from August 2004 to December 2006
(Gopi and Pandav 2007)
“Resident on the Nerbudda and Mahanaddy Rivers.
Breeds from March to April after the fashion of other
terns and in company with them.” (D’Abreau 1935)
More recently viz. 2003, B C Choudhury has
confirmed the breeding of the Indian Skimmer on the
islands in the Mahanadi in Satkosia Gorge WLS
(Rahmani 2012). Year round presence of some
individuals and observations of mating pairs in Satkosia
Gorge indicate likely breeding, possibly in the isolated
sand banks downstream of Satkosia Groge (Rahmani
and Nair 2015).
Rapid population declines are suspected to be
occurring, in line with the widespread degradation of
riverine and wetland habitats throughout the species’s
range (BirdLife International 2013).
Eco Sensitive Zone
This confirmed, what had been said by previous
researchers, that Indian Skimmer breeds in River
Mahanadi. Wild Orissa took up the issue of EcoSenstive Zone around the Chandaka-Dampara
Wildlife Sanctuary during June 2015 (Wild Orissa
2015a) in which specific mention was made regarding
the sensitive nature of bird breeding habitats of some
endangered species in areas inside as well as
surrounding the sanctuary. The finding on breeding
of the Indian Skimmer Rynchops albicollis from this
survey were communicated (Wild Orissa 2015b) to
the Government of India and Government of Odisha
during September 2015, in which mention was made
that the sand river bed and sand formations on the
River Mahanadi hosts the breeding of bird species
including the Indian Skimmer (a globally threatened
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species), Black Bellied Tern (a globally threatened
species), River Tern (endangered species), etc. It was
suggested to the Government of India and
Government of Odisha that the stretch from Banki
(20.379892, 85.528620) to Naraj (20.472630,
85.766983) of River Mahanadi be notified under the
Eco Sensitive Zone for Chandaka-Dampara Wildlife
Sanctuary under the provisions of the Environment
Protection Act 1986. The issue was further taken up
by Wild Orissa on 23.09.2015 during meeting of
stakeholders in public hearing on suggestions/
objections on the draft Eco Sensitive notification
conducted by the Government of Odisha.
Further during the months of February to June 2016
Indian Skimmer were encountered all along the survey
area. They were found to be most active during the
early morning hours as well as late evening hours.
During the first week of March 2016 1 nest alongwith
4 eggs of the Indian Skimmer was found at (20.445015,
85.685682), the parents were seen close-by.
Subsequently it was noticed after a gap of 15 days
that the eggs had either hatched or had been destroyed
by humans or cattle, on this sand formation in the
River Mahanadi (20.445015, 85.685682). This finding
established a spot for breeding of this species on this
river. Further later during March-April Indian
Skimmer was observed to be breeding on one of the
sand bar/islands (20.432744, 85.732051) near Munduli
in relatively large numbers. As per official press
release by the Government of Odisha dated 19th May
2016 a total of 64 nests with 181 eggs were
documented on the sand formation near to Munduli
Barrage (20.432744, 85.732051). This second site was
closely monitored by the Chandaka Forest Division
officials/staff.
The Government of India issued the final notification
under the provisions of the Environment Protection
Act 1986 for an eco-sensitive zone around the
Chandaka Dampara Wildlife Sanctuary vide
Notification S.O. 2906(E) Dated 09.09.2016 F. No.
25/21/2014-ESZ/RE Ministry of Environment, Forests
and Climate Change. (Gazette of India 2016) The
map annexed to the Hindi version of the said
notification, page 11, very clearly brings out coverage
of eco-sensitive zone to the breeding sites for Indian
Skimmer in River Mahanadi.
DISCUSSION
The breeding of Indian Skimmer on River Mahanadi,
during 2015 and 2016, is without doubt a reestablishment of a fact as per data collected and
findings by various scholars from time to time. This
part of the country witnesses serious anthropogenic
demand placed by numerous human habitations all
around. The problems and conservation prospects for
this species need to be analyzed in light of findings
obtained in other Skimmer breeding habitats.

It has been reported from Bangladesh that threats to
wintering waterbirds in the area were disturbance of
roosting areas by increasing cattle grazing (mainly
feral water buffalo), over-fishing and associated
human disturbance due to heavy seasonal day and
night fishing activity at all states of the tide, conversion
of natural island habitats to arable farming; water
pollution from industrial waste, agricultural pesticides,
fuel and chemical discharges from marine vessels;
land erosion; and claims of use-rights to newly formed
mudflats and chars by influential local people (Mohasin
2015).
The construction of the Indira-Sagar Multipurpose
or Polavaram dam upstream in the Godavari River is
expected to lead to a drastic reduction in the discharge
of silt in the downstream reaches as well as changing
the annual flow regime of the river, causing damage
to possible roosting and breeding sites of the Indian
Skimmer (Malla et. al. 2015).
The IUCN states that the species decline is
attributable to widespread increases in human
disturbance, exploitation and degradation of rivers and
lakes through fishing, transportation, domestic use,
irrigation schemes and pollution from agricultural and
industrial chemicals. These factors have reduced
reproductive and foraging success (BirdLife
International 2013). Water release from dams and
seasonal floods can destroy breeding colonies.
Encroachment of vegetation, especially the invasive
water hyacinth Eichhornia crassipes, is an
increasing problem at lakes and reservoirs. House
Crows Corvus splendens, which have been
witnessed to decimate at least one breeding colony,
are attracted to human settlements, cultivation and
areas of food waste and animal carcass disposal,
activities that also encourage the presence of stray
and domestic dogs (Siddiqui et. al. 2007).
Birdlife International (BirdLife International 2013)
emphasizes the need to conduct population census in
India and Pakistan during the breeding season.
Promoting active management of static wetlands used
as feeding areas, strict control of pesticide use near
important sites, research and mitigate threats at
important breeding colonies, campaigning for
increased representation of large waterways in
protected-area systems, carrying out awarenessraising activities, perhaps targeting certain stretches
of river will be important (Siddiqui et al. 2007).
Birdlife International has emphasized upon controlling
of disturbance which is the key to conserving this
species whereby nesting sites are secured. In all
areas, major changes in river use (e.g. prevention of
access to entire stretches of river) are most unlikely
to be either needed or feasible, but a reduction of
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river disturbance is required in key areas to ensure
suitable habitat remains to meet the breeding and
foraging requirements of the species. Important
breeding colonies require strict protection from
disturbance; this could be achieved by prohibition
(perhaps in the form of fencing and guarding), or at
least regulation, of access to individual sandbars found
to support colonies or pairs. Birdlife International
continues that if a network of key colonies can be
properly protected, the chances of saving the species
would appear to be high at least in Pakistan and India.
Similarly, effective protection of potential breeding
sites (i.e. large relatively undisturbed river islands)
might result in the return of the species to stretches
of river that it has abandoned. (Collar et. al. 2001)
Proper habitat management is required so that there
is a reduction of pollution (and upstream of) key areas
to ensure that the breeding and foraging requirements
of this species are met. Water hyacinth infestation is
a problem on many wetlands in northern India and
some form of control, preferably mechanical rather
than biological, needs to be exercised. (Collar et. al.
2001)
Birdlife International emphasizes that as the seasonal
movements of this species are imperfectly
understood, there is a need to investigate the breeding
and non-breeding ranges of each subpopulation.
Repeatable river surveys are required in Pakistan and
India to map colonies and estimate population size
and trends. These national censuses should be used
to assess the threats it suffers and identify key
colonies for protection. (Collar et. al. 2001)
The effect of dams on breeding success of sandbarnesting birds is a neglected topic; there are an
increasing number of head-ponds and hydroelectric
schemes at which this work could be targeted. The
most pertinent approach (upstream and downstream)
would be to relate flood regimes and sediment
deposition rates to in-flow and out-flow patterns, and
in turn to identify the relationship between these
factors and the success or siting of riverine bird
colonies. For example, a head-pond might flood an
important sandbar area, but the increased release of
sediment at the entrance to the head-pond could
reproduce ideal sandbar habitat, especially if induced
to do so. It might transpire that minor adjustments to
dam and reservoir management could allow for a
greater compatibility between river development and
Indian Skimmer populations, and this is a possibility
that deserves close investigation. (Collar et. al. 2001)
Birdlife International emphasizes that in Pakistan and
India, protected areas do not tend to focus on rivers,
and this is an oversight that needs to be addressed,
especially in the case of large protectable colonies of
this species. (Collar et. al. 2001)
In view of the research findings and observations,
including past literatures from British India, the
following suggestions can be considered for the

conservation of Indian Skimmer in Odisha:
1. Consider providing stringent protection, with the
assistance of the local community and well meaning
conservation organizations, to all sand bars/islands
currently being used/likely to be used by Indian
Skimmer for breeding and for colonizing, including
ensuring no-grazing during the months of JanuaryJuly
2. Monitor in an non-intrusive manner the population
dynamics of Rynchops albicollis species round the
year, with the assistance of small number of local
communities
3. Avoidance of excess visitations to breeding sites
and roosting sites
4. Undertake study regarding fluctuating of water
levels in River Mahanadi through the year so as to
ensure deep water and river flow is maintained, so
that suitable nesting islands remain isolated by water
throughout the breeding season
5. Factor in the ecological requirements of Indian
Skimmer while considering any proposal for setting
up of any infrastructural projects in the vicinity of
River Mahanadi in Odisha
6. Maintenance of sand-bars in the most pristine form
and engaging with the Irrigation department in
ensuring the presence of such sand-bars and
appropriate flow of water around the sand bars/islands
7. Ban the visits by tourists-photographers near the
breeding sites and near to colonies
8. Bring in amendment to the schedules under the
Wildlife Protection Act 1972, so as to specifically list
Rynchops albicollis in the same
9. Take measures to ensure that pollution levels in
River Mahanadi is maintained within the most
acceptable levels
10. Take steps to incenstivize the use of non-chemicals
in agriculture and allied activities including fishkeeping etc. in the various human settlements on both
banks of River Mahanadi
11. Consider notifying the stretch of River Mahanadi
from Banki to Naraj (both banks of the river) under
the provisions of the Wildlife Protection Act 1972,
viz. Conservation Reserve/Community Reserve/
Wildlife Sanctuary/etc.
CONCLUSION
The survival of the Indian Skimmer Rynchops
albicollis is in the hands of humans, as more and
more detrimental factors are pushing the species to
the brink of extinction. Numerous positive initiatives
will be required if the fortunes of this sensitive bird is
to turn around and for it to make a comeback. Today
a vast majority of its’ erstwhile range has since gone
and what remains today are only islands of hope,
which too are coming under immense pressures from
all around. India in the 21st Century is one of fastest
growing economies, and it is in the hands of its’ citizens
to take a call as to whether the Indian Skimmer will
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live to see the 22nd Century in it’s natural habitat!
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ABSTRACT
Regions with the exceptional natural, ecological and/or cultural values are
prioritised and designated as protected area to ensure the conservation
and sustainable management to maintain ecological balance in the region.
There has been around 700 Protected Areas recognized by the
government of India which includes 103 National Parks, 528 Wildlife
Sanctuaries, 65 Conservation Reserves and 4 Community reserves. The
sole purpose of this was to protect and conserve the biodiversity and
ensuring a sustenance of providing social, cultural, ecological, economic
and health benefits. The protected areas with the reduced anthropogenic
activities have been useful in conserving the flora and fauna specific to
the region. Ecologically fragile and biodiversity rich Western Ghats is one
among the 35 global biodiversity hotspots spreads from 8º to 22º N and
74º to 77º E covering the states of Gujarat, Maharashtra, Goa, Kerala,
Karnataka and Tamil Nadu. It constitutes less than 5% of total
geographical area of India, ensures water and food security to the
peninsular India apart from aiding as carbon sink to mitigate vagaries of
changes in the climate with global warming. Western Ghats plays a major
role in monsoon dynamics and hence necessitates the conservation and
proper management to sustain the natural resources, water resources and
to minimize the water conflicts. Major factors causing degradation are
unplanned development due to rapid increase in population,
encroachments, smuggling of timber and fuel-wood, human induced or
natural forest fires, grazing of animals within the protected areas, invasion
of exotic weeds, etc. The main objective of the study is to understand
the landscape dynamics in the selected National Parks of Karnataka
(Western Ghats) and visualise likely changes by 2026 using CA-Markov
model. This helps in evolving appropriate conservation measures with the
location specific management plan by involving all stake holders.

INTRODUCTION
Forest ecosystem plays a major role in global biogeochemical cycles and in-turn affects the quality of
earth’s environment [1]. Forests are being degraded
due to changes occurring in land use/land cover
(LULC) which is mainly because of human activities
[2]. In last 30 years, India has lost large amount of
forests to around 24000 industrial projects [3],
cropland expansions, etc. which has led to decline in
quality of ecosystem. LULC changes have led to
climate change at micro level as well as globally and
has also adversely affected the regional biodiversity
through loss of habitat, deforestation activities,
encroachments, etc. [4]. Species extinction is not the

only thing biodiversity loss refers to, it also includes
reduction in the extent or productivity of ecosystem.
Loss of biodiversity is of concern because of its
potential impact on human beings, ecosystem
functioning and also for ethical reasons [5].
Alterations in land cover has resulted in the imbalances
of global carbon resulting in changes in the climatic
regime.Monitoring the landscape dynamicsis thus
essential to ensure the sustainable management of
natural resources and to mitigate the impacts of
climate change. Availability of spatial data at regular
intervals since four decades has helped in monitoring
land LULC changes.Understanding changes in
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LULC and visualisation of likely changes would help
in evolving strategies for sustainable use of ecosystem
services and conservation of biodiversity [6, 7].
Modelling and visualisation of landscape dynamics aids
in understanding the major causes of transitions and
consequences. Modelling with the insights of earlier
transitions and the role of agents will help to quantify
the potential impacts and designing appropriate
mitigation measures [8]. Distance from major roads,
distance from central business district/market (CBD),
percentage steep slope, wetlands, proximity to
residential area, etc. have been identified agents of
LULC changes [4, 9,10], in addition to the
neighbourhood land uses and configuration of land uses
[11]. The modelling of landscape dynamics is vital
for understanding the potential impacts of LULC
changes and helps policy makers in decision making
through sustainable management plans [12]. Various
urban modelsthat are already available include artificial
neural network, fuzzy logic models, Clue-S model,
Markov model, Cellular automata (CA) model
etc.There are some drawbacks such as dependency
in the case of Clue-S. Similarly, the Markov model
can estimate the dynamics in landscape but fails to
provide the spatial pattern. CA model on the other
hand can predict the spatial pattern of landscape but
cannot deal with variations in time frame. Thus, a
blend of CA-Markov is used to understand landscape
dynamics in temporal as well as spatial domain [13].
CA-Markov technique (non-agent based) accounts
variations in forest cover, whichis non-linear in
nature.Probability parameters such as transitional area
matrix, transitional probability matrix are assessed
using Markov and the transition rules with CA aid in
real time simulation of future land use/land cover
dynamics [4, 14]. The transition rules created using
CA are region specific, but can be adopted globally
[15]. The CA-Markov model achieves the contiguity
rule, which simulates the expansion of land use class
near to similar existing land use class except at the
borders [16].This endeavour aims at the study and
assessment of landscape dynamics in protected areas
of Karnataka. The objective of the analyses are (i)
assess the LULC dynamics during 1973-2016 and (ii)
visualization of landscape dynamics in 2026 through
CA-Markov simulations.
MATERIALS AND METHODS
Study Area: Karnataka is blessed with some of the
best and diverse forests in the country, with evergreen
forests in Western Ghats, scrubs in plains and sholas
at high altitudes. It has a wide variety of flora and
fauna present, some of which are endemic to the
region. The region has a total forest cover of 22.60%
(43356.948 km2). Karnataka has a total of 27 Wildlife
Sanctuaries and 5 National Parks [17]. Table 1 lists
the geographical and demographic information.

Table 1: Protected Areas – Geographic and
Demographic information

Method: Figure 1 outlines the method followed,
which involves – (i) data collection and preprocessing, (ii) finding land use analysis, (iii) modelling
and prediction.
Data collection and pre-processing: The primary
(Remote Sensing) data used includes Landsat 1-MSS
(1973), Landsat 5-TM (1991), IRS p6L4X (2016) and
Google Earth (http://earth.google.com). Landsat data
has good resolution and is cost effective as it is
available free for downloading from public domain
such as USGS (http://glovis.usgs.gov, http://
earthexplorer.usgs.gov). IRS data was obtained from
NRSC, Hyderabad, India. Secondary data used was
Google earth and cadastral maps of villages which
helps in providing assistance to interpret different land
use types from remotely sensed data. Geometric
correction was done on the raw satellite data by taking
various GCPs (Ground control points) using
secondary data. Then geo-corrected data was
resampled to 30m (Note: IRS data was kept at 5m
resolution only for LU analysis for better identification
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of features, it was resampled to 30 only for modelling
aspect). The data was then clipped pertaining for the
study area. A buffer region of 10 Km was considered
as per the guideline by Karnataka Forest Department.

next state of current cell which is dependent on current
state only. Transitional probability matrix and area
matrix can be obtained by Equations 1 and 2.

Land Use Analysis: Land use analysis involves (i)
creation of FCC (False color composite) by assigning
Blue band = Green band data, Green band = Red
band data, Red band = Near Infrared band data, (ii)
training polygons were chosen corresponding to
heterogeneous patches on the FCC. These polygons
were selected by overlaying FCC on Google earth.
These training polygons are distributed uniformly
across the region of interest (ROI) covering at least
15% of ROI, (iii) these polygons were converted
into signatures using GRASS-GIS, were assigned to
various classes and classification was done.Signatures
were collected by overlaying FCC on Google earth
through QGIS (Ramachandra et al., 2017). Land use
analysis was carried out by using Gaussian maximum
likelihood classification algorithm (supervised
classification). Remotely sensed data was classified
based on the signatures which were created from
training polygons which includes all land use type as
mentioned in Table 2.

(1)

(1)Where, P is the Transitional probability matrix; Pij
is the probability of ith land use to convert into jth
class during the transition period; n is the number of
land use classes.
Transition area matrix can be obtained by
(2)

(2)Where, A is the Transitional area matrix; Pij is the
sum of area of ith land use to convert into jth class
during the transition period.

Table 2: Land Use Classes

Supervised classifier based on Gaussian maximum
likelihood algorithm was used for classification with
the training data. This classifier performs classification
on the basis of probability density function and is
considered as one of the most superior method. Land
use dynamics are understood through land use
classification y using GRASS GIS (Open source) with
the temporal data [18, 19].
Modelling and prediction: Markov provided
information about transition probability or occurrence
of changes with respect to time. It results in
transitional probability matrix and transitional area
matrix with respect to likely land use changes of each
class which provides information about the probability
of changes likely to occur and how much area is likely
to convert from one class to another. These matrices
are obtained based on probability distribution of the

Figure 1: Spatial analyses – temporal remote sensing
data classification, modelling
Cellular Automata provides transitional rules
depending on which the state of cell changes
according to the neighbourhood cells of previous state
of current cell. CA-Markov incorporates the
transitional rules and probabilities together to provide
better results. The land use for the future can be
predicted by using Equation 3[20].
(3)

(3)Where, L (t+1) is the land use status at time t+1; L
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(t) is the land use status at time t.
A contiguity filter of kernel size 5x5 was used that
accounts for the neighbouring pixels. It was used to
create weighing factor such that cells far from
existing land use have lower effect when compared
to nearby cells. The filter used was:

CA-Markov model was used to predict the land use
for the year 2026.
RESULTS AND DISCUSSIONS
Land Use Analysis: The temporal land use analysis
for Kudremukh National Park, Talacauvery Wildlife
Sanctuary and Cauvery Wildlife Sanctuary was done
for the years 1973, 1991 and 2016. Figure 3 and Table
3 provides insight to the temporal land uses.
*The evergreen forest is reduced by 4.51% and is
converted into deciduous and horticultural plantation
in Talacauvery Wildlife Sanctuary. The core region
of the Wildlife Sanctuary is not degraded much due
to high altitude and high rainfall in the region.
*Cauvery Wildlife Sanctuary, the deciduous forest has
come down by 17.56% since 1973 into scrub forest,
agricultural and horticultural activities and open areas.
Increase in built-up area signifies increment in human
population. Overgrazing and mismanagement of
gomala lands (reserved revenue lands) has enhanced
anthropogenic pressure on forests.
*The evergreen forest is reduced from 33.46% to
27.22% since 1973 in case of Kudremukh National
Park with an increase in deciduous forest and scrub
forests. There is a shift from traditional farming to
commercial rubber plantations which has impacted
the flora and fauna in the region.

Geo-visualization and Prediction: Land uses for
the year 1973, 1991 and 2016 were analysed using
Gaussian maximum likelihood classification algorithm.
Land use of 2016 is predicted using the transition of
1973 and 1991 land uses. The simulated result of
2016 was compared with the actual land uses (based
on 2016 land use) for validation. Upon the successful
prediction, land use for 2026 was predicted using the
same reclassification rules, else, the rules were
calibrated and the process was repeated. Figure 4
shows the simulated temporal land use for
Kudremukh National Park, Talacauvery Wildlife
Sanctuary and Cauvery Wildlife Sanctuary for 2016
and 2026 respectively. Table 4 shows the likely land
use share in 2026.
Table 4: Predicted Land Use analysis with 10 Km
buffer region

Figure 1: Land Use analysis with 10 Km buffer region
for (A) Kudremukh National Park, (B) Talacauvery
Wildlife Sanctuary, (C) Cauvery Wildlife Sanctuary

Table3: Land usesin National parks with 10 Km buffer
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Figure 4: Predicted Land Use analysis with 10 Km
buffer region for (A) Kudremukh National Park, (B)
Talacauvery Wildlife Sanctuary, (C) Cauvery Wildlife
Sanctuary

The results show that in case of Kudremukh National
Park, the horticultural activities in the region will
continue. The built-up area is predicted to increase
due to increase in population in the region. Talacauvery
Wildlife Sanctuary shows not much changes due to
high altitude and high rainfall in the region. Taking
the case of Cauvery Wildlife Sanctuary, the forest
cover is predicted to decrease by 5.32% from 2016
to 2026. It is predicted that the open area and
agricultural activities will be increased. Land use
details in Table 4, highlights that net forest cover in
Kudremukh National Park is predicted to be most
affected while TalacauveryWildlife Sanctuary being
less affected and Cauvery Wildlife Sanctuary being
moderately affected. Table 5 shows the validation
results of the model with which we can say that there
is a good agreement in the actual and the predicted
maps of 2016.
Table 5: Validation between predicted and actual
image

CONCLUSION
Land use dynamics in various protected areas is
assessed with the help of temporal spatial data
acquired through space borne sensors during 1973 to
2016. In case of Kudremukh National Park the
evergreen forest is reduced by 6.24% since 1973
while the commercial plantations in the region shows
increasing trend which clearly shows human
intervention in the forest has increased. Similar trends
were observed in Talacauvery Wildlife Sanctuary
which shows the evergreen forest cover in 2016 is
46.22% which was 50.73% in 1991 and the
horticultural activities have increased from 22.01%
to 30.65%. Cauvery Wildlife Sanctuary shows that
the deciduous forest cover in the region has decreased
by 17.56% since 1973 and scrub forest and open
areas have increased in the region. Geo-visualization
has indicated the landscape composition and
configuration changes. CA-Markov model analysis
efficiently simulated the land use changes based on
various rules and probability of changes to occur.
However, the model is limited to human decision
making and not any changes happening due to
environmental impact or socio-economic variables.
The information of landscape dynamics help decision
makers to efficiently manage and plan for the
conservation of forest. The results shows that even
though the forests have been declared as the protected
areas, still there is a degradation and deforestation
activities due to mismanagement of fragmented and
un-coordinated governance among many government
agencies.
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ABSTRACT
Labeo dussumieri (Val.), popularly known as ‘Malabar Labeo’ is a
cultivable food fish which is considered as an important delicacy of
Central region of Kerala. The species commonly called as Thooli or
Pullan, is the only representative of the genus Labeo from Kerala waters
endemic to the west flowing rivers originating from the Southern part of
Western Ghats of India and Sri Lanka occurring in streams, rivers,
reservoirs, back waters and flood plain areas. It is restricted to Pampa,
Achenkovil, Muvattupuzha, Chalakudy, Manimala and Meenachil rivers in
Kerala. The aim of the study was to quantify the exploited stocks of L.
dussumieri from Pampa River with a view to revalidate the population size
of the fish which was earlier documented as an “Endangered” species in
Red Data Book as per IUCN categorization. Estimates of the exploited
stock of L dussumieri were made based on the data generated from major
fishing grounds of River Pampa, where regular systematic surveys and
sampling were conducted during pre-monsoon, monsoon and postmonsoon seasons during 2007-2009 and 2014-2015 periods. Daily landings
from each category of gear were computed. The exploited stock of L.
dussumieri from the study area during 2007-2009 was estimated at 75.6 t
and during 2014-2015 at 60.5 t. A drastic reduction in the catch of about
5.14 to 7.08 t was recorded for L. dussumieri from River Pampa during
1987-1990 due to severe over exploitation and habitat degradation in the
river. The development of captive breeding technology and successive
ranching of this fish species may be attributed to the increase in the
catch of the fish in the river. Thus it could be concluded that L.
dussumieri has been successfully revived in River Pampa maintaining a
stable population size and subsequently the species received an IUCN
status up gradation to “Least concern” category.

INTRODUCTION
The Western Ghats eco-region of peninsular India is
one of 34 global biodiversity hotspots of the world
(Raghavan et al., 2011). 320 fish species have been
reported from Western Ghat region and among them
33% are grouped under threatened group (Dahanukar
and Raghavan, 2013). The Kerala parts of Western
Ghats covers 44 rivers systems and these rivers are
potential habitats of large variety of fish fauna, many
of which are endemic to the state. Labeo dussumieri
(Val.), popularly known as ‘Malabar Labeo’ is a
cultivable food fish which is considered as an
important delicacy of Central region of Kerala. The
species commonly called as Thooli or Pullan, is the
only representative of the genus Labeo from Kerala
waters endemic to the west flowing rivers originating

from the Southern part of Western Ghats of India
and Sri Lanka occurring in streams, rivers, reservoirs,
back waters and flood plain areas (Day, 1878; Kurup
and Kuriakose, 1991; Talwar and Jhingran, 1991). In
Kerala this species is restricted to Pampa, Achenkovil,
Muvattupuzha, Chalakudy, Manimala and Meenachil
rivers (Kurup, 2000; Renjithkumar, 2014). It attains
about 50 cm in total length and 2 kg in weight (Kurup,
1988). In India, the species is one of the highly
esteemed food fishes and commands a higher price
as compared to the Indian major carps (Padmakumar
et al., 2004). The aim of the study was to quantify
the exploited stocks of L. dussumieri from Pampa
River with a view to revalidate the population size of
the fish which was earlier documented as an
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“Endangered” species in Red Data Book as per
IUCN categorization.
MATERIALS AND METHODS
Pampa River is one of the longest rivers in Kerala
(179 km) which spreads as an arterial network in
Kuttanad, the extensive low lying agricultural fields
of the state. Among 60 species of fishes reported
from the river, 26 species, belonging to 5 orders and
21 genera contributed to the exploited fishery
(Renjithkumar et al., 2011). Estimates of the exploited
stock of L dussumieri from River Pampa were made
based on the data generated from major fishing
grounds (Fig 1), where regular systematic surveys
and sampling were conducted during pre-monsoon,
monsoon and post-monsoon seasons during 20072009 and 2014-2015 periods. Details of landings were
collected from more than 30% of the gears landed,
giving emphasis to type of gear, mesh size, weight,
size groups represented in the catch, actual fishing
hours and manpower engaged. Daily landings from
each type of gears and fishing methods were
computed following Kurup et al. (1992)
W = (w/n) X N, Where, W = total weight of L.
dussumieri, w = total weight of fish from gear
sampled, n = number of gear sampled, N = total
number of similar gears operated. Monthly catch of
the species was estimated by multiplying daily catch
with total number of fishing days in a month. Seasonwise landing was estimated by multiplying monthly
catch with number of months in the season. The
annual exploited quantity of L. dussumieri was
calculated by summarizing the landings of three
seasons.

RESULTS AND DISCUSSION
The exploited stock of L. dussumieri from the study
area during 2007-2009 was estimated at 75.6 tonnes
and during 2014-2015 at 60.5 tonnes (Fig 2). John
(1936) listed L .dussumieri as one of the most
common species of the rivers of Travancore where
it was frequently encountered in gillnets. This species
supported a lucrative fishery year around and
sustained as the major source of livelihood source to
the fishermen. A drastic reduction in the catch of
about 5.14 to 7.08 tonnes was recorded for L.
dussumieri from River Pampa during 1987-1990 due
to severe over exploitation and habitat degradation
in the river. According to Kurup (1993), the landing
from Pavukkara and Parumala landing centres varied
from 2.4 to 3.2 t and 2.02 to 2.64 t respectively. On
the contrary, the landing was estimated at 6.38 t and
37.56 t respectively in the present study during 20072009. The landing of the species recorded was 5.50
t and 30.67 t during 2014-15 which were almost similar
to the catch in 2007-2009.

Fig 2. Landing details of L. dussumieri from River
Pampa during different years

Fig.3. Catch of L.dussumieri from Pampa river
sytem

Fig 1. Map of Pampa River showing sampling
locations

Size range of L. dussumieri was (110-359 mm) lower
when compared to 90- 454 mm as reported by Kurup
(1993). In 1990’s, there was an alarming depletion of
population of this species due to water abstraction
and intensification of fishing during Oothayilakam,
fishing by poisons and explosives and exploitation of
gravid females (Kurup,1993). Gravid females of L.
dussumieri of Pamba were subjected to
indiscriminate killing during the outbreak of monsoon,
which was commonly known as “Thooli chakara” in
Pamba (Kurup, 1994). The workshop on
Conservation Assessment Management Plan
(CAMP) to evaluate the status of this species as
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‘endangered’ based on IUCN criteria due to
restricted distribution, loss of habitat, overexploitation, destructive fishing practices (CAMP,
1998; Ponniah and Gopalakrishnan, 2000). The
development of captive breeding technology by
Kurup and Kuriakose (1991) and successive ranching
of this fish species may be attributed to the increase
in the catch of the fish in the river. Presently Labeo
dussumieri, contributed well to the fishery in Pamba,
Chalalakudy, Meenachil, Muvatupuzha and
Achenkovil rivers of Kerala (Fig 3) (Renjithkumar,
2014). Thus it could be concluded that L. dussumieri
has been successfully revived in River Pampa
maintaining a stable population size and subsequently
the species received an IUCN status up gradation to
“Least concern” category.
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ABSTRACT
Landscape dynamics is one of the major activity which leads to the
degradation of forest ecosystems. They have significantly impacted on
the extent and condition of forests as well as species distribution. Eastern
Ghats (EG) is one among the nine floristic zone of India and termed as
unique landscape. The analysis has done by the examination of historical
topographic sheets, vegetation type maps and satellite images (1920-2015).
The maps were prepared using onscreen visual interpretation at 1:250,000
scale. The visually interpreted maps are used for further analysis such as
change detection and fragmentation for finding the extent of forest
degradation. The study attempts to assess the forest degradation of EG in
light of LULCC. The forest fragmentation is one of the key feature to find
out the degradation and deforestation of forest ecosystem. We have
analysed fragmentation with six major window viz. patch, edge,
perforation, core area I (<250 ha), core area II (250-500 ha) and core area
III (>500 ha). It observed that the forest degradation is very prominent
in the EG during the study period. Very significantly the degradation was
very high during 1960-1975 period and in the current decade the rate of
degradation is very low. Besides we have also observed that the shrub
land and agriculture are have been extended due to anthropogenic
activities. In total, EG have lost 13% of forest area in the duration of 95
years. These changes have brought into alteration of landscape structure
and their arrangements. The degradation in the forest ecosystems can
alter the extent and the quality of species habitats. EG supports good
floral and faunal diversity and some of the species are endemic to this
area. The present study conclude that the degradation of forest was very
high in the EG during 1960’s and size of the intact forest is reducing
consecutively with the increase of the length of forest edge. The shrub
land has been taken the advantage of degraded forest and it has
increased its extent dramatically during the study period. Majority of
forest degradation has noticed in the northern part of EG covering the
state of Odisha. Mining and related activities are the major threat to
forest ecosystem and it enhances the degradation and deforestation. If
the current scenario continues the existence of species and the rendering
services of EG will be under threat. The study identifies conservation
strategies for further decline in the extent and quality of this fragile forest
ecosystem.

INTRODUCTION
The growing demands on land and resources of the
forest is most noticeable land change process in
natural system globally. This has also impacted the
global climate change (Houghton et al, 2012). The
increased human demands leads to high pressure on
various components on the natural systems which
supports biodiversity in all aspects such as land,
climate, water, food, and habitat. The land is

considered as the major base for existence of
biodiversity, once the land degradation sets, the
biodiversity also go under threat due to habitat
degradation, fragmentation of habitat, alien species
invasion and habitat encroachment (Pringle et al,
2015). The existence of species are under severe
threat from land use /land cover changes (LULCC)
and extensive habitat fragmentation. Landscape based
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conservation approaches provide better monitoring of
land under threat from various sectors such as
agriculture, mining, human population exploitation and
development projects. These activities are the major
driver of forest fragmentation. The changes in the
land use and land cover lead to changes in landscape
pattern. The fragmentation on areas of edge and
interior habitat had prior concern (Tripthi et al, 2016)
because edges are areas of focal habitat(s) modified
ecosystems and interior are the places in which most
indigenous species resides.
Habitat fragmentations define as “a landscape-scale
process involving both habitat loss and the breaking
part of habitat” (Fahrig, 2003). Land use/cover
change is one of the reason behind landscape
fragmentation and it will leads to the decline in
biodiversity Kupfer and Franklin (2009) through
decreased connectivity, increased isolation, and habitat
loss, is often caused by anthropogenic activities (Sala
et al. 2000). Satellite images, coupled with geographic
information systems (GIS), provide cost-effective and
timely information in examining the long-term process
and pattern of forest cover and landscape development
in many different geographic locations. In this study
we investigate land use land cover dynamics, patterns
of landscape fragmentation and species distribution
through satellite images and geographic information
system in Eastern Ghats- one of the biologically rich
and highly disturbed ecological regions in India-for
conservation priorities.
Study Area
Eastern Ghats are chain of broken hill ranges in SouthEast India and one of the nine floristic zones in India,
located between 11° 30’ and 22° 0’ N Latitudes and
76° 50’ and 86° 30’ E Longitudes extend in a northeast south-west strike in the Indian Peninsula (Figure
1). In the hills, shifting cultivation (Podu) is practiced
as the major component of the subsisten- ce economy
in all communities (Mundoli, 2011). Rivers like
Godavari, Krishna, Nagavali, Pennar and Vamsadhara
pass through these Ghats and innumerable streams
and rivulets, provide plenty of scope and shows
profound influence on the economy and socio-cultural
activities of tribes having their own language, heritage,
customs, religious practices, customs etc. Because
of broken chain like topography physiography the
forests in the Eastern Ghats are the most affected,
compared to the Western Ghats and Himalayas, as
they are experiencing heavy pressure on all sides.
Very few reports are available about the Eastern Ghats
on forest and LULC change, biodiversity, fire and
conservation aspects (Ramachandran et al, 2016;
Naidu and Kumar, 2016; Kumaraguru et al, 2016;
Jayakumar, et al. 2002, Muthumperumal and
Parthasarathy,2010).

Figure 1: Location Map of Eastern Ghats

Data used
The analysis has been carried out with the help of
historical maps (1920, 1940 and 1960) and multi-date
multi-temporal Landsat images with different sensors
viz; Multispectral Scanner System (MSS) (1975 and
1985), Thematic Mapper (TM) (1995 and 2005),
Enhanced Thematic Mapper (ETM+) (2005) and
Operational Land Imager (OLI) (2015). The standard
Level 1 Landsat satellite images of 1975, 1985, 1995,
2005 and 2015 are downloaded as orthorectified form
from the earth explorer website (https://
earthexplorer.usgs.gov/) provided by United States
Geological Survey (USGS).
METHODOLOGY
Mapping of land use land cover
The frame work methodology is adopted from Roy
et al, (2015) for the preparation of LULC database
for India. The satellite images and topographic maps
are brought into Universal Transverse Mercator
(UTM) Zone 44. The images were then re-sampled
using nearest neighbour algorithm to a common
resolution of 30 m. The mapping of LULC has been
carried out with the help of onscreen visual
interpretation technique. The historical maps of 1920,
1940, 1960 and 2015 Landsat OLI images digitized
to derive LULC maps for the respective years. The
2015 vegetation type vector layer was overlaid on
the 2005 satellite data and the same were edited w.r.t.
for the changed polygons only and the 2005 map were
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finalised. The final map of 2005 was further overlaid
on 1995 satellite data and the same procedure was
repeated to produce the 1995 vegetation type map.
The same process has been repeated for 1985 and
1975 for the preparation of LULC maps of the
respective years.All the LULC maps were prepared
in 1:250,000 scale. A six fold LULC classification
schemehas been derived from the nine fold LULC
classification scheme of Directorate of Economics
and Statistics, Ministry of Agriculture, Govt. of India
(http://eands.dacnet.nic.in/LUS_2013-14/Concepts &
Definitions.pdf) viz, forest, built up, barren and uncultivable land, scrubland/grassland, waterbody and
agricultural land. ERDAS Imagine 2015 and Arc GIS
10.3.1 software’s has been used for the analysis. The
ground points of 2971 in proportion of LULC class
area collected from Google Earth images (CNES/
Astrium) of very high resolution of 2015 were used
to determine the accuracy of the LULC maps.
Assessment of forest fragmentation
Fragmentation of the landscape was evaluated in
spatially and statistically. The spatial analysis
performed with the help of landscape analysis tool,
Tool v2 (LFT v2)by Vogt et al. (2007). The method
is based on a procedure to map forest fragmentation
based on forest and non-forest land cover; the tools
quantify forest fragmentation from raster land cover
maps. The land cover maps for 1920, 1940, 1960,
1975, 1985, 1995, 2005 and 2015 were reclassified
into forest and non-forest classes using ArcGIS spatial
analyst reclassify tool. GIS was used to identify patch
formation within the extended forests, including edge
and perforated areas, and intact and contiguous
forested areas, and assign them to a patch size class
as described by Stokes and Morrison (2003). Using
a specified edge width of 500 m, forest fragmented
areas were classified into ‘core’ forest—relatively

distant from the forest-non forest boundary; ‘patch’
forest—forests too small to be considered as core
forest; ‘perforated’ forest—boundaries between core
forest and relatively small perforations; and ‘edge’
forest—boundaries of relatively large perforations
and the exterior boundaries of core forest regions
(Vogt et al., 2007). ‘Core’ forest was further divided
into ‘small core’ (<101.17 ha), ‘medium core’
(101.17–202.34 ha), and ‘large core’ (>202.34 ha)
areas.
RESULTS
Land use land cover change and Forest cover
loss
The forest cover loss has been calculated from 1920
to 2015 (Table 1). Forest was the dominant land cover
in 1920 with 43.59% of the total area of Eastern
Ghats and agriculture was the dominant land use for
all the assessed time period with 46.11% at 1920 to
46.48% in 2015 (Table 1). Even though the agricultural
expansion is very minimum 0.3% the trends are not
good for the forest ecosystems. The constant increase
of settlements are seriously have to consider in this
area the settlements has been increased from 0.07%
in 1920 to 0.56% in the 2015. The barren land class
also showing increase during the years. The LULCC
of different years are shown in Figure 2. There was
small changes noticed from forest to scrubland/
grassland (651.64 km2) and Barren land to scrubland/
grassland(1520.08 km2) in 1920. There are not much
changes during this period (1920-1940). The
significant changes has been noticed during 19401960. This is due to changes in the socio economic
trends during the time period. During this time period
India shows rapid increase in population and economic
growth (Tian et al, 2014; Ravikant et al 2000). The
intact forest cover is decreasing due to anthropogenic
pressure. The forest cover was 43.40 % in 1920 and
is reduced to 27.57 % in 2015.

Table 1: Area distribution in different land use land cover from 1920-2015
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Figure 2: LULC Maps of Eastern Ghats from 19202015

Figure 3: Fragmentation Maps of Eastern Ghats from
1920-2015

Fragmentation
The distribution of forest fragmentation showed
significant changes between 1920 and 2015. The
class wise fragmentation has been analysed from
1920-2015 there are 6 classes has been spatially

analysed (Figure 3) and the patch analysis done for
all the six classes from 1920-2015 (Table 2). The
distribution of forest fragmentation showed significant
changes between 1920 and 2015.

Table 2: Fragmentation analysis of forest

DISCUSSIONS
Anthropogenic activities and consequent LULC
changes are one of the major drivers of land
degradation of forest cover (Geist and Lambin, 2002).
The high forest cover changes was recorded during
1920-1960 period in the study area. The studies
(Ravikanth et al., 2000; Tian et al., 2014) shows that
in India majority of the deforestation has occurred
during the British government as well as early years
after independence. Our results have showed a
significant increase in agricultural area and the area
expansion during 1940–1960 (Table 1).
Historical data helps the study of the process of forest
fragmentation over time. The Eastern Ghats are most
rapidly changing frontier in India, most of its forests
are already in the edge of destruction and very small
area of forests are remain contiguous (Jayakumar
and Arockiasamy, 2003). Forest degradation and
deforestation were found to be associated with the
degree of spatial fragmentation of the forests. It was

observed that fragmentation in the landscape of
Eastern Ghats has resulted primarily from cultivation
and mining. This makes the degree of fragmentation
in EG to be higher. Agriculture makes high pressure
on the Andhra Pradesh region and in Orissa it replaced
with mining.This remaining forest is dominated by
small fragments, with most fragments smaller than
1000 ha and within 500 m of a forest edge (Figure 3).
In the Eastern Ghats, the number of forest patches
has been increased from 1509 in the 1920 to 9404 in
2015 and simultaneously the thorny forest has been
increased from 38 in 1920 to 24913 in 2015.
CONCLUSION
The study concludes that the patterns of land use
change, change trends and transition processes by
different LULC category in the Eastern Ghats from
1920 to 1960 differ after 1975. Before 1960 the major
threat was conversion of forests into other categories
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was high due to logging, development activities. But
after 1960’s the forest cover conversion reduced and
degradation has started in light of mining and
urbanization. The scrubland/grassland encroachment
towards forest and fallow lands are continuing.
Patterns of landscape have been changed significantly
due to fragmentation. The species assemblage is high
in core areas and significant species composition has
found in the edges of the forest.
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ABSTRACT
Assam being a constituent unit of the Eastern Himalayas which is one of
the two biodiversity Hot Spots in the country contributes abundantly to
the total biodiversity of India. The state is the last refuge for many rare,
threatened and endangered species of plants and animals. The climatic
conditions coupled with heterogenic physiography provide favourable
environment for the growth and sustenance of a large number floral and
faunal species. The recorded forest area of Assam is 26,832 sq km
accounting for 34.21% of its geographical area. According to their legal
status, Reserved Forests constitute 66.58% and Unclassed Forests 33.42%
of the total forest area. The protected area network of Assam includes 5
National Parks and 18 wildlife sanctuaries covering an area of 0.40 million
ha constituting 4.98% of the geographical area. The state has three Tiger
Reserves, namely Kaziranga, Manas and Nameri. Kaziranga National
Park and Manas Wildlife Sanctuary are in the list of World Heritage sites.
Assam is also known for endemism. Altogether 165 species of plants
have been recorded which are restricted in distribution to certain pockets
in Assam, while some of them show extended distribution in other N.E.
Region and elsewhere in India. However about 100 such species have
been recorded which are highly endemic to Assam. One horned
Rhinoceros protected in the Kaziranga National Park finds a special
mention in the list of endemic species. With existence of one of the most
diverse faunal population; Assam provides the gateway for spread of both
oriental and Palaearctic fauna to other parts of the country. The objective
of this work is to illustrate the significance of the biodiversity of the
region and collate information on biodiversity richness of the state. The
work is also intended to show the decline of biodiversity in the region
and to suggest steps needed for the conservation of the biodiversity
therein. Maps generated from Quantum GIS were used to illustrate
biodiversity at different topographic zones. Different forest types spread
across the state are depicted with the help of GIS maps.

INTRODUCTION
Physiogeography of Assam makes it a viable place
for the survival and growth of a wide range of plant
and animal species. It is a constituent unit of the
Eastern Himalayan Hot Spot which harbors many
rare and endemic species. The greatest success story
is the conservation of the one horned rhinoceros at
the Kaziranga National Park. The varied forest types
provide amicable habitat to many floral and faunal
species. These forest covers are disappearing due to
merciless felling of trees and extensive grazing and
other human related activities (Hazarika, et al, 2005).
Areas of human settlement, agriculture and industries
are expanding at the expense of wildlife habitat. These
threats can be overcome by an effective and efficient

management of the forests which, in turn, depends
on reliable and up to date information on forest
resources and wildlife habitats (Sarma, et al, 2009).
Biodiversity as a whole is a key indicator for the
sustainable development of a region. Without proper
management and conservation strategy maintaining
biodiversity is a difficult task. Loss of forest cover is
a direct threat to biodiversity. Forest cover today is
altered primarily by direct human use and any
conception of global change must include the
pervasive influence of human action on land surface
conditions and processes (Yang, et al, 2002, Forkuo,
et al, 2012). This work is an effort to show the
present biodiversity status and also the decline of
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biodiversity in the state.

Table 2: Forest cover of Assam. Source:

Study Area
Assam became a constituent state of India in 1950.
It is a state in North Eastern India and located in
south of the Eastern Himalayas between 24°10’5" N
to 27°59’2" N latitude and 89°01’22" E to 96°0’58"
E longitude. The state is bounded to the north by the
kingdom of Bhutan and the state of Arunachal
Pradesh, to the east by the states of Nagaland and
Manipur, to the south by the states of Mizoram and
Tripura and to the west by Bangladesh and the states
of Meghalaya and West Bengal. The name Assam is
derived from the word asama, meaning “peerless” in
the now extinct Ahom language. The neighbouring
states of Arunachal Pradesh, Nagaland, Mizoram, and
Meghalaya were once part of Assam. The capital
formerly Shillong (now the capital of Meghalaya), was
shifted to Dispur, a suburb of Guwahati in 1972. Total
area is 78,438 square km and total population as per
2011 census is 31,169,272 (Encyclopedia Britannica,
2015).

Fig 1: Assam with its different districts. Map prepared
in QGIS using Shape files from DIVA-GIS
METHODOLOGY
Secondary data from ENVIS portal were used to
illustrate the loss of forest cover in Assam. Maps
derived from NRSC and Assam Forest Department
were used to show forest cover and different forest
types in the state.
Forest cover Change
Table 1: Forest cover change in Assam from 2013 to
2015. Source: ENVIS Web Portal

Total forest cover in the state, from 2013 to 2015 is
found to decrease. Remote Sensing Data coupled with
the field data shows that this decrese is mainly due to
urbanisation and increasing human settlament due to
rise in population.

Year
1987
1989
1991
1993
1995
1997
1999
2001
2003
2005
2007
2011
2013

Forest Cover in Sq. Km
25,160
24,832
24,751
24,508
24,061
23,824
23,688
27,714
27,826
27,645
27,692
27,673
27,671

Source: Forest Survey of India, Dehradun. State of
Forest Report (2003-2013).

Fig 2: Forest cover change in Assam from 1987 to
2013. Based on data from Table 2.
The above trend shows decline in the forest cover
from 1987 to 2001. The steep increase in the forest
cover in the year 2001 may be due Formation of
Protected Areas, National Parks and Wildlife
Sanctuaries. Many afforestation measures were also
taken by the government during that period of time.
Recorded Forest Area
The recorded forest area of Assam is 26,832 sq km
accounting for 34.21% of its geographical area.
According to their legal status, Reserved Forests
constitute 66.58% and Unclassed Forests 33.42% of
the total forest area (http://assamforest.in).
Protected Areas
The protected area network of Assam includes 5
National Parks and 18 wildlife sanctuaries covering
an area of 0.40 million ha constituting 4.98% of the
geographical area. The state has three Tiger
Reserves, namely Kaziranga, Manas and
Nameri. Kaziranga National Park and Manas Wildlife
Sanctuary are in the list of World Heritage sites (http:/
/assamforest.in).
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Forest and Tree Cover
The estimated tree cover in the state is 1,564 sq km
which is 1.99% of geographical area of the state.
Forest cover in the state is 27,673 sq km that is 35.28%
of the geographical area of the state. Thus the Forest
and tree cover in the state is 29,237 sq km which is
37.27% of the geographical area. Source: India State
of Forest Report 2011, Forest Survey of India (http:/
/assamforest.in).
Biodiversity Bounty
The State of Assam is famous worldwide as the home
of great one horned Rhinoceros which is largely
concentrated in the Kaziranga National Park. Other
notable faunal species found here are Hoolock
Gibbon, Stump Tailed Macaque, Capped Langur and
Golden Langur, Pigmy Hog, Clouded Leopard, Golden
Cat and White Winged Wood Duck. Elephants are
found in many parts of Assam.
Table 3: Biodiversity of Assam
Biodiversity Particulars Estimated Number of
Species
Flowering Plants
3017
Wild Orchids
193+
Bamboo
42
Canes
14
Mammals
164+
Primates
10
Bird
800+ (280 migratory)
Ambhibians
60+
Butterflies
1500 approx.
Reptiles
116 approx.
Source: Forest Department, Assam, 2011-12
Forest cover in different topographic zones of
Assam.
GIS maps derived from NRSC and FSI were used to
assess the forest cover in Assam.

mainly open forests while the regions along Barak
valley has moderate dense forest. Very dense forest
cover lies across the border of Tripura, Cachar, North
Cachar Hills, Jaintia Hills, Karbianglong and in the
frontiers of West Garo Hills.

Fig 4: Map showing different forest types in Assam.
Source: FSI, Dehradun
RESULTS AND DISCUSSIONS
Topographically the forest cover in Assam can be
divided into following three categories (Fig 3) viz.
Very Dense Forest, Moderately Dense Forest and
Open Forest. Very Dense Forests are distributed
across the border of Tripura, Cachar, North Cachar
Hills, Jaintia Hills, Karbianglong and in the frontiers
of West Garo Hills. Moderately Dense Forests are
found mainly in the frontier regions like Karimganj,
Hailakandi, Nalbari, Barpeta, Mrigaon and some parts
of upper Assam. Open Forests on other hand are
confined along the Brahmaputra Valley.
Forest type mapping using satellite data has been
undertaken by the Forest Survey of India with
reference to Champion and Seth Classification. As
per this assessment, the state has 18 forest types
belonging to seven forest types viz: Tropical Wet
Evergreen, Tropical Semi-Evergreen, Tropical Moist
Deciduous, Sub Tropical Broad Leaved Hill, Sub
Tropical Pine and Littoral, Swamp Forests and
Grassland and Savannahs. These forest types are
distributed across the states (Fig 4).
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ABSTRACT
In the present study, the effect of the sub-lethal dose of Chromafenozide
(non-steroidal ecdysone agonist) was studied on the morphology of the
midgut, using scanning electron microscopy. The sub-lethal dose of the
compound caused severe damage in the muscular layer of midgut. In the
outer surface of midgut, longitudinal muscle showed only few notable
changes than the circular one, with respect to the time of application.
After treatment, the inner surface of midgut exhibited significant changes
in the cytoplasmic protrusions. The ultramorphological features of midgut,
with the morphometric measurements exhibited significant reduction in the
width of longitudinal muscle bundles. Scanning Electron Microscopic
images revealed the intensity in the level of degradation and damage
caused to the mid gut surface areas, when treated with Chromafenozide.

INTRODUCTION
Insect growth regulators based on hormones have
important value as pesticides of the future, and also
acts as outstanding chemical probes to explain the
role of hormones in the basic physiological processes
of insects. Insect moulting hormone (20hydroxyecdysteroids) is one of the major hormones
in the regulation of growth and development of
insects. The first insecticide with ecdysone agonist
activity was developed in 1991, and to date, four highly
potent compounds were commercialized. The
development of bisacylhydrazine have stimulated
intensive research in the field of insect endocrinology,
emphasizing on biological activity of ecdysteroids and
non- steroidal ecdysone agonists in whole insects,
tissues and cells (Dhadialla et al., 1998). Several
studies were shown that both tebufenozide and
methoxyfenozide are selective in action on
lepidopteran insects whereas halofenozide is found
to be more effective on coleoptera (Nakagawa, 2005).
Though, several studies have been conducted on the
effects of the various ecdysone agonists on
physiological and reproductive aspects, but a detailed
study has not envisaged with the newly developed
ecdysone mimic, Chromafenozide.
The digestive system of insects is mainly concerned
as a natural and chemical defense barrier against
many foreign invasions of toxic compounds.
Morphological studies act as an important tool, for
understanding the form of action of any toxic
compounds. Many of the deleterious and physiological
effects are measured by analysis of the growth;

reductions and abnormalities of the tissue concerned
(Mordue and Nisbet 2000). Therefore, in this context,
the present investigation was aimed to provide
requisite back ground information on the external
morphology of larval midgut of Spodoptera mauritia
as affected by the sublethal dose of Chromafenozide.
MATERIALS AND METHODS
Chemicals & Treatments
The nonsteroidal ecdysone agonist chromafenozide,
purchased from Sigma Aldrich were used for the
study. The compound was dissolved in acetone and
diluted to obtain the required concentrations.
The last instar larvae of Spodoptera mauritia were
treated topically with different doses of ecdysone
agonist, using a Hamilton microsyringe. In topical
treatments, the acetone solution containing the nonsteroidal ecdysone agonist chromafenozide was
applied topically along the dorsal midline of the
abdomen of the larvae. An equivalent volume of
acetone was applied to control larvae in a similar
manner.
Dissection and fixation of tissues- Sixth instar
larvae were mildly anaesthetized in specimen tubes,
taken out from the treated and control colony after
24 and 48 hours. The larvae were taken out and
pinned dorsal side up in a wax-lined petridish,
immersed in insect Ringer solution (Ephrussi and
Beadle, 1936). A longitudinal cut was made on dorsal
surface, using sharp surgical scissors and the midgut
were removed.
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Scanning Electron Microscopy
Tissue Preparation
The midgut of treated and control larvae were fixed
in 2.5% gluteraldehyde, containing 1.8% sucrose in
PB at 40C overnight. After 12 hours, tissues were
washed in a graded ethanol series of 50%, 70%, 90%
and 100%, then washed in 100% acetone.
SEM imaging
The tissue was individually mounted on aluminium
stubs with double-sided sticky tapes. Dehydration
process was followed by air drying in a drying cabinet
conditioned to 25 ± 10C and 10 ± 1% RH. The tissues
were then sputter coated with gold in a Polaronion
sputter coating unit. The specimen were examined in
Hitachi SU6600 Variable Pressure Field Emission
Scanning Electron Microscope (FESEM), set at 10kV
(Electron gun: Tungsten Schottky emission electron
source, Resolution: 1.2 nm/ 30 kV, 3.0 mm/ 1 kV,
Probe current: 1pA~200nA, Specimen chamber
pressure: 10-4 Pa (high vacuum) and 15mm working
distance. Both outer and inner surfaces of the midgut
were observed and photographed at different
resolutions.
Morphometric Measurements
Morphometric measurements were performed using
Axiovision software package. The obtained data were
analyzed using student’s t-test in SPSS 16.0 software.
The outcome of the test expressed as Mean ± Standard
Deviation (standard error of mean).
RESULTS
Scanning Electron Microscopy
Effect of Chromafenozide on the outer surface
of the midgutThe sub-lethal dose (0.1µg/5µl) of Chromafenozide
was selected for examining the ultramorphological
changes in the midgut structure of the treated sixth
instar larvae. Midgut of larvae dissected after 24
and 48 hours of post treatment with Chromafenozide
and control samples were examined for scanning
microscopic studies.
Midgut of day 1 (24 hour) and day 2 (48 hour) sixth
instar normal larvae (control) were examined for the
ultrastructural study. Generally, the muscular layer
of the midgut of lepidopteran insects is less developed
than the foregut. It is constituted by internal circular
layer and an external longitudinal one. Examination
of longitudinal muscle layer of sixth instar normal
(control) larvae of 24 and 48 hours (Plate I. Figs: 1, 2
and Figs: 5, 6), are thick and continuous. Circular
muscle also has intact structure.
Scanning microscopic examination of sixth instar
larvae, treated with Chromafenozide (0.1µg) after 24
hours, displayed (Plate I. Figs- 3, 4) no distinct change
in both muscular layers. In circular muscles, the edges
of the bundle, exhibited some degree of disintegration,

which resulted in appearance of a separation in
between the bundles. Longitudinal muscles have small
damages as small pores (Plate I. Figs- 3, 4). These
damages are more evident in Chromafenozide treated
larvae after 48 hours of treatment (Plate I. Figs: 7,
8). On the longitudinal muscle layer small pores are
present along the layer. The separation in between
the circular muscle layer is more evident and it turned
to a clear depression.
Effects of Chromafenozide in the inner surface
of the midgutGenerally the inner surface of the midgut reveals the
cytoplasmic protrusions and the minute brush border
of the columnar cells. Examination of the midgut of
the normal (control) sixth instar larva, showed the
presence of cytoplasmic protrusions. The number of
the protrusions present increased according to the
age of the larva. In 24hour larva, these protrusions
are limited to folds of the inner surface (Plate: II,
Figs 9, 10). In the case of 48 hour age larva,
protrusions spread onto all over the inner surface of
the midgut (Plate: II, Figs 13,14). Fine brush border
are seen in the midgut of control larva.
In the chromafenozide treated larval midgut, the
cytoplasmic protrusions are also seen. In 24 hours
larva there was no visible changes as when compared
with the control (Plate: II. Figs 11, 12). Cytoplasmic
protrusions and fine brush borders of the columnar
cells are present as in the control larva. In the case
of 48 hour old larval midgut, degradation of the
cytoplasmic protrusions has commenced and the
brush border of the columnar cells is completely
destroyed. They were more or less absent in some
regions (Plate II: Figs 15, 16).
Morphometric measurements of the structures
of outer and inner surfaces of the midgutIn the outer surface of the midgut longitudinal muscle
bundles and circular muscle bundles are the main
structures present. Both of them give exact structure
to the midgut. As described above some degree of
changes are observed in the muscular layers due to
the treatment of the compound. To measure the
intensity of this, the width of both muscle bundles
and the space between the two circular muscles
bundles were examined.
The effects of chromafenozide treatment on the
midgut morphology of sixth instar larvae of S.mauritia
are depicted in Table 2. The data obtained reveals
that the width of longitudinal bundles of control larvae
of day 1 (24hr age) and that of the treated larvae
showed no significant change. The width of
longitudinal muscles of control larvae is
11.048±2.264µm and that of treated larvae is
11.483±2.027µm. But in the case of day 2 (48hr age),
larvae exhibited a slight reduction in the width of
longitudinal muscles of treated larvae. The width of
longitudinal bundle of control larvae is
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14.104±2.125µm and that of treated larvae is
13.017±2.959µm. The width of the circular bundle of
control 24hour age larvae is 57.159±7.930µm and that
of treated larva is 50.158±10.088µm. At the same
time, width of circular muscle bundle of control 48hour
larva is 75.452±5.925µm and the same of treated is
80.127±6.446µm respectively.
Table2:- Morphometric measurements of outer
surface of midgut

Values are expressed as mean ± standard deviation
(standard error of mean)
The results of the measurements of the space between
the circular muscle bundles shows that significant
degradation occur in between the circular muscle
bundles as a result of the effect of compound. In
24hour after the treatment, there was no significant
change in the space in both control and treated larvae
and the bundles are closely packed. But after 48 hour,
the space between them increases
The data illustrated in (Table 3) shows the
measurements of the inner surface of the midgut. In
the inner surface of the midgut, tissues are arranged
in folding. The width of these tissue folds decreases
from day1 (24hr) to day2 (48hr). But in treated
individuals the width considerably decreases as when
compared to that of control larva. In 48hour, the width
increased up to 64.326±15.112µm. The space
between the tissues folds also had some significant
changes. It is observed that the space between the
tissue folds decreases in 48 hour control and treated
larva.
Table: Morphometric measurements of inner surface
of the midgut -

Values are expressed in the table as Mean ± Standard
deviation (standard error of mean)

The other significant observation of the present study
evidenced was on the number of cytoplasmic
protrusions of columnar cells of the midgut. Their
number in 500µ2 area was counted and from the
results obtained it is evident that there is an increase
in the number (Table.3). In control (24hr), 4
protrusions are present, but in treated it increased up
to 5. However, in 48 hour age control larva, 2
protrusions are present where as in treated one, 4
numbers were evident.
DISCUSSION
Midgut of an insect is an important part where the
digestion and intake of nutrients takes place.
Histological observation on last instar larvae of S.
mauritia revealed that the midgut morphology was
intact in position with epithelial layer, and outer layer
of longitudinal muscles. The general morphology of
midgut epithelium of S.mauritia larva is similar to
that described for many lepidopterans, such as
Manduca sexta (Cioffi, 1979), S. frugiperda Smith
(Jordão et al., 1999) and Anticarsia gemmatalis
Hübner (Levy et al., 2004) and in Diatraea
saccharalis. F (Daniela et al., 2008).
The outer and inner surface of the midgut were
examined under scanning electron microscope and
photographed. The existing knowledge on the
ultrastructural aspects of midgut is comparatively very
less. Examination on the ultramorphology of midgut
outer surface showed two types of muscle bundles
longitudinal and circular. Similar observations are
recorded in S .frugiperda Smith (Jordão et al. 1999)
Anticarsia gemmatalis Hübner (Levy et al., 2004)
and in Diatraea saccharalis. F (Daniela et al., 2008).
When the obtained data are morphometrically
measured, the width of the longitudinal muscle bundles
was reduced in 48hour treated larva as when
compared to that of control. But in the case of the
circular muscle bundles enlarged drastically. Also the
space between the two circular muscle bundles also
increased. This may be due to the effect of the
compound on the outer surface of the midgut.
In inner surface also significant change in the tissue
fold width are noticed. The tissue fold firstly reduced
its size and then it enlarged drastically. Another
interesting feature of the inner surface of the gut is
the presence of numerous cytoplasmic protrusions.
Similar feature are evidenced in Diatraea
saccharalis. F (Daniela et al., 2008). However,
treatment of the compound in the larva showed a
reduction in the number of cytoplasmic protrusions.
Conclusion of the present study reveals that the
ecdysone agonist, chromafenozide act as excellent
insecticide, affecting the development of the insect
and thereafter causing significant morphological
changes on the larval midgut.
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Plate I
Fig 1- Scanning Electron Micrograph of midgut of S.mauritia control (24 hr) outer surface. Tightly packed longitudinal
muscle bundle (LM) and circular muscle bundles (CM). (1.0 KV, 31.7mm × 800 SE, 50µm)
Fig 2- SEM image of S.mauritia control (24 hr) outer surface with morphometric measurements. (Width of LM,
width of CM and space between LM and CM). (1.0 KV, 31.7mm × 350 SE, 40µm)
Fig 3- Scanning Electron Micrograph of midgut of S.mauritia treated with Chromafenozide (24 hr), showing outer
surface with small depression in between circular muscle bundles (CM). (1.0 KV, 32.2mm × 800 SE, 50µm)
Fig 4- Outer surface of treated midgut (24 hr) with morphometric measurements. (Width of LM, width of CM and
space between LM and CM). (1.0 KV, 31.7mm × 350 SE, 100µm)
Fig 5- Outer surface of (48 hr) control midgut showing tightly packed longitudinal muscle bundles (LM) and
circular muscle bundles (CM). (1.0 KV, 32.2mm × 800 SE, 50µm)
Fig 6- Outer surface of midgut (48 hr) with morphometric measurements. (Width of LM, width of CM and space
between LM and CM). (1.0 KV, 32.2mm × 350 SE, 100µm)
Fig 7- The outer surface of midgut treated after (48 hr). The muscle bundles are separated by deep depression
due to degradation. (1.0 KV, 32.4mm × 800 SE, 50µm)
Fig 8- SEM image of Chromafenozide treated (48 hr) midgut outer surface (100µm) with morphometric
measurements. (Width of LM, width of CM and space between LM and CM). (1.0 KV, 32.4mm × 350 SE,
1000µm)
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Plate II
Fig 9- Inner surface of midgut (24 hr) control with less number of protrusions (P). (1.0 KV, 31.4mm × 800 SE, 50µm)
Fig 10. Inner surface (100µm) of control (24 hr) with morphometric measurements (Width of the tissue fold, space
between two tissue folds and protrusions present in an area). (1.0 KV, 31.8mm × 350 SE, 100µm)
Fig 11- Chromafenozide treated (24 hr) midgut inner surface with several numbers of cytoplasmic protrusions (P). (1.0
KV, 30.8mm × 800 SE, 500µm)
Fig 12- SEM image of Chromafenozide treated (24 hr) S.mauritia midgut inner surface with morphometric measurements
(width of the tissue fold, space between two tissue folds and protrusions present in a particular area). (1.0 KV, 30.8mm ×
350 SE, 100µm)
Fig 13- Inner surface (50µm) of (48 hr) control with more numbers of protrusions (P). (1.0 KV, 31.0mm × 800 SE, 50µm)
Fig 14- SEM image of control (48 hr) S.mauritia midgut inner surface with morphometric measurements (width of the
tissue fold, space between two tissue folds and protrusions present in a particular area). (1.0 KV, 30.5mm×350 SE,100µm)
Fig 15.Treated (24hr) midgut inner surface with more number of degraded protrusions(P).(1.0KV,32.6mm×800SE,50µm)
Fig 16. SEM image of Chromafenozide(48hr) S.mauritia midgut inner surface with morphometric measurements (width
of the tissue fold, space between two tissue folds and protrusions present in a particular area).(1.0KV, 32.6mm×350 SE,
100µm)
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ABSTRACT
Hepatitis B virus infection is a serious health issue which affect globally
~240 million people and in India annually 1,00,000 people die due to its
infection. Plants are the best source of drug molecules and 70% of the
drugs against microbial infection have been derived from natural
products. Principally, medicinal plants offer a diverse group of bioactive
compounds which are either used as a pure or crude form by 80% of the
world population for curing various ailments. However, its efficacy and
mode of action are seldom validated scientifically. Azadirachta indica A.
Juss. commonly known as Neem, has been used for thousands of years
in Ayurveda for its diverse healing properties including liver ailments.
Hence, the present investigation was aimed to evaluate its anti-hepatitis B
activity and identification of lead molecules through in silico method.
For in silico analysis the protein HBcAg, which has significant role in
viral replication, was selected as the target and a total of 331
phytomolecules derived from A. indica were screened for its anti-hepatitis
B activity through docking method. Analysis of the docked results
revealed that the plant contains several potential biomolecules with antihepatitis B activity. The molecules having least binding energy such as
epoxyazadiradione, isonimolide, nimbisonol, 2-hydroxy5,7,8trimethoxyflavone, beta-eudesmol, and nimocinol were selected as lead
molecules and further analysis using SwissADME prediction server, the
compound epoxyazadiradione has been suggested as the best lead
molecule for further investigation leading to novel drug discovery.

INTRODUCTION
Hepatitis B, formerly known as serum hepatitis
survives today as a major global pathogen that causes
acute and chronic hepatitis, liver cirrhosis and
hepatocellular carcinoma (Trepo et al., 2014; Atkinson
et al., 2011). According to World Health Organisation
(WHO), globally viral hepatitis affects 400 million
people, of these, ~ 240 million people chronically
infected with hepatitis B virus. In India, annually
1,00,000 people die due to hepatitis B (WHO, 2015).
Hepatitis B virus belongs to the family Hepadnaviridae
along with related animal viruses, share strict species
and tissue tropism that is mostly restricted to
hepatocytes in the corresponding host and a unique
life cycle (Liao and Fabien, 2016). Indicators for the
proliferation of hepatitis B virus (HBV) include HBV
core antigen (HBcAg), serum HBV surface antigen
(HBsAg), e antigen (HBeAg), HBV DNA and HBV

DNA polymerase (Hsu et al., 1987; Kim et al., 1988;
Kim et al., 1989; Song et al., 1989). Of these, HBcAg
plays a major role as the antigen for viral immune
responses and is histologically identified as cHBsAg
(cytoplasmic expression). It is known to be related
to the activity of viral replication (Chu and Liaw, 1987;
Chu and Liaw, 1995) and therefore, selected as the
biological target for the identification of lead
molecules.
Nature has been a source of medicinal products for
millennia with many useful drugs developed from
plant sources. However, majority of the plant species
have not been thoroughly investigated for their
medicinal properties. Azadirachta indica A. Juss.
commonly known as Neem, belonging to the family
Meliaceae, is one of the most versatile herbs that
gained worldwide attention as it boasts a plethora of
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medicinally active chemical compounds. Over 331
pharmacologically active secondary compounds were
reported from this plant (Deepa et al., 2016) It has
got a long history of traditional therapeutic uses such
as hepatoprotective, anti-microbial, anti-fungal, antisnake venom, insecticidal, anti-inflammatory and antioxidant properties (Dubey and Kashyap, 2014;
Maithani et al., 2011, Deepa et al., 2016). It is well
acknowledged that structure based drug discovery
vs. in silico drug design play a significant role in
finding potential lead molecules from natural sources
like plants. It helps in selecting the most potential
lead molecule and reduces the late stage clinical
failures; thereby a significant reduction in cost can
be achieved (Bharath et al., 2011). In silico method
can also be extended to analyze the target structures
for possible binding of the active site, generate drug
candidate molecules, and check their drug likeness
properties (Ekins et al., 2007). In the present
investigation, phytochemicals derived from A. indica
were screened against the target protein HBcAg and
validated its traditional use as hepatoprotective as well
as identified the potential lead molecules with antihepatitis B activity.
MATERIALS AND METHODS
Target protein preparation
The structure of human hepatitis B viral core capsid
protein HBcAg (ID 1QGT) was downloaded from
RCSB Protein Data Bank (PDB). Ramachandran
plot was used to check the protein stability with the
aid of PROCHECK program through the EBI server
(Laskowski et al., 1993). The active site of the protein
was studied using SuMo server, an interface for
searching 3D functional sites. It initially searches for
ligand binding sites onto a query structure has been
made possible by comparing the structure against each
of the ligand binding sites found in the Protein Data
Bank (PDB)then perform the reciprocal process, i.e.,
searching for a given 3D location of interest among
the structures of the PDB (Jambon et al., 2005). Some
of the active site residues were already determined
using Co-factor tool (Subin et al., 2016).
Ligand preparation
A total of 331 phytomolecules from Azadirachta
indica were collected, and the SMILES format of
the phytomolecules were procured from open access
databases like PubChem, ZINC, and ChemSpider.
Further, the three-dimensional structures were
prepared in .pdb format through CORINA interface.
The molecular weight of the phytomolecules range
was between 100 kcal/mol and 808kcal/mol.
Virtual screening
The inhibitory effect of 331 phytomolecules derived
from the plant Azadirachta indica with the protein
HBcAg was carried out by docking method using
the tool AutoDock 4.2. The docking process was

performed as the procedure described by Morris et
al. (1998). The tool uses an empirical binding free
energy function and Lamarckian Genetic Algorithm.
The grid box was set to 60×60×60 Å around the active
site of the target enzyme and confirms the free
rotation of phytomolecules inside the grid. Once the
docking process was over, the results were first
analyzed based on its scoring function to identify the
hit molecules. Further hit molecules were analyzed
for hydrogen bond interaction, inhibition constant and
its ligand efficiency to select the top lead molecules.
ADME toxicity analysis
The Absorption Distribution Metabolism and
Excretion (ADME) properties were performed using
the online server SwissADME maintained by Swiss
Bioinformatics Institute. SwissADME allows the user
to access some parameters and predictive models to
compute the physico-chemistry and estimate the
pharmacokinetics, drug likelines and medicinal
chemistry friendliness of small molecules (Pradeep
et al., 2013).
RESULTS AND DISCUSSION
Target protein analysis
The experimental structure of the human hepatitis B
capsid protein determined using X-ray
crystallographic technique was used for the study.
The secondary structure consists of 9 helices, 16 helixhelix interactions, three beta sheets and one disulfide
linkage with four chains. Ramachandran plot
statistics revealed that among the 570 amino acids
present in the protein, 381 amino acids were present
in the most favored regions, 110 amino acids were in
the additionally allowed regions, three amino acids
were in the generously allowed regions. It also
consists of 8 end residues. Besides, there were 24
glycines and 44 prolines. It did not exhibit any residue
in the disallowed region. The calculated average Gfactor value of the protein was -0.12, and therefore
the target protein structure was confirmed as a
reasonable structure. The SuMo server identifies
seven highly active residues that form the active site
of the protein.
Docking process and its analysis
The analysis of the protein ligand complexes have
been performed initially based on the free energy of
binding score (ÄG binding energy). The score based
analysis revealed that out of 331 molecules from A.
indica, 133 molecules showed free energy of binding
d”-5 kcal/mol and they were selected as hit molecules.
Of these, five molecules having top least binding
energy such as epoxyazadiradione (-11.51 kcal/mol),
isonimolide (-9.81 kcal/mol), nimbisonol (-9.69 kcal/
mol), 2-hydroxy 5,7,8-trimethoxyflavone (-9.32 kcal/
mol) and beta-eudesmol (-9.15) were considered as
lead molecules (Fig. 1). The analysis of the hydrogen
bond interaction between the target and lead
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molecules showed that 2-hydroxy 5,7,8trimethoxyflavone and â-eudesmol have two
hydrogen bonds with HBcAg, whereas isonimolide
and epoxyazadiradione (Fig. 2.A & B) have one
hydrogen bond and nimbisonol did not show any
hydrogen bond with HBcAg (Table 1). Subsequent
analysis revealed that the compound,
epoxyazadiradione possess an inhibition constant of
3.63 nM and ligand efficiency -0.34 kcal/mol. The
ligand efficiency represents the measurement of the
binding energy per heavy atoms of a ligand to its
binding partner and it also aids in guiding lead
discovery. Ligand efficiency mainly revealed the
possible and reasonable affinity of compound
epoxyazadiradione with the target and hence selected
as the best lead compound. Conclusively, the docked
structure exhibited proper intermolecular hydrogen
bonding, and the interacting residue was found to be
ILE 139 and thus epoxyazadirodione, a limonoid
compound present in the seed of A. indica has been
suggested as the best lead compound.

Figure 1. The 2D structure of lead molecules
A) Epoxyazadiradione, B) Isonimolide,
C) 2-hydroxy 5,7,8-trimethoxyflavone,
D) â-eudesmol, E) Nimbisonol
Table 1. Docking interaction parameters between
the target protein HBcAg and selected lead
molecules derived from Azadirachta indica

Figure 2. A) Docked image of lead molecule,
epoxyazadiradione with its target HBcAg.
B) Binding interaction of epoxyazadiradione to the
amino acid residue of HBcAg protein
ADME toxicity analysis
SwissADME is a well-accepted tool for predicting
the ADEM properties of a lead molecule.
Epoxyazadiradione has a molecular weight of 466.57g/
mol and consist of 34 heavy atoms and three rotatable
bonds with a refractivity of 124.96 m3 mol-1. All Log
P predictive methods were accessible through the
SwissADME. Concerning different pragmatic
consensus approaches, if multiple predictors returned
a similar value, the probability of this one being a good
prediction is higher, and as it returns a log P value
that ranges between 3.12 and 4.17 which confirm
epoxyazadiradione, a realistic compound. The
compound is moderately soluble in water.
Pharmacokinetics predictions were made for
prioritization of subsequent and more demanding
computational or experimental determination of a given
pharmacokinetic property of a compound. Several
given pharmacokinetics related characteristics (Pglycoprotein substrate, CYP450 inhibitors) were also
analyzed and found that the lead molecule did not
inhibit any of the major cytochrome P450 superfamily
of enzymes thus restrict any toxic adverse effects.
The compound satisfied all the drug likeliness
properties concerning different rules like Lipinski’s,
Ghose, Veber, Egan and Muegge rule (Table 2). The
compound has insecticidal activity but it will not induce
any toxicity in humans.
Table 2: SwissADME properties of
Epoxyazadiradione
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CONCLUSION
The overall results indicated that the plant contains
many compounds with inhibitory activity on hepatitis
B virus replication and the compound,
epoxyazadiradione can be recommended as the best
lead molecule against HBcAg protein. The results
also substantiated the traditional use of this plant
against hepatitis B. Further in vitro and in vivo
experiments are to be inevitable for confirming the
results in live system.
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ABSTRACT
Para rubber (Hevea brasiliensis Muell. Arg.) is an economically important
crop worldwide because of its multiple uses in numerous industries.
Rubber plantations may have various disease infected in the entire
plantation without any early indications of the diseases. The aim of this
work is to detect the abnormal leaf fall disease cause by phytophthora in
the rubber plant using digital image processing. The digital images of the
rubber leaves at various stages of the disease are collected from different
plants using a high resolution digital camera.The severity of the incidence
of crop loss in rubber due to abnormal leaf fall has been found more
pronounced in the rubber growing regions in Kerala in India, than
elsewhere. Analysis of the digital images are done by the image
processing application called as MATLAB, through which minute change
in the form of color in leaves can be detected at an early stage. Digital
images are given as input to the MATLAB file and the RGB color
components of each image were analyzed and find the mean of it. These
values are then stored in the system. The mean values of the test leaves
can be compared with that of the stored values of fresh and infected
rubber leaves and enable the recognition of stage infection of test sample
or can determine whether the sample is infected or not. Analysis will
assist in adopting necessary preventive measures to avoid the spreading
of disease to the entire plantation.

INTRODUCTION
Hevea brasiliensis is native to Brazil (parts of the
Amazon Basin and Matto Grosso) and the Guianas,
but most of the world’s rubber comes from plantations
in Indonesia, Thailand and Malaysia. Hevea
brasiliensis is a deciduous tree, typically 30-40 m
tall, though usually 15-25 m tall rin cultivation, with a
leafy crown. The milky latex of Hevea brasiliensis,
produced by a specialized secretory system in the
phloem, is the raw material for natural rubber.
Para rubber (Hevea brasiliensis Muell. Arg.) is an
economically important crop world wide because of
its multiple uses in numerous industries. Several
pathogens cause devastating infections of Para rubber
trees, especially in the nursery stage, but also in
immature and mature trees (Rao,1965; Begho, 1995;
Jayasinghe et al., 1995; Jayasinghe, 2000).Para
rubber diseases are mainly caused by fungal pathogens
(Igeleke, 1988; Begho, 1990) which can infect the
para rubber at any growth stage, causing diseases

that lead to loss in latex production. These include
Phytophthora spp., Corynespora cassiicola,
Colletotrichum acutatum, Corticium salmonicolor
and Phellinus noxius.
The rubber tree (Hevea brasiliensis (Willd. ex A.
Juss.) Mull. Arg.), the most important source of natural
rubber is constantly under threat from various
pathogens that cause severe diseases like abnormal
leaf fall, Corynespora leaf disease, brown root
disease, pink disease and Colletotrichum leaf disease.
Rubber occupies a key position among the plantation
crops in India. There is growing evidence from India,
Southeast Asian countries of Indonesia, Malaysia,
Philippines, Thailand and Vietnam on the onslaught
of plant diseases and the resultant crop loss in rubber,
cocoa, coconut, black pepper and durian (Edathil et
al., 2000; Drenth and Guest, 2004). For instance,
Drenth and Sendall, (2004) assessed the economic
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impact of Phytopthora diseases in terms of crop loss
incurred from cocoa, rubber, coconut, pepper, durian,
citrus and potato and reported an average loss of 2.4
billion USD. Different species of Phytophthora
cause shoot rot, pod rot, bark rot, patch canker and
leaf fall disease of rubber in various rubber growing
regions. Liyanage and Wheeler, (1989) examined
eighty-nine Phytophthora isolates from rubber
Rubber enjoys an important place among the
commercial crops. India is one of the largest
producers and consumers of natural rubber or
caoutchouc. Natural rubber is used extensively in
many applications and products. Natural rubber was
introduced by Britishers in 1873 at the Botanical
Gardens, Calcutta. The first commercial Hevea
plantations in India were established at Thattekadu
in Kerala in 1902 (Hameedu, 2014). India has only
limited areas suitable for rubber plantation. The State
of Kerala accounts for about 94 per cent or 595 tonnes
of the total rubber land under rubber production of
India in 2002-03. Kottayam, Kollam, Ernakulam,
Kozhikode districts produce practically all the rubber
of this state, balance being distributed in Tamil Nadu,
Karnataka, Goa, Assam, Tripura, Andaman &
Nicobar islands.
The farmer is not able to identify the disease at an
early stage to initiate preventive action due to the
non-availability of modern technology. So for each
farmer, to have access to the modern technology
there is a need to construct modern commercial farm.
This has been the base to develop a new tool to
identify the disease well in advance to enhance the
cultivation. Digital image processing is a novel
technique that can be implement for identify any
disease at early stage. This work aim at adopting the
possibility of digital image processing to identify and
to assist the farmers in preventing severity of
abnormal leaf fall in rubber by implementing suitable
control strategies.
Abnormal leaf fall of Rubber: Phytophthora leaf
disease, caused by a species of the phycomycete
fungus Phytophthora occurs mainly in the wetter
rubber growing districts during the South-West
monsoon season. Phytophthora leaf fall is closely
linked with the presence of infected green pods.
Symptoms: On rubber clones, symptoms are first
seen on the immature green pods which are most
susceptible. Small lesions indicated initially by ‘pin
head’ black globules of latex, usually at the basal end
of the pod, enlarge with continuous wet weather into
brown water-soaked areas and correspondingly the
globules of latex become bigger and more apparent.
The pod surface soon gets covered with a white mass
of sporangia which are washed by rain down onto
the leaves, petioles, young shoots and stems where
they cause further infections.On petioles, infections

are also usually indicated by a globule of latex at the
point of fungal entry from which a grey-to-black lesion
develops. At this stage leaves abscise with the petiole
attached, though leaflets often become reddish-brown
before this.
On leaves, circular, brownish water-soaked lesions
appear on the lamina with fine droplets of coagulated
latex in concentric rings. Lesions eventually coalesce
to form large, irregular necrotic areas. Leaflets are
easily shed on vigorous shaking. Infection of shoot
apices leads to shoot dieback. Infections elsewhere
on green shoots result in depressed dark brown areas
often with a white mat of sporangia.
The incidence of ALF has been first reported in Sri
Lanka (Ceylon) in 1905 (Murray 1930; Jayarathnam
et al., 1987; Jayasinghe and Jayaratine, 1996)
followed by India in 1910 from some private rubber
estates in Kerala (Vishwanathan et al., 2005). Annual
occurrence of ALF has also been reported from the
Southwest coast of Thailand (Kajornchaiyakol 1977,
1980), the northern and western states of Malaysia
and Myanmar (Turner and Myint, 1980). In India,
field trials from Kerala indicated that ALF can cause
yield loss of 38 to 56% when left unsprayed for one
disease season in some clones (Ramakrishnan 1960,
cit. by Edathil et al. 2000). However, the severity of
the incidence of crop loss in rubber due to abnormal
leaffall has been found more pronounced in the rubber
growing regions in Kerala in India, than elsewhere.
Coputerized digital image processing:
Identification of any diseases to any organism at an
initial stage will favor the saving of the organism from
the disease. But identification or recognition of a
diseased condition is however more risky. Symptoms
are first seen on the immature green pods which are
most susceptible. Here we utilize the application of
digital image processing in which minute change in
the form of color in leaves can be detected at an
early stage.
MATERIALS AND METHODS
Identification of sample: The collected rubber
leaves are washed properly to remove the dust
particles. Samples were collected from local rubber
farms from Malappuram. Digital imaging technique
is divided in three phases respectively
*Fresh healthy leaves phase
*Fully Infected leaves phase
*Test leaves phase
Fresh leaves phase consists of without any disease
infected in the rubber leaf. Fully Infected leaves phase
consisted of visually identifiable infected leaf, samples
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are collected for normal leaves and various stages of
phytophthora infection. Test leaves phase consists
of visually unidentifiable infected leaf, samples are
collected at various stages of the disease from
different localities. All the samples were first sliced
into equal sized pieces using a measuring scale and
blade. Photographs of the samples were taken using
20 Megapixel Digital Camera. The sizes of all the
digital images are 2501 x 1501. Digital images are
given as input to the MATLAB file and the RGB
color components of each image were analyzed and
find the mean of twenty five points in t. These values
are then stored in the system. And in the case of the
test leaf, the calculated mean and compare all the
calculated values of healthy and infected leaf, to
recognize whether the test sample is affected by
abnormal leaf fall disease or not.

Fig. 4 BLUE component of fresh, infected and test
leaves

Fig. 5 RED component of fresh infected and test
leaves

RESULT

Fig. 6 GREEN component of fresh, infected and test
leaves

During this experiment the normal and infected leaves
are given as input to the MAT LAB and RGB color
components are separated. The mean values are
calculated for back view of each component and
calculated mean values are stored in the system.
Likewise, test leaves are also given as input to the
MAT LAB and RGB color components are
separated, the mean values are calculated for back
view of each component and calculated meanvalues
are stored in the system. In order to recognize whether
the test leaves are infected or not were compared
the mean values of test leaves with that of fresh and
infected. Below given are the mean values of RBG
component of different phases of leaves represented
in the form of line diagram. Mean values for blue
components for fresh leaves, infected leaves and test
leaves are given as a line diagram in fig. 4. Mean
values for red component for fresh leaves, infected
leaves and test leaves are given as a line diagram in
fig. 5. Mean values for green component for fresh
leaves, infected leaves and test leaves are given as a
line diagram in fig 6.

From these graphs, variations in red, green and blue
components among the samples were selected, such
as normal, infected and test sample.
Normal leaves show blue component mean values
ranges from 70-68 with slight variations along the
path. In case of infected leaves mean values ranges
60-85 creating a clear cut variation in different
selected points, and also from the fresh leaves of
rubber. But in case of test samples values ranges
from 65-75 which show slight similarities with the
infected value in the mean values.
When observing mean values of red component,
significant deviation among the fresh, infected and
test samples were noticed. Fresh leaves provide a
straight line without a slope and the mean value in
the range of 90 at most of the selected points in the
leaf. In case of infected leaves, we can observe
significant variation from the beginning point i.e. from
85 to 115, in between certain points also show mean
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value at 120. Test samples show values from 85-100
showing a tendency toward the mean values shown
by infected leaves.
When comparing the mean values of green
component, the graph reveal that there is no much
variations among the fresh, infected and test samples.
The selected points at the fresh leaves show mean
values from 99-101 with a slight variation inbetween
them, because among the selected points half of them
show a value of 110. In case of infected leaves values
begins from 99, then a sharp increase approximately
up to 120 and after that it decrease to 110. Blue
components of test sample reveal that it show close
similarity towards the infected leaf with similar mean
values at selected points.
DISCUSSION
The current study on application of Digital Image
processing in Detection of Phytophthora infection in
Rubber leaves was a fruitful research which
accurately paves a new way in disease prediction
and plant disease management. The study was
comparable with that of the work that conducted by
Vijayakumar and Arumugam (2012) who recognize
powdery mildew disease in the betel vine plants using
digital image processing and pattern recognition
techniques. The mean and median values of test
leaves are computed and compared with the stored
values of fresh and infected leaves. And reveals that
this analysis helps to recognize the powdery mildew
disease can be identified before it. Here also utilized
measures of Central tendency i.e. mean method to
get into the result. May be this study will be a step in
the detection of Phytophthora infection and altogether
disease diagnosis.
CONCLUSION
Separation and analysis of red, green and blue
components through digital image processing can open
up a new method for adopting preventive measures
in order to check the spread of phytophthora
infection, that cause abnormal leaf fall in rubber .
The only requirement of this method is a digital
photograph and periodic monitoring of the field. So,
this method of detection of disease is cost effective
and harmless to the nature and the plantation.We can
easily compare a suspected sample with that of these
mean values and can conclude the stage of infection.
Reliability of this method can be increase by adjusting
the camera parameters. Since the current work is
based on fixed and uniform parameters.
Method of detection of the phytophthora infection
through digital image processing will be beneficial for
farmers whose fields were in threat of attack. And
can adopt measures in advance to prevent this. The
interesting fact observed during this work that many
of the fields were most probably slightly or severely
infected with this devastating fungal pathogen,
phytophthora causing a huge decline in the yield.
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ABSTRACT
Kodagu district which is situated in Central Western Ghats regions falls in
one of the hottest of hot spots of biodiversity.The district has one of the
highest densities of community managed sacred forests in the world with
rich floral and faunal diversity. It is a Habitat for more than ten different
types of Ethnic Indigenous tribal groups commonly called ‘Girijanas’
(Soligas, Yarvas, Jenukuruba, Bettakuruba etc.), who are having the rich
knowledge of medicinal value of the plants that are commonly available in
the forest. An ethno botanical survey was undertaken in tribal areas of the
district to collect information about some of the indigenous medicinal plant
knowledge of tribal people by semi-structured interviews, ranking exercises
and field observations on their native habitat in order to evaluate the
potential medicinal uses of local plants. The study revealed that, the ethno
botanical information of 62 plant species belonging to 38 families, of the
total 62 species documented, most plants used in the treatment were trees
(9 species), shrubs (19 species), herbs (29 species) and rarely climbers (5
species) which are used in the treatment of Hyperacidity, Respiratory
disorders, Snake bite Abortifacient, Anthelmintic, Paralysis, Antiseptic, Fever,
Chest pain, Stomachic, Jaundice, Piles, Asthma, Malaria, Renal disorders,
Malaria and many other diseases. Maximum of 6 plant species each of
Acanthaceae, Apiaceae, Asteraceae and Lamiaceae were used for drug
preparation. So, conservation strategies have to be practiced in all levels
and sectors by creating awareness about the value of such medicinal
plants and it is necessary to save the disappearing plants to strengthen the
document and to conserve them for future generation.

INTRODUCTION
The importance of plants has realized and well
documented by scholars since ancient period. Apart
from the innumerable social benefits, much emphasis
has been accorded to the plants of medicinal value.
Majority of the population in developing countries
depend on traditional system of medicine for primary
health care. Due to this increasing trend towards use
of alternative system of medicine, the natural
medicinal plant resource in this world is under
enormous pressure. Several pharmaceutical industries,
universities across the world have been engaged in
research and documentation of various aspects of
these medicinal plants to frame a strategy for their
conservation and sustainable utilizationIt supports in
the use of official medicine like it act as medicine in
the treatment of complex cases like cancer diseases,
the component of the plants is found to be very

effective. And it act as a preventive medicine by their
ability to prevent the appearance of some diseases,
this will help to reduce the use of the chemical
remedies which will be used when the disease is
already present i.e., reduce the side effect of
synthetic treatment.
The present world is now inclining towards herbal
medicines more and more. In the contest of providing
efficient and inexpensive medicines to the masses
and to build public confidence, it is necessary that the
traditional medicines are evaluated in the light of
current concepts and modern research in medicine
and medical biochemistry. Such an effort will make
the Indian traditional medicine acceptable country
wide. .These indigenous medicinal plants have been
used by the tribal and local people who reside in
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villages and rural areas of kodagu district, are mostly
reliant in traditional system of medicines. This
treasure is transferring to these people from
generations to generations by their forefathers. It is
also a habitat of more than 10 different types of ethnic
groups namely jenu kuruba, betta kuruba, the gowda
kuruba, the yerava, the panjari yerava, the malekudiya,
the medha and soliga. They live in small huts with
mud walls, bamboo doors, and strong roof thatched
with grass and straw.
MATERIALS AND METHODS
Before starting the field work on medicinal uses of
plants and the study area, general information about
that area was collected from the local people. A

preliminary survey was done along with a local person.
About 3 different areas were visited and indigenous
medicinal plants that are being used in that area to
treat different diseases were collected through semistructured interviews, ranking exercises and field
observations. Plant collected from area were
identified and finally it was deposited and planted in
the Medicinal plant garden of Forestry college,
Ponnampet for conservation strategies and to create
awareness about the various medicinal uses of those
species for the students as well as for the public.
The important ethno botanical species of Kodagu
district have been enumerated here alphabetically
along with botanical names with citation, family name,
local names and ethno botanical uses followed by

Table 1. List of Medicinal plants and its health care practices
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name of the herbal healers (Table. 1)
RESULTS AND DISCUSSIONS
The study revealed that, the ethno botanical
information of 62 plant species belonging to 38
families and of the total 62 species documented, 47
are growing wild and 15 are cultivated. Most plants
used in the treatment were herbs (29 species) trees
(9 species) and rarely climbers (5 species) and shrubs
(19 species). According to the different tribal
community ( fig.1 ) majority of the tribal people used
leaves for treatment of various diseases followed by
whole plant, roots, tubers and seeds
Fig.1 :Plant parts consumption

Fig.2: Species in abundance study area wise

About 18 plants for diabetes, 4 for Hyperacidity, 2
for Respiratory disorders, 5 for snake bite, 3 for
Abortifacient, 1 for Anthelmintic, 2 for Lactagogue,
1 for paralysis, 8 for antiseptic, 7 for fever, 2 for chest
pain, 3 for stomachic,2 for herpes, 5 for jaundice, 3
for diarrhea, 2 for piles, 1 for asthma, 2 for malaria
hypertension, mouth ulcers, lactagogue, migraine, bone
fracture, venereal diseases, renal disorders, mad dog
bite, labour pain, malaria and sprains. According to
fig.2 the study area revealed that ethno value were
more in Basavanahalli region followed with Dubare
and Thithimathi tribal and local community. Maximum
of 6 plant species each of Acanthaceae, Apiaceae,
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Asteraceae and Lamiaceae were used for drug
preparation, followed by Asclepiadaceae , Liliaceae
,Fabaceae , Verbenaceae ,Caesalpinaceae,
Bombaceae,
Papilonaceae,
Solanaceae,
Cariaceae, Apocyanaceae, Apiaceae, Rubiaceae,
Myrtaceae, Verbenaceae, Amaranthaceae,
Asteraceae, Ascelepidaceae, Lamiaceae,
Cucurbitaceae, Apocyanaceae, Emphorbiaceae,
Solanaceae. And according to the fig.3 it revealed
that the existence of medicinal plants of ethno
botanical value was more in intermediary forest
combined cultivable land and the less existence was
in the only cultivated land and the existence of wild
medicinal plants was decreasing in the forest due to
the climate change and retard in the growth due to
the thick over growth of Lantana and also the
encroachment.
CONCLUSION
Recent trend shows a decline in the number of
traditional herbal healers in the tribal areas since the
younger generation is not interested to continue this
tradition. Hence, there is an urgent need to record
and preserve all information on plants used by different
ethnic/tribal communities for various purposes before
it is completely lost. In addition, several wild medicinal
plants are declining in number due to deforestation
and forest ûres. So conservation strategies have to
be practiced in all levels of sectors and creating
awareness about the value of such medicinal plants
is necessary to save the disappearing plants to
strengthen the document.
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ABSTRACT
The present study was carried out with an aim to assess and document
the medicinally important plants of Kalvarayan hills, Villupuram district,
the Eastern Ghats, Tamil Nadu. The plants were collected and identified
using Floras and the herbarium were prepared and deposited in the
Department of Botany, Nirmala College for Women, Coimbatore. The
results revealed that the total of 48 plants belonging to 32 families and 46
genera were documented in the study area. Among them the most
commonly available important medicinal plants are Acalypha indica L.,
Adhatoda vasica Nees, Calotropis gigantea, Cardiospermum
halicacabum L., Cissus quadrangularis, Catharanthus roseus (L.) G. Don,
Cynodon dactylon (L.) Pers., Hemidesmus indicus (L.) R.Br, Rosmarinus
officinalis L., Toddalia asiatica (L.) Lam., Tribulus terrestris L. These are
mainly used to treat wound healing, diabetics, jaundice, skin diseases,
gastro intestinal disorders, ulcer, fever, cold, cough, bronchitis, snake bites
and fractures. The reported potentially important medicinal plants are to
be considered for further validation and to be conserved for further
utilization.

INTRODUCTION
India is having rich vegetation with wide variety of
plants, because of the external variations in
geographical and climatic conditions prevailing in the
country. It is rich in biodiversity which possess about
8% of the estimated biodiversity in the world around
12,600 species. It is one of the 17 biodiversity hotspot
of Western Ghats and North Eastern Ghats
(Kalaiselvan and Gopalan 2014). Plants have been
used since ancient times for the treatment of various
ailments (Xavier, et al., 2014). Most of the medicinal
plants are used as first aid remedies, to treat cough,
cold, fever, headache, poisonous bites and simple
ailments. The whole country is skilled with special
knowledge and skills about medicinal plants.
Traditional medicinal practice is an important role on
primary health care system in the developing world
(Kadirvelmurugan, 2014). In recent years medicinal
plant research has gained attention in segments of
the scientific community (Heinrich, 2000). Herbal
medicines have been used by them since antiquity in
treating diseases (Xavier, et al., 2014). The plantbased traditional knowledge has become a recognized
tool in search of new source of drugs
(Sankaranarayanan, et al., 2010). The present study

focuses on the documentation of medicinally important
plants of Kalvarayan hills, Villupuram district, Tamil
Nadu.
MATERIALS AND METHODS
Study Area
Villupuram district lies between 11 380 253 N and
12 200 443 S: 78 150 003 W and 79 420 553 E with
an area of 7194 sq Km. Villupuram is the largest
district in the state. It is divided into 22 blocks.
The Kalvarayan Hills are a major range of hills
situated in the Eastern Ghats of the
Southern Indian state of Tamil Nadu along with
the Pachaimalai, Javadi, and Shervaroy hills. They
separate the Kaveri river basin to the south from
the Palar river basin to the north. The hills range in
height from 2000 feet to 3000 feet and extend over
an area of 1095 square kilometres. The hills straddle
a number of Tamil Nadu districts, extending northeast
from the Salem District. The range serves as a
boundary between the Salem and Villupuram districts.
The Kalvarayan are divided into two sections the
northern section, referred to as the Chinna (“little”)
Kalvarayan, and the southern section, called the
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Periya (“big”) Kalvarayan. The Chinna Kalvarayan
average 2700 feet in height, while the Periya
Kalvarayan average 4000 feet. The range as a whole
is fairly smooth, with soil well-suited for plant
growth. Scrub jungles reach up to 400 metres in
altitude, while deciduous forests can be found
between above 800 metres. Sholas, a type of highaltitude stunted evergreen forest, can be found
growing on isolated plateaus. Though the forest stand
is growing, due to “habitat uniqueness, human impacts
and cultural tradition,” conservation efforts are
needed (Fig. 1).

Fig. 1. Showing the study area of Kalvarayan hills,
Villupuram District, Tamilnadu.
Data Collection
The present study was undertaken to study the
medicinally important flora of Kalvarayan hills,
Villupuram district, the Eastern Ghats, Tamil Nadu.
Several extensive and intensive field trips were
conducted, each ranging from 2-3 days from May
2016 – November 2016. The collected plant
specimens were identified with the help of floras:
Flora of British India (Hooker ,1875-2006), Flora of
Presidency of Madras (Gamble and Fischer, 19151936); Flora of Tamil Nadu (Nair and Henry, 1983).
The specimens were poisoned, pressed and labeled
by standard herbarium method (Jain and Rao, 1977).
Description was made from the fresh materials.

Vegetative type and many interesting plants were
photographed, important observations and any other
relevant field data were noted in the field itself. The
voucher specimens are deposited in Nirmala college
herbarium, Department of Botany, Nirmala College
for Women, Coimbatore.
RESULT AND DISCUSSION
The present study have revealed that, 48 plant species
belonging to 46 genera and 32 families were
documented. Of which 45 belong to dicotyledon and
one species belonging to monocotyledon. There are
various life form in the study area such as herbs (30),
shrubs (4), straggling shrubs (2), climbers (6) and
trees (6). Kadirvelmurugan et al., (2014), Subbaiyan
et al., (2014) and Kalaiselvan and Gopalan (2014)
have been reported herbs to be the dominant in their
life form analysis. In the present study the herbs were
found to be dominant with high medicinal property
followed by shrubs, climbers and trees. Trees such
as Azadirachta indica, Carica papaya, Ficus
religiosa, F.benghalensis, Ricinus communis,
Terminalia chebula are important medicinal trees in
the survey area (Table 1).
The major dominant families are Lamiaceae and
Apocynaceae with 4 species followed by
Amaranthaceae, Solanaceae and Malvaceae with 3
species, Euphorbiaceae, Moraceae and
Nyctaginaceae with 2 species. Similarly, it is reported
that above mentioned families are dominant to the
Eastern Ghats. The dominant genera of the study are
Ficus and Solanum with two species each that
belonging to Moraceae and Solanaceae family
respectively. Tarakeswara Naidu and Aniel Kumar
(2015) reported that Ficus with 12 species as
dominant as in the Eastern Ghats of southern
peninsular India. The collected plants are used to treat
some major ailment and most of the minor ailment
which are mostly used by the people in and around
the study places. Rural people of the area have strong
faith in their system of treatment and observe positive
effects of their preparations (Kadavul and Dixit,
2009). The collected medicinal plants (Table 1; Fig.
2) used to treat some diseases like skin diseases, bed
sores, fever, cold, cough, asthma, dog bite, tooth ache,
wound healing, stomach pain , increase potent, small
pox , skin affliction, kidney stone, joint pain, cure
cancer, diabetics, neuro tonic, fractures, antihelmintic,
liver complaints, chronic ulcer, dysentry, promote
coolness, rheumatism, hair oil preparation, head ache,
paralysi, laxtative, mouth ulcer, digestive disorder,
intestinal disorder and antidiarrheal potential and the
same uses has been reported by Parthiban et al.,
(2011) and Ramesh Kumar and Sandya, (2015) has
reported most of the medicinal plants in the survey is
very closely related to the Ethnomedicinal plants in
Achanakmar- Amarkantak Biosphere reserve,
Central India.
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Fig. 2. Showing some medicinally important plants of Kalvarayan hills, Villupuram District, Tamilnadu.
A. Acalypha indica, B. Cardiospermum halicacabum,
C. Oxalis latifolia, D. Toddalia asiatica, E. Urena lobata, F. Vitex negundo.

Table 1. Showing the medicinally important plants of Kalvarayan hills, Villupuram District, Tamilnadu.
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CONCLUSION
The traditional knowledge of medicinal plants is
becoming vanished as there is no written material.
Many medicinal plants are vanishing in alarming rate
due to over exploitation, harvesting, trade value,
grazing, industrialization and urbanization, road
construction, clearing of forest for agriculture,
Megaprojects, anthropogenic influences. Thus the
documentation of medicinal plants is important.
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ABSTRACT
Over the time of period environmental changes are expected to alter both
the distribution and the abundance of plant species. Every moment of
human life is associated directly or indirectly with plants. Large population
of India is settled on the banks of river and in the vicinity of the forest.
Most of the plants are associated with livelihood of the people and
hence major population of a country has a good deal of knowledge about
economical and medicinal values of a plant. The study area selected for
this study is Made Tukum block of Kharpundi village from Tahsil and
District Gadchiroli is located on the North-Eastern side of the State of
Maharashtra. After several field visits, people’s perception about 112
economically and medicinally important plants recorded for its
Abundance, on-going changes in abundance and reasons behind change
in abundance which gives clear cut reasons about changes from study
area.

INTRODUCTION
Every moment of human life is associated directly or
indirectly with plants. Large population of India is
settled on the banks of river and in the vicinity of the
forest. Most of rural population consists of bare foot
ecologist, hunter and gatherers and they are
dependent on surrounding to fulfill their several
requirements. People living in vicinity of forest always
depend on forest plants for fulfilling their basic
requirements and hence they have close association
with plants. It is generally acknowledged that global
biodiversity is currently declining at an unusually high
rate. National and international agreements to
counteract this decline, like the Convention on
Biological Diversity (CBD), call for biodiversity
changes to be accurately quantified.
India is known for its diversity of medicinal plants
and hence called botanical garden of the world
(Vedavathy, et. al., 1997). There is increase in the
usage of herbal medicines in recent past and almost
95% consumption of these plants is made through
collections from the forests (Gupta, and Tandon, 2004).
“A medicinal plant is any plant which, in one or more
of its organ, contains substance that can be used for
therapeutic purpose or which is a precursor for
synthesis of useful drugs.” (Sofowora, 1982).
Plants have immense role in human life, plants directly
or indirectly used for following various purposes like
food, food additives, animal food, bee plants, materials

those which furnish, fiber, timber, gums, resins, and
industrial or essential oils, fuels, social and
environmental benefits.
MATERIALS AND METHODS
This study was part of rural Naxal affected North
East Gadchiroli district of Maharashtra. The MadeTukum block of Kharpundi village from Gadchiroli
located about 4.2 km from the district head quarter.
District is located on the North-Eastern side of the
State of Maharashtra, between 18.43‘ to 21.50’ North
latitude and 79.45' to 80.53' East longitude and this
essentially indicates the Gadchiroli district is located
in the Deccan Plateau.
The material and methods utilized as per
following steps:
The study was conducted during the year 2010-2014.
The methodology of the present work was adopted
from some of the earlier workers like Jain, (1987,
1988, 1989); Roy (1989); Masih (2000); Jain and Singh
(1994) and Gadgil et. al. (2000, 2005, 2005a), Jakhi
and Kalkar (2013).Interactions were carried out with
20 knowledgeable villagers between ages 18-74.
The methodology of the present study has been divided
into following headings:
Questionnaire survey.
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Semi-structured interviews.
Field walk.
Group discussion.
Documentation of available data :
Each plant is described with its binomial name, local
name, Marathi name.
I. Value of local relevance – on 3 point scale.
1 - of great value., 2 - of some value.
3 - of no significance.

II. Abundance- Has been documented on 3 point scale.
1 - Rare.,2 - Moderately common.
3 - Abundant.
III.Ongoing changes in the abundance of species –
on 5 point scale.
1 - Substantial increase., 2 - Moderate increase.
3 - No change., 4 - Moderate decrease.
5 - Substantial decrease.
IV. Reasons behind ongoing changes in the abundance
of species recorded.

OBSERVATIONS AND DISCUSSION
Table 1. Abundance, ongoing changes in abundance and reasons behind change in abundance of economically
and medicinally important plants on point scale as follows.
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Fig. 3

SUMMARY AND CONCLUSION
From the above data following conclusions can be
drawn,
1) The local knowledgeable people still bears
important knowledge about the plant diversity and
abundance of economically and medicinally important
plant species.
2) The knowledge about the abundance, change in
abundance and perceptions about the reasons behind
the change shown good responses.
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3) About half species are depleting day by day.
4) The favorable changes in the management of the
natural resources, people’s participation and
facilitation to study and research in the study area
positively influencing its plant wealth.
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ABSTRACT
Scientific approach and sustainability are the two key strategies to attain
conservation and also development in any given system .In focus to the above
mentioned theme as leaves of Lawsonia inermis L., a promising medicinal plant,
showing a huge list of medicinal properties have been processed to show a
different utility in food industry. Synthetic food colourants which are proved to be
carcinogenic are used in variety of foods ,they have become the essential
ingredient in order to fake freshness. Natural food colourants impart less
pronounced colour on food products and are also considered as more expensive.
Lawsone which is the main colour producing compound is extracted from
Lawsonia inermis .L leaves by standard methods and is used as a natural food
colourant in popular eatables like jellies,cake cream and drinks.Extraction of natural
food colourants from Lawsonia inermis.L leaves is done by Aqueous two phase
Extraction (APTE).This extract could be either used as liquid colourant or as
powdered colourant. Then the eatables, jellies and other mentioned confectionaries
are prepared by conventional method and they are coloured using the natural food
colourants. The colour extraction by (APTE) proved to be more organic than any
other standard method. The extraction methods is also proved to be less laborious
and less time consuming method. The visual examination of eatables have been
done and statistically analyzed by standard method.
Medicinal plants are
considered as value added aspects of countries biodiversity .Hence Sustainable
product development from plants is the need of the hour .All scientific
approaches towards the conservation must be organic in all levels of processing
plants for their useful products .Hence the above method has proved to be more
organic in developing eatables with natural food colourants.

INTRODUCTION
Health is considered as an important facet of quality
living .A country’s development starts with the well
being of their citizens and almost all developed
countries focus on preventive care ,With respect to
above aspect all the government and other welfare
organizations promote the ideology of being organic
.The usage of eco-friendly and organic goods in daily
life is been promoted and greatly appreciated. On the
other hand the usage of synthetic products becomes
indispensible, As the synthetic products are found to
have all time availability, cheaper rates and possess
well pronounced activity in little concentrations. Food
industry plays key role in health of the people , and
has attained a complete transformation in introducing
new products .To overcome competition and to make
more profit they try to impart fake freshness and taste
by adding synthetic food colourants and other artificial
flavours and preservatives. The synthetic food
colourants attract consumers but also causes many
other health ailments .The majority of the synthetic

food colourants are found to contain sunset yellow,
tartrazine, brilliant blue and ponceau 4R in their
formulations. Mutagenic potential of food dye (Apple
green) is proved by AMES test (Maninder Kaur et
al., 2011) .The genotoxicity of two commonly used
food colors,sunset yellow and Brilliant Blue is also
proved (Esra Kus and Halil Erhan Eroglu ., 2015 )
.Cytotoxicity of food dyes Sunset Yellow (E-110),
Bordeaux Red (E-123), and Tatrazine Yellow (E-102)
on Allium cepa L. root meristematic cells is also
demonstrated (Keiva Maria Silva GOMES et al.,
2013 ). DNA Damage caused by food colourants is
detected Using RAPD Markers (Hala M. Abdelmigid
., 2009 ) . Genotoxicity of Synthetic Food Colorants
is also reported (V. R. Swaroop et al ., 2011 ).
Considering the above alarming health hazards , there
is an immediate need to find a suitable organic
substitute which will replace these synthetic
colourants and in the same way will fulfil the needs
of the manufacturer. Our aim is to develop an organic
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product which will have mutual benefit, with respect
to the above aspect Natural colourants could be the
best alternative to play dual role of being healthy and
to impart colours. The natural colourants could be
extracted from various plants. In the present study a
member of the family Lythraceae has been exploited
as a prospective natural colourant. This colourant
despite having the potential to impart colour to the
food items also posseses a variety of medicinal
properties. Lawsonia ,member of family Lythraceae
have been chosen and to use as a food colourant.
Henna (Lawsonia inermis) has been used as a
colorant for over three thousand years and was often
mixed into a paste and used to colour skin and hair. It
is still widely used in cosmetology for its dyeing
properties. Today henna is used in Ayurvedic
medicine for the treatments of rheumatism, insect
bites, skin ailments, burns and wounds . It is also
proven to have antifungal and antibacterial properties
that are linked to the bioactive compound Lawsone,
the same that also provides its colouring/dyeing
properties. The use of Lawsonia inermis Linn.
(henna) in the management of burn wound
infections has been reported by H. S. Muhammad et
al., 2005 Antibacterial activity of Lawsonia inermis
Linn. (Henna) against Pseudomonas aeruginosa was
studied (Habbal et al ., 2011).In vitro study of the
effects of henna extracts (Lawsonia inermis) on
Malassezia species is also done ( Fariba Berenji et
al., 2010 ) .Hepatoprotective action of Lawsonia
inermis was examined by Dr. Vithyapathi
Velmurugana et al., 2014 Tailor Chandra Shekhar et
al., 2016 have proved Antioxidant Activity of
Lawsonia inermis Linn. Application of extracts of
Henna (Lawsonia inermis) leaves as a counter stain
was also shown by , Chukwu O. O. C et al ., 2011 .
Our study is so designed to explore the possibility of
using lawsone as a food colourant. In this process
the henna leaves are subjected to ATPE (Aqueous
two phasic extraction ) process and lawsone is tested
with TLC and GCMS study and then it is used as a
colorant in various confectionaries. The consumers
are asked for their opinion regarding the colour of
the food products by visual examination.

The contents were mixed thoroughly using a magnetic
stirrer for equilibration and were allowed for phase
separation for 4–5 h. After the separation of two
phases, the volumes of top and bottom phases of the
system were noted and analyzed for lawsone content.
All the experiments were carried out at 25 ± 1 C and
the pH of the system was maintained in the range of
5–5.5. The extraction experiments were carried out
in duplicates and the average values are reported.
UV– visible spectroscopy analysis: UV-visible
spectroscopy analysis was carried out by using UVVisible absorption spectrophotometer between 200
to 700 nm. The colourant was diluted with distilled
water and the spectra were determined.
TLC:
The extract is also run on a TLC plate and the peak
is photographed under UV and normal light.
GCMS :
The extract is also run with GCMS for further analysis.
The ethanolic extract after analysis is processed for
the compound characterization based on retention
time and the graph is elucidated accordingly.
FIG 1: Flowchart Showing the ATPE Procedure of
Lawsone Extraction

MATERIALS AND METHODS
Preparation of crude extract
Fresh lawsone leaves were collected from the garden
. Lawsone extract was prepared as shown in the flow
diagram (Fig. 1). Ascorbic acid (0.1%) was added to
arrest the activity of polyphenoloxidase which
otherwise causes enzymatic browning. The lawsone
extract was stored at 4 oC, and required quantities
were taken as and when required for different
experiments and directly subjected to Aqueous two
phase extraction (ATPE). Predetermined quantities
of PEG 6000 and ammonium sulphate (Zaslavsky,
1995) were weighed and added to crude extract to
make the total weight of the system 100% (w/w).
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RESULTS
The lyophilized lawsone powder thus obtained gives
the maximum absorption peak at 450 nm .The graph
shows the absorption range of the colourant. ( Fig 2
& Table 2). The TLC of the extract also gives one
unique peak ( fig-3). The GCMS results of the extract
also gives a the clear picture of the precursors of
the lawsone , (Table-1 ).The constituents of Lawsonia
inermis include essential oils like 1,4 naphtho quinone
and 5-10% tannins, gallic acid, flavonoids, lipids,
sugars, triacontyl tridecanoate, mannitol, xanthones,
coumarins (5-alkyloxy 7-hydroxycoumarin), 2-3%
resins, and up to 2% Lawsone (2-hydroxy-1,4naphthoquinone). Among these Lawsone (2-hydroxy1,4-naphthoquinone) is the coloring agent.

Chemical structure of lawsone (2-hydroxy-1,4naphthoquinone)
The dyeing principle is lawsone , that is contained in
dried leaves in concentration of 0.5-2%”. But lawsone
is not present freely. (Gallo et al., 2008). Lawsone is
not present as a free molecule in the leaves, but it is
derived from its precursors, the hennosides, during
henna preparation. Hennosides are three isomers
derived from the keto-enol inter conversion of the
naphtoquinone structure. In this case the second ring
is thrice oxygenated, that give rise to three possible
hydroxyl groups and consequently change to the
diketonic form. Each of the hydroxyls can be
glucosidated, giving rise to the three isomers. The
aglycone, derived from their hydrolysis, is further
converted by oxidation into lawsone that is the active
dyeing compound.

Sensory evaluation was carried out by ten panelists.
The panelists were asked to evaluate color, taste, odor
and overall acceptability for prepared confectionaries
according to the Standard method . In general,
consumer perception has been that natural food
colorant ingredient would be safer, healthy and
considered as potential table showing the compound
characterization based on the retention time and
molecular weight. Fig : ( 3) & Table : (1)
food colorants to be used in confectionaries. PLATE
( 1) & (2). The GCMS report of the separated
lawsone is also depicted along with the
Plate ( 1) : Mahogany Colour Of The Extract

Plate ( 2 ): Paper Showing The Colour Of Lawsone
Extracted.

Fig-3 TLC –UV Photograph of the extract
TABLE : 2 Absorbance (OD) of the extract
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DISCUSSION
The colour that lawsone produce is found to be very
appealing and it is very easy to handle in the food
industry. According to the earlier literature lawsone
is used as a dye but not as a food colourant as some
of the reports have showed that has mild toxicity
(SCCNFP ., 2002 ). T he toxicity of root extract of
this plant is also shown (Mudi et al ., 2011). There
are many number of reports showing the medicinal
properties of the leaf extract .Apart from antibacterial
activity this plant is also found to show anticancerous
activity ( Dhananjay Kumar Singh & Suaib Luqman
, 2014 ), (Mohammad Zandi Gene 2016). The use of
organic products is always ideal .There are several
reports supporting the concept of colouring the food
in the natural way (Chaitanya Lakshmi G, 2014).
Toxicity is always dose dependant hence the usage
of lawsone as a colourant must always accompany
safe dosage use . The synthetic colourants are found
to cause various toxic response even at lower
concentrations (Mohammad Rezaei et al., 2015 ).so
it is always better to include organic products in all
possible ways in our life
TABLE: (1) GCMS Compound prediction

Fig : ( 3) GCMS of the extract
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ABSTRACT
Baliospermum montanum (Willd.) Muell. Arg. (Family Euphorbiaceae) is
an important Red listed medicinal plant found in Southern Western Ghats
of India. The root, stem, leaves and seeds of B. montanum are used by
different tribal communities for the treatment of a variety of ailments. The
seeds are externally used as stimulant and rubefacient while the dried
roots are considered antihelmenthic, diuretic and useful in treating
enlarged spleen, abdominal tumors, etc. Pharmacological screening of the
plant has revealed its antibacterial, hepatoprotective, anticancerous, free
radical scavenging, immuno-modulatory and anthelmintic effects. The plant
is propagated conventionally by seeds and vegetative cutting. Over
exploitation from the wild sources and due to lack of cultivation, this
important medicinal plant is found to be diminishing and this necessitates
other alternative methods for propagation and conservation. There are
meager reports on in vitro propagation of B. montanum; however, none
regarding in vitro conservation strategies especially cryopreservation of
this medicinal species and the study presented here describes shoot tip
cryopreservation of B. montanum via vitrification. The dissected shoot
apical meristems subjected to one day preculture in MS medium
supplemented with 0.4 M sucrose followed by loading with 2 M glycerol
and 0.4 M sucrose for 20 minutes, after dehydration with PVS2 for 60
minutes produced 46.67% recovery after LN exposure. The cryopreserved
meristems regenerated in to healthy plantlets in MS medium augmented
with 1.0 mgl -1 BA and 0.1 mgl -1 IAA. The study has standardized a
simple and viable protocol for cryopreservation via vitrification which can
be extended for long-term conservation and sustainable utilization of this
Red listed medicinal plant.

INTRODUCTION
India has a very rich plant biodiversity, many of which
are medicinally useful. Therefore, the management
of traditional medicinal plant resources has become
a matter of urgency. The medicinal plants and
traditional medicine play an important role in the health
care system of India. The traditional health care
practice is mainly dependent on medicinal plants
collected from the wild. In spite of this, the medicinal
plant biodiversity is being depleted due to man-made,
natural calamities and the over-exploitation. Hence it
is imperative to formulate alternate strategies for the
conservation of these valuable genetic resources.
Plant tissue culture has long been recognized as a
potential method for rapid multiplication of plants for
the sustainable availability of the species and
conservation of this valuable genetic resource.

The plant material selected for the present study
Baliospermum montanum is a leafy stout
monoecious under shrub which is propagated by seeds
and terminal cuttings. The plant parts such as leaves,
stem, root and seeds possess medicinal properties and
forms a component of over 56 Ayurvedic preparations
like Punarnavadi gugglu, Dantyarishtam and Shiv
gutika. The previous reports revealed the presence
of alkaloids, cardiac glycosides, flavanoids, terpenoids,
tannins and saponins in the plant (Bijekar et al., 2014).
Two major compounds found in the B. montanum
are baliospermin and montanin. Apart from these the
other bioactive compounds are 12-deoxy phorbol-13palmitate, 12-deoxy-16-hydroxy phorbol-13-palmitate
and 12-deoxy-5b-hydroxy phorbol-13-myristate (Mali
and Wadekar, 2008). Baliospermin is a terpene ester,
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while montanin is a diterpenoid (Ogura et.al, 1978).
The seeds showed the presence of a non vicinal
dihydroxymonosaturated acid and characterized as
11,13-di hydroxy tetracostran-9-enoic acid or
axillarenic acid (Agarwal et al., 1989). The leaves
yielded 3-hydroxy-2,4-dimethoxy-10-methyl-9acridanone (1), which is an acridanone alkaloid. The
roots mainly used for many Ayurvedic preparations
while the whole plants often get destroyed. Therefore
it is very important to develop an alternative method
for large-scale multiplication of plants. Baliospermum
montanum has been listed as rare endangered
threatened (RET) species in the South Western
Ghats, Indo-Malaysia, Nepal and Burma (FRLHT
1997). Slow growth, poor seed germination ability
made this plant endangered. Therefore, in vitro
propagation method would be the promising option
for multiplication and conservation of B. montanum.
So far, direct plant regeneration from nodal segments,
shoot tips and nodal explants and from stem cuttings
has been reported. Considerable efforts are still
required to find out efficient in vitro methods for the
regeneration of this critically endangered medicinal
plant and there is no studies regarding in vitro longterm conservation via cryopreservation of B.
montanum. We here report a simple and viable
protocol for cryopreservation of shoot apical
meristems via vitrification which can be extended
for long-term conservation and sustainable utilization
of this Red listed medicinal plant.
MATERIALS AND METHODS
Plant Material
Baliospermum montanum (Willd.) Muell. Arg.
(Family Euphorbiaceae) growing from the natural
habitat (Peringamala, Palode, Thiruvananthapuram,
Kerala, India) were collected and grown in the green
house of Department of Botany, University College,
Thiruvananthapuram, Kerala. The explants were
collected from these green house grown plants are
used for in vitro culture establishment.
Surface sterilization and in vitro culture
establishment
Nodal segments (first, second, third and fourth nodes)
of B. montanum selected from the green housemaintained plants were thoroughly washed under
running tap water and subsequently in a liquid
detergent for 20-30 minutes followed by washing
again in running tap water and rinsing in distilled water.
They were then subjected to surface sterilization with
0.1% (w/v) HgCl2 for 8 minutes and subsequent
rinsing in sterile distilled water. The explants excised
aseptically were inoculated on MS nutrient medium (
murashige and Skoog, 1962) supplemented with 0.5,
1.0 and 2.0 mgl -1 BA either individually or in
combination with 0.5 mgl-1 Kinetin or 0.1 mgl-1 NAA/
IAA and incubated under the standard culture
conditions. The shoots developed in the initiation

medium were subcultured to fresh medium of the
same composition for multiple shoot induction for 3-4
subcuture passages with 4 weeks intervals followed
by rooting and plantlet formation.
Cryopreservation of shoot apical meristems via
vitrification
Shoot tips (~3-4 mm) were dissected from established
in vitro shoot cultures and the dissected shoot tips
were transferred onto the preculture medium, i.e, a
MS medium containing 0.4 M sucrose for one day.
Sucrose-precultured shoot tips were kept for 20
minutes at room temperature in loading solution of 2
M glycerol and 0.4 M sucrose dissolved in MS with
pH 5.8. Then the loading solution was replaced by
ice cooled and ûlter-sterilized PVS 2 solution (Sakai
et al., 1990) containing 30% (3.26 M) glycerol, 15%
(2.42 M) ethylene glycol, 15% (1.9 M) DMSO. Shoot
tips were immersed in the PVS2 solution for the time
intervals 20, 40, 60 minutes at 0 ºC, transferred to 2
ml cryovials and immersed into liquid nitrogen for a
minimum of 1 hr duration.
Thawing and washing/ unloading
Cryovials containing shoot tips were rapidly thawed
in a warm water bath (40 0C) for 30 seconds. The
PVS 2 was replaced by two changes of the ûltersterilized unloading solution (1.2 M sucrose dissolved
in MS medium, pH 5.8), thrice at 10 minutes interval
at room temperature.
Recovery
Control shoot tips were also subjected to sucrosepreculture, loading, PVS2 dehydration and unloading
treatments except that they were not frozen in liquid
nitrogen. Controls consisted of individual shoot tips
of the same size and same number as those used for
cryopreservation, which were excised under the light
microscope and then grown and regenerated under
the same conditions as the shoots that survived
cryopreservation. The control (-LN) and frozen shoot
tips (+LN) were removed from the unloading solution
and placed in 9-cm petridishes on to sterile ûlter paper
over laid on MS basal medium to absorb the excess
unloading solution for one day, then transferred on to
regeneration medium (MS medium supplemented with
0.1 mgl-1 GA3 and 0.5 mgl-1 BA) and kept in the dark
for initial ten days and subsequently maintained in
optimum light for survival assessments. Three weeks
later, shoots longer than 3 mm were transferred to
regeneration medium (MS medium supplemented with
2 mgl-1 BA and 0.1 mgl-1 NAA concentration) to
regenerate whole plants.
Sytatistical Analysis
Ten meristems were used in each experiment with
three replicates. Results were analyzed by ANOVA
following arc sine transformation with mean separation
analysis by LSD multiple ‘t’ test.
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RESULTS AND DISCUSSION
Vitrification utilizes a highly concentrated vitrification
solution (PVS2) to achieve sufficient dehydration at
non-freezable temperatures (0 ºC or 25 ºC) prior to
LN immersion. Vitrification solutions are complex
mixtures of cryoprotectants which have been
formulated for their ability to vitrify during cooling.
As a result, a concentrated cellular liquid can solidify
in to glass (vitrification) upon cooling in LN without
forming ice crystals. The vitrification solution PVS2,
most commonly employed for cryopreservation of
plant germplasm has a total molarity of 7.8 M (Sakai
et al., 1990). It is highly toxic and the duration of
contact with the explant has to be determined very
precisely. Successful cryopreservation of plant
material by vitrification is a balance between adequate
dehydration by PVS2 and prevention of damage by
osmotic stress and chemical phytotoxicity (Rall, 1987).
This damage is controlled by optimizing the PVS2
exposure time, cryoprotecting with loading solution
prior to PVS2 exposure and by preconditioning
treatments (Thinh, 1997).
To evaluate the sensitivity, B. montanum shoot tips
were exposed to PVS2 for 0-60 minutes at 25 ºC.
Pretreatment of excised shoot tips with 0.4 M sucrose
and loading treatment followed by dehydration with
PVS2 were essential steps for achieving recovery
after LN exposure. Following these steps, maximum
46.67% regeneration was observed in shoot tips after
LN exposure with 60 minutes of PVS2 dehydration
(Table 1). After 10 and 20 minutes PVS2 dehydration,
none of the cryopreserved shoot tips were survived.
PVS2 exposure beyond 40 minutes significantly
increased the survival as well as regeneration
percentages of cryopreserved shoot tips and 23.33,
30.00 and 36.67% shoot regeneration was observed
after dehydration with PVS2 for 40, 50 and 60
minutes respectively (Table 1). Shoot tips of some
plant species such as sweet potato and banana have
been reported to be very sensitive to PVS2 treatment.
Even treatment for 5 minutes at 25 ºC killed the shoot
tips or reduced their survival rate significantly (Towill
and Jarret, 1992; Panis, 1995). However, some
monocots like taro, orchid (Cymbidium) are more
tolerant to PVS2 and 64.5-70.0% shoot tips resumed
growth even after 40 minutes exposure to PVS2
(Takagi et al., 1997; Thinh, 1997).
LN-non exposed survived shoot tips showed slight
swelling, shoot elongation or callus initiation after 2
weeks of transfer to recovery medium. The first sign
of shoot growth was evident by leaf development
followed by shoot development without intermediate
callus formation. A small percentage of LN-non
exposed (-LN) (control) and LN-exposed (+LN)
shoot tips did not show any symptom of regeneration
even after 4 weeks and were considered as dead.
When observed after 15 days, various modes of
regeneration like swelling of shoot tips leading to callus
regeneration, swelling of the base of shoot tips and

callus regeneration from base, elongation of shoot tips
were noticed on the survived shoot tips exposed to
PVS2 (Fig.1). The LN-recovered shoot tips
regenerated into healthier shoots in regeneration
medium (MS medium supplemented with 0.1 mgl-1
GA 3 and 0.5 mgl -1 BA) and were free of
morphological abnormalities. However, the genetic
uniformity assessment of such cryo-recovered
plantlets is highly warranted and the experiments of
this kind are still going on.
Table 1. Recovery of B. montanum shoot tips
subjected cryopreservation through vitrification.

*Values are mean±SE. ten shoot tips were tested for
each of three replications. Observations were made
after 4 weeks. Means followed by the same letter in
the superscript in a column do not differ significantly
at 5% level based on ANOVA and LSD multiple‘t’
test.

Figure 1: B. montanum shoot tip Cryopreservation
via vitrification. a – c: Stereomicroscopic view of
LN-recovered shoots tips. d. LN-recovered shoot tips
regenerating in recovery medium
CONCLUSION
In the present study, the survival and regeneration
frequencies after cryopreservation by vitrification
were apparently higher and the vitrification protocol
established in the present study has the advantage in
terms of easy operation as well as reasonable recovery
rates. However, much more experiments are required
further inorder to standardize a more reliable protocol
with higher recovery rates. Even, this method is
advisable for the long-term in vitro conservation via
cryopreservation of B. montanum.
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ABSTRACT
Embelia ribes Burm f. is a threatened and important medicinal plant
found in Western Ghats, fruits of which are used in variety of
ayurvedic formulations. Natural regeneration through seeds is very
difficult due to small embryo and abortive nature. Propagation through
cuttings is also very difficult due to very poor rooting. Therefore the
work was initiated during 2015- 16 to standardize seed and vegetative
propagation of this medicinal plant. Among the different germination
inducing treatments, the seed treated with GA 3 750 ppm recorded
early germination (30 days), highest germination rate (2.07%), seedling
vigor (2258.13), seedling height (44.57cm), number of leaves (23.33)
etc. In case of vegetative propagation hard wood cuttings were used
and treated with IBA, NAA and combination of IBA and NAA.
Among the treatments IBA and combination of IBA and NAA has a
significant positive effect on the percentage of rooting. Hardwood
cuttings with two or three leaves, treated with IBA in 3000mg/l
concentration appears to be a successful method for vegetative
propagation (36% rooting) for producing sufficient number of
propagules of this species. Significant increase in number of new root,
leaves and shoots and length of roots were recorded in stem cuttings
treated with 3000mg/l IBA.

INTRODUCTION
Embelia ribes commonly known as false pepper is
an important medicinal plant of India having a fair
demand in national and international market. E. ribes
is a red listed large scandent climbing shrub belongs
to the family Myrsinaceae, distributed throughout India
in hilly parts up to 1500 m. elevation. It is an
endangered medicinal plant valued for its digestive,
thermogenic, carminative, depurative, anthelmintic
and laxative property since time immemorial. This
plant is reported as vulnerable in Tamil Nadu and
Karnataka and as threatened in Kerala (Ravikumar
and Ved 2000). The main threat of this plant is its
unsustainable and indiscriminate harvesting for
commercial purposes. Habitat loss, Jhum cultivation,
forest fire and agriculture expansions are also some
factors for its decrease in population. The
regeneration from seedling of this plant is very poor
(Shankar et al., 2012). The embryos of E. ribes are
very small when present and most of the seeds are
abortive. For the survival and growth of E. ribes
specific habitat conditions are essential. Therefore a
attempt has been made to get good germination and

healthy plants through stem cutting by treating with
different growth regulators and root inducing harmone
at different concentrations for multiplication and
sustainable use of this medicinal plant.
MATERIALS AND METHODS
Study site:
The experiment was conducted at the College of
Horticulture Mudigere, Chikkamagalore during 2015
-16.
Seed propagation:
The required seed materials were collected from the
plants grown in the Field Gene Bank of RET medicinal
plants maintained at the Indian Institute of
Horticultural Research (IIHR), Bengaluru.The red
mucilaginous covering present in the seeds were
removed. The seeds were treated with mercuric
chloride 0.1 per cent for 10 minutes, washed with
water and shade dried for 24hr. The extracted seeds
were subjected to 19 different pre-soaking treatments
viz. GA3500ppm, GA3750ppm, Ethylene 25 ppm,
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Ethylene 50 ppm, KNO 3 1.0%, KNO 3 1.5%,
H2SO41.0%, H2SO4 2.0%, HCl 1.0%, HCl 2.0% and
scarified seeds are treated with GA3 500ppm and
700ppm. Scarified seeds are washed in distilled water
and then used for further process. The treated seeds
were sown in portrays consisting of coco pith media
which was collected from IIHR Bangalore kept in
polyhouse under 50 per cent shade and watering was
done regularly. Observations were recorded for
germination, shoot and root growth parameters at 60,
90 and 120 days after sowing.
Vegetative propagation:
A branch cuttings from six year old plant was
collected from IIHR Bangalore. Hardwood cuttings
having 10 – 15 cm long and 2 pair of leaves were
prepared. The leaf areas of the cuttings were reduced
by trimming away 2/3 of the leaflets of compound
leaves retaining the apical bud intact in order to
minimize the transpiration rate.
In order to prevent any possible fungal attack during
propagation, cuttings were treated with 0.05 percent
aqueous solution of Bavistin for 45 minutes. The
cuttings were then treated with various concentration
of indole butyric acid (IBA) and napthalien acetic
acid (NAA) prepared by talc by quick dip method
according to the treatments. The treated cuttings were
inserted immediately in the rooting medium vermiculite
taken in root trainers and kept in mist chamber.
Observations were recorded
RESULTS AND DISCUSSION
Seed treatments can speed up germination, increase
uniformity of germination and offset some
environmental hazards in the seed bed. For many
species, especially woody perennials, seeds must be
pre-treated to overcome dormancies. Seed treatments
like acid scarification, GA 3 treatment etc., are
commonly used for enhancing germination. Among
the different germination inducing treatments, the
seeds treated with gibberellins responded well with
high rate of germination and vigorous seedling growth.
Early germination was also seen in GA3 treatment.
This may be due to instigative action of GA3 for
germination of seeds. GA 3 induces the de-novo
synthesis of proteolytic enzymes like ¬-amylase and
ribonuclease. GA3 treatment is also known to overrule
the photo dormancy, thermo-dormancy, dormancy
imposed by rudimentary embryo, mechanical barriers
and presence of germination inhibitors (Diaz and
Martin, 1971). The early germination (30 days) and
maximum rate of germination (2.07), vigour index
(2258.13), plant height (44.57 cm), number of leaves
(23.33), shoot length (20.07 cm), root length (24.50
cm), fresh weight (2055.00 mg) and dry weight
(363.33 mg) of seedling were recorded in GA3 750
ppm followed by GA3 500 ppm in E. Ribes Burm f.
seeds after 120 days after sowing (Table 1 to 2 ).

Similar results were obtained in elm (Ulmus
wallichiana), an endangered tree species where GA3
100 ppm recorded maximum germination (71.00%)
compared to control (48.00%). The rate of germination
and vigour was also higher in this treatment (Masoodi
and Masoodi, 2000). Success in propagation of
Embelia ribes through cutting is little difficult. In this
present study hard wood cutting treated with IBA
3000 ppm obtained maximum rooting per cent (36.00)
followed by IBA 3500 ppm (26.00). No rooting is
observed in NAA alone. Combination of IBA and
NAA treatment also showed better result. The cuttings
took more time for root initiation up to three months
and rooting per cent was moderate as compared to
other easy-to-root species. There was significant
influence of different treatments on parameters such
as per cent rooting, number of roots, number of
sprouts and number of leaves per cutting. The growth
regulator treatments increased the overall root
parameters as compared to control. Among different
treatments, IBA 3000 ppm was found to be the best,
which recorded maximum results for all parameters.
This may be due to the action of auxin which might
have caused hydrolysis and translocation of
carbohydrates and nitrogenous substances at the base
of cuttings and resulted in accelerated cell elongation
and cell division in suitable environment. Cuttings
treated with combination of IBA and NAA for one
minute also registered comparatively better
parameters values against control. Parameters like
sprouting percentage (36.00%), rooting percentage
(36.00%), number of leaves(23.67), number of
sprouts(3.00), number of roots(24.67) were maximum
at 120 days after planting was also found to be
maximum in cuttings treated with IBA 3000 ppm
(Table 3). Better shoot parameters in turn enhanced
the rooting in cuttings and as the IBA concentration
increased, rooting and sprouting per cent also
increased. Similar results were obtained in E. ribes
Burm f. cuttings treated with IBA 3000 ppm (Saumya
et al., 2013) and there was significant increase in
rooting and sprouting percentage against the control.

Figure1. Seed germination under best treatments
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GA3 750ppm

GA3 500ppm

Best resulted treatment under vegetative propagation
3000 ppm IBA
Table 1. Effect of growth regulators and chemical treatments on seed germination and seedling growth of
E. ribes Burm f.

* Figures in parentheses indicate arcsine transformed values
Table 2. Effect of different growth regulator and chemical treatments on fresh weight of root and dry weight
of root in Embelia ribes Burm f. at 60,90 and 120 days after sowing

* Figures in parentheses indicate arcsine transformed values
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Table 3. Effect of growth regulators treatments on sprouting and rooting of cuttings of E. ribes Burm f.
Note: DAP- Days After Planting

CONCLUSION
It was found that seed propagation of Embelia ribes
Burm f. can be effectively done by using growth
regulators like gibberlic acid, ethylene, potassium
nitrate, sulphuric acid and hydrochloric acid at different
concentration to get enormous number of healthy
seedlings. Among different treatments tried gibberllic
acid at 750ppm found best to get vigorous seedling
and scarification at H2SO4 2% followed by GA3 750
ppm to get highest per cent of germination. In
vegetative propagation comparatively low results
were observed. It can be concluded that hardwood
cuttings with two or three leaves, treated with IBA in
3000mg/l concentration appeared to be a successful
method for vegetative propagation (36% rooting).
Further work on vegetative propagation has to be
required to get better result when compare to seed
propagation.
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ABSTRACT
Self-incompatibility (SI) is an intraspecific reproductive barrier inherent in
many flowering plants to prevent self-fertilization and thereby generate
and maintain genetic diversity within a species. S-RNase based SI is a
genetically determined self/non-self recognition process employed by
many flowering plant species to prevent inbreeding and promote
outcrosses. The genes belonging to the S-RNase lineage were reported in
Rubiaceae ie. during SI interaction, S-RNase and S- locus F-box (two
multiple allelic genes at the S-locus) determine the female and male
specificity, respectively. Hamelia patens Jacq. Commonly called fire bush,
is a fast growing, semi woody and evergreen perennial shrub of the
family Rubiaceae. In H. patens, sexual reproduction is beset due to selfincompatibility. The identification of S-RNase alleles in Hamelia will allow
the screening and establishment of incompatibility groups in this species.
In order to evaluate variation among the accessions and to understand
the mechanism of self- incompatibility in H. patens, methodologies like
morphological study (quantitative and qualitative) and biochemical
analysis (estimation of protein and starch, analysis of isozyme and
estimation of S-RNase properties) were done. Morphological study
revealed that the accession collected from Parassala, variety glabra
showed significant morphological variation than others. Estimation of
protein, starch and analysis of isozyme showed that the cross pollinated
stigma has less amount and less activity than self-pollinated and
unpollinated stigma. Estimation of S-RNase confirmed that S-RNase based
SI is controlled by different factors.

INTRODUCTION
Hamelia patens Jacq. is commonly known as scarlet
bush or firebush. It is a large perennial shrub or small
tree. Also, the plants are used in folk medicine against
a range of ailments.All parts of H. patens tree are
used in natural medicine. A number of active
compounds have been found in firebush, such as
apigenin, ephedrine, flavanones, isomaruquine,
isopteropodine, maruquine, narirutins, oxindole
alkaloids, palmirine, pteropodine, rosmarinic acid,
rumberine, rutin, seneciophylline, speciophylline,
isopteropodine, stigmast-4-ene-3,6-dione and tannin
(Cavanagh 1963, Duke 2007, Aquino et al., 1990,
Ahmad et al., 2012, Paniagua et al., 2012) (“)hameline, tetrahydroalstonine, aricine, uncarine F,
stigmast-4-ene-3, 6-dione and 5,7,2_,5_tetrahydroxyflavanone 7- rutiroside (Ibrahim 1997).
The bark also contains significant amounts of tannins.
Firebush contains 17.5 percent crude protein and has
in vitro digestibility of 61.6 percent. The plant
possesses analgesic, antiseptic, anti-inflammatory,
febrifuge, refrigerant properties. Fruit of H.patens is
edible (Irobi1996) and the plant is used in herbal

medicine to treat athlete’s foot, skin lesions and rash,
insect bites, nervous shock, inflammation, rheumatism,
headache, asthma, and dysentery (Lachoria 1999
&Liogier 1999). Ethanolic extract of different parts
like leaf, stem and root of Hamelia patens Jacq. and
antimicrobial activity (Sapana et al.,2012). It has been
reported to exhibit that this plant possesses antidiarrhoeal activity (Salud et al.,1996). Insect bites,
menstrual disorders, uterine and ovarian affliction
(Shrish et al., 2011).
Cytostatic and cytotoxic activity against tumour cell
lines (Taylor et al.,2013) and wound healing activity
(Sandhya 2011) with H. patens. Antifungal properties
of aqueous extracts of leaves, flowers and fruits of
Hamelia patens studied (Abubacker et al., 2013).
Antibacterial properties (Camporese et al., 2003),
vasorelaxant (Reyes-Chilpa et al., 2004) and toxicity
and antinociceptive effects of Hamelia patens also
studied (Castro et al., 2015)
Development of fruits with healthy seeds is the
culmination of the natural process of pollination and
fertilization. Seeds are important for the plant for
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propagation of the progeny and for a breeder to assess
the results of breeding while developing new cultivars.
Louis and Radhamany (2009) and Louis et al., (2012)
reported RNase based gametophytic incompatibility
in H.patens. Since legitimate and illegitimate
pollination are affected by alternations in the
metabolic status of stigma and stylar tissues
(Dhaliwal&Malik 1985) it would be imperative to
study the changes in the enzyme activities of stigmastyle tissues following compatible and incompatible
pollination. Since the enzymes control biochemical
reactions, and their synthesis is under the control of
specific gene(s), any change in the activity of an
enzyme would reflect in the pattern of gene expression
and corresponding metabolic events in the cell.
Hence, the enzymes can be used as tools to study
the problem of self-incompatibility at the biochemical
level. From the accessions collected, two varieties
showed difference in morphological difference. i.e
Hamelia patens variety patens and Hamelia patens
variety glabra. The objective of our study is to
evaluate variation among the two accessions and to
understand the mechanism of self- incompatibility.
MATERIALS AND METHODS
Study species: The plant materials for the study, two
varieties of Hamelia patens i.e. Hamelia patens
variety patens and Hamelia patens variety glabra
maintained in the Botanic Garden, Department of
Botany, University of Kerala, Thiruvananthapuram.
2.1 Morphological study
For morphological study, quantitative and qualitative
characters were studied and the results were
presented in table 1,2& 3.
2.1.1 Qualitative characters
2.1.2 Quantitative characters
2.2
Biochemical analysis.
The different stages of stigma, like pistils and
antherlobe from pollinated flowers, pistils and
antherlobe from flowers of two varieties before
anthesis and cross pollinated stigma have been chosen.

(7) Sample VII- Stamen from the variety
patens before pollination
(8) Stage VIII- Stamen from variety glabra
after self pollination
(9) Stage IX- Stamen from the variety glabra
before pollination
For all the biochemical analysis un-pollinated, selfpollinated and cross-pollinated flowers were used for
the comparison.
2.2.1 Preparation of enzyme extract
Part of the pistil without ovary was collected and
frozen in -40°C. Sample weighing about 450 mg were
homogenized with 9 ml of cold 5% KCl (w/v) using a
pre-chilled mortar and pestle. The homogenate was
centrifuged at 0 ± 2°C at 10,000 rpm for 10 min. The
clear supernatant was used directly for the assay of
enzyme activities like peroxidase, acid phosphatase,
polyphenol oxidase & esterase and estimation of
protein (Jorgensen& Vejleby 1953, Ching1987, Neog
& Singh 2003, McInnis et al., 2006)
2.2.1 Statistical analysis
The data collected from five sets of experiments were
subjected to analysis of Standarddeviation. The results
were presented in table 4.
RESULTS AND DISCUSSION
1. Morphological study
Taxonomic position
Class
- Dicot
Subclass
- Gamopetalae
Series
- Inferae
Order
- Rubiales
Family
- Rubiaceae
Genus
- Hamelia
Species
- patens
Analysis of morphological characters showed
variations in the quantitative (Figure 1-13) as well as
quantitative characters. Significant variation occurs
in the plants collected from Parassala ie variety glabra
Table .1 Qualitative characters

The pistils and stamen in both varieties were collected
separately and frozen till use and the stages are the
following
(1) Sample I- Self- pollinated pistil from the
variety patens.
(2) Sample II-Un-pollinated pistil from the
variety patens.
(3) Sample III- Self- pollinated pistil from the
of variety glabra.
(4) Sample IV- Un-pollinated Pistil from the
variety glabra.
(5) Sample V- Pollinated pistil from the cross
between variety patens x variety glabra.
(6) Sample VI- Stamen from the variety
patens after self pollination
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Quantitative characters
Table .2 Vegetative characters

Table.3 Floral character

Biochemical analysis.
Table 4.Level of peroxidase, acid phosphatase,
polyphenoloxidase and esterase on protein content
after self and cross-pollination in two accessions of
H.patens
shown to increase peroxidase
activity independent of the
penetration of pollen tube
(Bredemeijer 1982 and 1984,
Bredemeyer and Blaas
1975). The elevated levels of
acid phosphatase in cross
pollinated stigma clearly
indicate a role for this enzyme
in pollen tube growth in the
style. This enzyme is probably
produced in response to the
penetrating pollen tube for
providing
inorganic
DISCUSSION AND CONCLUSION
Among different accessions collected, the one from
Parassala showed significant morphological variation
than others. All the quantitative characters and some of
the qualitative characters such as colour of the leaf, colour
of the flower, etc. showed significant variation. The
activity of enzymes in the pistil and anther lobe was
studied to ascertain if their behaviour was normal. Cross
pollinated stigma shows higher activity in respect of all
the enzymes. Peroxidase has been implicated as an
indicator of stigma receptivity (Galen and Plowright1987,
Dupuis and Dumas 1990, Dafni & Motte Maues1998)
and mere adherence of pollen grains to stigma has been

phosphates through hydrolysis of phosphate esterse
(Lavithis and Bhalla 1995). The consistently enhanced
activity of polyphenol oxidase in the two plants is in line
with its possible role in the defence mechanism. In wet
and dry stigmas of a wide range of plants the time of
stigma receptivity has been correlated with esterase
activity (Brien 2002).
A moderate level of esterase activity is maintained at all
the stages of stigma. Esterase activity was higher in
cross- pollinated style than other stages of stigma. Selfincompatibility mechanism in angiosperms is widespread
and has received considerable attention in recent years.
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Self-incompatibility genes have been identified,
characterized, cloned and transferred to self-compatible
lines in several species (Hoopen 1998). From the present
study, it may be concluded that significant changes in
the activities of certain key enzymes occur in the stigma
and style tissues of Hamelia patens following compatible
and incompatible pollination. Variations in the enzyme
activities as observed in the present study shows that
the biochemical changes occur in the stigma style tissues
affected by self-incompatibility mechanism that in turn
affects the metabolicstatus of these tissues. As the
synthesis of these enzymes is controlled by their
corresponding gene(s), their quantitative changes may
be due to the changes in the regulation of expression of
gene(s) and hence offer a basis to study the mechanism
of self-incompatibility at molecular level.
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ABSTRACT
Plectranthus vettiveroides was cultivated during the period from 2007 to
2017 at Saraswathy Thangavelu Centre of JNTBGRI, Puthenthope,
Thiruvananthapuram and through continuous observations six different
species of pests/insects viz. leaf folder (Pycnarmon cribrata Fabricius),
stem borer (Nupserha vexator Pascoe), mealybug (Planococcus sp.),
spittlebug nymph (Cercopidae sp.), white grub (Leucopholis coneophora
Burm.) and root-knot nematode (Meloidogyne sp.) were identified as major
pests causing crop loss. The wilt disease caused by Fusarium solani
(Mart.) Sacc. during rainy season devastated the entire crop from the
field. Application of different botanical extracts individually and in
combination against pests revealed that extract of tobacco or neem cake
and garlic emulsion (2%) at single dose was effective against leaf folder.
Similarly extract of tobacco and Gliricidia sepium or commercial neem
product nimbecidine found effective to control mealy bug. The damage
caused by spittlebug nymph was insignificant, hence application of
pesticide was not recommended. Stem borer attack would be reduced by
the application of tobacco extract at triweekly intervals; while the attack of
white grub and root knot nematode can be controlled by the application
of neem cake @ 0.2kg/l @ 0.9-1.0t/ha. at the base of the plant.

INTRODUCTION
Plectranthus vettiveroides (K. C. Jacob) N. P. Singh
& B. D. Sharma (Syn. Coleus vettiveroides) belongs
to the family Lamiaceae is a high value aromatic root
yielding medicinal plant, which is locally known as
‘iruveli’ in Malayalam and ‘vettiver’ and ‘kuru ver’
in Tamil. Its’ root has anti-bacterial, deodorant,
bitterness and cooling properties. In traditional
medicine, it is used for eye burning, head ache, fever,
diarrhoea, intrinsic haemorrhage, hyperdipsia,
strangury, leprosy, leucoderma, ulcer, vomiting, skin
diseases, giddiness, insanity, quenching thirst and
promoting hair growth. Roots were also used for
worshipping and the preparation of household items
like agar-bhathi, scented articles, hair oil etc. The plant
is extinct in the wild and currently cultivated by only
few farmers in Kollidam, near Chidambaram in Tamil
Nadu. It is used as single or an ingredient in more
than 80 herbal drugs available in the markets
(Nisheeda et al., 2016). But due to the scarcity of
genuine raw material the pharmaceutical
manufacturing companies are forced to use substitutes
or adulterants in place of Plectranthus vettiveroides.
Large scale cultivation of Plectranthus vettiveroides

is hindered by many factors (Nisheeda et al., 2016).
Of these, incidence of pests and diseases induce yield
and crop loss significantly, however, its adverse effects
are not properly investigated in details. To control
the infestation of pests/disease, application of chemical
pesticides/insecticides is not advisable particularly for
medicinal plants as its remnants may induce adverse
effects to the drug property (Vijayalakshmi et al.,
1999). Botanical pesticides are the important
alternatives to minimize or replace the use of synthetic
pesticides as they possess an array of properties
including toxicity to the pest, repellency, antifeedance,
insect growth regulatory activities (Anand et al., 2008)
and biodegradability (Devlin and Zettel, 1999). It
maintains biological diversity of predators (Grange
and Ahmed, 1988), reduces environmental
contamination and human health hazards. Botanical
extracts are broad spectrum materials used in pest
control which are locally available, safe, unique in
action and cost effective (Saxena et al. 1996).
However, use of plant derived products for controlling
pests and diseases in commercial cultivation field is
seldom practiced. In the present study pests/insects
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and major disease attacking on Plectranthus
vettiveroides under field condition were documented
and suggested standardized bio-remedies.
MATERIALS AND METHODS
The infestation of pests/insects and diseases on
Plectranthus vettiveroides was frequently monitored
at Saraswathy Thangavelu Extension Centre of
Jawaharlal Nehru Tropical Botanic Garden and
Research Institute (JNTBGRI), Puthenthope,
Thiruvananthapuram, Kerala located 8.5°N and 76.9°
E during the period from 2007 to 2017. The mode of

infestation, symptoms, period and frequency of
occurrence of each pest/insect/disease has been
noted. The insects/pests on P. vettiveroides were
collected in the larval stage and allowed to grow as
adult for proper identification. Different botanical
extracts individually and in combinations were applied
(Table 1) and determined its efficacies. Effect of
commercially available neem products viz.
Nimbecidine @ 0, 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0
ml/l, and Neemicide @ 5, 10 ml/l were also tried
against major pests.

Table 1. Botanicals extracts and its dosage tested against pests/insects on Plectranthus vettiveroides

The forgoing botanical extracts were sprayed on
experimental field once in a week using sprayer. The
pest population and incidence were monitored and
recorded daily.

Table 2. Insects/pests infestation on Plectranthus
vettiveroides

RESULTS AND DISCUSSION
Plectranthus vettiveroides cultivated under
commercial scale at JNTBGRI, Puthenthope was
prone to six different species of pests belonging to
insects, mites and nematodes. Leaf folder
(Pycnarmon cribrata), stem borer (Nupserha
vexator), mealybug (Planococcus sp.), spittlebug
nymph (Cercopidae sp.), white grub (Leucopholis
coneophora) and root-knot nematode (Meloidogyne
sp.) were induced heavy yield loss (Table 2, Fig. 1 &
2). Of these, leaf folder and the mealy bug were
observed as the major and frequently occurring pests.
Major invading disease identified was the wilt caused
by Fusarium solani (Mart.) Sacc.
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Leaf folder/leaf feeder (Pycnarmon cribrata)
caterpillar infected leaves curls or holds using its silk
and lives inside there and feeds on the leaf from inside
its shelter and pupates there and black excretion like
materials found on the leaf surface. Adult moth is
white or pale yellow with a number of brown spots
around the edges of the wings. In case of severe
infection, it feeds the infested leaves completely which
leads to retarded growth and heavy yield loss. Its
infestation was noticed frequently, during low
temperature seasons. Its attack was reported in
Coleus spp. (Butani and Jotwani, 1984) and Oscimum
sanctum (Butani, 1982) but first recorded on
Plectranthus vettiveroides.
Mealybug (Planococcus sp.) infestation was noticed
as reported in other Coleus spp. (Sakthivel et al. 2012)
by fluffy white wax produced on the base of leaf and
leaf axis. Later leaves showed yellow spots on the
adaxial portion due to colonized bugs in abaxial
surface of leaves which further leads to deformation,
early leaf fall and overall stunted growth of the plant.
They feed sap from the succulent leaves and secrets
excess sap as honey dew which is attracted by the
ants that prevent from natural predators and helps in
spreading of mealybugs. Severely infested plants wilt
due to sap depletion; leaves turn yellow, gradually
dry and ultimately fall off. It is a major pest and found
throughout the year, though it is less active during

winter. Attack results in poor quality planting material
as well as reduction in root yield.
Stem borer (Nupserha vexator) was reported on
Coleus spp. (Palniswami and Pillai, 1983) but on
Plectranthus vettiveroides this is the first time report.
Affected plant looks normal at early stages of attack
but later leaf yellowing and terminal drying was
noticed. Caterpillars enter through the collar region
at the bottom of the stem and bores upwards by
feeding on the internal tissues, thus making a hollow
stem that can block nutrient transmission and
destruction of tissues. Caterpillar is yellowish in
colour with a brownish head and 3-5 borers per plant
were noticed. The pupa is light brown in colour. The
adult moth was small, pale brown, the forewings with
darker markings especially along the outer edge and
the hind wings whitish. Stem borer infected during
low temperature seasons and its attack was severe
from May to August.
Spittle bug nymph (Cercopidae sp.) attack mainly
during high temperature season inside the froth. It
looks like spittle which prevents it from predators,
extreme temperatures and from dehydration, when
the spittle is removed the insect gets dried. It feed on
the juice of the succulent stem. Its population was
limited and not caused much damage to the crop.

Figure 1. Insect/pest infestation on Plectranthus vetiveroides. a. Mealybug infected plant, b. Mealybugs
on leaf abaxial suface, c. Mealybug; d. Leaf folder infected plant, e. Larval stage of leaf folder, f. Adult
stage of leaf folder; g. Stem borer infected plant, h. Stem borer grub, i. Stem borer; j. Spittle bug infected
plant, k. Spittle bug feed on the plant, i. Spittle bug nymph.
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White grub/root grub (Leucopholis coneophora) is the larval form of beetle, feeds on the roots and the shoot
base, causing heavy yield loss mainly during September to November (Fig. 2). They are creamy white in color
with brown head, curved, fleshy and wrinkled body. Symptoms include yellowing and defoliation of leaves, which
later drying up and death of plant. It was found in the soil upto 2-3 inch depth and can be observed only when the
soil from the base of the plant was removed. Soil surrounding the plant had pleasant smell of the root derived
essential oil. The plants intercropped among coconut palms was prone to Leucopholis sp. attack as reported in
other crops (Prathibha et al., 2013) which adversely affects the vigor and yield.

Figure 2. Insect/ pest infestation on Plectranthus vettiveroides. a. White grub larvae, b. Pupae of Leucopholis
coneophora, c. Adult of L. coneophora; d. Plant with root knot disease, e & f Infected root with nodules.
Root knot disease (Meloidogyne sp.) infected plants
showed abnormal swellings or galls on root (Fig. 2).
Above ground the plant appear normal and below
the ground symptoms can only be seen at the time of
harvesting, which lead to heavy economical loss.
Severe reduction in root yield during commercial
cultivation was recorded as in C. forskohlii
(Senthamari et al., 2006).
Fusarium wilt contributed 60-100% yield loss
immediately after the monsoon season. First sign of
infection was yellowing of older leaves followed by
the middle and terminal leaves. Subsequently, the plant
started drooping, as it suffering from lack of water,
even in the presence of plenty of moisture content in
the soil. Discolouration of stem and root (black to
brown) followed by change in colour (dark brown to
red) of vascular tissue and disintegration of roots were
noted. Infected plants wilted completely and eventually
premature death of the plant within three weeks. Fungal
pathogens from the infected plant parts were isolated
in PDA medium and pure cultures were prepared. The
colonies were dense, woolly to cottony with cream to
white aerial mycelial growth and pink coloured, reverse
after 7-10 days of incubation. Based on the
symptomatological, cultural and morphological
characteristics on PDA medium the isolate was
identified as Fusarium solani (Mart.) Sacc.
Rainfall was favorable for stem borer and leaf folder
but unfavourable to mealybug. Thus climatic factors
particularly temperature, relative humidity and rainfall
played a pivotal role on the occurrence and existence

of pests/disease. Regular and close observation of
cultivated field revealed that mealybug and the leaf
folder were the major and frequently attacking insecst/
pests throughout the year. The application of different
botanical extracts against the major pests, mealybug
and leaf folder and its effects were depicted in table 3.
Table 3. Effect of different botanical extracts against
mealybug and leaf folder

Efficacy of neem extract may be due to its bio-active
alkaloid viz., azadirachtin and other triterpenoid
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compounds which have antifeedant, repellent and
growth regulatory properties (Jeyasankar et al., 2005).
Neem products have been reported earlier to reduce
the infestation of various insect/pests in okra (Anaso
and Lale, 2001) and cowpea (Lale and Kabeh, 2004).
Neem extracts has pesticidal influence on nearly 200
species of insects some of which are resistant to
chemical pesticides or extremely difficult to control.
Combination of tobacco extract and Gliricidia
sepium (3:1) was found to be effective (75-85%
mortality) against leaf folder and mealybug when
compared to other combinations after four applications
at 7 days interval (Table 4). The results revealed that
the effect at this ratio may be due to increased
concentration of tobacco extract which have been used
as insecticide and pesticide (Adul-ghany et al., 2011).
Table 4. Effect of tobacco and Gliricidia extract

(% indicate average mortality; extract was applied
at 7 days interval)
Nimbecidine at a concentration of 4ml/L was found
effective for 20-25 days and repeated applications
till harvest was found to be effective (Table 5). This
may be due to the reason that neem products may
either kill insects/pests or by interfering with
development and growth of insects, by deterring them
to feed or from depositing eggs on the host plants
(Vijayalakshmi et al., 1995).
Table 5. Effect of nimbecidine against mealybug.

in double dose can also eradicate leaf folder
completely. Tobacco:Gliricidia (3:1) extract could
only eradicate leaf folder upto 75-85%. Repeated
application of nimbecidine at a concentration of 4ml/
L at 20 days intervals and extract of
tobacco:Gliricidia sepium at 3:1 ratio were found
effective. Control of stem borer is difficult because
the insect harbour most of its life period inside the
plant stem, where it may be protected from standard
chemical control (Sloderbeck et al., 1996). Periodic
monitoring and pinching off the affected area and
burning were found as better remedy. Application of
tobacco extract at triweekly intervals reduced the
attack of stem borer. This may be due to the reason
that tobacco extract may affect on the exposed stages
of the pest, i.e., eggs, newly hatched larvae and adults,
there by eradicating the borer. White grub can be
eradicated by the application of neem cake @ 0.2kg/
l soaked in water and applied to the base of the plant
@ 0.9-1.0t/ha. The grub will come out the surface of
the soil, a day after its application and destroyed. Root
knot nematode population can be reduced by making
a trench around the base of the plant and supplying
neem cake @ 0.15 kg/l @ 0.7-0.8t/ha.
The botanical extract contains a plethora of chemical
compounds such as essential oils, alkaloids, flavanoids,
etc. which can effectively control the attack of many
pests/insects/diseases simultaneously and induce less
toxicity and, environment friendly.
CONCLUSION
In the forgoing investigation major insects/pests and
disease attacking on Plectranthus vettiveroides
under field condition were identified and
recommended suitable botanical remedies.
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ABSTRACT
In present scenario scientific world is giving more attention towards
herbal medicinal plants. Osbeckia wynaadensis is one among the
underutilized medicinal plant, endemic to Southern Western Ghats. Reason
behind endemism is either due to their reproductive syndrome or due to
the anthropogenic activity or both. Study investigated the breeding
system and pollination of Osbeckia wynaadensis for identification of rarity
and endemism and also for the conservational perceptive.

INTRODUCTION
Osbeckia wynaadensis (Melastomataceae) is rare
endemic plant located in marshy area of semi
evergreen and evergreen forest in Southern Western
Ghats at about 4500fts above the sea level. It is wild
plant usually seen swamps below the tea plantation
and presences of small freshwater streams are
observed in this area. The plant is the ecological
indicator of pure underground water (Sujina et al.,
2012).It is an underutilized herbal plant; cure vitiated
pitta, inflammation, urinary tract infection,
hemorrhage, menorrhagia, hemorrhoids and
leucorrhea. Tribal peoples in Nilagiries, Kurumbas and
Paniyas consumed fruit of the plant seasonally as raw
(Ramachandran et al., 2013). Flower and fruits of
plant used for the preparation of dye in Kani tribal in
Ponmudi hills (Bosco L.et al., 2015). Poly phenols
are the major antioxidant in this plant. Antioxidant
and antimicrobial activity of ethyl acetate and
Methanol extract is reported in Mujeeb et al., 2014;
Sujina et al., 2012.Methanolic extract of
O.wynaadensis is used against human cervical
cancer cell line (HeLa), mouse embryonic fibroblasts
cell line (NIH 3T3). It showed good activity against
murine embryonic fibro blast cell line (Sujina et al.,
2012).
Endemism give us the clue that they are in restricted
distribution and may lead in to extinction. It is the
major threat of bio-diversity either due to their
reproductive syndrome or by anthropogenic
pressures. Knowledge of both pollination biology and
breeding systems of rare and endangered species is
essential for successful management and recovery
programs (Hamrick et al., 1991; DeMauro, 1993;
Weller, 1994; Spira, 2001). Such information may also

provide insights into the vulnerability of a species
(Bowlin et al., 1993; Sipes and Tepedino, 1995;
Carlsen et al., 2002). It is now or never situation for
conservation of the endemic plants, the present status
of the plant necessitates a detailed knowledge of its
reproductive biology as it can provide valuable
information to suggest appropriate conservation
strategies.
In this paper, breeding system and pollination ecology
of Osbeckia wynaadensis was studied with a
conservation perspective. The objective of this work
is to deepen the understanding of the reproductive
biology and identifying factors resulting in rarity and
endemism during flowering and pollination, as well
as to examine the implications of the results of its
conservation.
MATERIALS AND METHODS
Study site:
Study was conducted between October 2014 and
April 2016 at Vagamon,(9041’11.80”N76054’15.63”E) it is a hilly tourist spot situated 1100
meters above the Sea level in Kottayam-Idukki
border of Kerala. It has cool climate, temperature is
always between 10 and 23 °C even in summer
midday. The average temperature, rainfall, humidity
during this period was 22ÚC, 93.3mm, 64%
respectively.
Floral morphology:
Five healthy plants in their natural habitats selected
for the study of their floral morphology. When the
flowering season starts, visited field regularly. Ten
flower buds were selected and marked with fine

442

thread, the positions, conditions of the floral parts
revealing details such as morphological changes,
anther dehiscence and stigmatic status were closely
observed in regular intervals on the day of anthesis.
The initiation time, duration and termination of anthesis
were observed according to the methodology given
in Dafni, 1992. For pollen morphological studies
Anthers at the time of anthesis were collected and
preserved in vials containing Glacial acetic acid or
70% ethanol. Pollen morphology was observed and
photographed using SEM analysis. Pollen preparation
made by Acetolysis method (Erdtman, 1952). Pollen
size is measured by using Ocular stage micrometer
(Willis, J.H.1999). Pollen grains were tested for the
presence of starch, Lipid and protein using I2KI, Sudan
III and Coomassie Brilliant Blue respectively.
Number of pollen grains was counted by using as per
the method suggested by Shivanna and Rangaswamy,
1992. The ovules were counted after the dissection
of ovaries under a stereoscopic microscope. The
pollen– ovule ratio (P/O) and the out crossing index
(OCI) were calculated as recommended by Cruden,
1977.The pollen viability was detected by Alexander
staining, and purple or pink stained pollens were
considered viable, green one is nonviable according
to Dafni, 1992 and the stigma receptivity was verified
with the Hydrogen peroxide activity method
Dafni,1992 conducted in the field at different time
intervals.
Breeding experiments:
Four plants were randomly selected. On each plants
Five floral branches are tagged Inflorescences (n =
5 for each treatment) subjected to hand-pollination
were bagged with nylon bags before anthesis and
bagged again after hand pollination. The pollination
bags were partly opened 5 days after each treatment
to monitor fruit set. Each one carry different
pollination experiments 1) Exposure of flowers to all

mode of pollination (Control), 2) Enclosed with loosely
woven bags(this treatment allowed only pollination
by wind) , (3) enclosed continuously in bag (NonStandard), allowing for self-pollination only, (4)Hand
self pollinated using pollen from same flower
(Facilitated autogamy),(5) Hand cross pollinated using
pollen from same individual plant (geitonogamy ),(6)
Hand cross pollinated using pollen from another
individual plant (Xenogamy).(9)Flowers were bagged
and emasculated before anthesis (Apomixis).
Experiments was repeated three times during the
flowering period.
Fruits were collected and seed set were determined.
Fruit initiation, development, maturation and dispersal
of seeds from the mother plant were carefully
observed. The seeds were collected and preserved
for further studies. The viability of the seeds was
analyzed by using Tetrazolium Dafni, 1992.
Percentage of seed germination was recorded. Seeds
were sawn in moisture cotton lined petridishes, potting
mixture, and soil from natural habitat and checked its
germination efficiency.
Pollination:
To Study the behavior of different pollinators,
continuous observations were made on during
November 2014 to March 2016. The pollinators were
collected and identified with the help of experts from
Kerala Agricultural University and KFRI (Kerala
Forest Research Institute). The foraging period and
the type of food collected by different visitors on daily
basis were recorded by close observations. Pollination
Efficiency was checked by observing pollen loads on
different body parts under a microscope according
to the procedure given by Kearns and Inouye, 1993.
Statistical analysis:
The obtained results were stated in mean±standard
deviation of replicates.
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RESULTS
Flower buds appeared at the end of October in this
population. Flowering started by the beginning of
November, and reached maximum at third week of
December and finished at the beginning of April.
Fruiting started 4.2±0.4weeks (n=5) after the
commencement of blooming. The fruit development
took 35±5 days (n=5) for attaining maturity after
fertilization. At the peak time one cymes has 2.4±.5
flowers (n=5) blooming daily and 27.2±1.9 flowers
(n=5) blooming on single plant. Life span of the
individual flower is one day. The anthesis starts in
the morning at about 6.00 am and it extends up to
09.30 am. The flower closes slowly at about 5.30pm
onwards and closes completely at about 7.30 pm; it
may vary depending up on the climatic condition, and
day length.
Anthers are yellow and poricidal. During anthesis,
expansion of corolla and anther dehiscence occurs
simultaneously. The mean number of pollen grains
per flower was found to be 3, 34, 0000± 324961.5
and the mean number of ovules was778.75±58.5057.
Therefore the pollen ovule ratio was calculated as
4303.06±461.078. Pollen grains are heterocolporate
with alternating colpori, Exine scabrate and have an
average size of 13.4±1.14¼m in diameter. Pollen
viability by Alexander staining method confirmed that
82.31±8.7% pollen grains were viable on the day of
anthesis and gradually reduced at end of anthesis. To
count the bubbles on Hydrogen peroxide test on the
field, Stigmas were starts receptive on 9 am and highly
receptive on 12pm. During this time stigma become
wet and its tip modified for receiving pollen.
Different breeding experiments were carried out in
O.wynaadensis to find the reproductive capacity of
the plant. In natural condition, 65% fruit set was
observed. No fruit set observed in autogamous self
pollination, wind pollination and apomixes. However,
40 % fruit set observed in Facilitated selfing, 90 %was
observed in geitonogamy and 80 % in xenogamy.
Breeding experiments like geitonogamy produced
more fruits and seeds (758.6±48.1, n=5) than the
natural pollination. Xenogamy shows 80% fruit set
but number of seed set low (58.2±4.6, n=5). (Fig 1)

Figure 1: Breeding experiment Results in Osbeckia
wynaadensis
Osbeckia wynaadensis has anthers with apical pore.
Pollens are removed only through the activity of an
agent. Pollination is possible only through mediation
of a insect. Insect species were recorded on flowers
are Xylocopa pubescence, Xylocopa latipes,
Amegilla zonata, Ceratina species, Andrena species,
some beetles and bugs. Out of which Xylocopa, a
large buzzing bee, Amegilla zonata,a blue banded
bee are effective pollinator of O.wynaadensis.
Visitation generally began soon after sunrise and
typically declined in early afternoon.(Table 1)
Xylocopa approached to a plant and entered in to
the flower by a loud , buzzing sound made by bees in
flights. It comes to the flower at around ten o’clock
and touches the flower two or three minutes by
vibrating and buzzing. It endures through almost each
flower of the plant and travels to next plant. It comes
once in a day in the beginning of the season and
become more frequent in the peak season. Two type
of Xylocopa are Pollinating in O.wynaadensis .X.
pubescence, usually only one bee rarely two or three
bees visited a plant at any given time. X.latipes is
large carpenter bee with shiny, fully black in color
with fuscous metallic blue green or purple wings in
sunlight. It is probably the largest Xylocopa known.
Most flower visits are short, lasting from about 1
second. One unknown bee observed after the visiting
of xylocopa.It eat pollen from the petal, not touch
both stigma and anther. Amegilla zonata is blue
banded medium sized bee, is also vibrating bee and it
is highly sensitive and is usually one or two seen during
the peak time. They vibrate around the flower and

Table 1: Floral visitors in Osbeckia wynaadensis
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touch the anther with the front legs these were
beating, the anther to the point make empty. The
smooth, dry and fine pollen then sprayed from the
fine aperture at the tip and they also touch the stigma
along with pollen result in sternotribic pollination.
Another bee are Ceratina sps (small carpenter bee),
It landed on the stamens bundle. They arched their
body over a few or all the stamens. Actually still half
floating, half hanging clasped the visitors with the legs
to the thick part of the anthers. They spent lengthy
period on stamen. They limited to capture small
amount of pollen from anther by gleaning it from the
anther pore or by inserting their mouthparts in to them.
Andrena sps are another bee sat on the stamens
buddle and inserted its proboscis and extract pollen
from the anther. Bee worked 20 to 30 minutes on a
single flower. Some beetles and bugs are also
observed. They chew their way in to anther sac. By
checking the pollination efficiency, highest number
of pollen observed on the body of Xylocopa species
and is considered as true pollinator.
The fruit development took 25–30 days for attaining
maturity after fertilization. As capsules mature, the
fruit wall dehisced loculicidaly. Seeds are minute and
muricate. Seeds germinate after dehiscing from the
capsule in a favorable place but very few of them
established into seedlings in the natural condition. In
vitro seed germination reveals that, few Seed
germinate within 7 days and some are germinated
after a few months. Seed germination rate is 1.8±.7%.
Viability of seed is 5.55±2.3%. Seed are sawn in
native soil only germinated. No seeds are germinated
in Potting mixture and moist cotton. Moisture content
of the soil is important factor for germination.
DISCUSSION
Knowledge on floral morphology is essential for
studies on breeding systems particularly the pollination
biology. In bud, anthers are folded downwards and
embedded in the anther pockets. During anthesis,
anthers start unfolding slowly along with corolla
movement and faces towards the upper side of the
corolla. Anther dehiscence occurs simultaneously
along with corolla movement. Style stays small in
bud having a length of 7mm-9mm and stigma is
capitates. During the initial stage of anthesis,
protandrous condition occurred. At the anthesis
progress, style slowly increases its length and finally
attain 1.2cm-1.4cm. After the anthesis style bents
and face towards the anther and stigma starts its
receptivity. During anthesis the mechanical movement
of anther release a little pollen from the anther through
its apical pore chance of automatic selfing may occur.
It was reported in Monolena trichopoda (Warner,
1981., Renner, 1989). But in O.wynaadensis at that
time spatial separation of stamen and ill defined or
non receptive stigma prevent self pollination. Breeding

experiments conducted in the field supported this
observation.
The mean number of pollen grains per flower was
found to be 3, 34, 0000± 324961.5 and the mean
number of ovules was778.75±58.5057. Therefore the
pollen ovule ratio was calculated as 4303.06±461.078.
According to Cruden, 1977 the value between 2108.0
-195525 is Obligative Xenogamous. Contrivers to
the value of Cruden, the behavior of the bees and
fruit set after artificial pollination experiments clearly
indicated that the plant shows facultative xenogamy.
Large number of pollen grains and have high pollen
ovule ratio are characteristic of buzz pollinated plants
(Buchmann, 1983). Renner, 1989 reported that the
family melastomataceae characterized by buzz
pollination.
Biochemical analysis of pollen is carried out to check
the relation between pollen contents and mode of
pollination. Results clearly indicated that pollen in this
plant enriched with starch, lipid and proteins.
According to Renner, 1983 Plants belonging
Melastomataceae, has oil-rich pollen. Dafni reported
that the insect genus Anthropodiae prefer oil rich
stamen. Xylocopa bees (Anthropodiae) are true
pollinators prefer mostly zygomorphic flowers with
yellow, purple, creamy white, bluish white flowers
and medium to large size flowers. It prefer both
odoriferous nectar producing plants and odorless pollen
plants which are supplemented with yellow anthers
and pollen ( Raju,S. A. J.& Subba Reddi, C.2000).
Morphological characters of the flower and pollen
biochemistry revealed that Xylocopal pollination is
suited for O.wynaadensis.
Plant is self compactable, but required pollen vector.
The Vibration or buzzing of bees resulted landing of
self pollen on stigma. It facilitated self pollination.
Bees covered almost each flower of a single plant
and travels to next plant. This behavior clearly
indicated that the plant shows geitonogamy and also
xenogamy. In self-compatible species, geitonogamy
will result in greater inbreeding depression (Holsinger
and Thomson, 1994; Harder and Barrett, 1995). That
may be the result in decreasing the ability of population
to adapt in response to environmental changes.
Agamospermy is reported in species of Osbeckia
hispidissma. But in present investigation no apomixes
observed. High pollen viability indicate non apomitic
population, whereas those below 20% indicate
apomictic ones (Goldenberg, R. & Varassin,
I.G.2001;). Pollen viability by Alexander staining
method resulted that of 82.31%viability in
O.wynaadensis. Despite the occurrence of
successful insect pollination, Pollinator activity
influenced by environmental condition (Xiaohong,et
al.,2013). There is a strong relationship between the
weather and foraging activity of pollinators. During
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cloudy and rainy environmental condition, no insect
visit observed in O.wynaadensis.
According to Renner, 1983 forty percentage of
melastomataceae bear capsular seed dispersed by
wind. But there are no data for dispersal distance.
O.wynaadensis bears numerous minute seeds.
Capsular fruit dehisced loculisidally. Observations in
natural populations supported that gravity is the only
dispersal agent. No other mode of dispersal
mechanism observed in O.wynaadensis. Most of the
seeds fell within 1metre. Some seeds are germinated
within few days and others are persistent in the soil.
Seedlings are thin. Water is needed for germination
of seed. Seeds germinated only in the water saturated
soil. Dryness of marshy soil effected the seedling
growth. Excess water also causes damage of
seedlings. Very few germinated seeds were
established into seedlings and remaining perished.
Experimental results also substantiate the same.
The first and main reason of rarity and poor distribution
of plant is lack of awareness about this plant; this
may result to the removal of plant from its natural
habitats. Second reason is on their pollinating
syndromes. The results indicated that, they are chance
of inbreeding depression, lack of pollinator in cloudy
and rainy days, low fruit set in natural condition, poor
seed germination, low sustainability in changing
environmental condition, poor seedling requirement,
low seed viability, lack of dispersal mechanism and
competition among individuals. All this factors either
alone or in combination with others are responsible
for the limited distribution of the plant. I hope that
this result is the value for the conservation action on
natural population. Thus, further studies are planned
in terms of conservation of the plant O.wynnadensis.
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ABSTRACT
India is considered as abode of medicinal plants. Since thousands of
years Indian Peoples utilize various plants to cure many diseases.
Gadchiroli is tribal Naxal affected remote district of Maharashtra. District
comprises largest forested area from state (12576.8 Sq. Km). The Gond,
Madia, Oraon, Halba, Halbi tribes dwell in the study area and utilize many
plants to cure various diseases. As tribal people has good deal of
knowledge about medicinal plants and study area botanically less
explored Ethno-medicinal survey of medicinal plants was conducted during
2010-2016 with planned survey and field visits. During Ethno-medicinal
survey of the study area the local herbalist, men, women’s of the tribal
communities were contacted and information was collected. Total 165
plant species reported which belongs to 137 genera and 69 families. The
representing plants mostly used to cure wounds, joint pains, cough,
snake bite, scorpion sting, piles, jaundice, tooth pain, skin diseases,
diabetes, gastric pain, fever, diarrhoea, urinary problem, constipation,
asthma, dysentery, leprosy, stomach problem, blood purifier, lever disease,
heart disease and arthritis. Ethno-medicinal values of plants recorded from
tribal peoples illustrated with photographs of important plant species.

INTRODUCTION
Medicinal plants have been used by humans since
prehistoric times. Exploitation of medicinal and aromatic
plants as pharmaceuticals, herbal remedies, flavourings,
perfumes and cosmetics, and other natural products has
greatly increased globally. Nowadays, medicinal plants
play an important role in India, both as preventive and
curative measures. The majority of the tribal people in
Gadchiroli district use plant- based traditional medicines
for healthcare. Modern drugs still contains at least 25%
drugs derived from plants and many others which are
synthetic analog’s built on prototype compounds isolated
from plants. Major portion of the study area is covered
with forest and the chief vegetation type is dry-deciduous.
The study aims to provide a list of plants occurring in
Gadchiroli district of Maharashtra state of India.
Study Area
The present work was carried with the tribal community
of Gond, Madiaya located in Tahsil of Aheri, Sironcha,
Etapalli, Bhamragarh, chamorshi, Gadchiroli, Armori,
Kurkheda, Korchi and Wadsa in district Gadchiroli. This
district is situated on the North-Eastern region of the
Maharashtra State, India and is well known for dense
forest; having State borders of Andhra Pradesh and
Chhattisgarh. Naxalite have taken shelter in the dense
forest of this district. The Gadchiroli district which covers
the total area of about 14412 Sq.Kms. The geographical

location of Gadchiroli district is 18.43o to 21.50o N
Latitude to 79.45o to 80.53o E Longitude. The District
falls under assured and heavy rainfall zone. The rains
are mainly received from South-West monsoon. The
average rainfall is 1562mm. The climatic condition is
extreme with temperature reaching 47.3ÚC in summer
& 9.4ÚC in winter. Forests are rich in Teak, Ain, Tendoo,
Dhavada, Anjan, etc. Ain and Anjan are suitable for
rearing Tussar silk worms. Similarly good quality bamboo
is abundantly available. From the socio-culture point of
view the Gadchiroli district exhibit great ethnic and
cultural diversity.
MATERIALS AND METHODS
Field survey was conducted from October 2010 to July
2016 through frequent visits and survey. During the first
contact with the local peoples with specialized
knowledge of ethnomedicinal values of plants identified.
Then frequent visits arranged in various seasons to the
study area along with some villagers who helped to
search the plants those are familiar with their uses
especially for the medicinal value. They were also asked
regarding detailed information about mode of preparation
and blending of medicinal plants and their use as
ingredients and were also asked about proper dose and
length of medication. Since this kind of information
indicates how a given medicine can be therapeutically
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efficient in terms of the right ingredients, the proper dose
and right length of medication. According to them their
knowledge of folk medicine was acquired mainly through
parental heritage and experience about medicinal value

of plant to heal. The scientific name and species were
identified using relevant and standard literature (Flora
of Maharashtra). The name of plant and other infor
mation were documented in tabulated form (Table 1).
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RESULT
A total of 165 medicinal plant species, belonging to
69 families were reported by Gond and Madiya
communities for the treatment of different types of
health problems.

DISCUSSION AND CONCLUSIONS
The present study was design to investigate diversity
of plants identified by local and tribal peoples of
villages from Gadchiroli district for their medicinal
values. The family Fabaceae was represented by the
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highest number of species (12) followed by
Apocynaceae (08 species), Moraceae, Malvaceae,
Liliaceae (06 species), Solanaceae, Rutacceae,
Rubiaceae, Lamiaceae (05 species), Oleaceae,
Euphorbiaceae, Combretaceae, Asteraceae,
Asclepiadacea, Acanthaceae (04 species),
Myrtaceae, Mimosaceae, Meliaceae, Cucurbitaceae,
Caesalpiniaceae, Anacardiaceae (03 species),
Sapotaceae, Sapindaceae, Poaceae, Phyllanthaceae,
Papilionatae, Nyctaginaceae, Menispermaceae,
Dioscoreaceae, Chenopodiaceae, Arecaceae,
Apiaceae, Amaranthaceae (02 species),
Zygophyllaceae, Zingiberaceae, Vitaceae,
Verbenaceae, Sterculiaceae, Simaroubaceae,
Scrophulariaceae, Santalaceae, Rhamanaceae,
Punicaceae, Portulacaceae, Plantaginaceae,
Pedaliaceae, Papaveraceae, Orchidaceae,
Nelumbonaceae, Moringaceae, Molluginaceae,
Martyniaceae, Lythraceae, Luguminosae,
Leguminosae,
Hypoxitaceae,
Graminae,
Flaourtiaceae, Ebenaceae, cuscutaceae, Caricaceae,
Cactaceae,
Brassicaceae,
Bombacaceae,
Bignoniaceae, Asparagaceae, Araceae, Annonaceae
(each 01 species). The local people and the tribal
villagers are using these plants to cure many diseases
like Wound healing, Cough, Diarrhea, Jaundice, Fever,
Dysentery, Vomiting, Skin diseases, Fatigue, Blood
purifier, Urinogenital disorder, Toothache,
Hypertension, Headache etc. They also prepare plant
product for the oral treatment and ointment etc. The
part use of medicinal plant for treatment purposes
are root, stem, leaves, fruits or whole plant use as a
medicine. The extracts and the paste are the two
main methods for treatments of diseases. Many
researcher,s like Ahir et al., (2011); Zingare (2012);
Gedam (2012); Dhore et al., (2012); Zingare et al.,
(2013); Borkar and Mate, (2013); Ghoshal and Saoji,
(2013); Shrirame and Hiwale (2013); Watile, (2013)
and wadekar et al., (2013) on various aspects of
ethnomedicinal plants from Maharashtra and India
and obtained many of the similar results for few
plants.

6:159-164.
Watile, V.J. (2013). Diversity of medicinal plants use by tribes in
Kelapur tahsil of Yavatmal district, - A case study. ISRJ. pp: 94-96.
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ABSTRACT
Gadchiroli is tribal North east district of Maharashtra with more forested
area and less population density. Area covered with mixed deciduous type
of forest including predominated tribal population. Aheri is Tahsil place
with population of 14,609. Dharmarao Krushi Vidyalaya Aheri includes 600
students of 8th to 10th classes. While regular teaching it was felt
necessary to educate the student and give clear cut idea of Biodiversity
concept. For this purpose 50 students of National Green Corp were
provided with literature like Hand book of plants, animals and climate from
available books for reading and further exposed to lectures from expert,
power point presentations, posters, CD’s to clarify the concept of
Biodiversity. The selected group of student further given task to enlist
animal and plant diversity available in surrounding. Information collected
by students and photographs were given in poster with conclusion.

INTRODUCTION
Indian Parliament has enacted the Biological Diversity
Act in 2002 and national Biodiversity rules in 2004.
Main object of the Act includes conservation of
Biological diversity and its sustainable use.
Biodiversity includes all organisms found in
surrounding, the plants, animals, micro organisms, the
genes they contain and the different ecosystems of
which they form a part. India is one of the only twelve
mega diverse nations in world. Biodiversity is essential
for survival of every species of organism, every
species is directly or indirectly linked to another in
fragile ecosystem. At school level students have heard
about biodiversity but even understand the concept
without proper exposure. School and college students
can play important role in documentation of biological
diversity from local area.

includes 600 students of 8th to 10th classes. While
regular teaching it was felt necessary to educate the
student and give clear cut idea of Biodiversity concept
by using various methods of exposure to students.
METHODOLOGY
While teaching regular science and Environmental
science it was felt necessary to expose students to
clarify the concept of Biodiversity. Various groups of
students from 8th to 10th class were allowed to
participate in various activities throughout the year
and exposure given to them through following
programmes. Simple questioner of yes no type
regarding biodiversity given to 50 students which
shows knowledge level of students about local
biodiversity. Then same students exposed to following
various activities and again similar test was conducted.

Local knowledge is of great potential practical value.
It can provide an important information base for local
resources management, especially in the tropics,
where conventionally – used data are usually scarce
to non – existent, as well as providing a shortcut to
pinpoint essential scientific research needs (Ruddle,
2001). Aheri is Tahsil place from remote and Naxal
affected area of Maharashtra. It is located on the
left banks of Pranhitariver a tributary of river
Godavari. This town is situated on the border of the
Indian states of Maharashtra and Telangana, inside
Maharashtra. Dharmarao Krushi Vidyalaya, Aheri
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1.Lectures from knowledgeable persons.
2.Books were provided to students in regional
language for reading related to Birds, Mammals,
Fishes, Insects, Butterflies, Trees, Medicinal
plants and Micro organisms.
3.Power point presentations regarding nature,
animals, plants and Biodiversity.
4.Radio, Audio, Audio visual clips provided to
students for understanding Biodiversity.
5.Participation in various activities and campaigns
like Tree plantation, Bird watching, Use of Cloth

bags, Seed collection and use, Eco friendly
festivals like Ganeshottsav, Holi, Diwali,
Nirmalya Sankalan, Observations of local
verities of fish from local wet lands and market
places.
6.Material available on web site and other
electronic media.
7.Participation in various ecofriendly competitions
and sports activities.

After exposure to above activities the same group
shows following response.
* No. of students participated -50
* No. of students given reply to questioner-48
* No. of questions asked 30

OBSERVATIONS

Attendance for Audio Visual
show

Nirmalya Sankalan

Response of students indicates increase in knowledge
about the Biodiversity. Few of the participants can
identify local species of plants and animals.
CONCLUSIONS
1.Students have good deal of knowledge about
Biodiversity of local area.
2.Participation of student and local people useful
to enlist biodiversity of local area.
3.Enlisting of Biodiversity useful for future
Biodiversity planning of village.
4.Use of OHP, LCD presentation, Audio visual
aids and in other programmes. Useful for
increasing knowledge and awareness among
the students.
5.Information collected by students during field
visits useful for next younger generation,
Researchers, policymakers, Teachers and
Agronomists.

Visit to Fish market

Birds from Wetland
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No. of students participated -50
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No. of questions asked – 30
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ABSTRACT
The world is facing an ecological crisis and education of our younger
generations is sure to hold the key to a more sustainable future.
Auroville’s Pitchandikulam Forest have been promoting environmental
education in nearby rural schools using alternative teaching methods with
excellent results. Pitchandikulam Forest is a success story for
regenerating the tropical dry evergreen forest in Auroville and led by
Mr.Joss Brook who reforested the plain, but it employs many local Tamil
people. Pitchandikulam Forest was invited by the village people of
Nadakuppam Panjayat in 2003 Nadakuppam is a village of about 2,000
families situated 12 km inland from the Bay of Bengal in the north-eastern
portion of the southern Indian state of Tamil Nadu. The core of the
project was the building of an Environmental Education Centre in the
Nadukuppam Govt. Hr. Sec. School with the aim of restoring biodiversity
in the region through student participation. The centre serves as a point
for community involvement in integrated environment education in 24
schools of Marakkanam Block. The school now has an integrated
sanitation system which cleans water from the new bathrooms through
the use of effective microorganisms (EM), fountains and a pond system,
organic vegetable garden, nursery and solid waste management system.
The recycled water is then used for watering seedlings in the tree
nursery. Solar photovoltaic panels have also been installed to supply
electricity to the centre. A hugely successful method of teaching
environmental studies has been using the Thematic Project Work method.
The schools have an ‘eco-club’ in the outreach schools carry out a
project on a particular theme. Children completed 24 eco-projects which
are related with the local environmental issues. The Nadukuppam
Environmental Education Centre has become a thriving place for research
and teaching within the community to bring biodiversity back to the
Kaliveli Bio-Region. The environmental education programme implemented
at Nadukuppam and 24 other schools in the region use a student-centred
approach to education and have shown very positive results.

INTRODUCTION
The earth’s ecosystems and the well-being of its
people are inextricably linked. We depend on our
ecosystems to provide resources to sustain us
however, the continued health of these ecosystems
and their continuing capacity to produce these valuable
resources depends, in turn, on our care.
Over the last century we have seen a dramatic
growth in the world population and an increase in
industrialization in many countries which have both
resulted in increasing demand on natural resources,
putting this relationship with our planet out of balance.
According to the United Nations’ Pilot Analysis

of Global Ecosystems, half of the world’s wetlands
have been destroyed in the last century, half of the
planet’s forests and 80% of grasslands have been
lost since pre-agricultural times, 40% of the world’s
land surface suffers from soil degeneration
and 70% of the major marine fisheries are depleted.
Most of these statistics correlate with the need to
feed our growing population, resulting in the
destruction of ecosystems to provide land for
agriculture.
The on-going population explosion in India has had a
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huge impact on the environment. There is an ever
increasing pressure on natural resources as the
demand for energy rises, forests are cut down to
provide land for agriculture, and the heavy use of
chemical fertilizers and pesticides on that land pollutes
water-ways and depletes the soil potential. We are
currently observing a time of rapid industrial and
technological advancement in India which is resulting
damaging levels of pollution and degradation.
One of the major environmental issues here in
Tamil Nadu has been the destruction of the Tropical
Dry Evergreen Forest (TDEF), the indigenous forest
on the coastal seaboard of South East India. Today it
is the most endangered forest type in India with
only a few hundred acres of undisturbed vegetation
remaining, representing only 0.01% of its original
coverage. As well as the global implications this
deforestation has in terms of contributing to global
warming, more local problems such as soil erosion
and poor water conservation are also major
concerns. The TDEF species has developed to
withstand the harsh tropical-dry climate in this
region and so this widespread deforestation has led
to the near extinction of many of these valuable
specialty tree species. The TDEF would have once
provided a natural protective barrier along the Tamil
Nadu coastline and had the forest been maintained,
the tsunami which battered this coast in 2004 would
almost certainly have been much less as destructive.
Much of
the environmental degradation that
occurs worldwide is a result of man’s need or
greed, often without consideration of the impact on
the planet.
So it seems we have become out of touch with
our ecosystems. How can
we now begin to
redevelop a
sustainable relationship with our
planet? Education is the key. Through education we
can pass on the lessons we have learnt to the younger
generations- the future custodians of our planet.
Despite this importance of educating students about
their relationship with their planet, environmental
education has struggled to find its place in formal
education curricula around the world (J.A. Palmer
1998). In 2003, the Honourable Supreme Court of
India ruled that environmental education be made a
mandatory subject in schools however, since
then environmental education schemes have found
difficulty in reaching government and rural schools,
essentially being limited to elite private schools in
urban areas (C.J. Sonowal, J. Hum. Ecol 2009). A
main reason for this is that rural schools often have
much poorer facilities and too few teachers who
cannot contemplate the added workload that an extra
subject entails.
Recognising this need to increase environmental
awareness in the local area, Auroville’s
Pitchandikulam Forest became involved in an
outreach project in 2003 at Nadukuppam Higher

School, a rural government school 30 km north of
Auroville. Pitchandikulam Forest is dedicated to
preservation and restoration of the TDEF and
Watershed management. Part of this involves a large
amount of outreach work with the local community working with the people who depend on the forests
most. Communities have much to gain socially as well
as economically by caring for their forests since the
effect of healthy forests climate and soil mean that
there is water in the wells and crops can be grown,
and the future of these villages can be assured.
Study Area
Pitchandikulam Forest, Auroville initially became
involved with this school to restore areas of the
Tropical Dry Evergreen Forest. Since this project
included a component for environmental education
this provided an ideal opportunity to create an
outreach centre in rural Tamil Nadu where the best
of Auroville’s ecological solutions and environmental
expertise could be put into practice to help restore
local communities.
When the Auroville team, led by Pitchandikulam’s
Joss Brooks, first approached the Nadukuppam High
School school, Marakkanam Block, Vilupuram District
in 2003, the school had only three classrooms in a
bad state of repair, five teachers for over 570
children, no water, no toilets, no shade and an exam
pass rate of only 10% - the worst academic
record in the whole of Tamil Nadu. The lack of
resources at this school along with the poor academic
record made this an ideal school to work with
since anything achieved here would make a big
difference for the children. The village is also in an
ideal location since it is off the beaten track and
located between two remnants of the indigenous
forest (Kumalampet Forest and Kurumburam Forest
in Marakkanam Block Vilupuram District).
An essential first step for the project was to
gain the full trust and support from the local
village leaders, teachers, parents and Government
education authorities. Without this support, the project
would never have been the success story it has
been. The school has been transformed.
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Kaluveli Watershed Map

The core of the project was the building of an
Environmental Education Centre with the aim of
restoring biodiversity in the region through student
participation. The centre serves as a point for
community involvement in integrated rural planning
and sustainable development. Three much needed
new classrooms have been constructed along with
an indigenous plant nursery which holds 72 of
TDEF species. An organic vegetable garden
produces food to supplement the government school
meals, 2000 indigenous trees have been planted within
the school compound and a three acre medicinal
plant garden has been established with signs
explaining uses of the plants. The school now has a
constant water supply and an integrated sanitation
system which cleans water from the new bathrooms
through the use of effective microorganisms (EM),
fountains, vortex and a pond system. The recycled
water is then used for watering seedlings in the tree
nursery. Solar photovoltaic panels have also been
installed to supply electricity to the fountain in the
water treatment pond.
Currently most education is based on the following
system: A curriculum is designed for each level in
accordance with this and textbooks are prepared
containing a certain number of lessons. An
administrator then decides on a particular time
frame in which the teacher should teach the lessons.
This is then drawn up into a timetable by which the
teacher teaches the lessons. Examinations are
conducted based on these textbook lessons and the
learning of students is assessed through marks given
for correct answers. The entire educational
administrative setup is geared towards this end and
hence, in the process, a sense of the learner’s
real learning gets lost (S. Chandiran, L.N. Epinal
2000).
In one of his talks with students at Rishi Valley School
in Andhra Pradesh, the
famous
sage
J.
Krishnamurthi touched on this subject: ‘Acquiring
knowledge is one thing but learning is an altogether
different thing. A machine can acquire information
like a robot or an electronic computer…Acquiring
knowledge makes you mechanical but learning
makes the mind very fresh, young, subtle… Most
educators, right through the world are merely
acquiring and imparting knowledge and so are making
the mind mechanical and incapable of learning
(J.Krishnamurthi 1974). Often, by the time students
have completed their formal education, they have
become drained of all the eagerness and curiosity with
which they started their education. Each student is a
unique human being with a will, temperament and
way of development of his/her own and their
education should reflect this–education according
to the learner’s needs. Through consulting the
students themselves with regards to their learning,

their
innate knowledge and potentials can be
brought out and allowed expression. This learnercentred approach allows the teacher to become more
of a facilitator where learning is given more
importance than teaching. This is how the Gurus of
ancient times went about passing on their wisdom.
The pupil was seen in his or her totality and the
education imparted accordingly.

Student Centered Learning Method
Around the world, new alternative approaches to
education are coming to fruition but are these still
very much limited to private schools since
governments are yet to support such endeavours in
many countries. Auroville currently has several
schools which practice innovative teaching methods
based on a student-centred education. The
Pitchandikulam team saw that this expertise within
Auroville could be to enhance the quality of
education at Nadukuppam.
Alternative learning methods at Nadukuppam
Part of the environmental education program initiated
at Nadukuppam involved training local youth as a
teachers in alternative teaching methods for
environmental education. Through
links with
the Education Department and surrounding
communities, the teachers are now implementing
this environmental education program in fifteen
schools within the Kaliveli coastal bioregion of Tamil
Nadu.
An environmental education curriculum has been
developed for primary and middle level students
and involves
creating teaching materials related
to the local bio-region. This is often where traditional
curricula fall down since global issues are frequently
discussed without focusing on the concerns closer to
home that the students can relate to and actively do
something about. The local environment thus becomes
the classroom, providing a very dynamic learning
experience.
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The new developments to the infrastructure of the
school are integrated very much into the students
learning. Every morning, students start the day in the
organic vegetable garden, growing food that they
then eat with their lunch – giving them a real
appreciation of where food comes from and the
importance of the organic approach in ecological
terms. The students are involved in the preparation
of the activated Effective Microorganism solution used
in the school sanitation system and are aware of the
importance of solar power and how it works.
All processes in the tree nursery are carried out
by students including making compost, planting,
watering and pruning and the students are taught
the uses of each of the medicinal plants. The benefit
of this is that rather than knowledge going no further
than the four walls of the classroom, the child learns
to take their knowledge and turn it into action in their
own community. The knowledge the child has gained
can then spread to their family and village members.
This is a valuable method of spreading environmental
biodiversity awareness and education throughout a
community, whereby the students become the
teachers.
A hugely successful method of teaching
environmental studies has been using the Thematic
Project Work method. The schools have an ‘eco-club’
or “green warrior” in which twenty 5th to 8th grade
students (ten year to thirteen years olds) carry out a
project on a particular theme. The project runs for 6
to 8 weeks in 45 minute periods each day, 5 days a
week. Examples of project themes in the past have
included Water, Leaf, My Village, Forest, Air, Land,
Wetland, Kaliveli, TDEF, Medicinal Plants, Young
Scientist, Fish, Sea Turtle, Snakes and Pond, Palm
Trees, Alternative Energy, Kitchen science, Water
birds, Climate Change, Solid Waste Management,
Young Healers, Sustainable Agriculture, Organic
Vegetable Garden, Traditional Food etc., The project
culminates in a presentation in front of an invited
audience including students, teachers and parents.
The advantage of the project method is that it moves
away from the narrow view of the standard
curriculum where subjects are learnt in separate
lessons, and uses the students local environment to
the these subjects together. Many relevant subjects
can be covered within a particular theme, for example,
a project on our watershed can cover science,
geography, maths, language, culture, crafts, history,
environment issues on waterbody, and literature,
therefore putting the subjects into a broad context,
resulting in more comprehensive and holistic
learning.

then process the information. The teacher’s role here
is to provide the children with access to resources
such as books and materials, organising field trips,
group activities, and brainstorming sessions. The
teacher is also on hand to clarify any doubts, to
monitor the progress of the project and to guide the
students in completing the project. So, as well as
covering a range of academic subjects, the project
also allows development of valuable life skills such
as organisation, team-work, coordination,
critical and creative thinking and presentation skills.
An example of a recent project on Kaluveli
Watershed involved a visit to nearby water sources,
learning generalinformation about the Kaluveli
wetland and importance of water and its different
forms, conducting science experiments concerning
water density and pressure, learning information about
water-borne diseases, water pollution, rain water
harvest, water purification and the water cycle, water
birds, pollution, story of the ponds and Kaluveli. The
children then presented the project using a range
of methods including posters, drama, songs, poems,
storytelling, and puppets.
The variety of creative and interactive methods
make the learning process much more enjoyable
than reading from a textbook and hence the students
become more enthusiastic to learn. An added
advantage of this variety is that each child can
partake in which ever activity they find more
intrinsically interesting to them. For example, one child
may prefer to be involved in a drama whereas
another may prefer the science demonstration and
so by taking up their preference they are likely to put
in a lot more and gain far more out of it in the process.
We are in no doubt that the process of presenting
material in a presentation, whereby the children are
effectively teaching the audience, is one of the most
successful methods of learning. Through presenting
their work, the children also have an opportunity to
show their parents what they’ve been doing at school,
giving a confidence boost to the child since often
parent have little awareness of what their children
are capable of. The presentation is also a valuable
way of creating an environmental awareness in the
parents who watch the presentation. Many of the
children at the schools are first generation learners
and so much of what the children learn about the
environment and how to care for it may be
unknown to the parents.

The children form themselves into groups and plan
and organise their own work. They gather information
pertaining to that particular theme by doing activities,
reading books and by interviewing local people and
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The thematic project method is used extensively
in all of the schools within Auroville and becoming
increasingly popular in elite schools around india. In
Auroville Isai Ambalam school run by Mr.Subash,
uses the project method for all learning within the
school. The entire school adopts a particular
theme for a month and all of the learning activities
are organised around that theme. This is good
evidence that this method of learning is a very
powerful technique for encompassing a large range
of subjects and skills to develop well rounded
individuals.
Another teaching method used at the schools involved
in this programme is Education By Design, also
known as Learning By Real Problem method. This
builds upon the Thematic Project Work method
and was developed in Antioch University in U.S.A.
Rather than being given a theme, the children are
posed with a challenge or problem and only after
learning the relevant subject matter can the children
fully solve the problem. An example of an ecological
problem the children might be faced with is, ‘Our
pond is polluted. What can be done about it?’ This
could cover aspects such as sources of pollution, ways
of protecting the pond from further pollution as well
as ways of conserving water. As well as gaining all
of the skills discussed previously for the theme
based project, the children now also gain valuable
problem-solving skills. Being faced with the unknown,
this method encourages creative thinking and
resourcefulness within the child. It also reduces
the fear of the unknown within their daily life,
helping them on their way to becoming rational, proactive individuals. This is a truly learner-centred
approach whereby the students are not being spoonfed the curriculum but rather encourage to think for
themselves, bringing out their innate talent and
potential.
Self-learning is very much encouraged in the schools
since not only is a more
effective a learning technique but it is often more
practical for children at rural schools. The schools
involved in this environmental education programme

are allgovernment schools which places certain
restrictions on how far they can go with the changes
in the methods of education. Students in their
final year of school still have to prepare for a big
examination. The healthiest and most successful form
of education moves away from assessment by
examination and towards a self- assessment by the
student whereby they learn to think critically about
their own work. All other assessments throughout
the school are done using a folder for each
student which contains completed work and notes
on their progress. The children are not given marks
for their work, encouraging a sense of selfexpression and so turning away from the old ways of
creating an artificial uniformity amongst the students
(S.Ranade 2007).
SUMMARY
The Nadukuppam Environmental Education Centre
has become a thriving place for research and teaching
within the community to bring biodiversity back to
the Kaliveli Bio-Region. About 600 students are
engaged with intensive environment education
programme every year. So far about 7200 students
have received biodiversity education programme
along with local environment issues. The
environmental education programme implemented
at Nadukuppam and fourteen other schools in the
region use a learner-centred approach to education
and has shown very positive results. Students approach
the learning with enthusiasm and are actively
involved in protecting their environment. The core
aim of this project is to ensure that the importance
and benefits of conserving the natural environment is
understood and acted upon by those who rely on it
most. The students receiving this environmental
education have certainly gained a good
understanding of their local environmental and what
they can do to protect it and so the Kaliveli region
can look forward to a more sustainable future in their
care.
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ABSTRACT
Home gardens of Kerala is a unique, dynamic and ever evolving farming
system with rich diversity that is imperative not only for household food
safety and economic constancy, but also for the strength of a sustainable
agroecological system. This paper describes on factors underlying
gender-based spatial, temporal and structural variations in home garden
agro ecosystems. It discusses how these factors contribute to gender role
of women as providers and mediators between the horizontal and
vertically integrated; between environment and culture. There are
distinctive “male” and “female” roles associated with the collection of
home garden produces, agro-biodiversity protection, natural resource
management, and the diffusion and preservation of sacred and secular
customs associated with the way of life of home garden farmers. The
results showed that women’s participation in selection of timber and fruit
species was less compared to men while the involvement was higher in
selecting multipurpose trees, ornamentals, medicinal plants and
vegetables. Majority (80%) of women were involvement in spatial
planning for courtyard/backyard region where as men had a more role in
spatial planning of outer region. In order to alleviate the adverse effect of
food scarcity, external dependence, food price fluctuations and chemically
encumbered food, home garden becomes an answer to these issues.
Today, there is much attention towards home gardens as a strategy to
enhance household food security and nutrition. A stage has emerged
wherein safe food can be eaten only if they are grown in home gardens.
Home gardens that evolve with women centred decision making, provide
easy access to fresh and nutritious foods for the household and
accordingly those homes obtained more than half of the vegetables, fruits,
tubers, and yams from their garden for home use.

INTRODUCTION
Home gardens in Kerala represents a distinct agro
ecological entity typical of tropical Indian South,
where interaction and intimate association of different
production components (crop-tree-animal mix
combine) insitu are intensively facilitated and
managed by family labour so as not only to meet the
food production and to generate additional income
through sale of farm surplus and but also a subsistence
land-use system that is of huge significance to the
environmental sustainability and dynamicity of Kerala
(Thomas, et. al. 2013) Individual households must
pursue their own agenda of food security, additional
income and social security through the active
involvement of all gender available in the family
system associated with this particular and unique type

of farming system. Women preserve agrobiodiversity
through high-density plantings of underutilized species
and their home gardens are often “experimental
stations” for adapting indigenous and nondomesticated varieties. This rich diversity is important
not only for household food security and economic
stability, but also for the health of the agroecological
system (Jeanine and Ramona). Home gardens in
Kerala was and is still the largest gene pool of wild
and natural species wherein the female has a greater
role in nurturing the same. 65 lakhs home gardens
that constitutes 60-70 per cent land area needs to be
functionally manoeuvred with greater role for women
through incentives in the form support subsidies if
this system needs to be sustained.
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METHODOLOGY
Survey was conducted in Thiruvananthapuram district
using a pre-designed questionnaire through direct
interviews from 20 selected home gardens along with
listing of both the commodity and non commodity
species present. Information on role of women in
domesticating these species in the home garden and
their management was recorded. Thus female and
male members of the selected home gardens, were
the respondents of the study. The gender involvement
in selection of plant resource components for home
garden and the role of men and women in determining
species composition and spatial planning in home
gadens was found through frequency and percentage
analysis and is presented.
RESULTS
Decision on selection of plant resource components
The results presented in table 1 showed that women’s
participation in selection of timber and fruit species
was less compared to men while the involvement was
higher in selecting multipurpose trees, ornamentals,
medicinal plants and vegetables. A similar pattern was
observed in case of decision over the plant species
composition. The results also showed the influence
of women in large on including more and more species
in the home garden with reference to ornamentals
followed by medicinal plants and multipurpose tree
species.
Table 1. Percentage of involvement of men and
women
(N-93; n=93-11*=82)

* Multiple responses
It can be inferred from table 2 that majority (80%) of
women involvement in spatial planning is for
courtyard/backyard region followed by mid region in
home gardens where as men had a more role in spatial
planning of outer region followed by mid region. As
the mid-region was more convenient the gardener
could have packed his gardens with more important
species towards the centre and then structurally
dominant towards the outer periphery, be it accidental
or intentional. Hence there could be a distinct
dominant role in terms of more involvement of women
in the mid regions of home gardens and the role of
men concentrated to the outer region with more
emphasis on commercial interest. The effect variance
in the structure and function of Kerala home gardens
implies that the match between the variation in
priorities of the home and the spatial arrangement of
the home garden was strong environmentally, socioeconomically and biophysically. The study is in
conformity with the findings of Soemarwato (1986).
Women-men involvement in home garden operations
Women’s involvement was higher in all the activities
except that of lopping the wood/propping the plants
(men-94.29 %, women – 14.89 %) as presented in
table 3. For seedling and plant management women
had an involvement of 93.62 percent and 61.70 percent
respectively. The involvement of men was maximum
in lopping/propping followed by planting, marketing,
seed collection and plant management, and weeding
in the order of decreasing involvement in homegarden
operations.
Table 3. Percentage of women-men involvement in
homegarden activities.

* Kids below 8 years
Decision on spatial planning of home garden
components.
The decision on spatial planning of home garden
components was computed in terms of the
involvement of men or women having more roles in
the defined regions of home gardens. Defined regions
of home grden was delineated as courtyard/backyard;
midregion and outer region in home gardens. The
result is presented in table 2
Table 2. Percentage of more involvement of men and
women in spatial planning
N=40 (20M and 20F)

The involvement of women was maximum for
operations like weeding followed by planting and value
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addition, harvesting, plant management and seedling
management. It is very important to note that there
has been a shift in the involvement of women in home
garden operations. Out of the nine operations women
involvement is more than 50 percent in seven
operations. Also the role of women in marketing is
almost upto 50 percent signifying the growing role of
women in the economic front. Emphasis on gender
equality is one important benefit of home garden
farming which unlike conventional farming methods
do not tend to marginalise women. The study is in
conformity to the findings of Wai (2007).
CONCLUSION
In a state like Kerala, were homestead dominates
the agriculture sector, women are indispensible in
terms of decision making, managing, and maintaining
agriculture. With the focus of the agriculture sector
to sustainable and organic farming practices, as a
means to combat the adverse effects of chemicals
and climate change, adverse effects of land
fragmentation, the proactive emphasis of government
schemes skewing towards woman organisations like
Kudumbashree and Janashree in Kerala, it is
necessary to understand the gender dynamics in
homegarden farming to ensure equitable role by both
men and women and thereby an overall development
in the socio-economic standards of living of the
homegarden family members that constitute the
dominant farming community in Kerala.
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ABSTRACT
The purpose of the present study is to make students familiar with cultural
practices of biodiversity conservation through nature awareness
programmes. Experimental method was used for the study. A sample of 80
higher secondary school students was selected the study, 40 each in
experimental group and control groups. An intervention programme the form
of Nature Education Campaign was given to the experimental group which
includes awareness classes, power point presentations, video shows,
documentary show etc. Control group follows the routine practices. Before
and after the experiment, a questionnaire was given to both the groups.
The questionnaire was used to assess the knowledge of cultural practices
prevalent in Kerala which directly and indirectly co to biodiversity
conservation among the participants of experimental group before and
nature education campaigns. Questionnaire includes 35 items based on the
beliefs and misbelieves behind sacred groves, star trees, nature worship,
dasapushpam concept, farming festivals etc prevalent in Kerala. The results
showed that nature education campaigns found effective in familiarising the
cultural practices of Kerala on biodiversity conservation. Nature education
campaigns are also found equally beneficial to male and female student
participants.

1.INTRODUCTION
Biodiversity is the result of millions of years of
evolutionary process. Nature worship practices in the
traditional society of Kerala contribute a lot to
biodiversity conservation. The concept of sacred
groves, dasapushpam, star trees, worshipping
animals etc has been practiced for thousands of years.
In the name of these, the animals and plants in the
environment are still conserved, but to a lesser extent
than before.
The younger generation could realise their knowledge
potential on the nature in the real means to conserve
and preserve nature through sustainable utilisation and
equitable sharing of resources. Culture is the attribute
of an individual to perceive, feel, think and act. It
encompasses all learned and shared, explicit or tacit
assumptions, beliefs, knowledge, norms and values
as well as attitude, behaviour, dress and language
(Singh, 2010). There is a symbiotic relationship
between nature and culture over generations.
Thiruvathira is the cultural festival of Hindus of
Kerala specially celebrated for giving the message
of conserving ten sacred flowers, not only flowers
the entire plants(dasapushpam). Onam and vishu

are the harvest festivals of Kerala. Onam and vishu
are the harvest festivals of Kerala. The practices
followed in these festivals revealed the way of
worshipping nature by the old generation.
Serpent worship is common in Kerala. Kalams drawn
for the purpose is beautifully coloured with powders
made from natural objects. Love and adoration are
seem to be the main features of this faith rather than
fear (Fergusson, 2004). Worship of serpents is found
to be deeply rooted in the traditional culture of Kerala
as an ancestral affair (Kumar, 2008).
Sacred groves are age old worldwide phenomenon,
traditionally consisting of forest zones, protected by
people based on their spiritual relationship with the
deities or ancestral spirits believed to reside here.
Many malayalis believed that the prosperity of the
family depends on the blessing of snake god, because
they are associated with fertility and life giving powers.
It is strongly believed that the dieties will punish by
bringing illness, death or misfortune.
Religious perceptions created and maintained sacred
groves for centuries. Many sacred groves owned by
upper caste forced to distribute their land and the
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peasants receiving it cleared such lands for
commercial farming. Socioeconomic changes,
migration to abroad and other states also forced people
to clear the sacred groves existing in their
courtyards.Biodiversity are variety of life (Noterman,
Migteen and Sunny, 2016). It includes full range of
species that live in an area. It allows human beings to
live healthy and happy and also provides an array of
food and material. Periyar tiger reserve is one of the
biodiversity spot of Western Ghats. The nature camp
and awareness programmes conducted in PTRis an
effective means to extend information on nature
conservation.
Analysis of the problem made by the investigator
became a pointer to undertake a study on the extent
of effectiveness of nature education campaigns in
familiarising students with the cultural practices like
nature worship interms of worshipping trees,
medicinal plants, serpent
god, farming festivals, beliefs and misbeliefs
underlying nature worship etc. hence the present
study is entitled as “ Familiarising Cultural
Practices of Kerala on Biodiversity Conservation
through Nature Education Campaigns”
EXPLANATION OF TERMS
Cultural practices of Kerala
It is the manifestation of a culture which are generally
norms in behaviours and standards that developed in
communities in ancient history. Kerala occupies a
small part of north india and its culture is deep rooted
with religion. traditional festivals, nature worship,
traditional method of homemade remedies from
medicinal plants, sacred groves as part of tharavadu
of hindu families, all these practices form an integral
part of shaping the culture of Kerala.
Conservation of biodiversity: Means to protect and
manage flora and fauna on the earth. In the present
study a questionnaire is used to assess the familiarity
of higher secondary school students on the role of
cultural practices of kerala in biodiversity conservation.
The scores obtained in the test is used to interpret
the extent of familiarity of the students.
Nature education campaigns
Nature education campaigns aimed at educating the
youth comprises students from schools, colleges,
universities about conservation and ecology through
experiential programs which promote environmental
awareness that are not generally possible through
school curriculum. Periyar tiger reserve is nature’s
bounty with great scenic charm, rich biodiversity and
is one of kerala’s prestigious possessions lies in the
western Ghats. Nature education campaign is one
of the remarkable programme of periyar tiger reserve.
In the present study nature education campaign
encompass nature education classes which include
concepts like sacred groves, serpent worship, beliefs
and mis beliefs behind sacred groves, star trees,
dasapushpam and its cultural significance, farming

festivals and the nature worship prevalent in Kerala
supported by video shows, power point presentations,
narrations etc conducted at Periyar Tiger Reserve of
Kerala State in India.
Objectives
*To find out the effectiveness of Nature Education
Campaign in familiarising cultural practices of Kerala
on Biodiversity conservation.
*To compare the effectiveness of Nature education
campaign and routine teaching method followed in
schools for familiarising cultural practices of Kerala
on Biodiversity conservation.
*To find out the influence of gender on the
effectiveness of nature education campaigns in
familiarising the cultural practices of Kerala on
biodiversity conservation.
METHODOLOGY
Experimental method was used for conducting the
study. A sample of 80 higher secondary school students
was selected. Two intact groups of 40 each was
assigned as experimental and control group. The
students in the experimental group undergone nature
education classes and those in the control group
followed routine teaching method using same topics.
Nature education campaign and routine teaching
method were the independent variables and cultural
practices of Kerala on biodiversity conservation were
the dependent variable. A questionnaire of 35
statements was used to assess the familiarity of
students in the role of cultural practices of Kerala on
biodiversity conservation before and after
experimentation. The tool was standardised and
reliability and validity of the tool was established. The
reliability coefficient of the tool was established as
0.82. The scores collected from the test was subjected
to statistical analysis for interpretation and conclusion.
ANCOVA was the statistical technique used for
analysis because the groups selected for the study
were two intact groups which were non equated.
ANALYSIS OF DATA
Hypothesis 1
*Nature education campaign is effective in
familiarising cultural practices of Kerala on
Biodiversity conservation.
Table.1.
Data and result of effectiveness of nature education
campaigns on familiarising cultural practices of Kerala
on biodiversity conservation
Sl. no variables
1
Cultural
practices
of Kerala

N
40

Max.score
175

My.x
118.30

SDy.x
11.5

Result
Effective

The posttest mean score adjusted for pretest score
indicates that nature education campaign is effective
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in familiarising cultural practices of Kerala in
biodiversity conservation
Hypothesis 2
*Nature education campaign is more effective than
routine teaching method followed in schools for
familiarising cultural practices of Kerala on
Biodiversity conservation.
Table .2.
F ratio for Vy.x of the pretest and posttest scores
in familiarising cultural practices of kerala in
biodiversity conservation between experimental
group and control group

The computed F ratio is found significant at 0.01 level
for df 1/78. The t value computed for adjusted means
is also found significant at 0.01 level. Hence Hence
it can be concluded that nature education campaign
is comparatively more effective than routine teaching
method followed in higher secondary schools for
familiarising cultural practices of Kerala in conserving
biodiversity

education campaign is an effective tool that can
inculcate right values, attitude and interest among
students on nature conservation.In schools the
education is purely syllabus oriented. Importance is
given to achievement of students in various subjects.
The restricted timetable will not give an opportunity
for explore and extent the information which in turn
leads to experiential learning. So a flexible time table
in the school curriculum which incorporate nature
education programmes will be helpful in dissemination
biodiversity conservation and other aligned aspects
of nature.
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Hypothesis 3
*Gender has no influence on the effectiveness of
nature education campaigns in familiarising the
cultural practices of Kerala on biodiversity
conservation.
Table 3.
Gender wise t test result of experimental group
Serial no category Mean

SD

1
2

10.45
14.14

Male
Female

119.85
120.35

Critical
ratio
0.128

Level
ofsignificance
p>0.05

The computed t value is not significant at 0.05 level.
Hence it can be concluded that nature education
campaign is equally benefitted to male and female
higher secondary school students in familiarising
cultural practices of Kerala in conserving biodiversity.
4.Educational implications
Nature education programmes are experiential
programmes. In this programme students got an
opportunity to trek into the forests, can observe
whatever they learned in the nature education classes
in the forest while trekking, no time restriction, fully
involved in learning nature related concepts. Nature
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ABSTRACT
The ethnomedicinal practice among the laymen in Kerala is that the
allergy caused by the Holigarna arnottiana can be alleviated by walking
around the tree Terminalia bellerica. Terminalia bellerica, tree member
belongs to the family Combretaceae is one of the ingredients of Triphala.
Holigarna arnottiana is an allergic member in the family Anacardiaceae.
In the first part of the study, a survey has been conducted among the
local people and tribal regarding the practice of walking around the T.
bellerica tree. The respondent includes allergy affected people having no
Keywords:
age bars. All are gone through the walking strategy around the T.
Holigarna arnottiana,
bellerica
and they reported that the allergy was completely healed. For
Terminalia bellerica,
T. bellerica the tannin has been isolate by TLC and validates it by using
Pharmacology, GC MS,
the standard gallic acid by generating calibration curve. The allergic
Laccol
compound from H. arnottiana has been isolated by GC MS analysis. The
allergen is mixture of monomeric, dimeric and trimeric form of laccol which
is resorcinol. The GC produced four laccol which are 3-n-pentadecanyl
catechol, 3-n-[10´Z, 13´E heptadecadienyl catechol, 3-n-heptadecadienyl
and 3-n-[8´Z,11´Z, 14 Z´heptadecatriienyl. Pharmacological analysis was
done in Wistar albino rats and the animals are divided into two groups GI
and GII each having 6 number of animals.in GI group the antiallergen
used was tannin and in GII it was crude bark extract of T. bellerica.
Antiallergic activity was tested by mast cell degranulation and histamine
estimation after inducing H. arnottiana allergy to the animals. The results
highly supported the belief of the Kerala people and the crude bark
extract showed a pronounced antiallergic property.

INTRODUCTION
The life on earth largely depends on the green plants
as they are the producers of food, oxygen, fodder,
medicine etc. The trees represent life and maintain
the ecological balance. Human categorized the trees
as medicinal, sacred, toxic, life sustaining etc. In Indian
philosophy, the values and ethics have always been
reverence for all that exists in nature. Several trees
are worshipped in India and they are thus protected
from exploitation. In all countries and cultures, trees
are the main source of medicine from time
immemorial. In several developing countries medicine
is being used as local traditions and beliefs, which
still the mainstay of health care. Traditional and
folklore medicine bequeathed from generation to
generation is rich in domestic recipes and communal
practice. Encompassing concepts and methods for
the protection and restoration of health, traditional
medicine has served as a fount of alternative medicine,
new pharmaceuticals and health care products. The
Ayurvedic system of medicine is very rich and popular
in India, even today. Apart from this, India is also

famous for well flourishing folklore medicines and
treatments. There is a belief in Kerala that allergic
effect caused by the plant Holigarna arnottiana
can be alleviated by walking around the tree
Terminalia bellerica. The present study was to find
the truth behind this common belief among the local
people and the tribes and villagers who are
recommended it as a virtuous treatment.
MATERIALS AND METHODS
Plants used
Terminalia bellerica was used as the antiallergic
plant which belongs to the family Combretaceae and
Holigarna arnottiana was the allergic plant belongs
to the family Anacardiaceae.
Sample Preparation
The allergen was heptadecadienyl catechol (HDDC)
isolated from H. arnottiana.
In one stream the anti-allergen tannin was isolated
from T. bellerica. Another anti-allergen, crude
extract was prepared by crushing the fresh bark of
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T. bellerica in a Mortar and Pestle with the solvent
ethanol. The extract was sieved and evaporated to
dryness.
Animal Group
Mast cell degranulation assay was carried out by the
method of Gokul and Mehta (2011) and Venkateshet
al. (2009), with little modifications.Wistar albino rats
were used for the present study after getting approval
from animal ethical committee (AEC) with the
approval numberof ULSB/DAEC/KER/13/2012
(UWIN LIFESCIENCE, Malappuram, Kerala676505). All the rats were housed at ambient
temperature (22±1°C), relative humidity (55±5%) and
12h/12h light dark cycle. Rats had free access to
standard pellet diet and water given ad libitum. Test
rats were divided into two groups, GI and GII. Each
test group has 6 numbers of guinea pigs. After
removing hairs from the neck of mouse HDDC was
applied and then appearance of allergy symptoms was
monitored.
Antiallergic Activity Studies
After producing the allergic symptoms like reddish
skin, blisters, irritation etc. the GI group (25mg Kg-1,
50mg Kg-1 and 100mg Kg-1) of isolated tannin was
applied to the affected area for 2 days. In GII, crude
bark extract from T. bellerica was applied and results
were observed.
Mast Cell Degranulation Assay
On the following day of treatment, mice were
administered in 5ml of cold phosphate buffered saline.
After gentle abdominal massage for 10 seconds, the
peritoneal fluid containing mast cells were collected
immediately in the RPMI-1640 medium (pH 7.2- 7.4).
Then the cells were washed with RPMI-1640 media
by centrifugation at 500 rpm and suspending the
pellets of mast cells in the medium. The mast cells
were incubated with 1mg ml-1 of HDDC. The cells
were stained with toluidine blue (1%) and the number
of intact and degranulated mast cells was observed
under a high power microscope.
Standard and Control Group
In the standard group, DSCG (Disodium
Cromoglycate) was administered intra-peritonially for
2 days. After collecting the mast cells, it was incubated
with 1mg ml-1 of compound 48/80. The cells were
stained with toluidine blue (1%) and the numbers of
intact and degranulated mast cells were observed
under a high power microscope. The same procedure
was used with saline water as the control. The values
were calculated by using the following formula.

Histamine Estimation
Histamine estimation assay was performed by the
method of Raj et al. (2010) with little modification.
In the second phase of study, the guinea pigs were
selected and shaved the hairs from the neck region.
Then 5mg kg-1 of HDDC applied to the shaved area.
After developing the allergic symptoms the group GI
and GII was treated with different concentrations
(50mg kg-1, 100mg kg-1 and 200mg kg-1) of crude
extract and isolated tannin (1mg kg-1, 2mg kg-1 and
6mg kg-1) respectively.
In the standard group DSCG (Disodium
Chromoglycate) and compound 48/80 was used.
Blood tissues of the treated group were homogenized
for 10 minutes and collected from different time
intervals (14, 24, 48 and 56 hrs) after the treatment.
The samples were then entrifuged at 400rpm for 10
minutes. About 4ml of aliquot of the supernatant fluid
was transferred to a 25ml shaking tube containing
0.5ml of 5N NaOH, 1.5g of solid NaCl and 10ml of
n- butanol. The tube was shaken for 5 minutes to
extract the histamine into the butanol. The aqueous
phase was removed by aspiration. The organic phase
was allowed to shake for about 1 minute with 5ml of
salt saturated 0.1N NaOH. After centrifugation 8ml
aliquot of the butanol was transferred to a shaking
tube containing 2.5 to 4.5 ml of 0.1N HCl and 15ml
of n-heptane followed by shaking about a minute. 2ml
aliquot from the aqueous phase transferred to a test
tube, 0.4ml of 1N NaOH was added followed by
0.1ml of O-phthalaldehyde. After 4 min, 0.2ml of 3N
HCl was added and shake, transfer to a cuvette,
fluorescence read at 450nm (excitation at 360nm).
Blank all the reagents without the tissue. The
inhibition percentage was calculated by the following
formula.

RESULTS
Mast Cell Stabilization
The result showed that the isolated gallic acid in GI
inhibited degranulation of mast cells up to 64.6±0.2
at a dose of 100 mg kg-1 whereas the standard drug
DSCG showed 69.4±0.5. The tested quantity 25mg
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Histamine Release Assay
The percentage of histamine release inhibition was
observed in gallic acid and crude bark extract of T.
bellerica. In GI group, gallic acid showed inhibition
rate of 63% at 100mg Kg-1 and the DSCG showed
64%percentage of inhibition after 12 hour of
treatment. The gallic acid showed a statistically
significant dose dependent inhibition rate. In the GII
group the inhibition rate was 78% at 100mg Kg-1
whereas DSCG showed 66%
indicating
concentration based activity after 12 hour treatment
(Graph 3 and 4). The crude bark extract showed more
activity than the tannin.
Graph 3

Graph 4

The fresh aqueous bark extract of T. bellerica was
used in GII. The tannin inhibited the mast cell
degranulation up to 67.8±0.3 at a dose of 100mg kg1 of tested drug. In a lower concentration the
percentage of inhibition was 31.6±0.4 while the
standard showed inhibition percentage of 70.8±0.3
where concentration based activity was observed.
The crude extract showed more activity than the
isolated gallic acid (Graph 2) indicating that this extract
can be used to inhibit allergy at low concentration.
Graph 2

DISCUSSION
The results revealed that the percentage of mast cell
degranulation inhibition was dose dependent and found
to be high at increased concentration (68.9 ±0.01/
100mg kg-1tannin at 12hour and 75.8±0.08/100mg
kg-1 gallic acid at 56 hour) which was less when
compared to the standard DSCG (80.1±0.05/100mg
kg-1 tannin at 56hour.Therefore, the crude aqueous
extract may be used as a drug in pharmaceuticals to
meet the medical demand. This is in concurrence with
earlier study of Vadnere (2010) that the water extract
of flowers of Calotropis gigantea showed a dose
dependent mast cells degranulation inhibition. It was
reported that the inhibition percentage of mast cell
degranulation was 68% at 150mg kg-1 when Wistar
rats were treated with the leaf extract of Syzygium
cumini (Brito et al., 2007). Kanoh et al. (2000)
reported the inhibitory effects of hydrolyzable tannins
on histamine release by compound 40/80 induced rat
peritoneal mast cells.It clearly indicated that the
extracts of the present study showed a higher mast
cell stabilizing activity than the mentioned studies.
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In the case of Histamine release assay, in GI and GII
groups the activity was shown to be high b the
allergens and he crude extract showed nearly 100%
inhibition. Similarly, Nakatani et al. (2002) reported
that 40% of ethanolic mangosteen extract (100,
300mg ml-1) showed more than 80% inhibition of the
histamine release. The antihistaminic activity of
tomato pulp extract showed more than 70% of
histamine release inhibition at 500µg ml-1 (Yamamoto
et al., 2004). According to Kanada et al. (1998) the
inhibitory effects of crude apple polyphenol,
epicatechin, chlorogenic acid, phlorodzin and apple
condensed tannin at a concentration of 20µg ml-1 were
70%, 21%, 3% and 98% respectively. The results
are in accordance with the present study that the
crude extract showed 100% histamine release
inhibition.
Bellik et al. (2013) proposed that gallic acid has antiinflammatory activity by inhibiting tyrosinase and
xanthine oxidase. Tannins isolated from Carpinusts
chonoskii tested for the antiallergic potency and
found that the three tannins, tetragalloyl glucose,
pentagalloyl glucose and casuarictin, showed high
inhibition against ²-hexosaminidase with an IC50value
214 µM (Shigemori, 2012).
Recently, Yu et al. (2015) observed the antiallergic
property and phenolic content of algae Scytosiphon.
Similarly several authors have reported anti-allergic
propertiesT. bellerica,T. chebula, Albizia lebbeck,
and Emblica officinalis (Agarwal and Agarwal 2004;
Sawant et al., 2013). It was also reported that the
oral administration of an aqueous extract of fruit
significantly suppressed histamine release from rat
peritoneal mast cells. It was observed from the earlier
studies that tannin and gallic acid showed antiallergic
property (Kale et al., 2010; Panichayupakaranant et
al., 2010; Arun et al., 2014). It is evidenced from the
present study that Gallic acid inhibited mast cellderived inflammatory allergic reactions by blocking
histamine release.
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Ellagic acid is another form of volatile tannin found in
T. bellerica and reported to have the antiallergic
activity (Panichayupakaranant et al., 2010). The
qualitative and quantitative analysis showed that T.
bellerica contains several volatile compounds such
as polyphenolics, triterpenoids, esters etc. Presence
of several such volatile compounds were reported
earlier in T. bellercia leaf, bark and fruits (Motamarri
et al., 2012; Sukhdev, 2006; Naik et al., 2006). The
result of pharmacological analysis showed that the
crude bark extract of T. bellerica exhibited higher
activity than the gallic acid indicating that gallic acid
alone was not a factor for reducing the allergy caused
by laccol but the activity could be caused due to the
combined effect of volatile compounds leached out
fromT. bellerica.
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ABSTRACT
India harbours a rich biodiversity, and an impressive variety of habitats
and ecosystem. It has more than 1.34 billion population whose healthcare
is governed by a mixed approach ,i.e. both by the government and
private sectors. Healthcare system with its integrated approach would
become one of the developed system, but it has still to evolve in a big
way. Herbal medicine was long been practised by indigenous people all
over the world; yet the study of medicinal plants has only recently
attracted recognition in western scientific world and among the public.
Plants have curative properties due to the presence of various complex
chemicals called phytochemicals. The World Health Organisation (WHO)
estimates that 80% the populations of the developing countries, rely on
traditional medicines, mostly medicinal plants for their primary healthcare
needs as it is culturally acceptable, cheaper and easily available. The
study aimed to look into the diversity of plant resources that are used by
village people for curing various ailments. In view of this fact, the
present study was conducted between July to December 2016.
Questionnaire surveys, participatory observation were planned to obtain
information on the uses of various plants. A total of 66 plant species
belonging to 36 families used by the village people for curing 45 ailments.
All different vegetative and reproductive parts of plants were found used
by the villagers in curing various ailments. The mode of preparation and
administration were recorded. This study providing information on
medicinal uses of potential plant species available in and around
Idayankudi village, Tirunelveli district, Tamilnadu, India.

INTRODUCTION
Traditional herbal medicine is an important
component of human healthcare on world-wide.
India is one of the leading countries in Asia in terms
of the wealth of traditional knowledge system. Even
today, tribals and certain local communities in India
still practice herbal medicine to cure a variety of
disease and disorders. According to the World
Health Organization about 65-80% of world’s
population in developing countries depend
essentially on plants for their primary healthcare
due to poverty and lack of access to modern
medicine WHO (2008). In India, the use of different
parts of several medicinal plants to cure specific
aliments has been in vague from ancient times. The
indigenous systems of medicine namely Ayurveda,
Siddha and Unani have been in existence for
several centuries. This system of medicine provide
to the needs of nearly 70% of our population

residing in the villages. Compared to the large
number of floristic surveys in southern peninsular
India. Gamble (1995). There are few surveys that
reveal the practice of herbal medicine by either
tribals or indigenous communities. Certain local
communities residing near villages follow traditional
healing systems. India, it is reported that traditional
healers use 2500 plant species and 100 species of
plants serve as regular sources of medicine Pei
(2001). Ethnobotanical information is necessary
to document the plant life in areas especially that
are remote and unexplored. The medicinal plant
sector has traditionally occupied a pivotal position
in the socio cultural, spiritual and medicinal areas
of rural families. These medicinal plants have a
long –standing history in many indigenous
communities and continue to provide useful tools
for treating various diseases. This information
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provides platform to several botanists and plant
scientist who were directing vigorous researches
towards the discovery or rediscovery of several
medicinal plants along with their remedies for
various diseases (Muthukumarasamy et al.,2003;
Rajendran et al.,2002; and Muthukumarasamy et
al.,2003). In view of these facts, this work was
carried out to provide a comprehensive account of
folklore medicinal plants of Idayangudi. A
preliminary survey of Idayangudi village in
Tirunelveli District, Tamilnadu, revealed that local
communities residing are still practicing herbal
medicine extensively in their Primary healthcare.
There are no previous records on ethnomedical
knowledge from the study area. Hence, an attempt
has been made to document plant species, medicinal
formulations and treatment of particular diseases.
MATERIALS AND METHODS
Study area
Idayangudi village (8o18’49.9"N and 77052’57.2"E)
lies between Uvari and Thisayanvillai in Tirunelveli
district, Indian state of Tamilnadu. The region is
mostly semi-arid and the weather is humid though
the evenings are cooler as the Bay of Bengal is
just two kilometres away. This village was formed
in the 18thCentury by Missionary Robert Caldwell.
Total population of the village is 19,557.
Data collection
The field surveys was conducted between July to
December 2016. Semi structured questionnaire
were administered to the village for surveying
purposes. The survey technique included individual
interviews in their local language (Tamil). The
inventory technique comprised observation and
documentation of their local names, parts used and
the purpose of use. Plant specimens were identified
with the local and regional floras (Matthew,1995;
Gamble,1995 and Nair 1983). Information on
medicinal usage of plant species has been recorded
and the details are tabulated (Table 1)

The villagers were using about 30 herbs, 20 trees,
10 climbers and 6 shrubs as phytomedicine source
in their day to day life. Most of the plants (44plants)
were identified having single use, the remaining 22
plants were used for more than one ailments. The
common ailments were cold, anemia, body pain,
ear pain, fever, intestinal worms, cough, diarrohea,
eye diseases, headache, wounds, scabies, vomit,
tooth caries, boils, indigestion, skin diseases, gas
trouble, induce appetite, giddiness, grey hair,
dyspepsia, eczema, kidney stone, urinary problems,
rheumatic pain, constipation, tooth pain, wounds,
viral fever, tumour, stomach pain, bed sores,
paralysis, cholesterol, piles and ulcer.
About 45 common health problems treated by the
villagers with plants and plant based medicines. The
different parts of plants were used for treating
various ailments. Leaves, fruits, whole plant,
rhizome, flowers, bulb, latex, bark, inflorescence,
pseudostem, root, prop root, stem, thalamus and
tuber . Leaves were predominantly used than other
parts of the plants for the medicinal purpose (i.e.,
from 25 plants) followed by the fruits (from 20
plants) revealed that both vegetative and
reproductive parts of the plants were equally
effective in treatment of various diseases(Fig-1).
From this account it is clear that Idayangudi village
people posses the knowledge about various plants
and their beneficial properties.

RESULT AND DISCUSSION
In the present study, a total of 66 plant species
belonging to 36 families used in the treatment of
45 various ailments in the day today life of people
living Idayangudi village (Tabel 1) were recorded
as potential phytomedicine yielding plants. The
members of the families Leguminosae (6 taxa),
Euphorbiaceae and Apocyanaceae (4 taxa each)
were found used in abundance. Three species each
from Amaranthaceae, Lamiaceae, Liliaceae,
Malvaceae, Myrtaceae, Piperaceae, Solanaceae,
Zingiberaceae and two members from
Acanthaceae,Cucurbitaceae and Rutaceae .only
one representative from the other 22 families were
found in use.
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CONCLUSION
This study revealed that medicinal plants still play a
vital role in the primary healthcare of the people. The
information gathered from the people is useful for
further research in the field of ethnobotany. This work
throws more light to the farmers, traders,
pharmaceutical companies and academicians and is
an eye opener for commercial cultivation and
marketing of medicinal plants.
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ABSTRACT
The close knit bonding between plants and life – styles when studied in
detail, opens up the treasure box of ancient wisdom which repeatedly
give propaganda on protecting biodiversity. Celebrations, festivals, rituals
and rites- all showcase our dependency on nature and natural resources.
A book written in Malayalam language, ‘Antherjanangalude
aacharaanushtaanangal’ (‘Customs and Rituals observed by women of
Brahmin community’) written by Cheruvakkara Parvathy Antherjanam
(2001) and discussions with the elders in the community have formed the
basis of this paper. The set of observances regularised by Vedic seers
known as ‘Samskaras’ prescribe 16 main rituals which are observed by
Kerala Brahmins at different phases of life, from the time of conception of
the foetus in mother’s womb, till death. These customs together are called
‘Shodasa Kriyas’1 which are considered essential to live a righteous life
and to its fullest. This research paper highlights the role of 20 plants
which are either seen in the wild or cultivated in the state of Kerala
which are being employed in six rituals observed by Kerala Brahmin
community during ‘Preadolescence’ - ‘Choulam’2, ‘Upanayanam’3,
‘Samavarthanam’4, ‘Pondi ozhukkal’5and other rituals related to girl child
attaining puberty and ‘Thandaazhi Idal’6.’ The medicinal and economic
attributes of each plant species is highlighted in the paper. Simply worthy
of being handed over to the posterity, these cultural practices proclaim
their relationship with the nature around.

INTRODUCTION
The multitude of religions, casts and creeds existing
in the world today exhibit multitudes of cultures most
of which are ‘Down to earth’, emanating the
fragrance of nature. About 68 million people within
227 ethnic groups and 573 tribal communities derived
from six racial stocks in the country (Pushpangadhan,
1994) have been enriching our heritage since time
immemorial. The origin, growth and progress of these
cultures are directly or indirectly related to the regional
floral diversity which enrich the ecology and the
economy of different regions. The close knit bonding
between plants and life –styles when studied in detail,
opens up the treasure box of ancient wisdom which
repeatedly give propaganda on protecting biodiversity.
Celebrations, festivals, rituals and rites- all showcase
our dependency on nature and natural resources.
Understanding of the fact by the modern man that
cultural diversity and biodiversity are inseperable and
that the cultural values are eroding at a faster pace

than ever, the attention given to this problem by the
scientific world has been timely. The emergency of
finding a perennial solution call on parties and stake
holders to ‘Respect, Preserve, Maintain and Practice
cultural values’ which are so dear and near to many
indigenous and local communities worldwide.
Traditional lifestyles which express reverence to
nature and practice natural resources conservation
through religious customs can be promoted with the
approval and involvement of the holders of such
knowledge around the world. And scriptures of
world’s major religions are loaded with exemplary
wisdom delivering the knowledge on the importance
of biodiversity and the need to protect nature for the
bright future of planet earth. (Liu Hongmao et al,
2002).
In an effort to ascertain the role of nature and hoping
for a renaissance of the past which glorified all natural
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elements of earth, this research paper brings forth
six traditional practices among Kerala Brahmins
during the ‘Preadolescence stage’ which use 20 plant
sps. – wild as well as cultivated - as inevitable parts
of the rituals.
METHODOLOGY
A book written in Malayalam language
‘Antherjanangalude Aacharaanushtaanangal’
(‘Customary rituals and religious rites observed by
women of Brahmin community’), written by
Cheruvakkara Parvathy Antherjanam (2001) and
discussions with the elders and holders of relevant
knowledge formed the basis of this paper.
OBSERVATIONS
( Table-1: Popular and Vernacular name, Habit, wild/
cultivated sp. are given in the table)
20 plant species involved in 6 traditional practices are
listed below:
1. Acacia caesia
Family – Mimosaceae
* Used in rituals observed, when a girl child attains
puberty. The crushed and dried stems of the plant
are used.
2. Butea monosperma
Family- Papilionaceae
The young, thin stems are used as spoons to
offer ghee into the fire during ‘Homam’7; leaves
are used to give offerings during religious
ceremonies.
* Used in ‘Upanayanam’ (‘Thread ceremony’) young pieces of stems are used for offering ghee
to the ritualistic fire.
3. Cocos nucifera
Family- Arecaceae
* Used in ‘Pondi ozhukkal’, young leaves are
used in making a specific triangular structure
named ‘Pondi’, when a girl child attains puberty.
4. Curcuma longa
Family – Zingiberaceae
* Used in rituals related to girls attaining puberty,
the rhizome is used during the ritualistic bath.

7.

Musa paradisiaca
Family – Musaceae
* Used in ‘Choulam’ and ‘Pondi Ozhukkal’
8.

Ocimum sanctum
Family – Lamiaceae
* Used in‘Samavarthanam’.
9. Oryza sativa
Family –Poaceae
* Used In ‘Choulam’, in rituals related to girls attain
puberty and ’Thandazhi Idal’.
10. Santalum album
Family –Santalaceae
* Used in rituals related to girls attain puberty and
a constituent of ‘Ashtamangalyam’8
11. Sesamum indicum
Family-Pedaliaceae .
Sesame oil is used in the preparation of ‘Kajal’
which is kept in ‘Ashtamangalyam’.
Plants in ‘Dashapushpam’9 (Arranged in
alphabetical order)
12. Aerva lanata
Family – Amaranthaceae
13. Biophytum sensitivum
Family – Oxalidaceae
14.Cardiospermum halicacabum
Family –Sapindaceae
15.Curculigo orchioides
Family – Amaryllidaceae
16. Eclipta alba
Family – Asteraceae
17. Emilia sonchifolia
Family— Asteraceae
18. Evolvulus alsinoides
Family – Convolvulaceae

5.*Cynodon dactylon
Family – Poaceae
* Used in ‘Choulam’and ‘Thandazhi Idal’- a tuft
of grass is used and/ as a constituent of
‘Dashapushpam’8

19. Ipomoea sepiaria
Family- Convolvulaceae
20. Vernonia cineria
Family – Asteraceae;
(*3 twigs from each of these 10 herbs are made
into a garland with an orderly arrangement and
kept in the hair or in ‘Ashtamangalyam’during
auspicious occasions)

6. Jasminum sambac
Family– Oleaceae
* Used in rituals related to girls attaining puberty.

476

Table-1

*Cynodon dactylon – also a constituent of ‘Dashapushpam’
DISCUSSION
All the 20 plants mentioned in this study have been
studied and authentic information on pharmacological
properties have been recorded by Kirtikar and Basu
(1981).
Acacia caesia grows wild in evergreen and semi –
evergreen forests of India. The flowers are used to
treat menstrual disorders. The stem is used as fuel
and crushed and dried stem is used as bath scrub.
They grow profusely in forests of Kerala. The

traditional healers of western districts of Kerala and
Tamil Nadu prescribe this for various ailments. The
leaves are used as vegetable and in the treatment of
asthma and scabies.
Butea monosperma is locally called ‘Plash’ or
‘Chamata’.. Small pieces of wood from this plant are
used for ‘Agnihotra’ or fire ritual. For this reason, in
most of the ‘Namboothiiri Tharavadu’, this tree is
grown and taken care of.
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Leaves of B. monosperma is known to contain
alkaloids – Euphane trieterpenoid and pterocrpan;
flowers have butrin, butein, butin, isobutin, coreoopsin,
monospermoside and their isoderivatives. Seed
contains palasonin, d- mecantharidin proteolytic and
lipolytic enymes, ±À-amyrin, ²À-sitosterol and alkaloid
monospermine, glycerides of stearic, palmitic,
linoceric, oleic and linoleic acids. Bark contains tannins
and gum (Butea gum), leucocyanidin, procyanidin and
allic acid (Manoj Kumar Mishra, 2016). Researches
also show that the phytoconstituents present in this
are effective for the synthesis of Silver nanoparticles
(SNPs) which in turn is known to have antibacterial
and anticancerous properties. More researches
established the bio-reductive synthesis of nano-sized
Silver particles using simple water extract of B.
monosperma bark. SNPs are used extensively in
Medicine, Environmental Science, Biotechnology etc.
Hence, synthesis of SNPs from an eco-friendly,
inexpensive source is a prerequisite. In another study,
synthesis of SNPs from the leaf extract of Butea
monosperma has been established. SNPs can even
be effectively employed for removal of toxic
cyanobacteria (V.Chaturvediand P. Verma, 2015).
Studies by A. Singh et al (2015) showed that the
aqueous and ethanolic extract of leaves of B.
monosperma has compounds capable of inhibiting
the Cyclophosphamide induced oxidative stress and
subsequent DNA damage in both the peripheral blood
and bone marrow cells in mice.
A perusal of the life –style of the people of Kerala
manifests the close – knit cultural linkage with Cocos
nucifera. People of the state extensively depend on
this tree in their day today life as the plant products
are used in traditional cusines and medicines, in building
materials, furnitures, as fuel and for coir and cordage.
Many authentic researches in the past have proved
the excellent pharmacological values of the plant. The
anti-inflammatory, antioxidant and antimicrobial
properties of C. nucifera are stated by Silva et al
(2013). Apart from this, recent studies have shown
that coconut oil has properties almost similar to diesel,
the iodine value is 8 which is one among the lowest,
ensuring clean combustion and has ‘below zero
degree’ cold flow properties making it suitable for its
use in cold regions(Bello et al, 2016).
Curcuma longa is well known for its excellent
medicinal properties (Kirtikar and Basu,1981), popular
in traditional pharmacology and clinical naturopathy
and is an inevitable ingredient in culinary culture. From
antiseptics to cosmetics, traditional and modern
medicine equally make use of this herb. Extensive
and intensive researches worldwide have proven
beyond doubt, the curing properties of C. longa. A
recent analysis proves that the Bioactive constituents
of the rhizome extract inhibit the growth of human
hepatoma cell line (HepG2). Methanolic extract of
the rhizomes contains a mixture of compounds –
especially sesquiterpenes and curcuminoids. They are

shown to have anticancer potentials and is capable
of inhibiting cell growth via apoptotic changes. It can
be used as an effective and natural source of
anticancer substances which may be a quality raw
material for pharmaceuticals (Ezzat Abdel Lateef et
al, 2016).
Jasminum sambac has its own role in Kerala’s
traditions especially for decorative purposes. The
study has proven that the ethanolic extract of the
flower possesses potent activity in preventing weight
gain on obese rat model. There are several medicinal
properties known of the plant in controlling obesity,
inhibiting lipid absorption, having diuretic properties
and suppressing appetite (Adnyana et al, 2016).
Musa paradisiaca is a crop which finds a suitable
climate in Kerala and the various parts of the plant
are extensively used as religious offerings, for
decorations and culinary purposes . Traditionally, the
leaves serve as an ‘eco- friendly’ substitute for plates
and parcels. The fruits of a variety called ‘Kadali’ is
used in religious rituals. Moreover the stem and the
young inflorescence are used as vegetables having
excellent nutritive value as told by the elders. Fibres
from the plant serves the purpose of ‘eco- friendly
‘coir and cordage. It is said that the banana stem
when consumed has the capacity, even to digest
stones. In a study, Lavanya et al reaffirms the
antilithiatic, antioxidant, antibacterial, antidiabetic,
antiulcer, antidiarrhoeal, hypocholesterolaemic,
hepatoprotective, anti snakevenom, wound healing,
hair growth promoting, antifungal and antimenorrhagic
properties (2016). Studies by Mahadeva Rao et al
(2016) show that the tepal and the fruit skin extracts
of M.paradisiaca have antiulcer activities in Albino
mice.
Ocimum sanctum- is a name almost ‘synonymous’
with Hindu religion without which no religious rituals
are complete not just in Kerala but even in other parts
of India. Moving a step further, it has to be stated
that the lay man and the medical professionals equally
applaud the innumerable curative properties of the
herb. (Kirtikar and Basu - 1981). Recent investigations
(Sridevi, Bright and Yamini, 2016) using the root
extracts of O. sanctum suggest that it can effectively
destroy non- small lung carcinoma cells (NCI- H
460) in humans by increasing oxidative damage in
NCI-H460 cells.
Oryza sativa – the marshy grass providing the
millions with the staple food, adorns the central point
in traditions of Kerala. Kerala provides suitable
climate for this grass but recent times have seen the
indiscriminate conversion of paddy fields for many
non – agricultural purposes. Though inadvertent, this
shift has negatively affected the culture of ecology
and
economy
of
this
‘God’s
own
country’.‘Unakkalari’ (‘Dried grain’) is a type of
paddy grain used in religious offerings in Kerala. This
is prepared by just drying the paddy grain and then
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dehusking.It has a coarse texture and is pinkish to
light maroon in colour and is a rich source of
antioxidants, vitamins and healthy fatty acids.
As Uma Devi et al (2012) recognise the health
benefits of rice in providing fast and instant energy,
good bowel movement, stabilizing blood sugar levels
and providing essential source of vitamin B1 to human
body. Other benefits include skin care, resistance to
high blood pressure, dysentery and heart diseases.
And the research paper goes on to state that Diabetic
patients are advised to include brown rice which has
low levels of glycemic index. Rice bran oil, in its
natural state, contains several constituents of potential
significance in diet and health. Interest has focused
primarily upon gamma-oryzanol, tocotrienols and
tocopherols, all of which demonstrate antioxidant
properties. The latter two are naturally-occurring
forms of Vitamin E”. Golden Rice is being developed
by International Agriculture Research Institute,
Philippines which has beta carotene in its grains which
the body converts into vitamin A (www.irri.org).
Santalum album is cultivated, processed and traded
since ancient times and is highly priced for its
commercial values of heartwood and sandalwood oil.
The sandalwood paste prepared from the heartwood
of the tree is widely used in religious ceremonies in
India and is having many pharmacological properties.
The cooling effect rendered by the same is well
known. Indian Sandalwood has retained its dominance
over other sources because of its carving qualities.
The warm, sweet, precious wood and the nondominating fixative characteristics of sandalwood oil
makes it an ideal choice for creating wide varieties
of perfumes. (Soundararajanet al,2015). The
Sandalwood oil contains four major fragrance-defining
sesquiterpenols (Jose M.C. et al,2016). The curative
properties of the products from S. album was known
from ancient times. Many researches have proved
this and of late anti microbial properties of the sps.
were shown by the investigations of Hire and Dhale
(2012).To a great extent, sandalwood trade policies
by some of the state governments and their
consequences have resulted in severe exploitation,
categorising it as ‘vulnerable’ of the IUCN Red
List.(Kumar et al, 2012).
Sesamum indicum – an oil crop since pre- historic
times in tropical countries was once predominantly
cultivated in Kerala. The seed and oil are extensively
used in many religious ceremonies and rituals. For
lighting oil lamps in temples of Kerala, it is exclusively
used.The seeds are widely used in traditional
confectionary preparations of the state. Researches
confirm an array of medicinal properties of the plant.
In a review article Anilkumar et al (2010) records
that Cephalin, a phospholipid from sesame seed has
hemostatic activity. The oil has wide medical and
pharmaceutical applications. It is a mild laxative,
emollient and demulcent. The seeds and fresh leaves

may be used as a poultice. The antibacterial and
antifungal activity of seeds against some bacteria and
fungi like athlete’s foot fungus has been wellstudied.
The oil maintains high density lipoprotein cholesterol
(HDL) and lower low density lipoprotein cholesterol
(LDL). Refined sesame oil has abundance of
antioxidant components like lignans,it increases shelflife of foods, while improving their flavour and taste.
The oil contains a large amount of linoleate in
triglyceride form that selectively inhibit malignant
melanoma growth. Recently researches are
proceeding towards the production of biodiesel from
this crop. Thus the ethno-botany and pharmacological
aspects of the crop have wider scope for research.
The concept of ‘Dashapushpam’ in customs and
rituals is exclusively a tradition of Kerala. All the 10
herbs grow wild during monsoons in Kerala and are
found to be loaded with bioactive compounds. All the
10 plants were screened for antimicrobial activities
and were found to be effective (Mini et al, 2010).
Antioxidant, Antibacterial and Anti-Proliferative
Activity and Phytochemical Analysis of Selected
Medicinal Plants from ‘Dashapushpam’ were done
by Sreena Raj(2013). Researches are on to investigate
and standardise the pharmacological procedures for
better quality drugs from the same.
To conclude, the traditions mentioned in the research
paper clearly depict their intricate bonding with nature.
The wild plants and the crops cultivated are products
of the climate and soil specific to the state. They grow
effortlessly during specific seasons and the festivals
and religious celebrations are enmeshed into this
biological rhythm and periodicity. To destroy this green
elements of nature or to neglect the traditional crops
of a land is amounting to destruction of a well –knit,
well-kept, well –maintained and self –sustaining web
of our own existence. If traditional customs and rituals
are helping this unseen web to get strengthened, why
not rejuvenate them?
Is this not the ‘WISDOM AND CALM’ that are
engraved in the cultures of ‘68 million people within
227 ethnic groups and 573 tribal communities derived
from six racial stocks’? Is this not the ‘THUTH’ that
we all are in search of ?
Glossary
1. Shodasha Kriya –Sixteen practices prescribed by
‘Vedas’to be carried out during the lifetime of a
person right from birth to death which are intended
to enhance intelligence, health and life span.
2. Choulam - The fourth ritual in ‘ShodashaKriya’
which is ideally observed when the child is one year
old during which the first hair cut is done leaving a
characteristic tuft of hair at the back of the headtonsure, ideally when the child is one or three years
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old.
3. Upanayanam – The fifth ritual in ‘ShodashaKriya’
when the ritualistic thread ceremony is done for a
boy child when he is seven years old.
4. Samavarthanam – The sixth ritual in
‘ShodasaKriya’and the ritual includes a ceremonial
bath and other observations and is associated with
the end of formal education and the Brahmacharya
ashrama of life, but do not imply immediate start of
married life.
5. ‘Pondi ozhukkal’ – A ritual during which a triangular
structure made of banana leaf bases as long as the
forearm, stuck with flambeau and decorated with
young coconut leaves is being floated in water as the
girl takes a deep dip in the pond water. This is
observed on the 4th day after the first menstruation
of the girl child as she takes a dip in the pond waters.
It is believed that the direction of movement of ‘Pondi’
is an indication of the direction from where her
bridegroom may arrive.
6.’Thandazhi Idal’- A ritual observed after
‘PondiOzhukkal’ when Lord Ganapathy, Lord Shiva
and Goddess Sreeparvathy are invoked on to a
grindstone as 3 ‘Karuka’ branches are kept on it.
Besides there will be 2 small wooden containers- one
with rice and other with paddy.
7.‘Homam’ - A ritual, during which an oblation or
any religious offering is made into fire.
8.‘Ashtamangalyam’ – ‘Ashtam’ refers to ‘number
eight’ and ‘mangalyam’ refers to ‘favourable
happenings’. Here 8 objects which are considered
auspicious are kept together in a brass plate during
ceremonial occasions. Rice grains, vermilion,
sandalwood paste, *Dashapushpam, turmeric, kajal,
new dhothi with jerry border and a mirror made of
bronze having a handle are the 8 objects used with
minor variations in contents according to occasions.
9.*’Dashapushpam’- ‘Dasham’ means ‘number ten’
and ‘pushpam’ means ‘flower’- is a group of ten
medicinal herbs tied together and used during
auspicious occasions.
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ABSTRACT
Field experiments were conducted at experimental farm, Faculty of
Agriculture, Annamalai University, Chidambaram in two seasons to study
the effect of foliar spray of Panchagavya, humic acid and Kunapanjola on
the growth and yield of maize. The experiments were laid out in
Randomized Block Design with eleven treatments and replicated thrice.
The treatments include foliar spraying of three different organic products
viz., Panchagavya, humic acid and kunapanjola with three levels of spray
along with inorganic nutrient application on maize. The results revealed
that application of 100% recommended dose of fertilizers (RDF) and 3
sprays (20,40 and 60 DAS) of 3 % Panchagavya recorded the highest
growth and yield attributes and yield of maize and this was followed by
application of recommended dose of fertilizers (100 %) along with 3
sprays (20,40 and 60 DAS) of 3 % humic acid during both the seasons.
The least growth and yield parameters were recorded in absolute control
without use of organic products and inorganic fertilizers. The increase in
growth and yield of maize was mainly attributed by greater availability of
nutrients through soil application (100 % RDF) and foliar spray of
panchagavya at various stages of crop growth.

INTRODUCTION
Maize, a crop of worldwide economic importance,
provides approximately 30% of the food calories to
more than 4.5 billion people in 94 developing countries.
The demand for maize is expected to double
worldwide by 2050. Maize is considered as the third
most important food crop among the cereals in India
and contributes to nearly 9% of the national food
basket. Grown in an area of 8.55 mha with an average
productivity of 2.5 t ha-1, maize contributes to more
than half of the coarse cereal production of the country
( Jat et al. 2011). The annual maize production in
India is about 21.7 mt with an annual growth rate of
3 to 4 % (ASG). Maize yields in India need to be
increased significantly to sustain this growth rate to
meet India’s growing food, feed and industrial needs.
Strong market demand and resilience of maize to
abiotic and biotic stresses have increased the area
and production of maize in the country over the past
decade. Productivity of maize, however, has not
increased proportionately and significant yield gaps
are evident across maize growing areas in the country.
Maize is an exhaustive crop and removes large
amounts of plant nutrients from the soil to support
high biomass production. With increased awareness
on organic farming among the farming community
their use of many organic formulations in crop

production is increasing. During the last few years
there has been increasing interest in the use of
panchagavya, beejamrutha, kunapanjola, jeevamrutha
and other liquid organic formulations. Panchagavya
and kunapanjola are two organic products which have
received wide spread attention and acceptability
among organic farming community. They proved to
be efficient plant growth stimulants which enhances
the biological efficiency of crops and the nutritional
quality of the fruits and vegetables. Swaminathan
(2007) and Devakumar et al., (2008) reported the
presence of naturally occurring beneficial
microorganism’s predominantly lactic acid bacteria,
yeast, actinomycets, photosynthetic bacteria, nitrogen
fixers, phosphorus solublisers and fungi in
panchagavya.
Similarly, Humic acid is another organic component
obtained from humic substances, which is an intimate
part of the soil organic structure which is highly
effective in improving soil condition and plant growth
(Pettit, 2004). Humic matter is formed through the
biological and chemical humification of dead animal
and plant parts and through the biological actions of
microorganisms, having high molecular weight,
resistance to decay and ranging in color from yellow
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to black. Humic acid, which is used as a commercial
product normally contains, 6-8% H, 44-58% C, 0.54% N, 42-46% O and many other components
(Larcher, 2003). Humic acid may be utilized in
agriculture as a fertilizer, plant growth promoter,
nutrient carrier and soil conditioner (Bidegain et al.,
2000).
The aim and objective of our present study were to
investigate the integrated effect of foliar spraying of
organic inputs viz., panchagavya, kunapanjola and
humic acid along with inorganics on growth and yield
attributes and yield of maize.
MATERIALS AND METHODS
To investigate the integrated effect of foliar spraying
of panchagavya, kunapanjola and humic acid along
with inorganics, two field experiments were conducted
at experimental farm, Department of Agronomy,
Faculty of Agriculture, Annamalai University, Tamil
nadu, India for two seasons. The experimental fields
were clay loam and the pre sowing soil fertility status
recorded were low in available N, medium in available
P and high in available K and with a pH of 7.8.
Preparation of Panchagavya
Panchagavya solution was prepared adopting the
methodology described previously with minor
modification (Natarajan, 2007). Briefly, fresh cow
dung (7 Kg), cow ghee (1 Kg), fresh cow urine (10
liter), cow milk (3 liter), cow milk curd (2 liter),
jaggery (3 Kg) and ripened banana (2 Kg) were mixed
in an open plastic container. On the first day, 7 Kg
cow dung was mixed with 1 Kg cow ghee and kept
for 72 hours followed by addition of 10 liter cow urine
and 10 liter water. The mixture was stirred twice in a
day and allowed to ferment for 15 days. On the 18th
day, 3 Kg cow milk, 2 Kg cow curd, 3 Kg jaggery
and 2 Kg banana were added in the mixture and
allowed to ferment for further seven days while
stirring twice a day. The Panchagavya was ready
for use after a period of 25 days. When stirred twice
daily, the Panchagavya solution can be kept for six
months without any deterioration in its quality.
Whenever the solution becomes thick due to
evaporation of water over a long period, suitable
quantity of water was added to keep it in a liquid
state.
Preparation of Kunapajala
Kunapajala was prepared by following the procedures
outlined by Sarkar et al., (2014). It contained fish scale
waste 10Kg, grind sesame oil cake 4 kg, rice husk
4kg, molasses 4kg and fresh cow urine 30L. These
ingredients were taken in an 80L plastic pot, mixed
well and allowed to ferment aerobically in shade for
60 days, the preparation was sieved well with the
help of a fine cloth and stored for use.
3 liters of Panchagavya and Kunapajala filtrate was

diluted in 100 liters of water and sprayed according
to the treatment schedule at different growth stages
of maize crop.
Humic acid was obtained from Nachalur farmers
producers company, Nachalur, Karur D.T. Tamil nadu.
The experiments consists of 11 treatments comprising
of three different organic compounds Viz
Panchagavya , Kunapajala and humic acid applied
as foliar spraying at different stages of crop growth
along with recomended dose of fertilizers. The
experiment was laid out in Randomized Block design
and replicated thrice. The recommended dose of
ferilizersin tamil Nadu is 135 :62.5:50 kg of
N:P2O5:K2O / ha. Maize hybrid NK 6240 was used
as the test crop for both the seasons. Observations
on plant height, dry matter production , test weight,
grain and stover yields at harvest were recorded.
Data were analyzed separately for both years. All
the data on growth attributes and yield in the
experiments were statistically analysed as suggested
by Panse and Sukhatame (1978). The critical
differences were worked out at 5 % probability level.
RESULTS AND DISCUSSION
Growth parameters:
The plant height (table 1) was significantly increased
with application of full dose of nutrients along with
foliar spray of organic substances.
Among the treatments, application of 100 %
recommended dose of fertilizer along with three
sprays of three per cent panchagavya at 20, 40 and
60 DAS recorded the tallest plants of 204.9 and 213.5
cm during first and second seasons, respectively. This
was followed by treatment T11, T8 and T4 and they
were on par with each other. This might be due to
assimilation of nutrients through applied nutrient at
required time leads to tallest plants compared to all
other treatments. In addition to this, application of
RDF + panchagavya foliar spray increased the plant
height due to increase in protein synthesis and cell
regulators such as IAA, GA, etc.
The highest dry matter production was observed
under T5 (100 % RDF of NPK + Pancha-gavya spray
3 times @ 3 per cent concentration) at both the
seasons of the study. This treatment was found to be
significantly superior over the other treatments by
recording the highest dry matter production of 7822
and 8354 Kg ha-1 at harvest during two seasons
respectively. The least dry matter production of 4036
and 4389 Kg ha-1 at harvest was recorded under
absolute control (T1).
Yield components and yield:
The perusal of the data (Table 2) indicated that there
was no significant difference noticed in respect of
test weight of the grains in both the seasons as it is a
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genetic character.
The organic liquid manures are eco-friendly organic
preparations made from cow products and contain
macro nutrients, essential micro nutrients, many
vitamins, essential amino acids, growth promoting
substances like IAA, GA and beneficial
microorganisms. In the present study, higher growth,
and yield of crops are due to these factors which are
in confirmation with findings of Natarajan (2007). In
the present study grain and stover yields of maize
varied significantly due to foliar application of organic
fertilizers along with recommended dose of fertilizer
to that of absolute control.
The highest yield of maize is observed in the 100 %
RDF + spraying of 3 % Panchagavya at 20, 40 and
60 DAS. This might be due to adequate supply of
nutrients at different growth stages of the crop as
well as presence of growth regulators in
Panchagavya contributing to higher grain yield
(Sridhar et al., 2001 and Somasundaram et al., 2003).
The yield of any crop plants depends on the
assimilatory surface of the plant system. A sound
source in terms of plant height, LAI, Stem girth to
support and hold the leaves are logically able to
increase the dry matter and its distribution in different
parts is important for determination of total yield of
Table 1 Influence of foliar application of organic
supplements on growth and yield attributes in
hybrid Maize

the a crop. Next in order of higher corn yield was
recorded in treatment which receives foliar spraying
of humic acid at three different DAS along with
recomended dose of fertilizers.
The least corn yield and stover yield was recorded
under absolute control and this might be due to lack
of adequate supply of nutrients (nitrogen, phosphorus
and potassium) during the critical crop growth stages
which in turn affected the growth of the crop ultimately
reflecting on grain and stover yield.
CONCLUSION
Based on the study, application of 135:62.5:50 kg of
N: P2O5: K2O along with three sprays of three per
cent panchagavya at 20, 40 and 60 DAS recorded
the highest growth and yield parameters, grain and
strover yields in hybrid maize. It can be concluded
that application of higher dose of inorganic nutrients
(100 % RDF) along with 3 % Panchagavya improved
the growth attributes which ultimately reflected on
the yield of corn.
Use of these formulations in organic farming would
help framers to get higher yield and returns besides
improvement in soil physical, chemical and biological
properties. These formulations can be prepared
locally by resource poor farmers and improve soil
health, besides obtaining higher returns to the farmers
in rural areas.
Table 2 Influence of foliar application of organic
supplements on grain and stover in hybrid Maize
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ABSTRACT
Field investigation was conducted at Annamalai University Experimental
Farm, Annamalai Nagar to study the response of SRI rice to different
sources of organic manures. The field experiment was carried out in
randomized block design with three replications by using rice cultivar
ADT 36. Application of FYM @ 12.5 t ha-1 (T2) resulted in the lowest
values of the growth components of SRI rice. It may be inferred that
application of FYM @ 12.5 t ha-1 + Press mud @ 5 t ha-1 +
Panchakavya @ 3 per cent foliar spray + green manure@ 6.5 t ha-1
holds promise as an eco-friendly, economically suitable and viable organic
nutrient management system for SRI rice production together with
maintenance of soil fertility over a long period.

INTRODUCTION
Rice is World’s most important food crop and major
source of food for more than half of the World’s
population. In India, rice is cultivated over an a area
of 45 million ha with 100 million tons of production
annually (Agricultural Statistics, 2011). Asia accounts
for 90 per cent of the production and consumption. A
System of Rice Intensification (SRI) is a combination
of several agronomic practices including changes in
nursery management, age of seedling transplanted,
organic nutrient management, alternate drying and
wetting and mechanical weed management. This
system was first developed in Madagascar by Fr.
Henri de Laulanie and spread to many parts of the
world. SRI is an alternative to water intensive and
high chemical input practices. SRI paddy was
introduced for the benefit of all the farmers. The
modern inorganic method needs extra labour and a
lot of fertilizers. The interest of the farmers in
cultivating rice by using modern inorganic method has
decreased as large numbers of farmers was using
fertilizers and pesticides in the method of modern
inorganic paddy cultivation to increase the production
of rice. Farming with modern inorganic method is also
expensive using outside inputs. It was observed that,
farmers adopting modern inorganic method could
increase their production only by using expensive
inputs such as chemical fertilizers, pesticides and
hybrid seed. It is becoming increasingly difficult for
the community to afford these things. It is also known
that using chemicals is harmful to the environment, a
new method of growing rice is designed for increasing
rice production which can use the organic manures
in SRI cultivation.

MATERIALS AND METHODS
Field investigation was conducted at Annamalai
University Experimental Farm, Annamalai Nagar to
study the response of SRI rice to different sources
of organic manures. The soil of the experimental
site was clayey loam with pH 7.30, organic carbon
0.42(%), available N 228.00, P2O5 18.80 and K2O
319 kg / ha. The inorganic fertilizers were applied to
all plots at the rate of 128 kg N, 38 kg P2O5, 38 kg
K2 O ha-1 in the form of urea, di- ammonium
phosphate and MOP respectively. Nitrogen is applied
in four equal splits at basal, tillering, panicle initiation,
and at heading stage and half K2O at basal and
remaining K2O in equal split doses at tillering and
panicle initiation. Full dose of super phosphate is given
at basal along with N and K2O. As per the treatment
schedule FYM, pressmud and green manure were
applied basally before last ploughing at specified
rates. Foliar application of panchakavya @ three per
cent was taken up during different growth stages of
crop. The field experiment was conducted in
randomized block design with three replications. The
treatments comprised of 100 per cent recommended
dose of fertilizer (RDF) 120:38:38 kg NPK ha-1 (T1),
FYM @ 12.5 t ha-1 (T2), press mud @ 5 t ha-1 (T3),
panchakavya @ 3 per cent foliar spray (T4), green
manure @ 6.5 t ha-1 (T5), FYM @ 12.5 t ha-1 +
press mud @ 5 t ha-1 (T6), FYM @ 12.5 t ha-1 +
panchakavya @ 3 per cent foliar spray (T7), FYM
@ 12.5 t ha-1 + green manure@ 6.5 t ha-1 (T8),
press mud @ 5 t ha-1 + panchakavya @ 3 per cent
foliar spray (T9), press mud @ 5 t ha-1 + green
manure@ 6.5 t ha-1 (T10), panchakavya @ 3 per
cent foliar spray + green manure@ 6.5 t ha-1 (T11)
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and FYM @ 12.5 t ha-1 + press mud @ 5 t ha-1 +
panchakavya @ 3 per cent foliar spray + green
manure @ 6.5 t ha-1 (T12). The cultivar ADT 36
was sown with a spacing of 25x25 cm.
RESULTS AND DISCUSSION
All the treatments were found to significantly influence
the yield of rice. Application of FYM @ 12.5 t ha-1 +
Press mud @ 5 t ha-1 + Panchakavya @ 3 per cent
foliar spray + green manure@ 6.5 t ha-1 recorded
significantly higher values of various yield parameters
Viz., no. of tillers hill-1 ( 32.99 ), DMP ( 14.01 t ha-1
), No, of filled grains panicle -1 (96.88 ) and grain
yield ( 7.78 t ha-1 ) than the 100 per cent
recommended dose of fertilizer (RDF) 120:38:38 kg
NPK ha-1 . This is increase in yield is due to ready
supply of nutrients through organics in different crop
growth stage and slow release of all the nutrients
over a extended period of crop growth by organics.
Increase in yield attributes is also due to greater supply
of N with efficient utilization for cell multiplication

and enlargement, formation of nucleic acids and other
vitally important organic compounds in the cell sap.
These results are in accordance with the findings of
Senthil Kumar et al., (2010).The treatment
panchakavya @ 3 per cent foliar spray + green
manure@ 6.5 t ha-1 registered the grain yield (7.08
t ha -1) was next in order. The treatments press mud
@ 5 t ha-1 + green manure@ 6.5 t ha-1 and press
mud @ 5 t ha-1 + panchakavya @ 3 per cent foliar
spray were on par with each other. The treatment
FYM @ 12.5 t ha-1 (T2 ) recorded the lowest yield
attributes in SRI cultivation.
CONCLUSION
The present field investigation concluded that
application of FYM @ 12.5 t ha-1 + Press mud @ 5
t ha-1 + Panchakavya @ 3 per cent foliar spray +
green manure@ 6.5 t ha-1 can be recommended to
increase the yield of SRI rice as a nutrient
management strategy to get higher productivity and
profitability of SRI rice in Tamil Nadu.

Table 1. Effect of organic manures on yield of SRI rice
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ABSTRACT
India is one of the ‘mega bio diverse’ countries in the world due to its
innumerable genetic resources (GRs) and associated TK and a diverse
country in all senses. It has been well recognized that valuable and
productive biological resources are crucial for sustainable economic
development. Traditional knowledge accounts as a valuable attribute of
the indigenous and local communities that depend on it for their health,
livelihood general well being.
India constitutes a particular case study because it is richly endowed with
biodiversity. All the above, India is historical victim of bio piracy which
are readily depleting stock of GR. In order to fix the issues of bio piracy
India joined as party to CBD. In accordance, with CBD the Biodiversity
Act (BD) 2002 was enacted and subsequently the BD rules in 2004 and
also ratified Nagoya protocol in October 2014. India has enacted
biodiversity act much before Nagoya protocol came in to force. Now, the
Indian biodiversity act has to respond the legal obligations of the
Nagoya protocol with very specific issues such as, the ownership of
traditional knowledge and user country measures, designating check
points and dealing with PIC and MAT. However, India is in the path of
implementation of ABS principle in accordance with the Nagoya Protocol.
In this context the paper tries to look how far the Indian legislation is
going to address these issues.

INTRODUCTION
The issue of access to genetic resources and benefit
sharing is protracted subject before international
community. It is being negotiated from nearly half
decades on various issues particularly related to
misappropriation of genetic resources and associated
TK and also sharing of benefits arising from utilization
of resources to community who are the real holders
of such knowledge from time immemorial. In order
to fix issues of misappropriation CBD was formed in
1992. Even though the CBD got implemented but did
not prove itself to be effective in ensuring its major
objective of fair and equitable benefit sharing. While
recognizing the importance of the CBD, World Summit
on Sustainable Development in 2002 mandated in its
plan of action for an international regime for fair and
equitable benefit sharing is to be negotiated within
the framework of the CBD. Thus, in 2010, the Nagoya
Protocol on Access to Genetic Resources and the
Fair and Equitable Sharing of Benefits Arising from
their Utilization has been incorporated with to the
CBD not only for the operationalize of the third
objective of CBD on the benefit sharing but also for
the better implementation of art.15 and art.8j.

India constitutes a particular case study because it is
richly endowed with biodiversity. Since 1865 onwards
India had enjoyed a long history of legislation to
protect environment. Even after independence, she
has enacted a number of acts for the protection of
environment such as wildlife protection act and the
forest conservation act. But the existing measures
are not adequate to deal with issues of
misappropriation, access and benefit sharing and the
protection of traditional knowledge. In order to prevent
such exploitation, she became parties to the
international regime such as CBD and Nagoya
protocol. In this context the paper tries to look the
nature and scope of Nagoya protocol in general and
how far the Indian legislation has succeeded in the
implementation of obligation of Nagoya protocol in
particular
Objectives and scope of Nagoya Protocol
Interestingly, the explicit objective of the Nagoya
Protocol which is stated in Article 3 that the Protocol
shall apply to genetic resources within the scope of
Article 15 of the CBD, the benefits arising from the
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utilization of such resources, traditional knowledge
associated with genetic resources within the scope
of the CBD and to the benefits arising from the
utilization of such knowledge (Article 3,NP). However
Nagoya protocol is more concerned with utilization
of GR which is confined to research and development
of GR rather than the broad application given the
CBD. In short, the scope of the Nagoya Protocol is
confined to GRs covered under Article 15 of CBD,
associated TK and the benefits arising from their
utilization with the express exclusion of human genetic
resources(Prabha, 2011).
Ownership of TK
With regard to the ownership of the traditional
knowledge, art.8j has failed to establish such rights.
The art.8j of CBD has merely provided only a lip
service by usage of the word holders of such
knowledge, innovations and practices for the purpose
and approval involvement of including the equitable
benefit sharing of the benefits arising from the
utilization of such knowledge, innovations and
practices. Here the CBD used the term holders
instead owners and leave the question of who are
the actual beneficiaries of the protection for the
discretion of the sovereign states. In this context, the
Nagoya made interesting intervention from the flexible
situation of the CBD to decide the ownership issue
internally (Prabha,2011). For the protection of TK,
the protocol acknowledge the interrelationship
between GR and TK and their inseparable nature for
communities, the diverse circumstances in which it is
held or owned by the communities and their right to
identify the holders within their communities
(Gopalakrishnan,2014). As per art.7 made it clear that
access is with PIC or approval and involvement of
communities and mutually agreed terms have been
established (article 7, NP). However, the persuasion
for PIC from communities holding knowledge makes
it clear that the term hold means to own.
In accordance with this the Member States to
recognize the rights of the communities over the
resources as well as TK by making PIC from them a
mandatory requirement for access. Although in some
extent, the Protocol is directing the State to vest the
ownership of the resources as well as TK with the
communities when they have specific claims/ rights
over them. Thus the communities are also forming
part of the access framework and their participation
can also be ensured. The Protocol has succeeded in
establishing the rights of the communities and has
gone positively much beyond the general provisions
of the CBD.
Coming to the beneficiaries under the protocol,
art.5(5) make it clear that it is shared in a fair and
equitable way with indigenous and local communities
holding such knowledge. In case, TK is held by

communities, PIC and benefit sharing is solely with
the communities and need to recognize the diversity
of circumstances in which TK associated GR is held
or owned by indigenous and local communities. Once
again, it clarifies the ownership of TK is with relevant
communities by leaving term holder as mentioned in
CBD. This is further clarified by the other provisions
dealing with the implementation of obligations under
Nagoya. In addition this art.12 dealing with the
implementation of the access and benefit sharing
obligations mandates the countries to take care of
the customary laws, community protocols and
procedure applicable with respect to traditional
knowledge associated with GR. It is also their
obligation to support the communities to develop
community protocols for access and benefit sharing,
minimum requirements for MAT terms and model
contractual clauses for benefit sharing. Similarly art.13
dealing with national focal point and national
competent authorities created an obligation to identify
the communities competent to give PIC for access.
Art.14 dealing with the access and benefit sharing
clearing house and information sharing and art.16
dealing with compliance of domestic legislation on
access and benefit sharing of TK associated with
GR also refers to the communities reiterating their
ownership over their tk. A positive impact is that it
has gone a step forward in theoretically ensuring the
rights of the local and indigenous communities over
the resources and TK they hold by mandating PIC
from and benefit sharing with them(Prabha,2011).
Obligation of Provider Country
According to CBD, access to genetic resources and
associated TK shall be upon PIC from the Party
providing the resources unless otherwise determined
by that Party. Here the CBD has placed only the
minimum requirement when compared to Nagoya
protocol. The reason for the introduction of procedural
facilitation of access on provider countries was given
experiences with over- bureaucratic and intransparent
access(Kamu,Fedder&Winter,2010). So the Protocol
is imposing more specific obligations on provider
states for taking appropriate legislative, administrative
or policy measures with legal certainty, clarity and
transparency and the rules and procedures for access
should be fair and non-arbitrary rules and to provide
information how to apply for PIC(Nijar,2011).
Moreover, protocol is imposing obligation on provider
country to set out the criteria and processes for
obtaining the PIC, or the approval and involvement,
of indigenous and local communities for access to
genetic resources in accordance with domestic
legislation. It is also put obligation on provider countries
to establish clear rules and procedures for requiring
and establishing MAT(Kamu,Fedder,& Winter,2010).
Thus it is a CBD plus obligation as far as the providing
countries are concerned and the Protocol language
reverses the burden from the applicant to the provider
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country (Prabha,2011).
It is very interesting to note that protocol has
introduced provision for the establishment of national
focal points and competent national authorities on
provider countries.The focal point is obliged to make
information available on the procedures for obtaining
PIC and MAT for both genetic resources as well as
TK associated to these resources. The competent
authority also has the same function - providing
information on procedures and requirements for
obtaining PIC and MAT(Nijar,2011). However, there
is no corresponding requirement to the obligation or
responsibility of the competent authority in a user
country. However, it is quite interesting note that all
obligations are cast upon provider’s countries and not
the users.
Obligation on User Countries
As far as a user country is concerned, the obligations
in respect of the ABS process come in the form of
compliance measures in the Protocol. Most
importantly, the Nagoya Protocol demands
establishment of user measures, stating in article 15
that each Party is bound to take appropriate, effective
and proportionate measures to provide that the genetic
resources utilized within its jurisdiction are accessed
in accordance with PIC and that MAT have been
established as required by the domestic ABS legislation
or regulatory requirements of the other Party. These
are known as user country measures, or simply as
‘user measures’ (Nijar,2011). However, it does not
specify legislative, administrative and policy measures
upon user countries need to adopt, as long as they
are appropriate, effective and proportionate. It is
entirely in the discretion of user countries to decide
these.
Unfortunately, the user measures the Nagoya Protocol
refers to are not further defined. The Protocol applies
monitoring compliance on the utilization of genetic
resources through designation check points by each
party. Check point would require users to submit
information related to PIC, MAT as well as the source
and utilization of GR. Then this information is
submitted to relevant authorities, the provider party
and the ABS clearing- house mechanism
(Kamu,Fedder&Winter,2010). It is interesting note
that there is no obligation upon on users to inform
the secretariat or the clearing house of the designation
of the proposed checkpoint and there is no mandatory
obligation to disclose information at these checkpoints.
In the name of confiedenalitiy, there is no need to
supply the information received by the checkpoint to
national competent authority, clear house and the
country requiring PIC and MAT(Nijar,2011). In sharp
contrast to this, the compliance measures are featured
by ultimate freedom of the user countries in
determining the check points and their functions. With

respect to the development of an internationally
recognized certificate of compliance, explicit
reference is made to Article 6 (3) (e), which leaves
the responsibility for such certificate Party requiring
prior informed consent. As such, the Nagoya Protocol
does not shift the responsibility for benefit sharing to
the (developed) countries and parties that use plant
genetic resources from abroad, but leaves it to the
‘country of origin of such resources(Jonge,2013).
Despite above measures to monitor utilization of GR
but it is worth to mention that there is no explicit
monitoring mechanism for utilization of traditional
knowledge. This is a serious flaw as most cases of
bio piracy relate to the unlawful use of such TK. In
short, the negotiations had ended up with detailed
obligations on the developing countries regarding clear
and transparent procedures for access while there is
complete uncertainty and vagueness regarding the
obligations of the user countries to ensure compliance.
The implementation of Protocol in India
India was one of the leading developing countries to
push for a supplementing international regime on
access and benefit sharing to counteract the nonimplementation of their CBD obligations by developed
states. The trigger for this was a growing concern
regarding the lack of compliance with the Indian
bioprospecting laws by users of India’s biological
resources and associated traditional knowledge in
jurisdictions outside India. The representative of India,
speaking on behalf of the Group of Like-Minded Mega
diverse Countries (LMMCs), said that the Group
accorded high priority to the development of a legally
binding international regime on access and benefitsharing, a subject on which the LMMCs had very
recently adopted a ministerial declaration(UNEP/
CBD/WG-ABS/3/7: 4).
Right from inception of negotiation, India firmly stood
for States have sovereign rights over their own genetic
resources, and the authority to determine access to
genetic resources, their derivatives and associated
traditional knowledge rests with the national
governments and is subject to national
legislation(UNEP/CBD/ABS/7/INF/1:26).However,
India stated during the negotiations that subjecting
the regulation of TK to accord with domestic law
was to provide flexibility for countries to deal with
issues relating to TK especially in view of the diverse
ways TK is approached, in different countries. The
trigger for this was a growing concern
misappropriation of India’s biological resources and
associated traditional knowledge in jurisdictions
outside India. India said that regime should cover such
elements as the prior informed consent of the country
of origin, agreed terms between the country of origin
and user, mandatory disclosure by the country of origin
of biological material and associated traditional
knowledge, along with an undertaking of respect for
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its own laws and practices, and mandatory
consequences for failure to disclose the country of
origin. Many of the demands put forth by India did
not get adequate representation when protocol came
in text such as derivates, disclosure and publically
available TK. But India ratified the Nagoya Protocol
in October 2012. In India, the protocol came into
force of the NP in October 2014, the need of the
hours to proactively respond to obligations laid down
by the NP. India is in the path implementing specific
issues such as notifying user country measures,
designating check points, PIC and MAT at national
level.
Objective of Protocol and Biodiversity Act
The objectives of the Nagoya Protocol is to ensure
fair and equitable benefit sharing arising from the
utilization of genetic resources, access to and transfer
of technologies, recognizing the role of traditional
knowledge with informed participation of local and
indigenous communities in decision making
processes(Pisupati&Narayanan,2015).However, the
Preamble to the act clearly states that the act was
legislated to fulfill the objectives of conservation,
sustainable use and fair and equitable sharing of
benefits. But preamble of the act does not allude to
indigenous communities as conservers, protectors,
developers of the biological resources and the
associated knowledge, and nowhere mention about
informed participation of indigenous and local in
decision making processes as mentioned in the Nagoya
protocol. In this sense it makes a strategic departure
from the rubric of CBD and NAGOYA.
Scope of Protocol and Biodiversity Act
While look at scope of the protocol as well as CBD,
the instrument is applicable for genetic resources and
genetic resources associated traditional knowledge.
Nowhere in the act mentioned about what constitutes
traditional knowledge in Indian act. So the provisions
of the act are giving no focus on issues related
traditional knowledge. While the Act uses the term
“biological resources “which is in fact wider in its
scope and ambit This, in fact, has been widely debated
both in India and abroad in terms of the scope the
Act and the Protocol.
Article 5 of the Protocol dealing with the fair and
equitable sharing of benefits arising out of the
utilization of genetic resources with the provider
country and community concerned upon mutually
agreed terms (MAT),and to take appropriate
measures that could include legislative, administrative
or of policy. Benefits may include monetary and nonmonetary benefits. In correspondence to this Sections
21 of the Act address issues of fair and equitable
benefit sharing and contemplate both monetary and
non monetary benefits in accordance with the
Protocol. However, fair and equitable benefit as
determined by the NBA under section 21. As per

the act terms and conditions imposed for securing
equitable benefit sharing in accordance with MAT
and conditions between person applying for such
approval, local bodies concerned and benefit sharing.
However, there is no mechanism in the act for the
identification of benefit claimers. And there is no
obligations upon NBA would bind by the terms and
conditions of agreement with local bodies and the
benefit claimers. All the above, NBA has discretion
to dictate the terms and conditions for benefit sharing
as laid down in the section 19(3) and 20(3) of the act.
It can be seen that community would have no role
determining benefit sharing and all money will go back
to the national biodiversity fund. From this it can be
assumed that terms and conditions in the agreement
between benefit claimers and local bodies will not
take seriously. However, art.5 (5) the Protocol further
prescribes measures to be taken by the Parties for
benefits sharing with local and indigenous
communities is holding such knowledge. Here
protocol clarifies that they are relevant communities
upon which ownership of traditional knowledge is
vested. However, act has no express provision
regarding the vesting of ownership of biological
resources and TK associated with them.
Article 6 and 7 of the protocol mandates that Access
to traditional knowledge associated with genetic
resources should be with the PIC and involvement of
indigenous communities which has to be obtained
before anyone can access traditional knowledge or
genetic resources held by communities. However, the
BD Act, its text and subsequent implementation
unfortunately do not further the above principles. The
Section 41(2) of the Act suggests “consulting” the
Biodiversity Management Committees (BMCs) rather
than seeking consent (Narayanan& Pisupathi, 2015).
The term “consult” has a track record of eliciting
dubious connotations in India, as it has almost never
translated into prior informed discussions(Grain&
Kalpavriksh, 2008).It would be difficult to bring the
requirement of prior informed consent mandated
under the Protocol within the meaning of consulting.
From this it can be assumed that the state should
give PIC on the behalf of the communities because
most they lack capacity to grant PIC. In essence,
there is partial compliance of this in the Act with
regard to PIC AND MAT. So it can be assumed that
issues of traditional knowledge have not received
much attention in decision making and implementation
of the Act
Article 12 of the Protocol specifically deals with
traditional knowledge associated with genetic
resources. It obliges upon Parties to respect the
indigenous and local communities’ customary laws,
community protocols and procedures pertaining to
traditional knowledge associated with genetic
resources. The communities can use PIC, community
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protocols and customary laws to protect their
knowledge from the IPR regimes and bio-piracy.
However, all these provisions are subject to domestic
legislation. However the biodiversity act has no
mandate or provision for community protocol. In short
the act is more interested in making people biodiversity
register rather than implementation of community
protocol. Once the community protocol is
implemented, would be adversely affect state
sovereignty over natural resources interests. Better
way is battering the interest of the community for to
defend the interest of state.
The protocol mandates certain user country measures
upon parties even though they are provider countries.
As far as India is concerned also user of GR and
associated TK obtained from aboard. In India, there
are so many prospective users of genetic resources
and associated knowledge obtained from outside
jurisdiction for research, development and
commercialization. The main users of such knowledge
are academic and non academic as well as
commercial companies from various sections of
industry. Before and after the adoption of the NP,
India paid limited attention to its citizens and companies
using genetic resources from other countries. So there
is no provision with regard to the user country
measures under the Biological diversity Act. However
it would be to be difficult to make compliance to the
protocol a problem.
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Article 17 of the Nagoya Protocol mandates Parties
to the Protocol to designate one or more checkpoints
to deal with appropriate compliance measures.
Designated checkpoints would collect or receive, as
appropriate, relevant information related to prior
informed consent, to the source of the genetic
resource, to the establishment of mutually agreed
terms, and/or to the utilization of genetic resources.
In the current scenario, there are neither designated
checkpoints nor information shared regarding the ABS
contracts with relevant agencies. This is set to impact
the effective implementation of the Protocol in India.
CONCLUSION
India is one of the few countries that had ratified the
Nagoya protocol for the better implementation of
objectives of CBD. Even after the ratification of the
protocol, India has not positively to implement all the
aspect of protocol. In the current scenario, India’s
biodiversity regime is weak to carry forward the few
progressive clauses of the Protocol because of the
inconsistencies in the provisions of the Act and the
Rules. It is time to India has proactively thinks of
amending the act and rules in accordance with
protocol.
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ABSTRACT
India is a country which has been nurturing a tradition of over a period
of 5000 years. India is one of the 12th mega diversity countries in the
world. This rich diversity of the country is in trouble. One of the major
reason is the theft of biological resources by big multinational companies’
especially pharmaceutical companies which is often referred as “Bio
Piracy”. Bio-piracy refers to the process by which the rights of
indigenous communities to natural resources and traditional knowledge
are disturbed, often retracted and replaced by monopoly rights of those
who have exploited indigenous knowledge and biodiversity. As defined,
it is the [mis] appropriation of knowledge or genetic resources belonging
to a region, community or country is stolen or claimed as one’s own
mainly through the application of patents to these resources. There are
many such attempts where Indian traditional knowledge has been filed for
getting patent. Documenting and digitizing traditional knowledge is
suggested to be one of the effective means of preventing Bio-Piracy. In
India, considering this aspect, we have established a Traditional
Knowledge Digital Library (TKDL) in 2001 a collaborative project between
Council of Scientific and Industrial Research (CSIR), Ministry ofScience
and Technology and Department of AYUSH, Ministry of Health and
Family Welfare, and is being implemented at CSIR. This has been lauded
as a best approach to combat Bio-Piracy and India is one of the only
country to have an institutional mechanism of such kind. Nevertheless, it
is not free from criticism. There is a strong concern that whether it could
serve to facilitate Bio-Piracy rather than countering it. And how it
approaches the issue of Bio-Piracy. My attempt is to carve out
introduction of the mechanism and a look at its effectiveness in the
patent cases India fought to protect and conserve it rich, mega diversity.

INTRODUCTION
Compared to yester years today’s society is purely a
knowledge based society where social and economic
relationships are based on knowledge creation and its
dissemination. Knowledge based, value added product
development and its commercialization has become one
of the fastest economic activities in the world
(Pushpangadan and Nair, 2005). Biological resources
have a huge say in this context since the human kind is
always depended on biological resources, directly or
indirectly, for economic progress. Biologically rich
countries always generate immensely valuable knowledge
on the various uses of their resources and the application
of modern science and technology into that ancient
system of knowledge will result in generation of new
knowledge.

the mega biodiversity countries of the world. It is
estimated that there are almost 20,000 species of higher
plants out of which 9,000 is used for medicinal purposes.
With regard to living things, India accounts for 8% of
the recorded species of the world which includes millions
of races, subspecies and local variants of species (Kour
and Singh, 2016) The World Health Organization (WHO)
has estimated that the present demand for medicinal
plants in the world are US $ 14 billion per year and the
demand for it is increasing at the rate of 15 to 25%
annually (Mebrahtu et al.,2016).

In this context, India has a huge potential if it sustainably
utilizes the diversity it possess. As said, the importance
of this huge wealth of India today is unmatched and it
assumes significance with the technological development
INDIA, which has a tradition of more than 5000 plus in the area of both pharmaceuticals and biotechnology
years, is very rich and diverse in biodiversity. It is one of and also with the private property rights attached to the
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new knowledge. Even though we took pain in nurturing
and nourishing these resources, we always considered
it as something to be commonly owned, to be cared and
shared by all and never to be commoditized or propertied
as we see today. Now, with propertization of new
knowledge what happens is that the countries who
possess technological capabilities are extracting the
traditional knowledge we have and making use of this
knowledge and getting protection under the intellectual
property regime.
Traditional Knowledge Digital Library (TKDL)
TKDL, like many others in diverse fields, pioneer
initiative of India to prevent misappropriation of country’s
vast traditional knowledge especially medicinal
knowledge. This was a targeted and object oriented
strategic move by India due to the then evolving crisis
of taking monopoly rights over the publicly available
knowledge. Two incidents can be cited as the trigger
for this move.
One is the Turmeric case (Curcuma longa Linn);
turmeric is used as a spice for flavouring cooking from
time immemorial and it also has wound healing properties
and we are using it in our traditional medicinal practices
or in our day today life. In 1995 US granted a patent on
use of turmeric in wound healing. Upon knowing this,
CSIR has objected to it, citing a documentary evidence,
including an ancient Sanskrit text and a paper published
in 1953 in the Journal of Indian Medical Association.
The USPTO cancelled the patent based on our
arguments.
The extract of neem (Azadirachta indica) has been
used for hundreds of years by Indians against pests and
fungal diseases that attack food crops. The oil extracted
from its seeds can be used to cure cold and flu; and
mixed in soap, it provides relief from malaria, skin
diseases and even meningitis. In 1994, European Patent
Office (EPO) granted a patent (EPO patent No.436257)
to the US Corporation W.R. Grace Company and US
Department of Agriculture for a method for controlling
fungi on plants by the aid of hydrophobic extracted Neem
oil. In 1995, a group of international NGOs and
representatives of Indian farmers filed legal opposition
against the patent. They submitted evidence that the
fungicidal effect of extracts of Neem seeds had been
known and used for centuries in Indian agriculture to
protect crops, and therefore, was unpatentable. In 1999,
the EPO determined that according to the evidence all
features of the present claim were disclosed to the public
prior to the patent application and the patent was not
considered to involve an inventive step. The patent
granted on was Neem was revoked by the EPO in May
2000. EPO, in March 2006, rejected the challenge made
in 2001 by the USDA and the chemicals multinational,
W. R. Grace to the EPO’s previous decision to cancel
their patent on the fungicidal properties of the seeds
extracted from the neem tree (Mangala)

There are similar examples of different knowledge being
appropriated by companies with a high technological
capability (Bhutani, 2012).
Traditional knowledge can be protected mainly in two
ways; positive protection and defensive protection.
Granting positive protection involves numerous
challenges, the most prominent is creating an international
consensus on the issue due to the diverse economic
aspirations of the different players in the field. Another
is defensive protection that is, take measure that make
it impossible or make it difficult for anybody who is
interested in propertizing it when the property right is
conferred on the basis of novelty of the information.
Patent is an intellectual property right conferred on new
knowledge. It works mainly on three principles; novelty,
inventive step and capable of industrial application as
defined in the Patents Act. So, the existence of prior art
is very determinative in getting patent protection and
there is no clarity, internationally, on the role of oral and
undocumented knowledge as constituting prior art or
absolving novelty. In India, this has already been got
into the patent law when it stipulates that “an invention
which is in effect, is traditional knowledge or which is
an aggregation or duplication of known properties of
traditionally known component or components. Further,
the definition of new invention also bars a knowledge
which is anticipated by publication in any document or
used in the country or elsewhere. So, both documentary
and oral information is covered here. But this might not
be the case with other jurisdictions due to the absence
of an international definition for the term ‘novelty’.
Apart from the conceptual clarity of the term ‘novelty’,
its practical application is also equally determinative.
Among practical difficulties, the linguistic barriers
constitute a prominent one. Most of the traditional
knowledge is oral in nature and if it is available, it is a
vernacular language or a traditional language for which
is not in use currently. So the patent examiner faces the
practical problem of digging the information and
understanding and applying it in a context.
TKDL has overturned this barrier by scientifically
converting and structuring the available contents (till date
0.29 million medicinal formulations) of the ancient texts
on Indian Systems of Medicines i.e. Ayurveda, Siddha,
Unani and Yoga, into five international languages, namely,
English, Japanese, French, German and Spanish, with
the help of information technology tools. Further in order
to make it more search friendly it has devised in an
innovative classification system called Traditional
Knowledge Resource Classification (TKRC).For a
better application of the database, it has structured and
classified the Indian Traditional Medicine System in
approximately 25,000 subgroups for Ayurveda, Unani,
Siddha and Yoga. TKRC has enabled incorporation of
about 200 sub-groups under A61K 36/00 in International
Patent Classification instead of few sub-groups earlier
available on medicinal plants under A61K 35/00. So it
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makes the job of examiner easy and it enhances the
quality of search and examination of prior-art with
respect to patent applications field in the area of traditional
knowledge.
The specification goes like this; 359 books of Indian
Systems of Medicine, which are available at a cost of
approx US$ 1000, in open domain and can be sourced
by any individual/organization at national/international
level,premier technology which has created a unique
mechanism for a Sanskrit verse to be read in languages
like German, Japanese, English, Spanish and French by
an examiner at any International Patent Office on his
computer screen.
At present, as per the approval of Cabinet Committee
on Economic Affairs, access of TKDL is available to
nine International Patent Offices (European Patent
Office, United State Patent & Trademark Office, Japan
Patent Office, United Kingdom Patent Office, Canadian
Intellectual Property Office, German Patent Office,
Intellectual Property Australia, Indian Patent Office and
Chile Patent Office), under TKDL Access (Nondisclosure) Agreement. Negotiations are under way to
conclude the Access Agreement with Intellectual
Property Office of Russia and Malaysia. As per the
terms and conditions of the Access agreement,
examiners of patent office can utilize TKDL for search
and examination purposes only and cannot reveal the
contents of TKDL to any third party unless it is necessary
for the purpose of citation (Bhange and Bhatambre,
2016).
In general, we may say that TKDL is designed to
translate and make available and accessible, the local
and previously inaccessible information buried in the
Indian cultural and oral tradition.
Criticisms
Irrespective of the huge scope it has, it has attracted
several criticisms on several fronts. Challenges to the
validity of the defensive protection in the absence of
positive protection, the access policy of TKDL etc. are
some of them. One of the important criticisms is its
effectiveness as a tool in curbing bio-piracy.
The most important outcome of the documentation
process is the exposition of hitherto unknown knowledge
or knowledge which is known to a closed circle. This
has a beautiful purpose of preventing misappropriation
in the form of getting patent but is a double edged sword,
if not handled properly, it is capable of backfiring
(Oguamanam, 2009). Once it is in public domain and
without a positive protection, anybody can appropriate
it and get away with a patent if they could fulfill the
patentability criteria. The technologically developed
countries are capable of doing this and this is a context
of documentation backfiring.Critics often argue that the
technologically developed countries have been looking
for navigating through the country’s vast ocean of ancient

literature on indigenous herbs and their uses and now,
with this we themselves are offering it (Devraj, 2002).
Further, it is stated that the success of this as an effective
mechanism depends on the skills of the patent examiner
to interpret the TKDL entries vis- a -vis the relevant
patent applications (Bhutani, 2012). So, the existence of
TKDL itself is not going to take care of the issue.
TKDL did not necessarily stop a patent application related
to the traditional use of a plant. It may instead improve
the quality of the claims over the invention and produce
a stronger patent (Drahos, 2014). It states that a person
skilled in the art seeing the description of knowledge in
TKDL is able to make some deceptive changes and
could get a patent. So there are apprehensions about
the feasibility of TKDL being a defensive protection
against bio-piracy. There are studies on this aspect of
inter alia the effect of TKDL on composition of Indian
herbal patent filings called ‘mixed patents’ which
concludes that there is an upward shift in these filings
which again intensifying our worries on use of TKDL
very strategically (Choudhury and Khanna, 2015).
CONCLUSION
In spite of these criticisms or rather cautioning the
documentation of TK, it nevertheless admits the range
of usefulness it has against a form of misappropriation
by creating a private property right over known
knowledge. But one should keep a constant watch of
the use of the information contained in the TKDL and
especially, the so called, mixed patents.
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ABSTRACT
Urbanizing Chennai as one of the mega metropolitan city has resulted in
habitat loss which has ultimately led to the decline on insect diversity.
Adayar wetland eco restoration park is one of the conservative
establishing park which holds tropical dense ever green forest (CRST,
2012). Butterflies are good pollinators, prey for predators and sensitive
insects reacting to changes in habitat quality and environmental
variation. The objective of the present study was to analyze the presence
of butterflies and their host plants in Adayar wetland eco restoration
park. A detail study on butterflies was recorded for a season (summer).
Line transects method was applied to study the diversity from February
2016 to July 2016. A total of 68 species belonging to five families were
recorded from the survey area. The highest number of species was
documented in family Lycaenidae 26.5% (18 species), Nymphalidae 25%
(17 species), Pieridae 20.6% (14 species), Hesperiidae 14.7% (10 species)
and Papilionidae 13.2% (9 species), The observed butterflies were
categorized as Common (55%), Rare (32%) and Very rare (13%). The
status and persistence of butterfly species in urban land maintains a
healthy ecosystem. Study on host plant specificity helps in conserving
the plantations and habitat and this leads in recreating the lost
vegetation in urban land. Among 68 species six species of butterflies are
listed as schedule species under Indian Wildlife (Protection) Act 1972.

INTRODUCTION
In recent decade natural calamity in well developed
cities are glimpsing frequently due to growing
urbanization combined with carbon emission and
global warming. Chennai one of the urbanized mega
metropolitan city is facing a bigger climate change.
Growing population has ultimately ruined the green
cover to apartments and building. This has not only
ended with landscape changes, climate changes but
also losing of native flora and fauna. The total green
cover of the city recorded in 2011 was only 6.25%
(State planning commission, 2013). Extreme
landscape change from plantations to apartments and
industries are slowly chocking the survival of
butterflies in Chennai. A small patch of flora holds as
an oasis for the butterfly community to survive.
Adayar wetland eco restoration is one of the urban
forest area with healthy vegetation and earns a home
for many flora and fauna. It covers a total area of 58
acres, and over 200 indigenous species of plants and
a total of 159 animal species are present. Butterflies

form a very important component of biodiversity being
good pollinators. They are sensitive insects which
react quickly to any kind of disturbance like changes
in the habitat quality, environmental variation. Notably
these beautiful insects are slowly disappeared due to
changes in land pattern and habitat as they are closely
dependent on plants (Pollard, 1990 and Blair, 1999).
They also maintain the ecosystem by being prey to
other predators, transferring pollens and increasing
the rate the plant diversity. The present study is
monitoring the status of butterflies and its host plants
in urban forest patch Adayar wetland eco restoration
park. The study was done for a one period of summer
(Feb 2016 to July 2016).
MATERIALS AND METHODOLOGY
Study site
Adayar poonga is a undergoing project to restore the
estuarine wetland ecosystem. The park’s ecosystem
consists of tropical dense ever green forest. The park
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covers a total area of 58 acres with geographical
coordinates 13.0196° N, 80.2638° E. The park consist
of 200 indigenous species of plants, predominantly
comprising trees and shrubs that have thick dark green
foliage throughout the year, with over 160 woody
species,. Being a brackish water ecosystem seven
different varieties of mangroves was planted. The
park has recorded 100 species of birds, 56 species of
butterflies, 20 species of dragonflies, 25 species of
reptiles, 30 different species of fishes (CRST, 2012).
At every site 100m long and 5m width line transect
was laid. In 30min each transects was covered. Five
transects was laid. The survey duration was from
February 2016 to July 2016. Data were collected from
9am to 2pm and 3pm to 5pm once a week. The
butterflies were photographed and unknown species
were captured using mesh net their morphology details
were noted photographed (Kodak Z1012 IS and Nikon
5600 DSLR) and identified by experts. Field guide
“The book of Indian Butterflies” by Isaac Kehimkar
(2013) was used as standard manual for reference.
RESULTS AND DISCUSSION
The study area recorded 5 families of butterflies
Hesperiidae, Lycaenidae, Nymphalidae, Pieridae , and
Papilionidae. The highest percentage of family
observed during the study period was Lycaenidae
26.5% (18 species), followed by Nymphalidae 25%
(17 species), Pieridae 20.6% (14 species),
Hesperiidae 14.7% (10 species) and Papilionidae
13.2% (9 species). The species were rated as
common rare and very rare based on their presence.
Presence of common species was higher (55%) than
Rare (32%) and Very rare (13%). Ten host plant
species has been identified.

Table.2.Family Papilionidae recorded from the study site.

Papilonidae was the least recorded family in which
two rare and very rare species was recorded.
Common Mormon is all time species which is present
throughout the year (Table 2).
Table.3. Family Pieridae recorded from the study site

Table.1. Family Hesperiidae recorded from the study site.

Ten species of hesperiidae was recorded from the
study area (Table.1). Two rare species and two very
rare species were observed. White banded awl is
the first record sighted in Adayar wetland eco
restoration park.

Seven common species, five rare species and two
very rare species was recorded from Pieridae family
(Table.3).
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Table.4. Family Lycaenidae recorded from the study site

Lycanidae family (Table.4) has recorded the
maximum number of species among the other
butterfly families. In the family 8 common species, 7
rare species and 3 very rare species was noted. In
cerulean group both dry and wet form was observed.
Lime blue was observed throughout the study period.
CONCLUSION
The goal of the study is to document the present status
of butterfly diversity in existing urban forest patch
(Adayar wetland eco restoration park) in Chennai.
In 2012 53 species of butterflies were recorded
(CRST, 2012). The study from February 2016 to July
2016 has recorded a total of 68 species, in which six
species (Crimson rose, Danaid Eggfly, Common
albatross, Common crow, Gram blue and Pea blue
are scheduled species under the Indian Wildlife

Table.5. Family Nymphalidae recorded from the
study site

Nymphalidae family represents 11 common species
and 5 rare species (Table 5). Compared to other
family common species are recorded highest in
Nympalidae. Very rare species was nil. Host plant
specificity helps in conserving the plantations and
habitat which leads in recreating the lost vegetation
in urban land. Host plant list from the study site (Table
6). For 23 species of butterflies 10 species of host
plant was recorded. Marsh barbel plant hosted
maximum number of butterflies (5), where Malabar
almond, Indian mallow, Coconut, Glycosmis sp and
Yellow alder hosted single species.
Protection Act 1972. The study underlies the
importance of insect plant relationship which helps in
maintain the ecosystem. By this base line study dump
yard areas can be converted into green parks. More
greenery results in more diversity of butterflies and
other fauna and flora which in turn will enhance a
healthy environment in big cities.
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Table.6. Common host plant list recorded from study
site
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ABSTRACT
The coastal Mumbai is known for its rich biodiversity embracing habitats
like mangroves, creeks, rivers, seaweed beds, mudflats and diverse
intertidal area. Phylum Mollusca is one of the significant animal phyla
supporting the coastal biodiversity of Mumbai, however, interrupted by
various anthropogenic activities including coastal development, sewage
disposal, pollution, tourism, indiscriminate fishing and thus summon for
the regular monitoring of the diversity. The habit of shell collection paved
way to the exploratory survey along eleven recreational beaches viz.
Uttam, Gorai, Manori, Aksa, Madh, Versova, Juhu, Bandstand, Dadar,
Girgaon and Uran of the Mumbai coast. Molluscan diversity assessments
were carried out between November 2015 – 2016. A total of 103 Molluscan
species were recorded along the beaches of Mumbai with the dominance
of class Gastropoda. The species diversity pattern observed among the
beaches studied demonstrated a great variation with the nature of
intertidal area (rocky, sandy and muddy). In this paper, we have
documented a detailed account on molluscan diversity of each
recreational beach and the threats associated.

INTRODUCTION
Molluscs are the asset of the animal phylum, known
for their affluent diversity with an estimated species
of around 45,000 to 50,000 occurring in the marine
environment and occupies the second position in total
number of species on earth (MolluscaBase, 2016).
India bestows 6.3% to the global molluscan diversity
with about 3271 molluscan species exclusively
occurring in the marine environment (Subba Rao,
1991). Intertidal areas are the prime habitat for
molluscs when it comes to high tidal amplitude coastal
zones of India. Though molluscan diversity of west
coast is considered to be poorly explored, the Mumbai
coast is extensively studied since 1890s. Among them,
notable studies were; Melvill and Abercrombie (1892),
Hornell (1949), Subrahmanyam et al. (1952), Bhatt
(1959), Jaiswar (1999), Datta et al. (2010), Joshi et
al. (2013) and Singh (2014). Melvill and Abercrombie
(1892) and Hornell (1949), recorded about 320 and
424 molluscan species respectively, from the Mumbai
coast. Thereafter, no other comprehensive work has
been done so far along the coast since rest of the
works remained restricted to specific sites.
Mumbai city was extended thrice of its original
structure, after the independence, mainly by urban

agglomeration and industrialization. The city’s existing
recreational beaches were not able to cope up with
the growing population. This resulted in the formation
of new beaches and seafront structures for
recreational activities along the accessible intertidal
areas without any biodiversity considerations. On the
other hand, the knowledge on biodiversity of
concerned areas was restricted to very few which
hinders the better management of the coast.
Without any documentation, molluscan diversity of
the coast is struggling to survive, since the city and
these sessile animals are highly vulnerable to various
anthropogenic and climate-related risks (Patankar et
al., 2010). It was evident from the devastating events
like Mumbai floods (2005), oil spill (2010), and ONGC
oil pipeline leakage (2013) along the Mumbai coast.
Presently, Mumbai coast is facing a scourge from
the intertidal area inundation by the sea level rise
(Nayak et al., 2013). The combination of both
anthropogenic and natural factors started altering the
intertidal habitat, synergistically. Hence, monitoring
molluscan diversity is indeed a need of hour to manage
the ecosystem from climate change induced threats.
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The results from the preliminary survey will add on
baseline information to the existing coastal biodiversity
of Mumbai for its better management.
MATERIALS AND METHODS
Mumbai city lies between latitude - 18º 53' N and
longitude - 72º 50' E and is blessed with the various
sensitive ecosystems like mangroves, mud flats,
estuaries, creeks, seaweed beds, salt marshes and
different type beaches. The curiosity of visiting
beaches as a tourist ultimately took us to this
exploratory survey which met our enthusiasm over
shell collection.
In the present study, recreationally important beaches
along the Mumbai coast viz. Uttan-UTT, Gorai-GOR,
Manori-MAN, Aksa-AKS, Madh-MAD, VersovaVER, Juhu-JUH, Bandstand-BAN, Dadar-DAD,
Girgaon-GIR, and Uran-URA were surveyed during
Nov 2015 – Nov 2016 (Fig.1). Each beach was
visited at least 2-3 times wherein live molluscan
specimens were observed in the field and their images
were captured for taxonomic identification. Utmost
care was given, not to disturb the biota during our
survey. However, empty shells of some uncommon
specimens were collected for their identification up
to species level using the standard keys of Apte
(2014), Subba Rao (2003), Subrahmanyam et al.
(1949, 1951 and 1952) and Fernando and Fernando
(2002), with the help also rendered from molluscan
experts and available online resources.
RESULTS
A total of 103 species belonging to 80 genera under
49 families comprising of 69 gastropods and 34
bivalves were recorded. Among the listed species,
59% was recorded in live condition while the
remaining was observed as an empty shell.
DIVERSITY OF GASTROPODS
Gastropods contributed a maximum of 67% to the
total molluscan diversity with the highest in Versova
and Bandstand beach (31 species) and the lowest in
Gorai beach (9 species). Dominant family was
Muricidae with 13 species followed by Neritidae and
Nassaridae with 6 species each (Table 1). Commonly
observed species during the field study were
Nassarius stolatus, Pirenella cingulata, Gyrineum
natator and Umbonium vestiarium.
Diversity of Bivalves
A total number of bivalve species reported in the study
were 34 species (28 genera) under 15 families. The
highest species diversity was reported in the Girgaon
beach (18 species) followed by Versova and Dadar
beach (14 species) while the lowest was from Manori
beach (2 species) (Table 1). Species from the families
like Veneridae and Arcidae dominates the group with
11 and 4 species, respectively. The commonly
occurring commercially important species were

Gefrarium divaricatum, Meretrix meretrix,
Saccostrea cucullata, Tegillarca granosa, Perna
viridis, Protapes gallus and Paratapes textilis.
Empty shell of Placuna placenta, a scheduled species
(IV) listed in Wild Life Protection Act, 1972 was
observed plenty at Girgaon and Dadar beach.
DISCUSSION
The number of species (103) recorded in the present
study were lower than the previous reports of Hornell
(1949), Melvill and Abercrombie (1892) and
Subrahmanyam et al. (1952). This could be attributed
to the difference in the area surveyed, intensity and
nature of shell collection (live/empty). This study is
an outcome of our regular beach visit as a tourist;
hence we could only be able to collect specimens
from different sandy and rocky beaches of the coast.
But the earlier mentioned studies were carried out in
various different habitats like estuaries, bays, mudflats
etc. Some of the studies considered only the live
specimens pertaining to the particular locality.
However, in the present study, live as well as washed
out empty shells were taken into account.
Among the listed species, surprisingly, we could only
able to sort out 19 of 23 species of gastropods and 10
of 24 species of bivalves which have been mentioned
typical to the Mumbai coast by Melvill and
Abercrombie (1892). The distribution of gastropods
and bivalves were mainly determined by the
environmental characteristics like nature of the habitat,
local water quality and wave action etc. The major
threats to the molluscan faunal diversity along the
Mumbai coast are as follows:
THREATS
1.Coastal Development and Erosion
Increasing population along the coastal area calls for
the developmental activities in terms of establishing
various infrastructure facilities. During the year 2016,
a total of 314 sea-front projects, including the
proposed 33.5 km distance Mumbai coastal road
project, were proposed and waiting for approval of
Maharashtra Coastal Zone Management Authority
(MCZMA) (Phadke, 2016). These developmental
activities are considered as a threat to the survival
and recruitment of the molluscan fauna since it affects
the mangrove nursery grounds. About 60% of
Maharashtra’s coastline was reported to be eroded
by various natural, anthropogenic and climate change
factors and this might lead to the benthic habitat
alteration (Rajawat et al., 2015).
2.Disposal of sewage
The Mumbai city generates as much as 2640 MLD
of sewage in which 1500 MLD is treated and
releasing in to the Arabian Sea from seven service
stations viz. Malad, Marve, and Thane creeks and
Erangal, Bandra and Worli outfalls (MCGM, 2010).
Waste water released from the nearby housings along
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the coast also contributes immensely in deteriorating
the beach water quality and sediment characteristics,
thus in turn, affects the bottom-dwelling organisms in
many regions. Dadar, Versova, and Juhu region are
solely affected by the sewage disposal (Sawant and
Bhave, 2014).

to the intertidal organism by tourist ranging from
habitat destruction, feeding and reproductive
disturbances, and live animal killing in some places.
The wastes generated by tourists constitute mainly
plastic garbage and the subsequent beach cleaning
process affects the life processes of molluscan fauna.

3.Pollution
Other than sewage disposal, coastal Mumbai is
exposed to various threats like industrial effluent
discharge, oil spills, solid waste dumping and plastic
accumulation in many beaches. Comparatively, the
poor quality of coastal water than the offshore water
indicates the prevailing stress along the coastal
beaches (Ingole and Kadam, 2003). The generated
solid waste quantity of the Mumbai Metropolitan
Region is 7500 tonnes per day dumped along the creek
side dumping ground viz., Gorai (presently closed),
Deonar, and Mulund. Leachate originating from the
dumping ground are released into the creek without
any treatment which thereby alters the coastal
biodiversity (Joshi et al., 2013, Murthy et al., 2001).

5.Indiscriminate fishing
The major challenge faced by the Indian fisheries
sector called ‘overexploitation’ also threatens the
Mumbai coast. The collection of bivalves and
gastropods were carried out by the locals for food
along the beaches of Aksa, Bandstand and Girgaon,
till date without any regulation, as reported by Datta
et al. (2010). Once, Mumbai coast is well known for
its molluscan fishery, however, the trend has been
changing nowadays. Therefore, regulation in the
fishery is required for a better management via
fishermen welfare society as suggested by Sundaram
and Deshmukh (2011).

4.Tourism
Being the second top most state in tourism,
Maharashtra received as much as 0.16 billion of
domestic and international tourists during the year
2014-15 and 40% of them were recreation visitors
(MTDCL, 2015). Mumbai city attracts huge local and
international tourists to all the beaches along the coast.
Juhu, Girgaon chowpatty, Bandstand, Aksa, and Madh
island were few of them. The disturbances caused

CONCLUSION
Irrespective of stresses associated with the coastal
area, molluscs contribute immensely to the
biodiversity. Besides that, it is very clear that the
originality of the coast is degrading day by day.
However, compromising in biodiversity ultimately
results in the depletion of our nation’s wealth.
Therefore, it is the right time for promoting the
management strategies to address these necessary
issues with the participation of local and scientific
community.

Fig. 1: Recreational beaches along the Mumbai coast
Uttam (UTT), Gorai (GOR), Manori (MAN), Aksa (AKS), Madh (MAD), Versova (VER), Juhu (JUH),
Bandstand (BAN), Dadar (DAD), Girgaon (GIR) and Uran (URN)
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Table 1: Molluscan diversity of recreational beaches along the Mumbai coast
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ABSTRACT
The present investigation on conservation and management issues of
Anandan Victoria MarthandaVarman Canal (AVM canal) pertains to the
environmental and biodiversity characteristics of selected areas of canal
impacted by anthropologic activities and need for renovation of this manmade heritage canal. Physico-chemical parameters of water were studied
along with plankton and nekton using standard methods and the results
obtained are presented. The study revealed that the discharge of
pollutants into the canal results into deterioration of hydro- biological
parameters of the system due to the toxic effect of pollutants on the
growth of various plankton and nektonic organisms and cause oxygen
depletion. The present study helps to preserve the fauna and flora of
AVM canal area which are now facing danger of extinction due to
changes in the land use. The present study shows that improvement of
canal definitely reduces the traffic congestion prevailing in the coastal
area. The restoration of canal should increase demand for ecotourism;
accommodation and hospitality; ancillary businesses and new housing
provision; increases economic activity in the canal corridor area;
additional receipts to the public exchequer, in relation to income tax from
additional employment; VAT payments on goods and services and
increases revenues for local bodies and state government.

INTRODUCTION
The coast of India is endowed with extensive areas
of estuaries, brackish water lagoons, canals,
mangroves, coral reefs and sea-grass beds which are
rich in species abundance. Hence, they have great
ecological, social and economic significance and are
important for marine fisheries, serving as nurseries
for many species of finfish and shellfish. Estuaries
and associated canals are a focal point for the full
range of human activities. Man has settled near to
the coastline and has used estuaries, canals and rivers
as a transport artery to inland areas. Inland
waterways played an important role in the transport
system of India up to the middle of the nineteenth
century. Since then an account of the various factors
including the development of railways and withdrawals
of large amounts o f water for irrigation in the upper
reaches of rivers, water transport has been steadily
declining. The Anandan Victoria Marthanda Varman
Canal is one of the important water transport canal
project implemented during period of Travancore
dynasty. This canal united the coastal areas of
Kalkulam and Vilavancode taluks of Kanyakumari
district with Kerala state. After Independence, the
disuse and decline of the AVM canal was rapid with

encroachments and lack of maintenance. Many
proposals were submitted to the Government of
Tamilnadu and Kerala to restore the original condition
of the canal. Administrative sanction for water
resources consolidation project for a total amount of
Rs.807.46 crores has been accorded by the
Government of Tamilnadu in G.O. MS No. 766PW
(WR) D dated 22.09.1995 (Sureshkumar, 2008).
However, nothing concrete has come out of this so
far. This investigation pertains to the environmental
and biodiversity characteristics of selected areas of
AVM canal impacted by anthropogenic activities and
need for renovation of this man-made heritage canal
for future generation.
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Description of the study area
The famous Anandan Victoria Marthanda Varman
Canal, (A.V.M canal) in short, is one of the canal
which connects 20 places in
Kanyakumari and
some places of business interest in Kerala state
through water way (8019’3’E7704’17"E). It was
planned during 1860 by then Travancore Maharaja,
Marthandan. The A.V.M. canal started at North
Paravoor in Ernakulam district of Kerala and passes
through Poovar Pozhiyoor, Kollencode, Neerodi,
Marthandamthurai, Vallavilai, Erayummanthurai,
Chinnathurai, Thoothoor, Enayam, Thengapattanam
at Vilavancode Taluk; Colachel and Mondaikad at
Kalkulam taluk and finally connected with Manakudy
in Kanyakumari district. It was named after
combining his family God Anantha Padmanaban,
British Queen Victoria and his own name
Marthandan. The canal was used for various
purposes like transporting paddy to Trivandrum which
was the capital of the Travancore and to transport
salt from Manakudy salt pan of Kanyakumari. From
Kerala also coir and other available products were
transported to the coastal areas at Kalkulam and
Vilavancode of Kanyakumari district. Other than
the commercial purposes, people used the canal way
for domestic and bathing needs.
Present status of the AVM Canal
The canal, extending between Poovaru to
Mondaicaduputhur, is now in a dilapidated condition.
The bank of the canal is used by the local people for
plantation of coconut trees and retting of coconut husk
to prepare coir. The retting activities in the water
bodies for the production of coir has led to the
extensive pollution and large scale depletion of fauna
and flora causing unprecedented anxiety in the fishery
sector. As a result, the canal nearly 135 years after
its formations is highly in deplorable condition. The
entire population of the coastal villages, who are fully
dependent on this canal, use these polluted water for
their domestic purpose and thereby the people are at
risk of epidemics and other possible ill health due to
the polluted environment. The residence of
Kanyakumari district has urged the Tamilnadu
government to take steps to renovate and save the
Ananthan Victoria Marthanda Varman canal to stop
the seepage of seawater into drinking water facilities
in the coastal areas of the district.
A very few studies were carried out on water quality
of AVM canal in the Tamilnadu region. Perumal
et.al. (2012) studied the water quality of AVM canal
from Colachel to Manavalakurichi of Kanyakumari
district and found that the discharge of pollutants into
water resources results into deterioration of physical,
chemical, and biological qualities of water. The
pollutants has toxic effect on the growth of planktonic
and nectonic organisms and cause oxygen depletion.
Betsy bai and Jinisha (2014) observed that the main

cause of deterioration in water quality of AVM canal
was due to the lack of proper sanitation, unprotected
canal sites, high anthropogenic activities, and
discharge of domestic effluents and intrusion of sea
water.
MATERIALS AND METHODS
Hydrobiology of AVM canal
Three stations selected for the present study in the
AVM canal run through a distance of about 8 Km.
parallel to the coast between Eramenthurai (
Kanyakumari
district)
and
Poovar
(Thiruvananthapuram district) (Fig. 1). The river
Thamiraparani connects with the canal at
Eramenthurai where as the river Neyyar connects
with the canal at Poovar. Coir retting is carried out
along the banks of the canal at Eramenthurai (station
1). Monthly field collections for the water quality,
plankton and nekton studies have been made from
the selected three stations during the year 2016.
Standard methods were used to measure the nutrients
content of the water. The plankton samples were
collected with standard plankton net and samples were
preserved in 4-5% formalin and subsequently
identified up to genus level with the help of standard
references (Santhanam et.al. 1989). The fish
samples collected by cast net were preserved in 5%
formalin and identified up to genus level with the help
of standard references (Jinghran,1983).
RESULTS AND DISCUSSION
Results of the present study indicate that temperature
of the three stations selected did not vary much. The
atmospheric temperature (fig.2) and water
temperature of the three stations of the AVM canal
showed a slight variation since the surface water is
directly dependent on solar radiation and rainfall in
tropical waters. The study reveals that surface water
temperature (fig.3) were higher in the polluted retting
zones represented by station I and II when compared
to non retting zone (station III). Such observations
were reported by Abdul Azis (1978) from the retting
zones of the Edava- Nadayara backwater.
The salinity of the surface water showed annual
variations between 0 and 2.8‰ in all stations (fig.4).
The high range of salinity during the hot pre-monsoon
period can be attributed to low rainfall received during
the year. There were wide fluctuations in the dissolved
oxygen concentrations between three stations (fig.5).
The result showed that the dissolved oxygen content
of the station III was always higher than that of other
two stations. Light penetration value fluctuated in all
the three stations (fig.6). During monsoon seasons
the light penetration was poor in the station I and II
and fairly good in the station III. The variation in the
light penetration is due to the geographical location
of the canal, presence of shady trees along the banks
of the canal, the accumulation of coconut husk pit
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and turbidity of water and indirectly affecting the
photosynthetic activity of the plant and oxygen content
of the water. The pH of the water fluctuates between
6.02 and 7.9 in all the three stations (fig.7). pH
remained on the acidic side at retting zones during
pre-monsoon period. But non- retting zones remained
largely on the alkaline side during most of the months.
The carbondioxide of station I, II and III ranged
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between 0.5mg/l and 4.7mg/l of the stations studied
(fig.8). The station III (non-retting zone) showed very
low content of carbondioxide, whereas retting zones
showed remarkably high concentration of
carbondioxide. Studies conducted by Koyama (1963)
showed that carbondioxide is an important agent for
the production of methane. So the retting zones in
the AVM canal could also be an area of methane
production which needs to be probed further.

Table 2 : The pattern of fish fauna succession at three
stations.

Distribution of hydrogen sulphide at two stations
(retting zones) maintained an increasing trend from
the post- monsoon to the pre-monsoon period and
these variations are significant (fig.9). Station III
showed only a trace amount of hydrogen sulphide
during pre- monsoon period. Studies conducted by
Abdul Azis (1978) in the retting zones of Edava –
Nadayara back water revealed that the large scale
production of hydrogen sulphide during retting process
reduced the pH of water in these zones. Similar
observations were also noticed in the present study
with regard to pH of the retting zones during premonsoon period.
The nitrate content is very low in all the three stations
studied (fig.10). More or less similar picture is also
shown by the three stations with regard to the nitrite
content (fig.11). Similar to nitrite and nitrate, the
phosphate content between stations were not much
significant (fig.12). The spatial distribution of silicate
is more or less similar to the distribution of phosphate,
nitrite and nitrate (fig.13).
Table 1 : Seasonal occurrence of zooplankton at the
three stations of A V M canal

A seasonal pattern of phytoplankton group was lacking
in the present study (Table.1). Algal bloom has not
been observed during any time of the year. A seasonal
variation of zooplankton has not been observed in the
present study (Table 2). Copepods, crustacean larvae
were abundant at three stations during monsoon
period. The fish larvae constitute the icthyo-plankton
of the zooplankton community. The incidence of fish
larvae were confined to the non- retting zones of the
canal (Table 2).
Fish population at station I showed four species and
station II exhibited five species and station III
exhibited eight species. It is noteworthy that only two
species were conspicuous at all the stations during
all the seasons. The results showed that fish
production from the system has declined.
Both side of the canal is enriched with varieties of
medical plants. Lohidas et. al. (2015) identified eighty
five medical plants from the banks of AVM canal.
All the plants studied have medical values which are
used to treat various human diseases. Some of them
have antibacterial, antiviral and anti-poisonous effect.
A threatened medicinal plant Calophyllum
inophyllum identified from the study area is in the
verge of extinction. Another plant Barringtonia
racemosa, popularly known as Powder puff
mangrove tree seen in Poovar area is also in the
verge of extinction. The fruit, bark, wood and root
of this mangrove tree are used as insecticide and are
also poisonous to people. Root, bark and juice are
used medicinally for the treatment of tumor (Premjith
et.al. 2016). Therefore, the conservation of the
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medicinal plants seen in and around the canal region
is very important for the near future generation.
Need for restoring heritage of man-made canal.
The study of physico-chemical parameters of the water
of AVM canal reveals that there was an increase in all
the parameters nearing the sea. It was observed that
the main cause of deterioration in water quality was due
to the lack of proper sanitation, unprotected canal sites,
high anthropogenic activities, and discharge of domestic
effluents and intrusion of sea water (Betsy Bai and
Jinisha, 2014). Present condition of the canal is highly
deplorable. Suresh kumar (2008 and 2013) showed that
the ‘weed mat’ (aquatic weed) in the canal serves as a
breeding ground for mosquitoes. People from all walks
of life, including fishermen, have urged the governments
of Kerala and Tamilnadu to renovate AVM canal which
is an inter-state canal. Fresh water would be a boon to
the coastal villages, if the canal is renovated. The
employment to the unemployed youth would be possible,
if the district administration come forward to initiate
‘water tourism’ after renovating the canal, says a cross
section of unemployed youth of the district. Renovation
of the canal helps to connect the fishing harbours of two
states particularly with proposed Vizhijam International
sea port. It would facilitate unemployed youths,
particularly women, to carry out fish-based activities
through water navigation from their villages. A cross
section of the people from the coastal areas of the district,
particularly fishermen, has urged the district
administration to renovate AVM canal in order to develop
inland fish farming and the navigation to Kerala to
transport essential commodities to decongest traffic. In
olden days the ferry service was used at different points
of Kanyakumari viz Pacode, Kuzhithurai,
Moovatrumuham and Munchirai. This ferry service
connected Marthandam and other villages where there
were no connecting roads on those days. During rainy
season, Thamraparani inundates the neighbouring
villages and disrupt or damage all sorts of
communications. During 1994 inundation, the ferry
services at various places served for the transportation
of people from one place to the other. But at present,
especially after 2000, many roads were laid and bridges
were constructed and the ferry services have gone to
disuse. The banks of canal are occupied by the people
and hence it is almost vanished leaving remains of it
between Colachel and Poovar.
The restoration of the AVM canal is a feasible project,
although there are a number of issues to address.
Restoration is likely to have a positive social and
economic impact on the area as well as being of
environmental benefit. Public engagement/consultation
will be needed to ensure the backing of all the
communities in the local area and to understand their
concerns and aspirations.
Significant funding will be needed to undertake the

required engineering studies and subsequently to carry
out the project. It is likely to require short, medium and
long term planning and the development of effective fundraising policies.
CONCLUSION
The study is designed in such a way to restore the AVM
canal for sustainable development of fishermen community
living that area. The findings of the present study show that
the discharged domestic polluted water should be recycled
to reduce the deterioration of physical, chemical, and
biological qualities of water. Since previous studies are
meager on the impact of anthropogenic activities on the
AVM canal and associated estuaries, this study will help to
provide a baseline data for future environmental impact
assessment of the discharge of effluents from anthropogenic
activities and also the local fishermen can use these water
bodies for navigation purposes in view of proposed Vizhinjam
and Colechel International sea port. Socio-economic uplift,
poverty reduction and women emancipation would be
possible by this study.
The present study shows that improvement of canal definitely
reduces the traffic congestion prevailing in the coastal area.
Renovation of canal helps tourism department for promoting
eco-tourism, cruising and other boating, both by tourists and
by residents of the country by virtue of its natural beauty.
The restoration of AVM canal should increase additional
receipts to the public exchequer, in relation to income tax
from additional employment, VAT payments on goods and
services and increased rates revenues for local bodies etc.
This study also helps to preserve the endangered species
of AVM canal for future generation.
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ABSTRACT
Salt pans and salt marshes are known to be important habitats. They
seasonally act as alternative habitats for avian fauna, specially waders by
providing ample opportunities for feeding, nesting and roosting. These
areas are of high primary productivity and areas which plays major role in
estuarine food web. Vasai and Naigaon are suburban areas of Mumbai
and divided from mainland of Mumbai by vasai creek. These areas have
large number of salt pans & salt marshes. During monsoon, many
resident as well as migratory birds are frequently observed in these areas.
some of them have been incorporated in list of endangered as well as
threatened species. It is interesting to mention that food web of salt pans
which includes invertebrates as well as some of the vertebrates like fish,
does play significant role to increase diversity and population density of
birds. In this study, an attempt has been made to study diversity and
behavior of both resident and migratory birds. Total 46 species of birds
have been observed in the area from June 2015 to December 2016. Every
year new species of migratory birds as well as their number is increasing.
Although being biologically important this area is constantly facing
problems from the over urbanization, pollution and poaching.

INTRODUCTION
Mainland of India has a vast coastline of about 5423
km length, comes under 13 maritime main state and
union territories with diverse coastal and marine
ecosystem supporting nationally and globally
significant biodiversity( Sarananan, 2003). Coastal
environment of India host a strong influence of the
coastal and marine fauna which attracts migratory
and non-migratory birds. Salt marshes and salt pan
plays very important role in food web and provides
home to the migratory and resident waders as well
as other birds (Singh, 2012). Saltpans are one of the
hypersaline environments which are man-made
hypersaline shallow ponds shows high stress through
the salinity changes. Among halophilic microbes, there
is competitive, symbiotic and even associated
interactions are seen in salt pans (Hughes, 2004). In
India 1300 species of birds are recorded which form
13% of the total species of birds found on earth which
makes India rich in avifaunal biodiversity. In the state
of Maharashtra there are 568 species belonging to
272 genera, under 83 families and 20 avian orders(
Singh, 2016). Birds create a major part of an
ecosystem by showing their presence at various levels
of food web.

Avian diversity can also be studied by considering it
as an indicator of an ecosystem and habitat. It is a
global concern that the area of wetland is decreasing
day by day. Wetlands include lakes, lagoons, rivers,
coastal mudflats and solar salt works. Wetlands are
the cradles where human civilizations have developed
(Sheetal Chaudhari-Pachpande, 2016). They provide
most valuable environment for biological diversity
including plants, animals, birds, reptiles,fish and
invertebrates. These areas show maximum activity
in monsoon and winter season, as migratory and
resident birds are often seen in such areas for food
(Ramos, 2009) These areas show maximum primary
productivity hence the benthic fauna and flora as well
as plankton diversity is more and provides enough
food for the avian fauna (J. Pandiyan, 2014). Most
of the migratory waders are listed under the category
of endangered and threatened species and such
habitats plays important role in their migration. Vasai
is in the north-west region of Maharashtra state. It is
divided from the Mumbai by the creek of Ulhas river
which opens in to Arabian Sea, rather than being a
creek it is more like to backwaters of the river. This
area provides natural habitat for faunal diversity. This
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is also one of the important fish harbor. Most of the
area of Vasai is covered by salt marshes, salt pans
and agriculture land. During monsoon, all this area
get filled up with rain and estuarine water and provides
home for resident and migratory waders.
METHOD AND METHODOLOGY
Study area:
Vasai Salt pans are located on the north-west region
of the Maharashtra coast (19° 23’35'’ N, 72° 50’9'’E)
and divided from Mumbai by Vasai creek which leads
Ulhas river into the Arabian Sea. It has a typical humid
tropical climate with maximum temperature of 40°c
and minimum 17°c. This area includes salt pans salt
marshes and abandoned agricultural fields. A typical
traditional salt pans are formed by a series of small
pans (storage, evaporation and preparation or
crystallization pans) and increasing salinity, connected
by drainage channels. The pans are connected to the
estuary through a reservoir 50 cm deep. The area is
also known for seasonal fishing activity, especially
for prawns and small fish. The entire study was
carried out during year Jan 2015 to Jan 2017 by road
transact at regular intervals.
METHOD
Survey and Identification of avian fauna:
Study of avian fauna was carried out during migratory
season June- September(monsoon) and October to
March(winter). Total three spots were selected and
surveyed during the study period on regular intervals.
The area surveyed by road transact (Woog, 2010)
(Sheetal Chaudhari-Pachpande, 2016). The birds
were observed by 10 X 50 Olympus binoculars and
photographs were taken with Sony digital camera and
Nikon D700. Identification was done with the help of
standard bird identification book (Grimmett, 2011)
‘Birds of Indian Subcontinent’ by Richard Grimmett
2nd edition.
Sampling and identification of macro vertebrates
and invertebrates:
Sampling was carried out during the study period on
regular intervals. Invertebrates and fish were obtained
from local fishermen who carry out fishing activities
in the salt pans (J. Pandiyan, 2014). They use
traditional fishing techniques to catch fish in salt pans
and connecting channels. The major fishing activities
were seen during the high tide.
List of vertebrates and invertebrates:

OBSERVATIONS
Total 46 species of birds were observed during the
study period. All the birds were recorded at the
selected areas. The birds were further categorized
as resident, migratory and resident migratory.
Maximum bird diversity was observed during the
period of July to mid of October I.e. monsoon season
and early November till the end of March I.e. winter
season. Species such as White Stork(rare), Eurasian
oystercatcher (rare), Red breasted merganser(rare,
first sight in India) were reported from the selected
areas. The near threatened species Painted stork,
Lesser flamingo, Greater flamingo, Wooly necked
stork, Black headed ibis, Black winged stilt were
observed during the migratory season from September
to March. The number of waders was relatively low
in summer season as the water level drops down and
water crystallization starts.
The whole data concludes that the salt pans of the
local villages of Vasai have fairlylarge number of
wader population and the disturbance for such habitats
might affect the avifaunal communities. The over
urbanization and increasing population is the biggest
threat to these still there are chances for protecting
these habitats by declaring as the protected areas for
birds and spreading awareness about their importance
in the ecosystem.

Figure 1 Percentage of waders as per their
seasonal status
CONCLUSION
Waders are the most important species among the
birds as they have the great ability to migrate
worldwide with long distance. They use shore places
of tropical and subtropical region as a feeding,
breeding and roosting grounds. Salt pans plays very
important role as it give ample opportunity for feeding
and roosting and accompanying mangroves provide
shelter for breeding.
Besides being important in the ecosystem salt pans
are facing the problems with increased urbanization
and sewage water disposal in the connecting channels
and the chemical industrial wastewater. Overfishing
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List of birds(waders):

in nearby areas is also a major concern for the bird
diversity. Poaching is a newly added threat for this
birds as the local people are killing the migratory birds
for meet, hence the spreading awareness is required
among the locals about their role in the maintenance
of the ecosystem and declaring such habitats as
protected areas can play very important role to save
and protect waders in the area.
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ABSTRACT
Biodiversity conservation and management on industrial or institutional
campus is one of the recent areas of environmental management. ‘Urban
biodiversity’- An emerging worldwide field of growing interest seeks to
understand how biodiversity promotes and maintains landscape health
and human wellbeing through the provision of ecosystem services.
Department of Atomic Energy (DAE) campus at Kalpakkam, the study area
sited within a complex natural site having intense interactions among
land, sea and atmosphere. Identification of the ecological resources,
landscapes, ecosystem including flora and fauna is essential to develop
processes by which ecological values can be integrated into landscape
design and planning processes. This enhances biodiversity and ensures to
meet legal obligations for the campus under local and international
environmental protection, biodiversity and environmental legislation. The
entire campus of 2500 acres comprise different landscapes namely
undisturbed area with dense vegetation, building area, water bodies with
riparian cover and sandy area with meager vegetation. The campus
biodiversity survey reveals three hundred and ten species of animals
indicating biodiversity richness. Overall thirty five ant species, seventy
species of butterflies, forty five species of herpetofauna and one
hundred-fifty nine species of birds were recorded during the survey.
Many migratory birds Viz., Garganey, Northern shoveler, Northern pintail,
Eurasian wigeon, Rosy starling, Brown shrike and Forest wagtail were
sighted. Among the fourteen species of mammals were encountered,
elusive animals that are diminishing from wild ie., Indian civet and Crested
porcupine are indicates of less human intervention.

INTRODUCTION
The biological diversity is now recognized increasingly
as a vital parameter to assess global and local
environmental changes and development activities.
Notwithstanding the fact that current knowledge on
the number of species inhabiting the earth is still
incomplete, estimates vary from 8 to 14 million
species. In addition, inventories of faunal diversity in
India are being progressively updated and analyzed
with several new discoveries in recent years. Indeed,
our understanding of biodiversity in natural ecosystem
remains so woefully inadequate that we are unable
to fully comprehend the consequences of its loss.
Many activities indispensable for human subsistence
lead to biodiversity loss, and this trend is likely to

continue in the future (Diaz et al., 2006). In addition,
habitat fragmentation, degradation and loss, shrinking
genetic diversity, invasive alien species, declining
forest resource base, climate change and
desertification, over exploitation of resources, impact
of development projects, and impact of pollution will
be the major threats to biota worldwide.
Biodiversity is recognized as vital in ensuring a stable
environment for industrial/commercial organization to
operate in, either because processes requires natural
resources and a healthy stable environment is an
integral part of the operation. Apart from many
wildlife sanctuaries and bio-reserves, campuses of
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educational and research institutes shelter native
biodiversity that are essential ecological islands in
urban areas. The biodiversity conservation and
management inside industrial or institutional campus
is one of the recent areas of environmental
management. The maintenance of sufficient
landscapes to uphold wildlife and ecosystem services
in industrial establishment is set, to provide a challenge
for scientists, planners, governments and communities
throughout the globe. Moreover, the wildlife habitats
found inside industrial land are important because they
support a wide range of floral and faunal species. In
order to recognize and conserve the species that are
useful to human and ecosystem, their identification,
taxonomic record and monitoring their population are
the most essential requirement. Moreover, information
on invertebrate and vertebrate groups, such as ants,
butterflies, herpetofauna, birds and mammalian
species constellation was overlooked regionally and
available information is scanty, and this information
is vital for regional faunal conservation plans.
Nature and wildlife around the nuclear power plants
are most debated and concerning issues nowadays.
According to Ministry of Environment and Forest
regulations each nuclear site should have information
on animal life resides in the site. Prior to the
construction of the various nuclear installations,
Kalpakkam was the site of fishing and agricultural
activities with impoverished fauna. Over the years
since the establishment of an exclusion zone around
the installations, there has been a remarkable change
in the biodiversity of the campus. Hence, taking stock
of the present biodiversity is one of the objectives of
this exercise. This study is to create baseline
information on diversity of selected terrestrial faunal
groups, such as ants, butterflies, herpetofauna, birds
and mammalian communities and their ecology. Apart
from future impact assessment, this study would also
be useful for conservation and management of
terrestrial faunal communities at Kalpakkam nuclear
site.
MATERIALS AND METHODS
Study Area
The Department of Atomic Energy (DAE) premises
at Kalpakkam (12º 33" N and 80º 11’ E) comprising
of about ?2500 acres is situated 60 km south of
Chennai. The campus encompasses vast plain area
of the Bay of Bengal, which is found to be a
biologically diverse habitat for native flora and fauna,
and aesthetically blended with introduced vegetation.
The main types of vegetation are tropical dryevergreen and scrub forest and the first 10 plant
families in the order of dominance are Poaceae,
Fabaceae, Cyperaceae, Asteraceae, Euphorbiaceae,
Verbenaceae,
Solanaceae,
Rubiaceae,
Convolvulaceae, and Amaranthaceae respectively
(Gajendiran and Ragupathy, 2002). The entire

Kalpakkam campus was divided into five
representative plots comprising of different
landscapes namely, Kokilamedu lake (KKM lake)
area with riparian woods; sandy area with meager
vegetation; building area; undisturbed scrub area with
water bodies; and Monoculture plantation with
Casuarina and Anacardium sp. (Plate 1).
Plate 1: Satellite image showing the study area

METHODS
The assessment of terrestrial faunal diversity in the
DAE campus at Kalpakkam was carried out over a
period of two years (April 2007 to March 2009). The
procedure involved field surveys of a handful of
charismatic taxons such as ants, butterflies,
herpetofauna, birds and mammals. Intensive survey
methods that followed, included night transects in
selected grids. In addition, undertook extensive
coverage of the entire campus on foot to sight or
encounter different species. Identification of animals
was achieved through call songs of birds, binocular
observation and photographic evidence. Confirmation
of species status was done using identification
manuals, for ants (Bolton, 1994; Sheela, 2008), for
butterflies (Gunathilagaraj et al., 1998; Kunte, 2000),
herpetofauna (Boulenger, 1890; Daniel, 2002; Daniels,
2005; Whitaker and Captain, 2008), birds
(Kazmierczak, 2000; Salim Ali, 2002; Sashikumar et
al., 2004) and mammals (Fauna of British India).
Online resources were also used as and when
required.
RESULTS AND DISCUSSION
Inventory of different faunal community
This inventory represents the first baseline information
about the different faunal community at DAE
Campus, Kalpakkam. There are a total of 324 species
of terrestrial fauna identified and documented in the
present investigation which includes 35 species of
ants, 68 species of butterflies, 14 species of
amphibians, 30 species of reptiles, 160 species of birds
and 17 species of mammals. This has highlighted the
biodiversity richness in the campus. Among the

514

different faunal groups the diversity of avian fauna is
remarkable, followed by butterflies and herpetofauna.
This is due to the availability of different water sources
viz., wetland, lake, backwater, sea coast, and riparian
corridors. The avifaunal diversity is reported higher
in this unique habitat not only because of protection
in the high security zone of DAE campus, but also
because of habitat heterogeneity. The riparian
corridors of KKM lake act as parking place for many
resident birds in which the dead trees at surrounding
woods readily provide the twigs for nesting and
uprooted trees anchored in the lake provide excellent
sit out for fishing birds. Migrant birds viz., Anas
querquedula, Anas clypeata, Anas acuta, Anas
crecca, Anas penelope, Pluvialis fulva, Sturnus
roseus, Lanius cristatus, Limosa limosa and
Dendronanthus indicus were sighted in this campus
Ant diversity and community structure
Overall 16 genera comprising 35 ant species from 5
subfamilies were recorded during the present study
(Table 1). Of the family Formicidae, the Myrmicinae
was the dominant subfamily in terms of species
richness (18 species), followed by Formicinae (10
species), Pseudomyrmicinae (4 species), Ponerinae
(2 species) and Dolichoderinae was represented by
only one ant species in the surveyed area. The results
indicated that the diversity of the ant fauna of DAE
campus was relatively higher (35 species and 16
genera), as compared to that of other regions of Tamil
Nadu with a similar sampling effort and methodology.
Rajagopal et al. (2005) recorded 25 species in some
selected localities of Virudhunagar district,
Kaleeswaran (2006) recorded 32 species in some
selected sites at Karanthamalai and Alagar hills,
Ramesh (2007) recorded 29 species at Alagar hills.
Comparatively high diversity (140 species) has been
documented from Western Ghats (Gadagkar et al.,
1993) and 70, 75 and 93 species of ant were recorded
from different localities of Bangalore (Rastogi et al.,
1997; Sunil Kumar et al., 1997; Varghese, 2012). Total
of twenty three species could be identified to the
species level in the present investigation. The
Monomorium was most species-rich genera with 5
species followed by Camponotus (4 species),
Tetraponera (4 species), Crematogaster (3 species)
and Tetramorium (3 species). The Myrmicinae and
Formicinae are the largest ant subfamilies which are
assessed to be the dominant ant group in the terrestrial
habitats (Marsh, 1986). Several researchers in India
have recorded similar patterns (Gadagkar et al., 1993;
Ramesh, 2007; Rastogi et al., 1997; Sunil Kumar et
al., 1997; Bharti et al., 2009a; 2009b). Further detailed
investigations are essential to understand the
dominance of taxonomic hierarchy. The high
proportion of Myrmicinae species is typically
comprised with bulk cryptic species found in South
East Asian leaf litter (Ward, 2000).

Table 1: List of ant species recorded

Ant species taxonomy and nomenclature followed as
per Bharti (2011)
Butterfly diversity and community structure
A total of 70 species belonging to 50 genera and 5
families of butterflies were recorded in the present
observation at Kalpakkam (Table 2). Nymphalidae
was the dominant family in terms of species richness
(23 species; 28% of genera), followed by Lycaenidae
(16 species, 32% genera), Pieridae (16 species, 22%
genera) and Papilionidae (8 species, 8% genera).
Hesperiidae was represented by only five species.
Interestingly 57.3 % of the species were belonged to
two families Nymphalidae and Pieridae. Even though,
the family Nymphalidae was the richest, Lycaenidae
was more diverse in terms of generic richness (16
species belongs to 16 genera). The DAE campus
possess a relatively diverse fauna of butterflies and
Nymphalid dominance in terms of species (Nimbalkar
et al., 2011), and Lycaenid in terms of genus (Tiple
and Khurad, 2009). This seems to be the general trend
in Kalpakkam and elsewhere in India. A similar
pattern of predominance of Nymphalidae was also
reported by many researchers (Kunte, 1997; Kunte,
et al., 1999; Devy and Priya, 2001; Padhye et al.,
2006; Pramod et al., 2007) from Western Ghats.
However, with respect to Eastern plains of Southern
India the information on butterfly diversity and
bioecology is sketchy and sporadic. In the present
investigation Pachliopta hector, a scheduled-I
species which is protected by Wildlife Protection Act
was also documented. In addition diversity of
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butterflies was found maximum in building area, which
inhabits many ornamental flowering plants, both native
and introduced. The most common butterflies species
recorded during present study were Danaus
chrysippus, Acraea violae, Eurema hecabe,
Castalius rosimon, Tirumala septentrionis and
Ariadne merione. It is interesting to note that, fewer
migrants than expected were detected in the study
area. The migratory butterfly species viz., Catopsilia
pyranthe, Catopsilia pomona, Papilio demoleus .
Table 2: List of butterfly species recorded at
Kalpakkam

Butterfly species taxonomy and nomenclature
followed as per Kunte (2000)
Herpetofaunal diversity and community
structure
A total of 44 species, 32 genera and 16 families
of herpetofauna were encountered in the present
study, of which, 30 species of reptiles, belonging to
23 genera and 12 families. Amphibians observed
included 14 species belonging to 9 genera and four
families (Table 3). The amphibian family
Dicroglossidae was the most diverse followed by
Microhylidae in terms of species richness and generic
richness. The amphibian fauna of world comprises
of about 5,150 species. Of this, 247 species are found
to be in India. Within India, comparatively higher
concentration of genera and species in amphibian
populations are found in southern India particularly
Western Ghats. The family Dicroglossidae have rich
generic and species diversity, followed by
Microhylidae, Bufonidae and Rhacophoridae at South
Asia (Molur, 2008), and the present study partially
augment this. The results of present study also
corroborate with Daniel (2002) who reported the
higher densities of E. hexadactylus in permanent
water bodies of Tamil Nadu covered with weeds. It
is also true that these two species are adapted to
thrive in urban habitats utilizing a variety of resources.
Another interesting observation is the South Asian
endemic amphibian species such as K. taprobanica,
H. tigerinus, H. crassus, F. rufescens,
Sphaerotheca rolandae and Duttaphrynus scaber
found in the present investigation. They were selective
in their distribution not only inhabiting undisturbed
scrub, but also the anthropogenically influenced
building area of Kalpakkam. Moreover, these two
habitats had the high reptilian species diversity,
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because of the availability of physical entities that
provide environmental conditions necessary for a
wide variety of ecological functions such as
reproduction, foraging, predator avoidance or escape,
resting, availability of prey, and these habitats were
connected by dispersal routes. Similar findings were
also reported elsewhere (Srinivasulu and Das, 2008;
Hamer and Mcdonnell, 2010; Banville and Bateman,
2012). Among reptiles, Colubridae was the most
specious family accounting for 11 species and 36.7%
of genera, followed by Scincidae, (4 species and 8.7%
of genera). Species such as Calotes versicolor,
Dendrelaphis tristis, Ptyas mucosus, Varanus
bengalensis were common and Chamaeleo
zeylanicus, Hemidactylus triedrus, Eryx johnii,
Dryocalamus nympha, Bungarus caeruleus and
Daboia russelii were rare reptilian species at
Kalpakkam.
Table 3: List of herpetofauna observed in Kalpakkam
Amphibian species taxonomy and nomenclature as
per Dinesh et al. (2010)
Reptile species taxonomy and nomenclature as per
Aengals et al. (2012)
C- Common, UC- Uncommon, R- Rare
Bird diversity and community structure
During the survey period, a total of 160 species of
birds have been recorded (Table-4 a & b). Three
water bodies viz., WIP marsh, Kunnathur marsh and
KKM Lake add ecological diversity to the site and
thus attract large number of migrant birds. Among
160 species 54 were wetlands birds. Species such as
Purple Moorhen, Common Moorhen, Spot-billed
Duck, Little Grebe, Indian Pond-Heron, Black
crowned Night-Heron, Lesser Pied Kingfisher, Small
Blue Kingfisher, White Breasted Kingfisher, Purple
Heron, Small, Median and Large Egret were found
residential. However, bird species such as Darter,
Garganey, Northern Shoveller, Eurasian Wigeon,
Northern Pintail, Common Teal, Black tailed Godwit
were regular migrants to these water bodies during
winter. Most of the birds were vagrants found
occasionally on wetlands. Small Bee eater, Whiteheaded Babbler, Black Drongo, Purple Sunbird,
Loten’s Sunbird, Greater Coucal, Asian Koel,
Common Myna, Indian Treepie, House Crow, Jungle
Crow, Rose-ringed Parakeet, Spotted Dove, Redvented Bulbul and Coppersmith Barbet were common
woodland birds in the campus. Rosy Starling, Forest
Wagtail, Common Swallow and Brown Shrike, were
regular winter visitors. Even though 16 species of
predatory birds were recorded, Shikra and Black
shoulder Kite were most important birds of prey. In
addition, Spotted Owlet is a predominant hunter of
rodents and other small creatures of the campus. A
large stick nest of White-bellied Sea Eagle was found
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on high power line tower, which was used for many
seasons in succession. Booted Eagle, Crested
Serpent-Eagle, Oriental Honey-Buzzard and other
birds of prey were extralimital and mostly seen flying
over. Kentish Plover, Bridled tern, Caspian Tern, Pallas
Gull, Syke’s Warbler, Oriental Turtle-Dove, Glossy
Ibis, Brown-breasted Flycatcher, and Indian Pitta
were noteworthy, and observed only once. Even
though the diversity is high, the distribution of birds
species in the campus is patchy. Water bodies and
scrub jungle are preferred habitats for most of the
recorded birds.

Table - 4 b: List of woodland and reed inhabitant birds
at Kalpakkam

Table 4a: List of water birds and their local status at
Kalpakkam

Taxonomy and nomenclature as per Manakadan and
Pittie (2001)
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observed near KKM lake. However, In richness, small
carnivore’s mammals may be on the campus. The
mixed pattern of vegetation at scrub area supports
the maximum numbers of mammals Indian creasted
porcupine, Small India civet, Gray mangoose, and
Indian jackal especially on the open grass land and
near waterbodies. Herds of undomesticated cattle are
thriving in this area and the bulls are highly territorial
and sometimes dangerous to unaware intruders. Two
hunting groups of jackals are also witnessed from
this same area. Small carnivores mammals are act
as key stone species, which maintains the bird
population in the ecosystem. Presence of these rare
and sensitive animals at this campus is an indication
of less human intervention.
Table 5: List of mammalian fauna observed in
Kalpakkam

Taxonomy and nomenclature as per Manakadan and
Pittie (2001)
Mammals diversity and community structure
Seventeen species of mammals were observed during
the survey (Table-5). Surprisingly Small Indian civet
and Black naped hare were located here. The
interesting mammal, Indian creasted porcupine was
recorded and their number density was relatively high
near water bodies like KKM and scrub areas. The
most common mammals are the Three striped Palm
Squirrel and Bonnet Macaque. The Flying fox was
observed to wander over long distance each night in
search of food. In the process, it carries and disperses
seeds far and wide. Roosts of the flying fox were

Taxonomy and nomenclature as per Wilson and
Reeder (2005)
Estimation of sampling completeness
Species accumulation curve is an approach by plotting
the cumulative number of species collected against
the sampling effort (months/sample unit), which
describes species richness in a local homogenous
assemblages as a function of sampling effort. This
technique is very much useful for standardizing the
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sample size. The figures indicated increase in record
of new species with the increase in sampling attempts
or efforts. Species accumulation rates for different
faunal group were given in figure 1-6. Accumulation
rate of new species of ants against sampling efforts
(pitfall trap) is given in figure 1. More than 60% of
the ant species were recorded at 8th and 9th sampling
attempts and the increasing trend is shown in figure
1. Out of 35 ant species, 10 species were documented
during the latter half of the attempts and finally an
asymptote of a curve is achieved. Species
accumulation curve of butterflies showed a typical
accumulation pattern. Thus 50% of butterfly species
were encountered in the 12th sampling effort and
accumulation rate increased till the end and shown in
Figure 2. Whereas herpetofauna showed a nonlinear
accumulation pattern, a total of 45% of species were
encountered within 20 efforts and prior half of the
curve stood upright compared to the later half (Figure
3). Species accumulation curve for wetland birds and
woodland birds were comparatively asymptote but
they showed the increasing trend even after the 120th
and 200th efforts respectively (Figure 4 and 5). These
patterns indicated that, with increasing sampling effort
there is more likelihood of adding new records of the
avian species. In the case of mammals, the
accumulation rate increased even after 90% of
sampling effort (Figure 6), hence the possibility of
getting new species records in the study area cannot
overruled.
Comparison of different campus fauna with fauna
at DAE campus
Most of the campus studies have documented a few
faunal groups and majority of these studies were on
the basis of checklist, particularly on birds and
butterflies. Generally these two groups are more
fascinating and easy to identify in field but there are
some sporadic studies on reptile and amphibian
diversity of Indian campuses. Apart from these, few
notable works were also done on ants (Rastogi et al.,
1997; Varghese, 2012) and mammals (Quadros, et
al., 2009; Mirza and Sanap, 2010). The present
investigation dealt checklist of different faunal groups
within the campus. Interestingly, among the different
campus fauna, the DAE campus fauna was relatively
diverse, especially the birds, herpetofauna and
butterflies. This is clearly indicated that, the habitat
integrity, heterogeneity and the vast area of DAE
campus is supporting more number of species. This
also could be attributed to the intensiveness of
sampling.
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ABSTRACT
Land use/cover change is a major factor for global change because of its
interactions with climate, ecosystem processes, biodiversity, and, even
more important, human activities, research on land use/cover change has
become an important aspect of global change. The present research
paper aims to investigate the land use changes over the time period, 2005
to 2014, in the Ousteri wetland. The information collected through the
ecological, hydrological and geological analysis was used to carry out the
quantitative research on Ousteri wetland land use/cover change. The
temporal changes of land use characteristics were quantitatively analyzed
and then the driving forces of land use changes were examined based on
natural and artificial factors. As the result of natural factors and human
disturbances, the area of wetland shrunk, bringing the conversion from
wetland to terrestrial land use type. The annual conversion rates indicated
the land use changes in Ousteri wetland.

INTRODUCTION
Land use/cover change is a major factor for global
change because of its interactions with climate,
ecosystem processes, biogeochemical cycles,
biodiversity, and, even more important, human activities
(Vogelmann et al., 1998; Xiao et al., 2006), research
on land use/cover change has become an important
aspect of global change. Geographic information
system (GIS) have been widely applied in identifying
and analysing land use/cover change.
GIS can provide multi-temporal data that can be used
to quantify the type, amount and location of land use
change. GIS also provides a flexible environment for
displaying, storing and analysing digital data necessary
for change detection (Wu et al., 2006). Wetlands
are integral part of the global ecosystem as they can
prevent or reduce the severity of flood, feed ground
water, and provide unique habitats for flora and fauna
(Zhang et al., 2009). With the development of social
economy, human activities (urbanization, deforestation,
agriculture reclamation, etc.), as external stress
factors, is accelerated the wetland landscape change
such as area shrinking, landscape fragmentation and
ecological function degradation (Yu et al., 2010).
This, in turn, influences the regional hydrological
environment, climate change, biodiversity and so on
(Xiao et al., 2010). In this way, land use/cover
changes in wetland region play an important role on
wetland ecological environment and global

environmental change.
Ousteri wetland, which is an inter-state wetland,
spread partly in Puducherry and partly in Tamil Nadu
state of India. The present paper aims to investigate
the land use changes over the time period, 2005 to
2014, in the Ousteri wetland using the information
collected through the ecological, hydrological and GIS
data. The quantitative research on Ousteri wetland
land use/cover change could provide scientific basis
for monitoring wetland environment change and
sustained utilization of wetland resource. The Ousteri
wetland generates multiple benefits–such as, irrigation
water, water for drinking, bathing and washing, supply
of food, fibre, fodder and reeds, recreational benefits
and so on that are utilised by a large number of
economic agents. At the same time, the wetland
experiences severe ‘negative externalities’ that include
encroachment, non-point source pollution from
agriculture and human settlements, industrial pollution,
over-grazing, siltation, illegal fishing and poaching of
wildlife, and various other human activities leading to
‘tragedy of commons’ problem in the wetland. If the
present situation continues, deterioration in the
ecosystem services would lead to adversely affect
the inter-temporal welfare of the human beings.
Having identified important ecosystem services and
quantified them in physical units, economic valuation
exercise would attempt to estimate the monetary value
of these services.
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SITE DESCRIPTION
Ousteri Lake is popularly called Ousteri which is a
word formed out of the fusion of Tamil words
Oussudu (a proper noun) and eri (meaning a lake).
Ousteri is an inter-state lake about 50 percent of its
water spread lies in Puducherry and the rest in Tamil
Nadu (Figure 1). Ousteri Lake is situated near the
village Oussudu, at 11° 56' 51" N, 79° 44' 13" E, partly
in Puducherry and partly in Tamil Nadu (Figure 1).
But whereas much of the Ousteri bank in its Tamil
Nadu side consists of rural settlements, the
Puducherry side of the lake is predominantly urban
or suburban. This results in special stresses on the
lake which have been dealt in the present study.
Ousteri is the largest fresh-water lake of Puducherry
region, covering some 700 hectares when full after a
normal monsoon. It can store 540 million cu. ft. of
water, capable of irrigating close to 3800 hectares of
land. But what distinguishes Ousteri the most is its
ability to attract a very rich and diverse population of
migratory birds, making it one of the most important
wetlands of Asia. Ousteri lies about 16 km. Ousteri
has been popular with perches as well as waders
among the birds, thereby attracting larger number of
avian species.
Ousteri plays a crucial role in recharging the
groundwater aquifers. It also harbours rich flora and
fauna; indeed it is such an important wintering ground
for migratory birds that it has been ranked among the
most important wetlands of Asia. In the recent past,
Ousteri lake and its watershed have been subject to
enormous pressures due to increasing population,
industrialization and urbanization. Though there had
been research works on proposing conservation
management plans for the Ousteri Lake, but not much
work had been done to analyse the economic value
of the lake and to estimate the value it could gain by
conservative measures. With this aim in mind, the
present project was conducted to analyse the
economic valuation of the Ousteri lake. Prior to the
economic aspect, almost all the aspects of the Ousteri
lake was inferred through the geographic assessment
and provide vital links between the geology, hydrology
and ecological information.
DATA AND LAND USE CLASSIFICATION
According to the research purpose and status of the
study area, the land use classification system of
Ousteri wetland region was divided into four types
that Water body, Settlements, Vegetation / Agriculture
and Scrub / Fallow. Based on the geo-referenced
images in three dates, the images were interpreted
by supervised classification. Then using GIS tool, the
land use data of Ousteri wetland in the two years
were extracted as the basic data of land use/cover
change analysis.

LAND USE DYNAMIC DEGREE MODEL
The land use change was determined using the land
use dynamic degree model that included the single
land use dynamic degree model and the synthesis land
use dynamic degree model. Region differences in the
rate of land use change were determined with the
single land use dynamic degree that could be
mathematically expressed by the following
relationship (Li and He, 2002):
Si = (Ai-UAi)/Ai/(T2-T1)×100%
(1) Where Si is the rate of the ith type land use change
during the monitoring period T1 to T2; Ai is the area
of the ith type land use at the beginning, and UAi is
the area of the ith type land use that remains
unchanged during this monitoring. Thus, this model
represented the time rate of change for one type of
land use that was converted into another type of land
use relative to the land use situation at the beginning
of the monitoring period. Regional difference in land
use characteristics was determined using the synthesis
land use dynamic degree model as follows (Liu and
Buhe, 2000):
S = [?(?Ai-j/ Ai)]×(1/t) ×100%
(2) S is the land use change rate over time t, Ai is the
ith type land use area at the beginning of the
monitoring period, and ?Ai-j is the total area of the ith
type land use that is converted into the other types of
land use. This model was thus defined as the time
rate change of land use that converted into the other
types of land use and that at the beginning of
monitoring period was part of the land use subject to
change. This dynamic degree represented, in a
comprehensive manner, the change of land use in a
given region.
QUANTITY ANALYSIS OF LAND USE
CHANGES
The temporal land use changes for Ousteri wetland
nature reserve locating in the study area were shown
Figures2 to 6. The data indicated that three land use
types decreased while one increased from 2005 to
2014 (Table 1). Scrub / fallow land had an increase
with the average annual variation of 49.69 ha/year.
The decrease in the land use type of water body,
vegetation/agricultural land and settlements in the
Ousteri wetland nature reserve was observed to be
at an average annual variation of 5.32 ha/year, 16.24
ha/year and 12.14 ha/year, respectively.
Table 1: Area of different land use types in two years
and land use changes from 2005 to 2014
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The land use change for the two periods displayed in
the above table depicted a decrease of water body.
The areas for vegetation /agricultural land and
settlements decreased largely. During the two periods
of observation, the scrub / fallow land conversion had
increased and the ratio of the increase of the fallow
land with that of the aggregate decrease of water
body, agriculture and settlements was about 1:1. It
was observed that the most of land use changes
indicated that the utilization of land resources in Ousteri
nature reserve tended to more and more of scrub
land variety with time.
LAND USE DYNAMIC DEGREE ANALYSIS
Among the various land use types examined in the
two periods, the annual conversion rate to scrub/fallow
land was the highest. Conversion to the fallow land
has occurred from the water body, settlement and
vegetation /agriculture zone of the Ousteri wetland
(Table 2). Though some area of the scrub/fallow area
land use pattern has converted to the water body
landscape, which is a positive sign of increase in water
footprint; the overall increase of

The single land use dynamic degree for each land
use types that is the annual conversion rates of land
use types were calculated. Among the various land
use types, the loss of wetland was mainly the
conversion to fallow land. However, the total fallow
land area increased because of conversions from the
agricultural land.
In the meantime, the conversion from some fallow
land led to the increase in the agricultural land and
water body deposit. The decrease in the settlements
zone was noticeable, which mainly converted scrub
land (Table 3). The synthesis land use dynamic degree
of Ousteri wetland nature reserve for the period 2005
to 2014 was 1.7%.
Table 3: The land use dynamic degree of each land
use types for the two periods

Table 2: The land use conversion matrix from 2005
to 2014

water area of the wetland is not higher than the
conversion of the landscape into the fallow land. This
could be correlated to the high extraction of ground
water and surface water of the wetland for the utility
of the neighbouring amusement parks and the medical
institutes. On the other side of the wetland, few
hectares of settlements and natural vegetation zone
of the Ousteri wetland was observed to have
converted to scrub /fallow land, which is a direct
impact of the rapid increase in the anthropogenic
activities noticed in the wetland. The effluent release
by the industrial belt and conversion of agricultural
land to real estate activity which is due course of
time has possibility of accelerating into the building
zone are contributing to the land use pattern
conversion.
Most of the dry land changes involved converting to
water body. However, the total dry land area
increased because of conversions from irrigated land.
Irrigated land mainly converted to dry land and forest
and grass land, while forest and grass mainly
converted to land irrigated land in the two periods.

DRIVING FACTORS OF LAND USE CHANGE
The driving factors of land use changes include two
aspects of natural and artificial driving factors. For
the natural factors, climate-driven change in the
hydrological conditions is the key factor causing the
changes of the wetland in the nature reserve. As we
know, water is key element to maintain its spatial
distribution and ecological function for the wetland
(Yu et al., 2010). As the direct and important supply
source, precipitation within the watershed is an
essential factor for the wetland landscape change.
During the warm and dry season of Puducherry region
where the Ousteri wetland is located, the precipitation
and runoff volume reduced and became unstable. This
has caused the area of wetland to shrink, bring the
conversion from wetland to terrestrial land use types.
The socio-economics and policies are the major driving
forces for land use/cover change, and human
disturbances accelerate the changes of land use
patterns in the wetland.
In this study for Ousteri wetland nature reserve, for
the sake of pursuing economic benefit, dried wetland
area has been transformed to real estate landscapes
or as agricultural land. Hence, wetland loss in the
Ousteri wetland nature reserve can not only be
attributed to natural climate and precipitation
conditions, but also to direct anthropogenic activities.
Ultimately, as the result of natural factors and human
disturbances, the land use patterns has been changed,
this may cause an adverse influence on wetland
ecological environment and landscape quality.
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CONCLUSION
The land use changes during the period 2005 to 2014
in Ousteri wetland were analyzed using the GIS tool.
Firstly, temporal changes of land use characteristics
were quantitatively analyzed through land use dynamic
degree. And then the driving forces of land use
changes were analyzed based on natural and artificial
factors. From 2005 to 2014, as the result of natural
factors and human disturbances, the area of wetland
shrunk, bringing the conversion from wetland to
terrestrial land use type. The annual conversion rates
indicated the land use changes in Ousteri wetland.
Through the synthesis land use dynamic degree, it
could be inferred that the management of Ousteri
wetland must focus on wetland land use changes in
future, so as to achieve effective conservation of the
wetland.
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ABSTRACT
Due to rapid economic expansion, India has one of the world’s fastest
growing energy markets and is expected to be the second-largest
contributor to the increase in global energy demand by 2035, accounting
for 18% of the rise in global energy consumption. Household sector is
one of the largest users of energy in India, counting for about 30 per cent
of final energy consumption (excluding energy used for transport)
reflecting the importance of that sector in total national energy scenario.
The pattern of household energy consumption represents the status of
welfare as well as the stage of economic development. As the economy
develops, more and cleaner energy is consumed. Household energy
consumption is expected to increase in future along with growth in
economy and rise in percapita incomes. This paper analysis the manifold
aspects of anthropogenic activities with focus on household
characteristics influencing the residential carbon dioxide emissions.We
have tried to look at the state wise comparisons to arrive at the Indian
average expenditure through a graphical analysis.The three theories of
Ecological Modernisation, Political Economy and Human Ecology have
been highlighted to discuss the significance of various variables if or not
they support the theories. In line with Indian urban wages also
household expenditure has been rising especially in the urban areas were
richer households are located. In this study, household data has been
extracted from India Human Development Survey- II (IHDS – II), 2011- 12
which is a cross sectional survey conducted by ICPSR 36151.The policies
which affect urbanisation and urban development play important roles in
determining household energy use as well as some of political economic
factors.

INTRODUCTION
Earth’s global surface temperature is warming at a
steady rate. It has been rising for 11 years now
between 1995 and 2006 and continues to rise. Global
warming is caused largely by the rising concentration
of GHGs (principally CO2, CH4 and N2O) in the
earth’s atmosphere, which helps trap excess heat.
The main reason behind this are the human driven
increase in the greenhouse gas emissions particularly
carbon dioxide which has posed a greatest challenge
to climate change problem. In its Fourth Assessment
Report, the IPCC characterized climate change as
“any change in climate over time, whether due
to natural variability or as a result of human activity”.
Households remain one of the most significant
contributors to the climate change issue with some
of the member states having thrice or more emission
footprint than the other states.

Goods and services consumed by humans induce
pressures on the food and resources needed to
support human life. Moreover, building cities and
constructing roads remove a similar amount of bio
productive land area.
Carbon footprint also explains the environmental
impacts of human activities. The definition of carbon
footprint is the total CO2 emitted directly or indirectly
by a certain activity or the accumulation of CO2 during
a product life cycle.
There is a big difference in world’s energy
consumption in how much energy each person
consumes. There is a big difference between the
energy consumed by the people living in developed
countries compared to developing countries. A

526

developed country with highly developed economy
like United States, Canada, Australia, Japan and
United Kingdom.. This is in contrast to the developing
economies like India and China which are among the
poor countries seeking to develop its resources.
Due to rapid economic expansion, India has one of
the world’s fastest growing energy markets and is
expected to be the second-largest contributor to the
increase in global energy demand by 2035, accounting
for 18% of the rise in global energy consumption.
Household sector is one of the largest users of energy
in India, accounting for about 30percent of final energy
consumption (excluding energy used for transport)
reflecting the importance of that sector in total national
energy scenario (Reddy, 2003[2]). The pattern of
household energy consumption represents the status
of welfare as well as the stage of economic
development. As the economy develops, more and
cleaner energy is consumed. Household energy
consumption is expected to increase in future along
with growth in economy and rise in per capita
incomes. The projected increases in household energy
consumption are expected to result from changes in
lifestyles.
The objective of this paper is to estimate the impact
of anthropogenic activities particularly the household
consumption expenditure undertaken for both indoor
and outdoor use on their contribution to the overall
emisions.
DATA AND METHADOLOGY
In this study, household data has been extracted from
India Human Development Survey- II (IHDS – II),
2011- 12 which is a cross sectional survey conducted
by ICPSR 36151. Only IHDS survey variables have
been selected here which show the household level
consumption patterns depicting emission factors. Any
other source which includes household characteristics
at state level have not been taken for the present
study.
In order to see the impact of household
characteristics on indoor and outdoor household
expenditure, we run the following two multiple
regressionsRegression 1Here the dependent variable includes the expenditure
on consumption of LPG, kerosene, coal, household
fuel and household electricity.
= +++

+ + +

+

+ + + + +

= Indoor Expenditure done by the household
= Total consumption expenditure
= Income
= Education of head of household
= Female education
= Religion for i = 1,2,3,4, 5
= Hours of access to electricity
For i = 0 if = 0
= 1 If 0 << 6

= 2 if 5 << 11
= 3 if 10 << 16
= 4 if 15 << 20
= 5 if 20 << 25
= Hours of burning stove for i =0, 1, 2 …. 8…16
= Years in place for i = 1 …. 49
= 1 for household owns a refrigerator
0 if otherwise
= 1 if household owns a electric fan
0, otherwise
= 1 if household owns a generator set
0, otherwise
= 1 if household owns a air conditioner
0, otherwise
= 1 if household owns microwave oven
0, otherwise
= 1 if the household has window in the cooking area
0 if otherwise
= cooking place in the household if i = 1, 2, 3
Regression 2 –
Dependent Variable- Household Expenditure
(Indoor) It has been calculated by adding together
the expenditure on the purchase of personal transport
equipment, spending on public transportation like bus,
auto, plane and Diesel, petrol and CNG maintenance.
= +++

+ + +

+

Here all the variables remain the same except for
= Household outdoor expenditure
= 1 if household owns a car
0 if otherwise
= 1 if household owns a motorcycle
0 if otherwise
Independent variables:
AffluenceIn our model we have considered household income
and household consumption expenditure under
affluence. Affluence indicates the household’s ability
to spend which is an important component of its
income. The first indicator of affluence is household
income. Household income is analogous to GDP per
capita, often used as a measure of affluence in crossnational analysis of anthropogenic environmental
impacts. The EM perspective suggests income may
have an inverted U-shaped relationship with CO2
emission at the national level, and suggests we should
expect this type of relationship at the individual or
household level as well: Expenditure incurred both
indoor and outdoor should rise giving rise to CO2
emissions as income goes up until a turning point is
reached, after which they should decline with further
increases in income.
The second indicator which is household
consumption expenditure which shows the total
value of goods and services consumed. This should
have a positive impact on the indoor and outdoor
household expenditure adding to the higher
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anthropogenic impacts of carbon dioxide emissions.
Biophysical characteristics
Here the indicators used for biophysical characteristics
are whether the household has window in the cooking
area and where the cooking is done in the household.
Dummies are assigned for both the indicators.
D1 = 1 for household has window in the cooking area
= 0, otherwise
D2 = 1 if cooking is done in the kitchen
D3 = 2 if cooking is done in the living area
Household DemographicsThe human ecology perspective of climate change
regards the population and its characteristics as
important drivers of anthropogenic impacts. Under
household demographics, we consider firstly years in
place taken to be continuous variable. This is expected
to have a positive impact on the household expenditure
resulting in a rise in the amount of carbon dioxide
emissions.
The second indicator pertains to the hours of access
to electricity. This will certainly increase the
household expenditure due to more energy
consumption resulting in residential carbon dioxide
emissions.
The number of hours used by the household for
burning stove (cooking, heating water, and making
tea) is expected to be positively related to indoor
carbon dioxide emissions. With the increase in the
number of hours of burning stove leads to increase in
the emissions.
Whether the household owns a car or motorcycle as
a part of its personal transport equipment adds to the
outdoor emissions due to the anthropogenic activity.
Therefore, as taken in every case dummy is assigned
to the two variables.
Control VariablesWe control for the effects of the variables which are
not expected to directly influence the dependent
variable but have an impact on it in some way or the
other. Education of head of the household and the
female education impact the household emissions both
indoor and outdoor. More educated the head of the
family or the more literate the female in the household
is, it is expected that they will take the necessary
measures that will decrease the emissions in terms
of using energy efficient technology.
One more variable considered here is religion. The
relevance of this variable to affect the household
indoor and outdoor expenditure and thus emissions is
highly questionable. It is expected that people
belonging to different religions behave differently
when undertaking their expenditures which is not
certainly true.

Technological InnovationsElectric fan, refrigerator, microwave, air conditioner,
generator set are purchased by households or not.
Dummies are assigned to the five different
categories. They form an important part of ecological
perspective which says that innovations will decrease
the amount of emissions with the effect being negative.
Thus, the owning capacity tells us about their effect
on the carbon emissions.
RESULTS AND ANALYSIS
Regression results from the two regression equations
stated previously are discussed here. Similar to the
graphical interpretation, here also the various states
have not been taken into consideration.
From regression 1
From the first regression, we obtain that the R square
value shows that 14.22 % of the variation in the indoor
expenditure is explained by the explanatory variables
such as income, owning capacity of household, hours
of access to electricity and hours of burning stove or
chulha. The R square value obtained above is pretty
good for a cross sectional surveys like this.
Education of the head of the household given by
headedu has insignificant p value for the both the
dummies generated for the three categories.
Cototal ie total consumption expenditure for all the
purposes has p value as 0.000 which is highly
significant and seems to be positively related to the
indoor expenditure. When the total household
consumption expenditure increases by 1 unit, the
increase in the household indoor expenditure is by
0.0047 units.
The variables such as income and years in place have
p values greater than 0.1 which depicts their
insignificant effects on the indoor expenditure.
Biophysical characteristics explained by the cooking
place in the house and whether the household has a
window or vent in the cooking area have insignificant
p values.
Hours of burning stove or chulha has a positive effect
on the indoor expenditure contributing to higher indoor
emissions. This is supported in the above results as
their p values turns out to be significant. With the
increase in the number of burning hours of stove from
1-8 hours by 1 unit, the indoor emissions rise due to
the rise in the indoor expenditure from 167.07 to
673.27.
Female education and religion do not have a significant
effect on the household indoor expenditure as the null
hypothesis is accepted at 10% level of significance
due to their p values greater than 0.1.
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Number of hours the household has access to
electricity has p value 0.14 which is slightly greater
than 0.1. Hence we can say that the null hypothesis
for such a variable can be rejected to show its
significant effect on the indoor expenditure and thus
emissions. The increase in the number of hours the
electricity access by 1 unit leads to increase in the
indoor expenditure by 89.92 units. This has a overall
effect on rising household indoor emissions.
Owning capacity of households in India for indoor
use is shown by whether the household owns a
generator set (cg6), refrigerator (cg18), electric fan
(cg13), microwave (cg27), air conditioner (cg22). For
all the variables, p value is significant except for cg6.
cg13 which shows whether the household owns a
electric fan or not. The average expenditure when
the household has a electric fan is greater by 244.79
units as compared to the base category.
cg18 which holds for refrigerator shows that the
average expenditure for the household on refrigerator
is higher by 324.544 units when compared with the
benchmark category. Similar interpretation holds for
cg27 as the average expenditure on microwave oven
is more by 478.98 units.
cg22 which shows whether the household has air
conditioner or not. The average expenditure incurred
by the household when it owns a refrigerator is
greater by 891.38 units as compared to when it does
not.
From Regression 2
In the above table on checking p values shows us the
significance for each of the variables. At 10 % level
of significance, the p value ie the probability of
committing type I error shows that if p > 0.1, then we
accept the null hypothesis whereas if p < 0.1 we reject
null hypothesis. We see that almost all the variables
are significant over here as their p values are turning
out to be less than 0.1.
R square for this regression comes out to be 11%
which means that 11% of the variation in the
expenditure is explained by the all the independent
variable including income, years in place, whether the
household owns motor cycle or car.
Years in place represented by id15 are highly
significant as represented by its p value and has a
positive relationship with outdoor expenditure. If
number of years that a household has stayed in a
place increases by 1 unit, their expenditure increases
by 14.73 units.
P value of Total consumption expenditure (cototal) is
given by 0.00 is significant at 10 % level of
significance. It is as expected to be positively related
with the household expenditure. If the consumption
expenditure increases by 1 unit, then the outdoor

expenditure increases by 0.04 units.
As the income of the household increases, the
expenditure decreases by 0.011 units. The p value
for the income variable also turns out to be significant.
Education of head of family given by headedu is being
divided into three categories. For three categories we
generate two dummies for 1 and 2. 3 is taken as the
benchmark category. Higher the education of head
of the family, the less will be the household outdoor
expenditure for the activities contributing to the
emissions. P value for the variable turns out to be
insignificant. This is taken as a part of the control
variable which may or may not have an effect on the
expenditure undertaken.
Cg8 and cg21 explain whether the household owns
motorcycle or car for which we get significant p
values as 0.00. The average expenditure when the
household owns the motorcycle is more by 1666.554
as compared to when the household does not own a
motorcycle. Similarly, the average outdoor
expenditure when the household owns a car is more
by 5885.127 as compared to the base category. For
the Female education also, the p value is rejected at
10 % level of significance as it is less than 10% level
of significance. More the females are educated in
the household, the less will be expenditure incurred
by them on the activities contributing to emissions.
There appears to be a negative relationship between
female education and expenditure incurred for outdoor
purposes. If the female education increases by 1 unit,
expenditure falls by 527.944.
Religion explained by three dummies. The base
category belongs to the people who are Hindu. P value
for the people who are Muslim is significant and
expenditure for them is lower by 663.04 as compared
to the outdoor expenditure by Hindus. P values for
the other two dummies are not significant as we
accept the null hypothesis.
The characteristic such as whether the household has
window in the cooking area or where cooking is done
in the household have their p values as significant.
The average expenditure done by the household for
outdoor purposes if it has window in the cooking area
is less than the base category by 592.73 units.
We see the behaviour of variables for India as a whole
rather than for different states separately.
CONCLUSION
In this paper, we addressed the issue of climate
change caused by the residential anthropogenic
drivers such as household demographics, biophysical
characteristics, affluence and technological
innovations.
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Technological innovations such as owning of electric
fan, refrigerator, microwave oven, air conditioner
which have been considered here have significant
positive effects on indoor expenditure except for
generator set which has insignificant effect. This
stands in line with the PE theory but contradicts EM
perspective which regards technological innovation
as a holy grail of human efforts to mitigate the adverse
environmental consequences of modern economic
growth.
Affluent indicators such as household consumption
expenditure shows positive effect on both the
expenditures which confirms to the PE theorists who
say that green technologies produce environmental
benefits but they are counteracted by affluence based
increased consumption. Household income has a
negative effect on the expenditure indicating that as
India is on the path to development the environmental
degradation has started to decline with the rise in
income. Since, the analysis is done only for one period
over here we cannot make definite conclusions.
Household demographics and biophysical
characteristics also play an important part in explaining
issue of anthropogenic environmental degradation.
Most of the household demographic factors positively
affect the expenses in a positive way. On the other
hand, biophysical characteristics do not give a clear
indication of their effects on the carbon dioxide
emissions .Hence; HE theory shows that affluence
and household demographics drive anthropogenic
carbon dioxide emissions.
It is crucial to recognise the expenditures on energy
consumption and emission factors are to a great
extent influenced by the factors that are beyond the
control of humans such as development trends
regarding urban forms, housing density, type and
infrastructure. The policies which affect urbanisation
and urban development play important roles in
determining household energy use as well as some
of political economic factors.
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