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Preface 
 

Biodiversity is the foundation for life and for the essential services provided by ecosystems 
and it underpins peoples’ livelihoods and sustainable development in a variety of sectors. 
According to the UN Secretariat of the Convention on Biological Diversity (CBD), biodiversity 
is essential to sustaining the living networks and systems that provide us with health, 
wealth, food, fuel and the vital services our lives depend upon. The Convention, of which 
India is a signatory, covers all ecosystems, species and genetic resources, linking traditional 
conservation efforts to economic goal of using biological resources sustainably, and setting 
principles for the fair and equitable sharing of the benefits from use of genetic resources.  
 
There is a growing recognition that humankind, as Albert Einstein observed, “cannot solve 
problems in the same way of thinking that led to their creation.” A new way of thinking, a 
paradigm shift is required to keep the web of life in tact so that it can continue to provide 
the essential raw materials for sustainable development. United Nations declared the 
period 2011 – 2020 to be “the United Nations Decade on Biodiversity, with a view to 
contributing to the implementation of the Strategic Plan for Biodiversity for the period 
2011‐2020”. The Decade is intended to be a vehicle to support and promote 
implementation of the objectives of this synergistic Strategic Plan for Biodiversity and the 
Aichi Biodiversity Targets, and to mainstream biodiversity issues into broader development 
planning and in the economic sectors. 
 
Indian Biodiversity Congress (IBC) is the largest get together of scientists, conservationists, 
environmentalists, civil society groups and local communities in India, a platform to discuss 
the current status of biodiversity in India and an inclusive colloquium to forward strategies 
and policies to conserve the rich biodiversity heritage of the country. The third IBC held at 
Chennai had the focal theme “Biodiversity for Poverty Eradication”. The event was a 
phenomenal success and the papers presented in the Seminar are now compiled in the form 
of second volume of “Perspectives of Biodiversity” Volume II.  
 
The papers are presented in this volume under various heads such as Biodiversity 
documentation and Taxonomy (49 papers), Agrobiodiversity and Food Security (22 papers), 
Diversity of Medicinal Plants and Sustainable Utilization (8 papers), Biotechnology for 
Biodiversity (11 papers),Biotechnology for Development (15 papers), Climate Change and 
and Biodiversity (5 papers), Biodiversity Laws and Intellectual Property Rights (4 Papers), 
Cultural, Spiritual and Linguistic Values of Biodiversity (2 papers), and Biodiversity Education 
(4 papers). We welcome comments from the readers and I congratulate CISSA for brining 
out this volume rich in diversity of topics.  
 
 
 
New Delhi 
12 June 2016 

Vandana Shiva 
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PROSPECTING THE BIOPROTECTIVE ACTIVITIES OF TREE PHYLLANTHUS: A 
STUDY ON ANTIOXIDANT AND ANTIMICROBIAL EFFICACY OF METHANOLIC 

LEAF EXTRACT OF PHYLLANTHUS 
Jaseela. F1*, Nesy. E.A1 and Baiju. E.C2

1Department of Botany, KKTM Govt. College, Pullut, Kodungallur, Thrissur, Kerala, 
2Department of Botany, SNM College, Maliankara, Kerala 

*Email: jaseelaf@gmail.com

ABSTRACT

Phyllanthus acidus is an important tree species of the genus Phyllanthus well known for medicinal properties of the 
fruit, bark and root. Since leaf biomass of P. acidus is considerably good the present study aimed to assess the poten-
tial of leaf biomass as a source of phytochemicals as well as to the bioprotective property of the leaf extract giving 
emphasis on the antioxidant and antimicrobial activity of the methanolic fraction. Preliminary qualitative analysis 
to identify metabolites by characteristic color changes revealed the presence of alkaloids, tannins, saponins, steroids, 
coumarins, flavonoids, terpenoids and cardiac glycosides. The reducing power assays to check for the antioxidant 
efficacy, designated by their IC50 in comparison with that of the standards, Ascorbic acid showed cupric ion reducing 
activity (CUPRAC assay) to be concentration dependent. IC50 value for leaf extracts (356µg/ml) was almost compa-
rable to the IC50 value of the standard (308µg/ml). The ferric ion reducing potential (modified FRAP assay) of the 
methanolic fractions increased with increasing concentration of test samples and recorded an IC50 value of 78.1µg/
ml. The extract showed a broad spectrum antimicrobial effect. S. aureus and N. asteroids, gram positive bacteria 
were susceptible and gave a maximum zone of inhibition 18.67mm at 80mg/ml. Of the gram negative bacteria tested,  
P. mirabilis showed the greatest susceptibility and gave a maximum zone of inhibition of 
17mm at 40mg/ml of the extract. The extract was found to be an effective antifungal agent. For  
C. albicans the zone of inhibition measured 20mm in diameter and for T. rubrum it was 19mm which was much 
better than the zone of inhibition (13mm) produced by the standard Fluconazole. Present study revealed that like 
the fruits and bark of P. acidus, leaf extracts are also rich in chemical constituents that may be tapped for isolation 
of active metabolites which could be potential sources of antioxidant and antimicrobial compounds.  

Key words: Phyllanthus acidus, phytochemical analysis, antioxidant activity, antimicrobial 

1. INTRODUCTION

The availability of relatively cheaper, safe and valu-
able medicinal plants make them more attractive 
as therapeutic agents when compared to modern 
medicine (Agbor and Ngogang, 2005). However 
disease resistance capacity of plants varies with 
species which inturn  depends on the presence 
of metabolites like alkaloids, flavonoids, phe-
nols, terpenoids etc. Due to these metabolites 
they show medicinal properties like antioxi-
dant, antimicrobial, anticancerous activity. 
The Phyllanthus genus belongs to the family Phyl-
lanthaceae and comprises of about 750-800 species, 
found in tropical and subtropical regions. A num-
ber of the Phyllanthus species have been reported 
to have an extensive history in medicine system. 
A substantial  amount  of secondary  metabolites  

present in the genus  are  used  widely  in  tradi-
tional  medicine for  the  treatment  of flu, dropsy,  
diabetes, gall  and  bladder calculus, liver diseases 
etc, (Unander et al.,1995; Calixto et al.,1998; Dhi-
man and Chawla, 2005).  Phyllanthus acidus is an 
important tree species of the genus Phyllanthus 
well known for the medicinal properties of the 
fruit, bark and root. The peppered leaves are used 
to make a poultice to treat sciatica, lumbago and 
rheumatism while the seeds are used as a cathar-
tic and the root as a purgative. The plant extracts 
are widely used for the treatment of cystic fibrosis 
(Sousa et al., 2006). As the name implies, the ed-
ible berries are acidic, which are pickled or candied 
in many countries. The exhaustive literature survey 
showed that the plant is a good remedy for different 
types of ailments like psoriasis (Burkill et al., 2002), 
coughs, asthma and bronchitis (Caius et al., 2003); 
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and possess highest antibacterial activity against 
E.coli and Staphylococcus aureus (Melendez and 
Capriles, 2006) and Candida albicans (Jagessar et 
al., 2008). 
Based on these reports on the health benefits of 
P.acidus elsewhere, the present study was intended 
to screen the Phyllanthus acidus methanolic leaf 
extracts to compare the activities in terms of its po-
tential antioxidant and antimicrobial properties.

2. MATERIALS AND METHODS

Phyllanthus acidus leaves collected from the tree in 
KKTM Govt. College were shade dried and pow-
dered before subjecting to serial soxhlet extraction 
using five different solvent systems, including Pe-
troleum ether (PE), Chloroform (CHL), Ethyl ac-
etate (EA), Ethanol (ET) and Methanol (MT). The 
crude extract was then stored at 4°C till further 
experimentation. Preliminary Qualitative analysis 
of phytochemicals was conducted by characteris-
tic color changes using standard procedures (Iyen-
gar, 1995; Siddiqui and Ali, 1997; Harborne, 1998; 
Shanmugam et al., 2010).  Bioprotective properties 
of the methanolic fraction were studied by assess-
ing the antioxidant and antimicrobial efficacy.
Antioxidant property of the extract was tested for 
the ability to reduce ferric ions using Modified 
FRAP assay (Pulido et al., 2000) and to test for the 
copper ion reducing capacity using CUPRAC assay 
(Apak et al., 2004).  The concentration required to 

attain 50% radical-scavenging effect (IC50 values) 
was calculated to assess the reducing power of the 
extract and compared with that of the standard- 
Ascorbic acid. 
The antimicrobial efficacy was assessed using agar 
well diffusion method (Perez et al., 1990) against 
both gram negative (Escherichia coli, Pseudomo-
nas aeruginosa and Proteus mirabilis) and gram 
positive bacteria (Staphylococcus aureus, Bacillus 
subtilis and Nocardia asteroids) as well as fungi 
(Trichophyton rubrum and Candida albicans).  The 
plates were incubated at 37oC for 24hours to test 
for anti bacterial efficacy and for 48 hours to test 
for antifungal property. After the incubation period 
the diameter of zone of inhibition were measured 
in mm and compared to the zones obtained with 
the positive controls (Gentamicin for antibacte-
rial study and Fluconazole for antifungal study). 
DMSO was used as negative control. 
All analysis was done in triplicate. Significance was 
tested by Duncan’s multiple range test (DMRT) at 
5 % were considered to be statistically significant. 

3. RESULTS AND DISCUSSION 

Preliminary qualitative analysis to identify metab-
olites by characteristic color changes revealed the 
presence of alkaloids, tannins, saponins, steroids, 
coumarins, flavonoids, terpenoids and cardiac gly-
cosides. Presence of compounds varied with the 
solvent fractions (Table 1). 

Table 1: Results of the preliminary phytochemical analysis of different leaf extracts of Phyllanthus acidus

Sl. No. Metabolite
Solvents

PE CHL EA ET MT
1 Alkaloids + + + + -
2 Flavonoids + - + + +
3 Steroids + + - - -
4 Terpenoids + - + - -
5 Saponins + - + - -
6 Phenols + + + + +
7 Coumarins + + + + +
8 Cardiac glycosides + + + - -
9 Tannins + + - + +

10 Phlobatanins - - - - -
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PE: Petroleum ether, CHL: Chloroform, EA: Ethyl acetate, 
ET: Ethanol, MT: Methanol
‘+’ Presence ‘-’Absence

Terpenoids was present in Petroleum ether ex-
tracts while Methanolic fraction was found to be 
rich in flavonoids, coumarins, tannins and pheno-
lic compounds which are known to possess bio-
protective efficacy.

1.1. Antioxidant Activity:

As plants produce significant amount of anti-
oxidant to prevent the oxidative stress caused by 
photons and oxygen, they are considered as a po-
tential source of antioxidant compounds (Ali et 
al., 2008). Methanolic extract of the leaf of Phyl-
lanthus species- P. acidus screened for the bio-
protective property showed considerable in vitro 
antioxidant activity. The reducing power assays to 
check for the antioxidant efficacy, designated by 
their IC50 (concentration required to attain 50% 
radical-scavenging effect) in comparison with that 
of the standard, Ascorbic acid showed Cupric ion 
reducing activity (CUPRAC assay) to be concen-
tration dependent (Fig. 1). IC50 value for leaf ex-
tracts (356µg/ml) was almost comparable to the 
IC50 value of the standard (308µg/ml). The ferric 
ion reducing potential (modified FRAP assay) of 
the methanolic fractions increased with increas-
ing concentration of test samples and recorded an 
IC50 value of 78.1µg/ml (Fig. 2). The methanolic ex-
tracts of Phyllanthus species P. niruri and P. ama-
rus are reported to possess antioxidant activities 
(Kumaran and Karunakaran, 2007) as the metha-
nolic leaf extract of P. acidus in the present study.

Figs. 1-2: Inhibition percentage of metha-
nolic extracts of Phyllanthus acidus by  
(1) CUPRAC assay (2) Modified FRAP assay

Antioxidant property of phytochemicals is due to 
various factors. The comparison between the effi-
cacies of two testing methods revealed that the IC50 
values observed for ferric ion reducing power was 
much better than the cupric ion reducing antioxi-
dant power in the sample (Table 2).  As antioxidants 
present in plant extracts are multifunctional, their 
activity and mechanism depends on the composi-
tion and condition of the test system (Ilya and Dov, 
2002). Variations among the results obtained by the 
modified FRAP and CUPRAC assays might be due 
to the different conditions of measurement and the 
sensitivity of the assays. 

Table 2: Comparison between efficiency of different 
testing methods in detecting the antioxidant capac-
ity of methanolic leaf extract of Phyllanthus acidus

Name of Test
IC50 Values (µg/ml)

Ascorbic 
Acid

Phyllan-
thus acidus

Modified FRAP Assay 8.2 ± 0.3a 78.1 ± 9.7c

CUPRAC Assay 308 ± 33.2b 356 ± 23.1b

Significance level at P<0.05

1.2. Antimicrobial Activity:
Methanolic fraction of P. acidus proved to be a 
good antimicrobial. This fraction at all concentra-
tions could suppress the growth of all the tested mi-
crobes both bacteria and fungi. But at lower con-
centrations <80mg/ml was ineffective to resist the 
growth of gram positive bacteria- B. subtilis (Table 
3). At the same time this fraction was significantly 



Perspectives on Biodiversity of India Vol. II. Part 2

4

effective against the other two gram positive bac-
teria tested- S. aureus and N. asteroids. Both the 
species turned out to be susceptible to MT fraction 
of P. acidus and gave a maximum zone of inhibi-
tion 18.67mm at 80mg/ml. These values were com-
parable to the zone of inhibition developed by the 
positive control-Gentamicin (Table 3). 
Of the gram negative bacteria tested, E. coli showed 
much resistance against the MT fraction of P. aci-
dus.  At all the concentrations of the extract tested 
it hardly developed any significant zone of inhibi-
tion (Table 3). However, the other two gram nega-
tive bacteria tested turned out to be susceptible to 
the MT fraction of P. acidus. P. mirabilis showed 
the greatest susceptibility towards the fraction and 
developed significant zones of inhibition at all the 

tested concentrations. It gave a maximum zone of 
inhibition of 17.00±0.71mm at 40mg/ml of the ex-
tract. 
The above observation indicates that leaf extracts of 
P. acidus has broad spectrum antibacterial activity 
and is a potential source of new classes of antibiot-
ics that could be useful for infectious disease che-
motherapy and control. In contrast to our observa-
tion, Md. Razibul Habib et al. (2011) reported that 
the P. acidus fruit extract has a narrow spectrum 
of antimicrobial activity. However the results of the 
research on the ethanol extract of Phyllanthus aci-
dus L. bark showed significant zone of inhibition 
against gram negative bacteria (Subrata Kumar 
Biswas et al., 2011).

Table 3: Antimicrobial efficacy (inhibition zone in mm) of Phyllanthus acidus methanol extract of leaves

Concentration(mg/ml)
Organism Gentamicin 80 40 20 10
Bacterial Strain
S. aureus 20.33±0.58 18.67±0.58 18.00±1.00 17.33±0.58 14.33±0.58
B. subtilis 25.50±0.71 13.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00
N. asteroids 24.00±0.00 18.67±1.15 16.33±0.58 15.33±0.58 0.00±0.00
E. coli  24.50±0.71 7.00±0.00 7.00±0.00 7.00±0.00 7.00±0.00
P. aeruginosa 24.67±0.58 14.67±0.58 10.33±0.58 9.33±0.58 8.00±0.00
P. mirabilis 24.00±0.00 15.67±0.00 17.00±0.71 15.33±0.71 10.33±0.71
Fungal Strain              Fluconazole
C. albicans 13.00±1.41 18.00±0.00 20.00±0.00 16.00±0.00 11.00±0.00
T. rubrum 13.00±0.00 18.00±0.00 19.00±1.41 16.33±0.71 11.00±0.00

MT extract also turned out to be an effec-
tive antifungal agent (Table 3). Both the fungal 
strains tested were susceptible to the concentra-
tions of extract used in the study. MT fraction of  
P. acidus proved to be a better antifungal agent 
than the standard Fluconazole, used for the experi-
ment (Table 3). While the standard could resist the 
growth of the fungi and developed only a clear zone 
of 13.00±0.00mm, MT fraction at 40mg/ml sup-
pressed the growth of both fungi and gave a zone 
of inhibition greater than the standard (20.00±0.00 
and19.00±1.41mm). The zone of inhibition mea-
sured 19mm for T. rubrum
The yeast Candida albicans is considered to be the 

most opportunistic fungal pathogen as it presents 
itself in immune compromised patients, and over 
75% of women suffer from vaginal candidiasis at 
some stage in their lifetime. Candida infections 
are diverse in their manifestations, varying from 
superficial skin problems, chronic infection of the 
nails, mouth, throat or vagina to frequently fa-
tal systemic diseases that involve the lungs, heart, 
gastrointestinal tract, central nervous system and 
other organs (Cogan, 2009). Many of the current 
antifungal agents that are used in therapy are gen-
erating resistance or have adverse side effects. For 
example, the anti-Candida agent, fluconazole can 
cause nausea, headache or provoke liver dam-
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age. In such circumstances the search for a bet-
ter and natural antifungal agent, is of utmost sig-
nificance. The methanolic fraction of P. acidus was 
found to be effective against the notorious fungus  
C. albicans and the zone of inhibition measured 
20mm in diameter, which was way higher than that 
observed for the standard Fluconazole in the pres-
ent study. 

4. CONCLUSION

Strong inhibitions of free radicals were caused 
by the methanolic extract of P. acidus. It could be 
considered as a potential source of natural antioxi-
dants, which could find application in nutritional/
pharmaceutical fields, in the prevention of free 
radical‐ mediated diseases. However, further stud-
ies are required for the isolation and characteriza-
tion of antioxidant components and also in vivo 
studies are needed for better understanding of their 
mechanism of action as an antioxidant. This in vi-
tro study revealed that the methanolic leaf extract 
was comparatively effective against the test organ-
isms at varying levels. Leaf extracts of P. acidus is a 
prospective source of natural antifungal agent, es-
pecially against C. albicans. It also has broad spec-
trum antibacterial activity and is a potential source 
of new classes of antibiotics that could be useful for 
infectious disease chemotherapy and control. 
Based on the findings of this study, we can con-
clude that Phyllanthus acidus is a biologically 
active plant and that explains the popularity of this 
plant in the folk medicine as a remedy for different 
illnesses. 
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ABSTRACT 
Aadi Aushadhi is a unique Social Enterprise of traditional Adivasi farmers from the Dediapada forests of South 
Gujarat. It has historically evolved out of the  detailed, first-hand research studies carried out on the ethnome-
dicinal plants utilized by the Vasava tribals which  led to the documentation of over 250 plant species (from 75 
families) which were of ethnomedicinal significance. The Aadi Aushahdi paradigm has employed sound strategies 
related to empowering of SHGs, soil and water conservation, study of medicinal plants, use of organic and meth-
ods for sutainable agriculture, along with innovation in product making, brand building and marketing. 

With a holistic perspective that links conservation and  productivity, the group opted for cultivation of ten selected 
medicinal  based on a Market Feasibility Study and a Botanical Study by Taxonomy experts with the overlaps in 
the studies providing the choice of plants for cultivation.  With a view to motivate the Adivasi farmers (all from 
BPL families),  cultivation was initially undertaken on four demonstration plots before the  SHG members took to 
cultivation in their own farm lands. Trainings on good agricultural practices, on preparation of organic and liquid 
manure and on bio-pesticides have been given through hands on workshops and on field support. The group has 
also created its own nurseries to ensure a regular supply of plants and end dependency on external sources.

The paper presents the case study of Aadi Aushadhi which is currently an informal  group of 85 members who 
are organized into four SHGs which are actively engaged  in the production, packaging and marketing of herbal, 
medicinal and products.  The network is supported by a Core group of experts from the academic, agricultural and 
NGO sectors. Aadi Aushadhi has emerged from a traditional academic foundation into a sustainable agro enter-
prise engaged in creative, sustainable livelihood promotion practices. The group has its own office and processing 
unit in Dediapada and will move towards setting up its own bakery unit, with assistance from NABARD. It is also 
emerging as the crucible in which the Biodiversity documentation process of the entire Dediapada taluka will be 
crystallized in the coming future. 

Key words: Ethnomedicinal biodiversity, value addition, sustainable, livelihood options. 

1. INTRODUCTION 

The biodiversity rich Dediapada forests in the 
Shoolpaneshwar sanctuary area of South Gujarat 
are inhabited by the Bhil Vasava tribals who have a 
rich tradition of indigenous medicine. An estimat-
ed one hectare in these 59,312 hectares of sprawling 
forest cover  is reported to house up to  1,200 forest 
species (D’ Cruz, 2002). 
Situated about 70 kms. east of Ankleshwar on the 
Western Railway  main-line connecting Mumbai 
with Ahmedabad, Dediapada is a backward tribal 
taluka–economically, educationally, socially, and 
politically with low literacy rates among its 95%  
tribal population – 36.45% (Gujarat 61.29 %) in 

1991 and 48% (Gujarat 69.9 %) in 2001. Document-
ing the ethnomedicinal wisdom assumes greater 
significance since the Taluka covers 1027 sq. kms. 
and has 1,43,303 inhabitants with 76% of families 
in the taluka living below the poverty line (BPL 
families) (2001 census). 

2. MATERIALS AND METHODS

Aadi Aushadhi, as a Social Enterprise of traditional 
Adivasi farmers from the Dediapada forests, has 
historically evolved out of the detailed, first-hand 
research studies carried out on the ethnomedicinal 
plants utilized by the Vasava tribals. 
A project titled “People-forest-laboratory linkages 
for conservation of ethnomedicinal biodiversity”, 
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was financed by the Gujarat Ecology Commission 
and implemented by the Xavier Research Founda-
tion (Ahmedabad). This involved a novel meth-
odology involving the setting up of an interactive, 
collaborative network of active tribal medicine 
men (drawn from almost twenty villages within the 
Dediapada forests) which held meetings over thirty 
five interactive sessions which were  used to con-
firm, cross-check, verify, and systematically docu-
ment the ethnomedicinal flora of the Dediapada 
forests. 
To ensure that research goes beyond pure academ-
ics, traditional Adivasi farmers were encouraged 
to string together an umbrella network called Aadi 
Aushadhi which today processes over 25 unique 
ethnomedicinal formulations into packagings 
which are marketable in rural and urban centres.  
With a holistic perspective that links conservation 
and productivity, the group opted for cultivation 
of ten selected medicinal based on a Market Fea-
sibility Study conducted by Sky Quest Labs Private 
Limited and a Botanical Study by Taxonomy ex-
perts Dr. M. R. Almeida and Mr. Santosh Yadav of 
the Blatter Herbarium, St. Xavier’s College, Mum-
bai with the overlaps in the studies providing the 
choice of plants for cultivation.  With a view to 
motivate the Adivasi farmers (all from BPL fami-
lies),  cultivation was initially undertaken on four 
demonstration plots before the  SHG members 
took to cultivation in their own farm lands. Train-
ings on good agricultural practices, on preparation 
of organic and liquid manure and on bio-pesticides 
have been given by Jeevan Tirth (an NGO with ex-
pertise in water harvesting, headed by Raju-Dipti) 
through hands on workshops and on field support. 
The group has also created its own nurseries to en-
sure a regular supply of plants and end dependency 
on external sources.
In order to do business, special trainings in Office 
management, documentation, accounting, presen-
tation and marketing were imparted to three per-
sons to enable them to effectively run the Project 
Monitoring Unit (PMU) at Dediapada.  Ten se-
lected SHG members were trained as master train-
ers. The use of the internet and modern technol-
ogy, creation of a web-site and the preparation of a 

documentary film were some of the means used to 
spread the group’s message. The group continued 
to sell their products at local fairs (‘melos’) even 
as they were trained to prepare of a wide range of 
products, effectively making creative use of local 
ingredients. The group was helped to undergo an 
exercise in strategic planning so as to help them 
map the way forward. They were also trained in 
harvesting, storage, registration, licensing, packag-
ing and better marketing including e-marketing. 

The Aadi Aushahdi paradigm has employed sound 
strategies related to empowering of SHGs, soil and 
water conservation, study of medicinal plants, use 
of organic and methods for sutainable agriculture, 
along with innovation in product making, brand 
building and marketing. 

3. RESULTS

Over 250 plant species of ethnomedicinal signifi-
cance belonging to over 75 families were docu-
mented as part of the detailed studies of the eth-
nomedicinal wisdom of the Vasava tribals (D’Cruz, 
2002). Additions were made to the contemporary 
knowledge of the flora of Gujarat by adding to the 
Flora of Gujarat State by G.L.Shah (Shah, 1978), the 
comprehensive list of Plants of Gujarat (Biological 
Diversity of Gujarat, GEC, 1996), the Eco-Environ-
mental Studies of Sardar Sarovar Environs (Sabnis 
and Amin, 1992) and the ‘Medicinal Plants of Guja-
rat’ published by the GEER (Pandey, 2005); D’Cruz, 
2009).
Ten plants were selected for cultivation through a 
consultation involving the Market Survey experts, 
the botanical specialists and the local adivasis. This 
was an interesting attempt to utilize traditional 
knowledge and modern day study techniques to 
confirm selection of plants thus empowering an 
economically handicapped group to access meth-
odologies normally available only to Pharmaceuti-
cal companies. 
Aadi Aushadhi proceeded to set up a small office 
in January 2009 manned by three members, under 
the supervision of the local coordinator. Process-
ing equipment like a fluid Bed Drier (STD Model) 
along with a 24 Tray Drier Machine and a Multi Mill 
GMP Model (RDMM) Machine were installed. By 
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way of capacity building, 10 selected SHG members 
were trained as master trainers to help in the pro-
cess of expanding the Aadi Aushadi network. Aadi 
Aushadhi currently produces about 25 ‘medicines’ 
(from traditional tribal recipes). These materials 
are dried, powdered, processed and mixed in the 
appropriate proportion. The packages are then at-
tractively packaged and marketed. 
In an attempt to expand the market, Aadi Aushadhi 
decided to diversify the range of herbal products 
by venturing into ‘value added foods’ like “Brah-
mi Khakhras”, a variety of biscuits  and a range of 
products including sherbets and jam derived from 
“Khati Bhindi” (Hibiscus sabdariffa). 
Successive outings at the ‘Traditional Food Festival’ 
at the Indian Institute of Management have helped 
create a brand name for the small tribal enterprise 
besides bringing economic gains. In the 2008 event, 
the group prepared traditional adivasi food items 
and earned a net income of Rs 37,000/-. At the 
2009 festival the group earned a special prize for 
its ‘Brahmi products’, besides accomplishing sales 
of Rs 53,820. For the 2010 Food Festival, the group 
went a step further and decided to focus on a NTFP 
abundant in that area- ‘Mahuda’ (Madhuca indica).  
A number of ‘Mahuda’ products were marketed 
which included Mahuda biscuits, muffins, bread, 
puffs and a special Mahuda icecream. The sales 
touched a record Rs 1, 65,000/- even as the Mahu-
da products attracted wide attention.  The group’s 
most innovative product, “Mahuda Ice Cream”, 
now awaits a patent.

The 2011 food festival saw Aadi Aushadhi cross 
sales of Rs 2 lakhs through sale of Mahuda ice 
cream and Mahuda biscuits in just three days. This 
was repeated in 2012 (Rs 2,13,000) and 2013 (Rs 
2,21,000). The group ventured further into produc-
ing value added cosmetic products including hair 
and massage oils and attractive gels with the help 
of machinery provided by the National Innovation 
Foundation. 

4. DISCUSSION

Aadi Aushadhi is currently an informal group of 85 
members who are organized into four SHGs which 
are actively engaged in the production, packaging 
and marketing of herbal, medicinal and cosmetic 

products.  The network is supported by a Core 
group of experts from the academic [St. Xavier’s 
College, Ahmedabad], agricultural [Srusti Organ-
ics] and NGO [Jeevan Tirth] sectors. Aadi Ausha-
dhi has emerged from a traditional academic foun-
dation into a sustainable agro enterprise engaged in 
creative, sustainable livelihood promotion practic-
es. The group has its own office and processing unit 
in Dediapada and will move towards setting up its 
own bakery unit, with assistance from NABARD.  
It is also emerging as the crucible in which the 
Biodiversity documentation process of the entire 
Dediapada taluka will be crystallized in the com-
ing future. It is currently working with the Gujarat 
State Biodiversity Board for the preparation of 25 
Biodiversity Monitoring Committees (BMCs) and 
People’s Biodiversity Registers (PBRs) in 81 villages 
of Dediapada taluka.

5. CONCLUSION 

The Aadi Aushadhi model shows how a holistic, 
community based approach to medicinal plant 
cultivation and preservation can effectively impact 
socio-economic development. The entire effort has 
been focused on the creative utilization of Biodi-
versity for reduction of poverty through a sustained 
process of empowerment and education.  The way 
forward would be to upscale the Aadi Aushadhi 
movement. This will ultimately contribute to the 
conservation of the biodiversity and the ethnome-
dicinal wisdom of the Vasavas, while transforming 
traditional tribal healers into successful entrepre-
neurs. 
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ABSTRACT

Herbal medicine is based upon the premise that plants contain natural substances that can promote health and al-
leviate illness. Medicinal plants are those plants which contain natural property or substances that promote health 
and alleviate diseases of man, animals or crops. A survey on locally available traditional plants in and around Ko-
vilpatti area was observed. In the present investigation information on forty medicinal plants belonging to twenty 
four families were collected from Kovilpatti area and identified from the rural people who have treated diseases 
from generation to generation. The traditional method of preparation of medicine for 31 plants to cure jaundice is 
discussed in the paper in the form of table.

Key words: Ethnomedicinal plants, Kovilpatti, traditional medicine

1. INTRODUCTION

World Health Organization (WHO) has estimat-
ed that perhaps 80% of earth’s 6 billion inhabit-
ants rely upon traditional medicine for their pri-
mary health care needs and a major part of this 
therapy involves the use of plant extracts or their 
active principles.   Scientists in many parts of the 
world have carried out extensive research and have 
proved to humanity the effective use of herbal med-
icine.  Ayurveda, the traditional medical practice of 
India, has been recognized to have convincing and 
credible healing powers.  Modern drugs or conven-
tional medicines are often viewed as impersonal, 
emphasizing crisis intervention.  They are not only 
expensive but many of them bring about side effects 
which are sometimes more dangerous than the dis-
ease themselves (Kurian, 2004).  Herbal medicine 
has a rich history and a promising future.   In In-
dia, at present, there are about, 1,60,000 registered 
medical practioners of Ayurvedic system, 1,40,000 
are conventional doctors as compared to 7,00,000 
doctors of modern systems including Homeopath-
ic system. With the backing of unbiased, objective 
scientific work to support their use, practioners will 
be able to exploit their true potential.  Tomorrow’s 
need appears to be to focus more attention on the 
role of herbal medicines for the treatment of dis-

eases, particularly those which have been haunting 
our sub-continent for a number of years.

Ethnobotany deals by means of the direct time-
honored and natural association among human 
beings and plants (Trivedi, 2002). The indigenous 
medicinal information of plants is helpful to ecolo-
gists, pharmacologists, taxonomists, watershed 
and wildlife managers in civilizing the prosperity 
of area, besides listing the traditional uses (Ibrar 
et al., 2007). Ethnobotanical studies have become 
increasingly valuable in the development of health 
care and conservation programs in different parts 
of the world (Balick, 1996).

Indian subcontinent, one of the most district bio-
geography regions of the world, is having a rich re-
pository of medicinal plant resources. According to 
reasonable estimate, around 70 per cent of Indian 
populations still rely on herbal medicine for vari-
ous ailments. A part from classical system practiced 
viz. Ayurveda, Siddha and Unani, innumerable lo-
cal folk medicinal traditions also existing (Karup-
pusamy et al., 2002). The interconnections between 
traditional medicine (TM) and the biotic environ-
ments may be seen in the health benefits derived 
from the existence of a full complement of species, 
intact watersheds, climate regulation and genetic 
diversity, as well as through our fundamental needs 
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for food, water, clean air, shelter and relative climat-
ic constancy (MEA, 2005). Discussions of the links 
between TM and biodiversity therefore are im-
perative (Anyinam, 1995) particularly when con-
sidering the importance of the former as a source 
of primary health care to 80 percent of the world’s 
population (Alives and Rosa, 2005). The World 
Health Organization (WHO) has listed over 21,000 
plant species that have been reported for their 
medicinal uses world over.   In India, about 2,500 
plant species belonging to more than 1000 genera 
are used by traditional healers and about 500 plant 
species are utilized by 159 different pharmaceutical 
companies (Chandel et al., 2002). Hence an attempt 
has been made to study the ethnomedicinal plants 
in Kovilpatti, Tamil Nadu to find out the traditional 
system of medicine to cure jaundice.

2. MATERIALS AND METHODS

1.1. Study Area 

In the present investigation an attempt was made 
towards the survey on ethnomedicinal plants and 
traditional system of medicine in and around Kov-
ilpatti. In this study, Kovilpatti town and its neigh-
bouring areas namely Odappatti, Illuppaiurani, 
Kalugumalai, Moopanpatti, Keela Iral, Kayathar 
and Vilathikulam were taken.  Kovilpatti is situated 
in Tuticorin District.  It has many match factories, 
and few fireworks and spinning mills.  Humid and 
hot climatic conditions are present throughout the 
year.  Kovilpatti is experiencing a growth in the in-
dustrial front; still it holds that traditional and cul-
tural heritage. A good number of temples are testi-
mony to this fact. Kovilpatti lies in 90 36’N latitude 
and 78 51’E longitude with an altitude of MSL + 
112.

1.2. Field survey on Ethnomedicinal plants

Field survey on medicinal plants was carried out 
in Sacred groves and Plains of Kovilpatti town 
and neighbouring area (Illuppaiurani, Odappatti, 
Kayathar, Keela Iral, Kalugumalai, Vilathikulam 
and Moopanpatti) during the period from January 
2007 to July 2007.  From each selected block, a ran-
dom sample survey of the villages was taken. The 
ethnomedicinal importance of the plants was col-

lected using the personal interview technique on a 
well prepared interview schedule.  For knowing the 
medicinal uses of these plants, the help of reference 
literature of Ayurveda, Homeopathy, Unani, Al-
lopathy and other system of medicine were taken. 
Visual observations both on agricultural and waste 
lands were made.

1.3. Identification of Ethnomedicinal plants
The medicinal plants were identified with the help 
of Flora of Tamil Nadu Carnatic (Mathew, 1982), 
Flora of Tamil Nadu (Henry et al., 1987) and eth-
nomedicinal plants (Retnam and Martin, 2006).

3. RESULTS AND DISCUSSION

1.4. Ethnomedicinal plant survey

The world market of live crude herbal extract is 
growing every year, due to the paradigm shift from 
modern medicine to traditional herbal medicines 
throughout the world.  India has one of the oldest, 
richest and most diverse culture traditions associ-
ated with the use of medicinal plants.  Rural people 
inhabiting in remote areas still followed traditional 
folk medicinal systems for relieving various ail-
ments.   In the present investigation information 
on forty medicinal plants belonging to twenty four 
families were collected from Kovilpatti area and 
identified from the rural people who have treated 
jaundice from generation to generation.   All the 
plants were identified. For each plant botanical 
name is followed by family, local name and parts 
used were recorded and tabulated (Table 1).

The ethnomedicinal plant survey was carried out 
in the places viz. Kovilpatti, Illupaiurani, Vilathi-
kulam, Kayathar, Odappatti, Moopanpatti, Keela 
Iral and Kalugumalai.   In the present investiga-
tion a total of 40 plants were collected and identi-
fied.  Martin et al. (2004) reported that 48 species of 
plant belonging to 28 families in Thirunelveli and 
Tuticorin districts.  The plants of arid zone of Raj-
asthan and Gujarat were well explored by Bhandari 
(1990) and Vyas (2001).  Jemila et al. (2002) report-
ed 306 species of plants from Marunthuvazhmalai, 
190 are (65%) used in local medicine for various 
preparations used in the treatment of human and 
cattle ailments.
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Table 1: List of medicinal plants used by the village people of Kovilpatti and neighboring area.

Sl.No. Botanical Name Family Vernacular 
Name

Useful Part

1 Acalypha indica L. Euphorbiaceae Kuppaimeni Leaves

2 Aegle marmelos (L.) Correa. Rutaceae Vilvam Roots

3 Aerva lanata (L.) Juss. Amaranthaceae Siru Peelai Whole plants

4 Allium cepa L. Alliaceae Vengayam Underground 
Bulb

5 Allium sativam L. Alliaceae Vellaipundu Underground 
Bulb

6 Alternanthera sessills (L.) R.Br. Amaranthaceae Ponnanganni Whole plant

7 Amaranthus caudatus L. Amaranthaceae Araikeerai Whole plant

8 Anacardium occuidentale L. Anacardiaceae Mundiri Fruits

9 Andrographis paniculata Ness Acanthaceae Nila Vembu Whole plant

10 Borassus flabellifer L. Arecaceae Panai Plumule

11 Cardiospermum helicacubam L. Sapindaceae Mudakatthan Leaves

12 Cassia occidentalis L. Caesalpiniaceae Thagarai Leaves

13 Centella asiatica (L.) Urban Apiaceae Vallari Whole plant

14 Cocos nucifera L. Arecaceae Thennei Endosperm

15 Coscinium fenestratum (Gaertn.) Coleb. Menispermaceae Maramanjal Stem

16 Cucurbita pepo L. Cucurbitaceae Suraikai Fruit

17 Cuminum cymium L. Apiaceae Shiragam Fruit

18 Eclipta prostrata L. Compositae Karisalankanni Whole plant

19 Elettaria cadamomum (L.) Maton Zingiberaceae Elam Fruit and seeds

20 Leucas aspera Spreng. Labiatae Thumbai Whole plant

21 Mentha arvensis L. Labiatae Pudina Leaves

22 Murraya koengii (L.) Spreng. Rutaceae Kariveppilai Leaves
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23 Musa paradisiaca L. Musaceae Vazhai Fruit

24 Ocimum sanctum L. Labitae Tulsi Leaves

25 Phyllanthus amarus Schum. & Thonn Euphorbiaceae Keezhanelli Whole plant

26 Phyllanthus emblica L. Euphorbiaceae Kattunelli Fruit

27 Piper longum L. Piperaceae Tippli Fruit

28 Piper nigrum L. Piperaceae Milagu Seeds 

29 Sesbania grandiflora (L.) Poir Papilionaceae Agati Flowers

30 Solanum trilobatum L. Solanaceae Thoothuvalai Leaves

31 Tamarindus indica L. Caesalpiniaceae Puli Leaves

32 Terminalia bellerica (Gaetrn.) Roxb Combretaceae Tani Fruit

33 Terminalia chebula Retz. Combretaceae Kadukai Fruit

34 Thespesia populneoides (Roxb.) Kostel. Malvaceae Poovarasu Leaves

35 Trianthema decandra L. Aizoaceae Charanai Roots

36 Tribulus terrestris L. Zygophyllaceae Nerunchi Whole plant

37 Trigonella foenum – graceum L. Papilionaceae Vendayam Leaves & Seeds

38 Wedelia chinensis (Osbek) Merr Compositae Manjal Kari-
salankanni

Leaves

39 Zingiber officinale Roscoe. Zingiberaceae Inghi Rhizome

40 Zizipus mauritiana L. Rhamnaceae Ilantha Roots

The information presented was based on the direct 
field interviews with the local people who have been 
using these plants to cure jaundice for a long time. 
The common traditional folk medicinal system fol-
lowed in Kovilpatti and the neighboring area was 
presented in the form of Table -2.  The families of 
plant species belongs to Euphorbiaceae, Amaran-
thaceae and Labiatae were most commonly used to 
treat jaundice.

Every plant species has a particular role to play in 
the human life by curing much illness. Jain (1967) 
described plants used in healing bones in India 
in ancient times and in traditional therapies even 

today by the conservation of tree knaves are the 
source of many medicinal plants used by the local 
health practioners (Rajendra Prasad et al., 1998).    

1.1. Traditional system of medicine
India has a long historical use of large number of 
medicinal and aromatic plants.  A number of native 
plants have been used in various preparations of the 
traditional systems of medicines such as Ayurveda 
and Siddha.   India being and “Emporium of me-
dicinal plants”, the Ayurvedic and Siddha systems 
flourished well in the country.  The drugs used in 
Ayurvedic and Siddha systems flourished well in 
the country.  The drugs used in Ayurvedic and Sid-
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dha systems are essentially of plant origin. These 
systems incorporate nearly 700 plant drugs in sev-
eral medicinal preparations for the management of 
human health care (Nataraj and Paulraj, 2002).

  Outstanding results in people suffering 
from jaundice have been obtained using a herb 

called Tinospora cordifolia (Rege, 1984). WHO has 
emphasized the importance of scientific investiga-
tions into indigenous herbal medicines and many 
source countries look upon native medicinal plants 
as possible additions to the WHO list of “essential 
drugs”, once their value has been clinically proven 
(WHO, 1978).

Table-2: Traditional system of medicine preparation to cure jaundice.

Sl.No. Plant Medicine preparation / Mode of intake

1 Murraya koengii Murraya leaves made into paste and about 10 gram of this 
paste is mixed with cow’s milk and given internally for 
about one week during early morning.

2 Phyllanthus emblica It is made into paste along with cow’s milk and orally in-
take during early morning before diet for five years.

3 Phyllanthus amarus The roots are made into paste and give orally along with 
curd for about one week.

4 Leucas aspera Leaves are made into paste and this paste is given inter-
nally along with honey. 

5 Cucurbita pepo Fruit is cut into small pieces and them made into salad 
without adding salt and given internally about six days.

6 Eclipta prostrata Leaves are made into paste along with black pepper (Piper 
nigrum) seeds.  The above said paste is given internally 
along with honey or cow’s milk during early morning.

7 Tamarindus indica Equal amount of Tamarindus leaves and Cuminum cymi-
num fruits are made into paste and about ten gram of this 
paste is given internally along with goat’s milk for three 
days.

8 Centella asiatica Leaves are made into paste and given internally along with 
milk.

9 Cassia occidentalis and Phyllan-
thus amarus

Both the leaves are made into paste and ten grams of this 
paste is given internally twice a day.

10 Solanum trilobatum (leaves), Oci-
mum sanctum, Zingiber officinale 
and Piper nigrum.

All are boiled well and the juice is given internally.

11 Alternanthera sessilis Leaves are boiled and the juice is given internally.

12 Cocos nucifera The endosperm of red variety is given internally for about 
four to five times daily.
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13 Mentha arvensis The leaves are boiled and made into paste along with Ana-
cardium occidental fruit.  The paste is given internally dur-
ing early morning hours.

14 Cardiospermum helicacubam Leaves are boiled and made into paste and the paste is given 
internally.

15 Phyllanthus amarus leaves, Eclipta 
prostrata leaves and Aegle marme-
los root.

All are made into powdered form and is given orally.

16 Wedelia chinesis Leaves are made into paste along with black pepper seeds 
and this paste is given internally.

17 Zizipus mauritiana Roots are cut into small pieces and boiled in water.  Red 
colour juice obtained from this is given internally.

18 Trianthema decandra Traianthema root, small amount of dried ginger and black 
pepper seeds are boiled in water.  The juice obtained from 
these product is mixed with milk or palm sugar and given 
internally. 

19 Allium sativum The plant paste is given along with curd for five days during 
early morning before diet.

20 Andrographis paniculata The leaves are made into paste and given along with milk.

21 Phyllanthus amarus, Allium cepa 
and Cuminum cyminum 

Decoctions of these plants are given internally during early 
morning.

22 Ginger (Zingiber officinale) Black 
pepper (Piper nigrum), Cardamom 
(Elettaria cardamomum)

All are powdered well and made into paste and is given 
orally.

23 Amarantus caudatus Decoction of the plant is given internally.

24 Aerva lanata Decoction of these plants is given internally along with 
honey.

25 Tribulus terrestris and Cuminum 
cyminum 

Decoction of these plants is given internally.

26 Amaranthus caudatus leaves, Oci-
mum sanctum leaves, Cuminum 
cyminum seeds and Piper nigrum.

Decoctions from these plants are given internally.

27 Terminalia chebula Decoction is given internally during early morning before 
diet.

28 Trigonella foenum -graceum Decoctions from fenugreek leaves are given internally to 
treat jaundice.
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29 Sesbania grandiflora Flowers are made into paste and the juice extracted from 
these flowers is given internally.

30 Acalypha indica The plant juice is mixed with cow’s milk and is given inter-
nally thrice a day to treat jaundice.

31 Thespesia populea The leaves are made into paste along with cow’s milk and 
given internally thrice a day to treat jaundice.

4. CONCLUSION

The survey has added more to the existing discov-
eries of the relevance of plants and its usefulness 
in the treatment of jaundice among the residents 
of Kovilpatti. The traditional system of medicine 
incorporated in the study need to be evaluated 
through phytochemical, pharmacological investi-
gation to discover their active compounds.
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ABSTRACT

Genus Ipomoea is the largest in the family Convolvulaceae comparising of about 700 species that grow in tropical 
and temperate areas of the world. In Gujarat there are about 22 species of Ipomoea. Ipomoea is important as food 
plants (I. batata & I.aquatica) & also they are medicinally important. For the present study 10 species of Ipomoea 
growing in the different parts of Vadodara in Gujarat were selected. Detailed studies were conducted on the mor-
phology of nectary and morphometrics of the floral organs ovary, stamen and pollen grains. Nectaries in all the 
species appeared to be cup shaped except in I. dissecta which had the triangular nectar. All the staminal filaments 
at its base showed presence of trichomes. The trichomes varied in distribution and size. The length of the proximal 
base with the hairs varied between the different levelled stamens and also between the different levelled stamens 
of different species.

The distribution of hairs varied in the species. It could be categorized into four groups: (i) Both upper and and 
lower surface,(ii) Only upper surface, (iii) Only periphery, and  (iv) Both upper surface and periphery. Pollen 
grains in all the species were echinulate showing presence of a spiny outer surface except in I. dissecta which had 
a smooth external surface. The size of the pollen grains varied with the largest in I. muricata and the smallest in I. 
fistulosa. Nectar analysis were carried out to identify the different types of sugars present in the of these species. 
The type of sugars present varied among the different species. The different sugars present were glucose, arabi-
nose, fructose, sucrose, galactose and maltose.

Key words: Ipomoea, morphometrics, nectary, nectar

1. INTRODUCTION

Nectaries are secretory structures that release an 
aqueous fluid (nectar) with high sugar content. 
Bonnier (1897) recognized two types of nectaries, 
floral and extrafloral. They may differ considerably 
in anatomical structure, source of nectar compo-
nents and mode of presentation (Daries et al., 1988; 
Pacini et al., 2003). Floral nectarines play a signifi-
cant role in reproduction (Galetto & Bernardello, 
2004; Raven et al., 2005) and extrafloral nectries 
attract the insects, the presence of which may pre-
vent predation by animals or other insects (Keeler 
& Kau ,1984;Heil et al., ,2004). Floral nectaries oc-
cupy various locations on the flower (Flavin, 1998) 
and they are highly variable in morphology some 
being no more than a small cluster of secretory 
cells, others being raised mounds of secretory cells 
of various forms (circular or kidney shaped) where 
as some are conspicuous outgrowths containing 

vascular tissue and both secretory & non secretory 
parenchyma (Charles B Back, 2010). The struc-
ture, composition & ecology of floral and extraflo-
ral nectaries in the species have been compared by 
various authors (Elias et al., 1975, Beardoell et al., 
1989, Thomas & Dave, 1992).

The number of nectaries per flower showed inter-
specific as well as intraspecific valuation (Gajardo 
and Sazima, 2005). The location and morphology 
of the nectaries also appeared to vary in different 
taxa (Deng and Hu, 1995; davis et al., 1996, 1998, 
1999). Convolvulaceae, known commonly as the 
bindweed or morning glory family are a group of 
about 60 genera and more than 1,650 species of 
mostly herbaceous vines, but also trees, shrubs and 
herbs.  Convolvulaceae can be recognized by their 
funnel-shaped, radially symmetrical corolla and 
heart shaped leaves. The largest New World genera 
are Ipomoea (600 species), Convolvulus (250 spe-
cies), Cuscuta (150 species), Jacquemontia (115 
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species), and Evolvulus (98 species). Twelve genera 
have a single species (Austin, 1997). 

Ipomoea the largest genus in the flowering plant 
family Convolvulaceae, are commonly called as 
morning glories. The generic name is derived from 
the Greek words “ips” or “ipos”, meaning “worm” 
or “bindweed,” and “homoios”, meaning “resem-
bling”. It refers to their twining habit (Austin, Dan-
iel F (2004)). 

In India about 60 species are found (Oudhia, 2003).
While compiling the Forest Flora of Gujarat State, 
Patel (1971) reported only 7 species .In Flora of Gu-
jarat State (Shah,1978) the first published State Flo-
ra of India, 24 species were recorded for Ipomoea & 
Raghavan et al. (1981) listed 26 species of Ipomoea. 
Currently a total of 31 taxa (25 species, 2 varieties, 2 
subspecies and 2 forms) are documented in Gujarat 

(Sandip & Reddy, 2010). In the present study mor-
phometric characterization of reproductive struc-
tures androecium and gynoecium and the nectar-
ies in ten species of Ipomoea have been carried out. 
The septal nectaries have the structure of pockets 
with glandular lining consisting of trichomes. They 
arise in parts of ovary where the carpel walls are 
completely fused. If they are deeply embedded in 
the ovary, they have outlets in the form of canals 
leading to the surface of the ovary. 

2. MATERIAL AND METHODS

For the present study 10 species of Ipomoea were 
selected from the area in and around the M.S. Uni-
versity Campus in Vadodara, Gujarat. The list of 
species studied has been represented below indicat-
ing their habit and flowering season (Table 1).

Table 1: List of Studied Ipomoea Species
S r . 
No. Ipomoea species Synonyms Habit Flowering

1
Ipomoea aquatic Forssk. Convolvulus repens,Ipomoea 

repens Roth. Semi-aquatic. Late October - April

2
Ipomoea dissecta

(Jacq.)

Convolvulus dissectus Jacq.

Ipomoea sinuata Ortega.
Hairy creeper

May – November

3 Ipomoea   eriocarpa R.Br.
Convolvulus hispidus Vahl

c. eriocarpus (R.BR)Spreng.
Slender vine

October - November

4 Ipomoea   fistulosa Mart. Ex 
Choisy Ipomoea carnea Jacq. Erect Shrub Throughout the year

5 Ipomoea   muricata (L.) Jacq.
Convolvulus muricatus L.

C. muricatum (L.) G. Don,
Annual herb August -January

6 Ipomoea   nil (L.) Roth.
Convolvulus nil L.,

C. hederaceus L.
Annual herb

August - December

7 Ipomoea obscura (L). Ker 
Gawl. Convolvulus obscurus P e r e n n i a l 

herb November - February

8 Ipomoea palmate Forssk. Ipomoea stipulacea Jacq., Creeping Throughout the year
9 Ipomoea   quamocilt L. Quamoclit pennata (Desr.) Annual herb July - October

10
Ipomoea  sepiaria

J. Koenig ex Roxb.
Ipomoea sepiaria Roxb. Slender pe-

rennial herb Throughout the year

Healthy fresh plant specimens were collected in sealed poythene bags and brought to the laboratory. 
Plants parts were dissected and reproductive characteristic features were observed. By using different 
floras (Flora of Bombay (part 2), Cookc Flora, G.L. Shah) species were identified and confirmed. Samples 
were deposited in the BARO Herbarium at Maharaja Sayajirao University of Baroda.
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3. FLORAL MORPHOMETRICS

For the detail studies of floral morphometrics, the 
androceium and gynoceium from each collected 
flowers were dissected. Using a standard ruler, cal-
liberated in millimetre, length of flowers were mea-
sured. The style was measured from the point of 
attachment of ovary to the tip of stigma. Staminal 
filaments were harvested from the same specimens 
collected for the style length data. All the three 
levelled stamens from each flower were measured 
from the point of filament attachment to the point 
of attachment to the anther lobe. The mean of each 
floral organ measurement within species was de-
termined along with standard deviation and stan-
dard error. Differences in the style length between 
the species were analyzed using one way ANOVA 
(analysis of variance) to determine if length differ-
ences were significant. Comparison of length be-
tween the two different staminal levels were ana-
lyzed using one way ANOVA for significance with 
Microsoft excel 2007. 

Nectar analysis:

To study different sugars present in nectars of dif-
ferent Ipomoea species, nectar analysis was done. 
Nectar collected from flowers were analysed by  pa-
per chromatograpy. Nectar collection was carried 
out by Filter paper wicks method (McKenna MA, 
Thomson JD.1988).

For the analysis of sugar Paper Chromatography 
was done in which the solvent system used was 
BAW (n-Butanol-Acetic acid-water, 4:1:5). Spray 
reagent used was Aniline Hydrogen phthalate. Nec-
tar solution (collected from flower) was directly 
spotted on chromatographic paper (Whatman filter 
paper No.1). Standard solutions of sugars (Sucrose, 
Fructose, Arabinose, Glucose, Galactose, Man-
nose, Maltose & Ribose) were spotted along with 
the plant sample. Chromatograms were developed 
in the solvent system (BAW), sprayed with Anline 
Hydrogen phthalate, dried and heated at 110ºc. Rf 
value of spots were compared with those of stan-
dard sugars.

4. RESULTS AND DISCUSSION

In Gujarat there are about 22 species of Ipomoea. 

Different parts of the ten species of Ipomoea stud-
ied are known to be economically as well as me-
dicinally important (Gunn,1972; Burkil ,1985; Cho 
et al., 2004; Thomas et al., 2004; Chand et al., 2005; 
Vardhana, 2008 ;Yusuf et al., 2009).Out of the 10 
Ipomoea species studied, I. palmata, I. quamoclit, 
I. dissecta, I. nil, I. obscura were found to grow 
isolated while species I. fistulosa is found to grow 
along with species I. aquatica. It is also found to 
grow along with species I. sepiaria. Sometimes all 
the three species are found to grow altogether. Ipo-
moea eriocarpa is found to grow along with Ipo-
moea muricata.

The colour and size of the flower in different species 
showed variation. The morphometric dimensions 
of the anther, style, trichomes and pollen grains 
have been represented in table 3. The colour of the 
flowers varied from pink to purple to pale cream 
colour. I. fistulosa, I. palmata and I. sepiaria flowers 
throught the year. I. palmate has 6 stamens while all 
the other species show 5 stamens alternating with 
petals. Stigma is generally bilobed except in I. nil 
which has a trilobed stigma.

The length of flowers appeared to vary. Large sized 
flowers were present in Ipomoea fistula (8.5cm) 
while smallest flowers were of I.eriocarpa (1.3cm). 
Ipomoea sepiaria commonly found growing in 
close vicinity of I.fistulosa had small flowers of 
length, with same floral visitors. 

I. eriocarpa has the smallest sized flowers. Based on 
the length of the filaments three different levelled 
stamens could be identified in all the species except 
I. fistulosa, I. obscura, I. palmata and I. sepiaria. 
They have been designated as large, medium and 
small stamens. 

The lengths of the anthers were measured. There 
was no significant variation in the size of the an-
thers of the different levelled stamens. The variation 
appeared to be because of difference in the length 
of the filaments. Plate A and B shows the different 
characteristic variations observed in the reproduc-
tion parts of the ten different species of Ipomoea. 

All the staminal filaments at its base showed pres-
ence of trichomes. The trichomes varied in distri-
bution and size. The length of the proximal base 
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with the hairs varied between the different levelled 
stamens and also between the different levelled sta-
mens of different species.The distribution of hairs 
on the upper and basal region of filament varied in 
the species. It could be categorized into four groups; 
i.e.,(i) Both upper and and lower surface,(ii) Only 
upper surface, (iii) Only periphery, (iv) Both upper 
surface and periphery.

All the hairs were multicellular, multiseriate with 
large prominent single celled (plate B 4, 9, 15, 21, 
27) terminal head. The stalk of the trichome was 
multicellular with marginal small cells and cen-
tral cells which were larger in size. The head was 
single celled, prominently large and oval shaped 
with a broad base. The length of the trichomes were 
maximum in I.muricata followed by I.palmata and 
I.sepiaria. The shortest trichomes were noted in I 
.aquatica. In I.quamoclit the terminal cell was ab-
sent. (Plate B, 21, 22) Trichomes in I. sepiaria, I. 
palmate & I. muricata were very long compared to 
the other species. In I. aquatica the trichomes were 
very short (14.6µm). The size of the terminal cell 
was largest in I. sepiaria and smallest in I. nil. The 
length of trichome was maximum in I. muricata 
but the head size was maximum in I .sepiaria two 
different sized trichomes were observed in I obscu-
ra (Table 4).

Pollen grains in all the species were echinulate 
showing presence of a spiny outer surface except 
in I. dissecta which had a smooth external surface 
(Plate A, 11). The size of the pollen grains varied 
with the largest in I. muricata and the smallest in I. 
fistulosa (Table 4).

Convolvulvaceae species (Ipomoea) have either 
yellow or cream coloured nectaries surrounding 
the ovary base (Collins, 1992). When a mutant 
with green nectar was discovered, it was demon-
strated that, this colour is inherited as a monogenic 
dominant trait over yellow nectar. The nectar in 
this case is produced by the presence of carotenoid 
in the nectar tissue (Bernardello, 1986; Mann et 
al., 2000). On the other hand environmental varia-
tions were reported to be responsible for nectary 
colour change in Hedera helix (Araliaceae, Vezza et 
al., 2006). In some Ipomoea species the extrafloral 
nectaries consist of recessed chambers lined with 

secretory trichomes and connected to the surface 
only by a duct (Keeler & Kaul, 1984). These crypt 
nectaries are considered to be reminiscent of the 
septal nectaries (Rudall, 2002; Sajo et al, 2004) 
found only in the monocot. The nectary in all the 
studied species was located between the gynoe-
cium and the ring of stamen as a circular mound. 
The nectaries were cup shaped, continuous and 
sometimes 3 – 5 lobed at the corners between the 
nectary and the ovary facilitating in the accumula-
tion of the nectar. In I.dissecta the nectary was 3 
lobed (Plate A: 8) and I. aquatica it formed a com-
plete circular ring (Plate A: 1, 2) the height of the 
nectar cup varied among the species. In I. nil the 
five prominent separate lobes of the nectar did not 
form a continuous ring (Plate B: 1). Long hairs were 
arising from the nectary in I.eriocarpa. These hairs 
were unicellular with tapering end (Plate A: 12, 13). 
In I. fistulosa the ovary wall was covered with short 
trichomes (Plate A: 19). These trichomes aid in 
probably trapping the pollen grains facilitating in 
germination & penetration into the ovary to reach 
the ovule. Stigma in all the species were distinctly 
bilobed (Plate A: 3, 9, 14, 20) (Plate B: 14, 26) or 
trilobed except in I.nil (Plate B: 3) whereas it was 
not lobed in I.muricata, I.obscura and I.quamoclit 
(Plate A: 26) (Plate B: 8, 20). All the species had 
papillate outgrowth on stigma.

Floral nectar of I. fistulosa shows an absence meli-
biose while the extrafloral nectar contains sucrose, 
glucose, fructose and melibiose. Floral nectar con-
tains higher concentrations of sucrose and glucose. 
Both floral & extrafloral nectar also contains anti-
oxidants and small amounts of phenolics, aldehyde 
& ketones. Unsaturated lipids were absent from 
the extrafloral nectaries but were present in small 
quantities in the floral nectar (Keeler, 1977).Galetto 
(1995) demonstrated in Bignonaceae that the lon-
ger the flower, the more voluminous the nectary 
and the higher the stomata number but these traits 
were not related to nectar secretion Pelanidou et 
al. (2000) showed in Lamiaceae that the number 
of stomata does not appear to influence the nectar 
secretion in agreement with findings by Teuber et 
al. (1980) and Davis & Gunning (1991) in Fabaceae 
species.
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Other studies suggest that flower morphology is 
more evolutionarily more liable and that corolla 
traits can frequently change (eg. Cubas et al., 1999; 
Harrison et al., 1999) in comparison changes in 
nectar features (eg. Asteraceae, Torres & Galetto, 
2002; Solanaceae – Galetto et al., 1998; Geraniaceae 
– Perret et al., 2001). In some taxa nectar composi-
tion seems to be more conservative trait than flow-
er morphology. The same argument was used to 
explain the absence of convergence in sugar com-
position between plants growing in two different 
South American biogeographical regions (Chaco 
& Patagonia ) that share same animal vistor guilds 
(Galetto & Bernardello, 2003). 

Nectar chemistry is dominated by three simple sug-
ars: the disaccharides sucrose and its components 
monosaccharides- fructose and glucose. All are de-
rived from sucrose translocated in phloem sap or 

synthesized in the nectary. The relative amounts 
of each are determined by nectary invertase which 
hydrolyses sucrose to glucose and fructose, before 
or during nectar secretion (Pate et al., 1985). The 
rich composition of nectar suggests that this meta-
bolic offering is a major consideration both for the 
plant and for many animal visitors. Using nectar 
as an energy source, pollinators move pollen from 
flower to flower, but at the same time they carry a 
host of microbial contaminants. There must exist 
mechanisms to maintain nectar in a microbe-free 
state, and indeed the nectary expresses a number 
of protein-defence factors that function to protect 
the gynoecium and the nectar itself. Phenolic, ter-
penoid, and other ingredients of essential oils are 
produced in flowers and may accumulate in nec-
tar, probably with additional antimicrobial benefits 
(Raguso, 2004).

Table 2: Important Uses of The Different Parts Of Selected Ipomoea Species.

Sr.No. Ipomoea species Part used Uses References
1. Ipomoea aquatic 

Forssk.
Leaves As a food Medicinally imp.

to treat ringworm, asthma, 
diabetes

Acc. to WHO

2. Ipomoea dissecta
(Jacq.)

Oil from 
leaves

Used in preparation of 
liquor.

R  Vardhana (2008.Me-
dicinal plants)

3. Ipomoea   eriocar-
pa R.Br.

Whole plant
Leaves 

Vegetable, Epilepsy, Ulcers, 
Skin diseases

Burkil H.M.1985

4. Ipomoea   fistulosa 
Mart. Ex Choisy

Whole plant Antifungal, Antibiotic, 
Anticarcinogenic, oxytoxic.

Chand, Navin; P. K. Ro-
hatgi (June 20, 2005).

5. Ipomoea   muricata 
(L.) Jacq.

Young seeds 
and Fruit

Vegetable, Stomach aches, 
For treating trauma.

Gunn(1972)

6. Ipomoea   nil (L.) 
Roth.

Vine & 
Flower

Antifungal, Antitumour, 
Diuretic

Acc. To WHO

7. Ipomoea obscura 
(L). Ker Gawl.

Leaves Enhance function of immu-
nological effector cells.

Hamsa & Kuttan

8. Ipomoea palmata 
Forssk.

Plant extract 
Oil 

Antioxidant, Antinflamma-
tory Larvicidal properties

Cho et al.2004Thomas et 
al.2004

9. Ipomoea   quamo-
cilt L.

Whole plant
Leaves

Ornamental. Cooling & 
purgative.  Bleeding piles, as 
a plaster  for carbuncles

Yusuf et al. 2009

10. Ipomoea  sepiaria
J. Koenig ex Roxb.

Whole plant, 
Root 

Sterility in woman, constipa-
tion
Cure swelling due to snake 
bite.

Enchanting kerela.org
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Table 3: Morphometric Characterization of the Floral Parts

Sr.No
Ipomoea

species

F l o w e r 
l e n g t h 
(cm)

Anther S t y l e 
length

(cm)

Pollen 
G r a i n 
(µm)

Filament  length (cm) Anther lobes(cm)

Large Medium Small Large Medium Small

1. I p o m o e a  
aquatica 4.3 ±  0.18 1.3 ± 0.09 1 ± 0.05 0.7 ± 0 0.3 ± 0.4 0.3 ± 0.04 0.4 ± 0 1.5 ± 0.4 8.4

2. I p o m o e a  
dissecta 4.2 ±  0.2 1.6 ± 0.15 1.5 ± 0.2 1.4 ± 0.16 0. ± 0.15 0.3 ± 0.1 0.3 ± 0.15 2.3 ± 0.1 19.5

3. I p o m o e a  
eriocarpa 1.3 ± 0.38 0.6 ± 0.04 0.5 ± 0.08 0.4 ± 0 0.1 ± 0 0.1 ± 0 0.1 ± 0 0.7 ± 0.09 12.1

4. I p o m o e a  
fistulosa 8.5 ± 0.68 2.8 ± 0.35 - 1.8 ± 0.11 0.6±0.04 - 0.6 ± 0.04 2.3 ± 0.03 6.8

5. I p o m o e a  
muricata 4.2 ±  0.55 2.8 ± 0.24 2.6 ± 0.34 1.9 ± 0.04 0.1 ± 0 0.1 ± 0 ± 0 3.1 ± 0.84 28.4

6. I p o m o e a   
nil 4.6 ± 0.07 3.1 ± 0.24 2.7 ± 0.05 1.9 ± 0.09 0.1 ± 0.04 0.1 ± 0 ± 0 3.3 ± 0.45 26.7

7. I p o m o e a   
obscura 1.9 ± 0.32 1.0 ± 0.05 - 0.6 ± 0.05 0.1 ±0.05 - 0.1 ± 0 1.1 ± 0.07 16.8

8. I p o m o e a   
palmata 6.0 ± 0.45 2.2 ± 0.19 - 1.5 ± 0.48 0.6 ± 0.05 - 0.6 ± 0.04 2.4 ± 0.41 16.9

9. I p o m o e a  
quamoclit 3.7 ± 0.13 2.6 ± 0.1

2.4 ±

0.2
2.3 ± 0.15 0.1 ± 0.04 0.1 ± 0 0.1 ± 0.04 2.9 ± 0.14 24.2

10. I p o m o e a   
sepiaria 3.0 ± 0.19 2.1 ± 0.13 - 1.9 ± 0.04 0.2 ± 0.09 - 0.2 ± 0.04 2.1 ± 0.05 16.4

Results were very much significant at P˂ 0.05.

Table 4: Location and Dimensional Variation In Trichomes of Anther Filaments.

Sr.No. Ipomoea 
species Location

Region with hairs on 
anther filament (cm)

Trichomes

Large Medium Small L e n g t h 
(µm)

H e a d 
(µm)

1. Ipomoea  
aquatica

Densely covered all over 0.5  ± 0 0.3 ± 0.05 0.2± 0 14.6 8.3

2. Ipomoea  
dissecta

Upper region completely 
covered. Basal region only 
at periphery

0.6 ± 0.09 0.5 ± 0.16 0.5±0.15 43.8 18.1

3. Ipomoea  
eriocarpa

Upper region completely 
covered with densely cov-
ered margin. Basal region 
only at the periphery

0.1 ± 0.05 0.1 ± 0 0.1 ± 0 62.1 21.5
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4. Ipomoea   
fistulosa

Upper and basal region 
completely covered

0.6 ± 0.05 - 0.5 ± 0.05 17.9 12.9

5. Ipomoea   
muricata

Upper and basal region 
completely covered.

0.5 ± 0 0.5 ± 0 0.5 ± 0 264 16

6. Ipomoea  
nil

Only on upper region. 0.5 ± 0 0.5 ± 0 0.5 ± 0 25.38 5.1

7. Ipomoea   
obscura

Only on upper peripheral 
region.

0.2 ± 0 - 0.2 ± 0 ( A ) 1 7 , 
(B)39.3

(A)33.4, 
(B)37.1

8. Ipomoea   
palmate

Only on upper surface 
completely covered.

0.6 ± 0.07 - 0.5 ± 0.07 105.8 34

9. Ipomoea   
quamo-
clit

Upper peripheral region. 
Basal region covered all 
over region

0.5 ± 0 0.5 ± 0.04 0.5 ± 0.09 45.2 -

10. Ipomoea   
sepiaria

Only on upper region. 0.3 ± 0.04 0.3 ± 0.05 105.2 89

Table 5: Charactersitic Features, Distribution of Nectaries & Results Of Sugar Analysis.

Sr. 
No. Ipomoea species Nectary features. Sugar present

1. Ipomoea  aquatica Cup shaped, wavy Glucose & Arabinose

2. Ipomoea  dissecta Triangular cup shaped with protrusions at the cor-
ners

Glucose & Fructose

3. Ipomoea  eriocarpa Cup shaped , lobed(3) Sucrose & maltose
4. Ipomoea   fistulosa Cup shaped, lobed (3). Hairs cover the ovary, 

sparsely on style also. Long, white sharp, unicellular 
hairs.

Glucose & Galactose

5. Ipomoea   muricata Cup shaped, lobed (5) On thalamus surrounding the 
nectar. 

Fructose

6. Ipomoea   nil Cup shaped, lobed (5). White, unicellular with a 
sharp end.

Maltose & sucrose

7. Ipomoea   obscura Cup shaped, lobed (5) -

8. Ipomoea   palmata Cup shaped, lobed (4) with protrusion Gulcose & Fructose
9. Ipomoea   quamoclit Cup shaped, lobed (5) Sucrose &  Maltose

10. Ipomoea   sepiaria Cup shaped, lobed (5)  Maltose
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Plate A: Characteristic features of:

1to 6: Ipomoea aquatic

 7 to 11: Ipomoea dissecta

12 to 17: Ipomoea eriocarpa

18 to 23: Ipomoea fistulosa

24 to 27: Ipomoea muricata

1, 7, 12, 18, 24 -   Ovary

2, 8, 13, 19, 25 -   Nectary

3, 9, 14, 20, 26 -   Stigma

4, 5, 10, 15, 16, 21, 22 - Staminal hair

6, 11, 17, 23, 27, 28 - Pollen grain

1to 6: Ipomoea aquatic

7 to 11: Ipomoea dissecta

12 to 17: Ipomoea eriocarpa

18 to 23: Ipomoea fistulosa

24 to 27: Ipomoea muricata

1, 7, 12, 18, 24 -   Ovary

2, 8, 13, 19, 25 -   Nectary

3, 9, 14, 20, 26 -   Stigma

4, 5, 10, 15, 16, 21, 22 - Staminal hair

6, 11, 17, 23, 27, 28 - Pollen grain

Plate B: Characteristic features of:

1 to 5: Ipomoea nil

6 to 11: Ipomoea obscura

12 to 17: Ipomoea palmata

18 to 23: Ipomoea quamoclit

24 to 29: Ipomoea sepiaria

1, 6, 12, 18, 25 - Ovary

2, 7, 13, 19, 26 - Nectary

3, 8, 14, 20, 27 - Stigma

4, 9, 10, 15, 16, 21, 22, 27, 28 - Staminal hair

5, 11, 17, 23, 29 - Pollen grain
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ABSTRACT
The present paper provides glimpses of traditional and indigenous knowledge being practiced in the 
field of medicine and other spheres of day to day life. There are 27 plant species belonging to 19 families, 
which are being used by Warli tribes of Aswali forest range of Bordi region for curing various ailments. 
This community uses some easily available plants and mixing them properly in appropriate dosages.  All 
the required plants are available in the vicinity. The paste and decoction made out of mixing the specific 
plants are used for curing various ailments. All over the Aswali forest there are small settlements of ‘Adi-
vasi’ inhabited by primitive ethnic groups or tribes locally called ‘Warlis’. The tribal’s viz., Dhodis, Dublas, 
Konkani, etc. reside in the study area. The folk populace is well acquainted with the medicinal importance 
of their surrounding vegetation, particularly for their well being. The present communication provides 
accepted botanical name, its family, selected local and English names, a brief description of plant, the 
diseases, medicinal properties and the method of preparation, their effective dosages and its proper uses.     

Key words: Ethnomedicine, warlis, aswali forest
1. INTRODUCTION 

The people of rural areas are still dependent on tra-
ditional medicines for their healthcare and treat-
ment of diseases. These have developed through 
experience of many generations, assimilating and 
by using different systems of medicines.  

Aswali forest is situated near the Bordi village, be-
tween 200 14’ N latitude and 700 43’ E longitudes. 
The total area occupies approximately 43,371 hec-
tors of woodland protected forest and thus has wide 
diversity of vegetation. All over the Aswali forest 
there are small settlements of ‘Adivasi’ inhabited 
by primitive ethnic groups or tribes   locally called 
‘Warlis’. The tribal’s viz., Dhodis, Dublas, Konkani, 
etc. reside in the study area. The folk populace is 
well acquainted with the medicinal importance of 
their surrounding vegetation, particularly for their 
well being.

Ethnobotanical studies on medicinal plants of 
Thane district especially Dahanu areas were carried 
out by Cooke (1957) & Shah et al. (1983). The pres-
ent paper reports the information on 27 ethnome-
dicinal plant species.

2. MATERIALS AND METHODS 

Frequent field explorations were organized in dif-
ferent seasons to different localities in Aswali forest 
during 2013-2014 and the ethnomedicinal infor-
mation collected as had been suggested by earlier 
workers Schultes (1962), Kunkel (1984), Jain & 
Mudgal (1999). Besides on the basis of frequent in-
terviews with experienced old folk of various eth-
nic groups, the required information was collected 
viz., local names, plant part(s) used, method of 
drug preparation and dosage of the plants used for 
different ailments.  

2.1. Enumerations 

In the present communication, the plant species 
arranged alphabetically followed by their family in 
parentheses, local names, and medicinal uses. The 
voucher specimens collected have been deposited 
in the Herbarium Section, Department of Botany, 
N.B.Mehta Science College, Bordi.  

Abrus precatorius, Linn. (Gunj/ chanothi) Family: 
Fabaceae

Decoction of root is given once in a day for 15 
days with almonds to increase the vigor and vital-
ity. Seed powder mixed with water; the mixture 
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is given for curing menstrual irregularity and also 
used in skin diseases.

Acacia concinia, Dc. A. Rugate. (Shikakai) Fam-
ily: Mimosaceae Fruits are commonly called soap 
nuts, used for washing woolen/ silk cloths, wash-
ing hair and also for washing pets especially pup-
pies and kittens.  

Asparagus recemosus, Willd.  (Shatavari)  Liliace-
ae Crushed roots are used in urinary diseases and it 
also enhances lactation in nursing mother. Juice of 
the root is acts as wholesome tonic, effective to in-
crease vigor and vitality and also in female genital 
disorders and to check the irregularity in menses.

Boerrhavia diffusa, Linn. (Punarnava) Family: 
Nyctaginaceae Crushed roots are used in jaundice 
and cough also effective in breathing problems. 
Juice of the stem is applied on face along with haldi 
and multani mitty for rejuvenation of skin.

Butea monosperma, Roxb. (Palas) Family:  Faba-
ceae Dried or fresh flowers soaked in water for two 
hours the water becomes yellowish- saffron colour 
then filter the water and given in  burning  prob-
lems of stomach. Seeds are anti-helminthes and 
also given in constipation.

Cassia fistula, Linn.  (Bahava)  Family:  Caesal-
piniaceae Pulp of the fruit is highly purgative and it 
acts as pediatric medicine. Bark of the tree is used 
in skin disease mainly in white patches and also 
acts as blood purifier. 

Cocculus hirsutus  Diels. (vasanvel) Family: Meni-
spermiaceae Decoction of roots is given in stom-
ach disorder. If the climber is twining the support 
in clock wise direction have some traditional aes-
thetic values as per residing  tribes in the vicinity.

Cleome viscosa, Linn. (Pivali tilvan ) Family:  Cap-
paridaceae Juice of the leaves is poured in ear to 
get relif from severe toothache. Paste of the seeds 
is used in fungal skin diseases.

Erythrina suberosa Roxb. (Shendari pangara) Fam-
ily: Fabaceae Extract prepared from the bark mixed 
in Karanj oil is used in skin diseases mainly in un-
even white patches on the skin.

Eugeinia jambolana, Lam. (Jambhul) Family: 
Myrtaceae Bark and berries are used in diabetes, 
dysentery and diarrhea. Paste of the bark is used in 

female genital problems and also white exudates 
on or before the menstruation period. 

Gloriosa superba, Linn. (Kal lavi) Family: Liliace-
ae The paste of the rhizome is applied externally 
in scorpion bite and also to cure piles. Rhizome is 
used as abortificient, anti-helmenthes, and effec-
tive in insect bites, snake bites, skin disease, and 
leprosy. It promotes labor pain. 

Gynandropsis pentaphylla, Dc. (Pandhari tilvan) 
Family: Capparidaceae Juice of the leaves prevents 
pus formation in wound and also used in chronic 
skin diseases.  

Helicteres isora, Linn. (Murud  sheng) Family: 
Sterculiaceae The decoction of fruit is used to cure 
stomachache, griping bowels and removing the 
flatulence in children effective in stomach ache, di-
arrhea, dysentery and ulcers.

Hemidesmus indicus, R. Br. (Anant mul) Fam-
ily: Asclepiadaceae The roots crushed and mixed 
with goat milk and given orally to nursing mother 
for a week to increase the lactation. The roots are 
chewed to cure toothache. Root is used for giving 
aroma to tea and also purifies blood, skin diseases 
and stops vomiting.

Hibiscus rosa-sinensis, Linn. (Jaswand) Family: 
Malvaceae Dried petals are used in hair oil it en-
hances growth of the hairs and also helps for shin-
ing the hairs. Juice of the leaves apply on boils and 
in skin eruptions. 

Holostemma annularis, Wall. (Shirdodi) Family: 
Asclepiadaceae Bark is highly effective in diabetes 
and Migraine (head ache with hyper acidity). 

Loranthus longiflorus Desr.  (Bandgul)  Family: 
Loranthaceae It is total parasite on plants and its 
leaves are used in kidney stone, in urinary bladder 
problems. 

Mimosa pudica, Linn. (lajalu/ Lajwanti) Family: 
Mimosaceae Juice is applied externally in piles, 
fistula and scorpion bites. Leaves paste applied to 
glandular swellings. It relieve in kidney and hip 
pain when added to water during bath.

Mimusops  elengi , Linn. ( Bakul) Family: Sapo-
taceae Bark is used to enhance the fertility in wom-
en, it also used in snake bite and to relieve head-
ache. Fruits and flowers used in wound and ulcer. 
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Unripe fruits useful in fixing loose teeth

Moringa pteyregosperma,Gaertn. (Shegat or Shev-
ga) Family:Moringaceae Roots are used in rodent’s 
bites, liver and spleen diseases and also it reduces 
glandular swellings. Fruits are aphrodisiac enhanc-
es vigor and vitality especially in men.

Nyctanthes arbor-tristis, Linn. (parijatak) Family: 
Oleaceae Roots and bark act as ant-helminthes and 
also used in fever and antidote to reptile poison. 
The juice of the leaves is used in joint pain.

Oroxylum indicum, Benth. (Tetu) Family: Bigno-
niaceae Bark is used in jaundice, stomach disor-
ders, and also in general debility. Powder of pods is 
used in fungal skin infections, eczema, scabies etc.

Plumbago zeylanica, Linn.  (chitrak) Family: 
Plumbaginaceae The leaves and flowers are useful 
in skin diseases, diarrhea, ulcers and scabies and 
also highly effective on baldness and as abortifi-
cient. 

Polylathia cerasioids   L. (Humb) Family: An-
nonaceae Bark is useful in diabetics, and also liver 
tonic. Crushed roots are mixed in candy sugar used 
in stomach pain, and also in urinary troublesome 
diseases.

Salmalia malabarica L. (shalmali/ katesavar) Fam-
ily: Bombacaceae Fine paste of spine collected 
from bark used in skin problems and also highly 
effective as anti- acene, skin eruptions , redness of 
facial skin etc.  Sida acuta, Burm. ( Ati bala) Fam-
ily: Malvaceae Roots are used in general debility, 
weakness and also to increase the vigor and vital-
ity.  Paste of the leaves is used in chronic dysentery, 
burns and boils. 

Sida cordifolia, Linn.  (Bala) Family: Malvaceae-
Whole plant is useful in urinary disorders, in bile 
mal-function and in Migraine (head ache with hy-
per acidity). 

3. RESULTS AND DISCUSSIONS      

The present study deals with 27 plant species be-
longing to 19 families, which were used by Warlis, 
Dublas , Dhodi, Konkani , tribes of Aswali forest 
Bordi for curing  various  diseases. Plant based tra-
ditional knowledge has become a recognized tool            

in search of new plant resources for food, drugs 
etc. Jain (1991). Documentation of such plants 
from ethnomedicinal point of view is important for 
understanding of indigenous knowledge systems. 
These plant resources are very important for future 
investigations. Tribal population has good knowl-
edge about the use of many plants for curing vari-
ous diseases especially in human and veterinary.

It is notable that all the plants described in this pa-
per are common and have been traditionally used 
by the tribals and local people as ethnomedicine. 
The plant parts used by the tribal’s and local people 
are effective method of curing their various diseas-
es. There are number of medicinal plants that pos-
sess antimicrobial activities which are comparable 
to clinically effective synthetic drugs. The allopath-
ic medicines used for the treatment of several dis-
eases have shown side effects on vital organs like 
liver, kidney etc. The herbal medicines are cheaper 
with no fear of side effects. However, more detailed 
pharmaceutical investigations are required for their 
sustainable use and value addition.    
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ABSTRACT

Mosquitoes are a significant group of arthropods in terms of public health, as they transmit a number of dreadful 
diseases. The adverse effects of chemical insecticides like environmental toxicity to non-target organisms, resis-
tance and resurgence of pest species to insecticides etc. has resulted in the review of such chemicals which are used 
against mosquito control.  Recently insecticides of natural origin, particularly from plants have been attempted. 
Phyto chemicals derived from the vast diversity of plant species are important sources of environmentally safe and 
biodegradable chemicals, which can aid in mosquito control.

The present study has been outlined to assess the feasibility of using phytochemicals, as a larvicidal agent against 
third instar larvae of Culex sitens. Twelve species of plants belonging to Zingiberaceae (2), Asclepiadaceae, Car-
icaceae, Myrtaceae (2), Rutaceae (2), Calophyllaceae, Annonaceae, Euphorbiaceae, Bignoniaceae, families were 
screened for this purpose. Aqueous leaf extracts of selected plants were prepared (0.5, 1.0, 2.0, 4.0 and 8.0 mg/ ml) 
and tested against mosquito larvae reared from eggs under laboratory conditions, for a period of 96hours. Mortal-
ity percentages and LC50 were calculated as per WHO protocols and standards. 

Of twelve plants studied, all the plant extracts possessed significant larvicidal potentials with LC50 values ranging 
from 1.31 to 4.79 mg/ml against the third instar larvae of Culex sitens. Extracts from plants like Calotropis gigan-
tea, Pimento dioica, Curcuma longa, Polyalthia longifolia, Saritaea magnifica, Ricinus communis, Alpinia galanga, 
Carica papaya, Murraya koenigii and Eucalyptus globulus have the highest potential to be used as an effective lar-
vicidal agent, signifying an ecofriendly approach for the control of mosquito vectors. Further investigations would 
be needed to isolate and identify the primary components responsible for larvicidal properties.

Key words: Aqueous extracts, culex sitens, mortality percentages, lc50.

1. INTRODUCTION

The ability of mosquitoes to act as vectors of patho-
gens causing Malaria, Dengue, Yellow fever, En-
cephalitis, Filariasis etc. and thereby posing grave 
threat to public health is well documented (Rosa-
linda et al., 2014). Two million people primarily 
in tropical countries are being at the risk of mos-
quito-borne diseases (Service, 1990). Availability 
of healthcare services for improved diagnosis and 
treatment have been considered as two crucial in-
terventions in minimizing mortality and morbidity 
risk due to exposure to mosquito-borne diseases. 
A new strategy for the prevention and control of 
mosquito-borne diseases, reinforcing linkages be-
tween health and environment and emphasizing 
Integrated Vector Management (IVM) has been 
advocated by WHO (2004). 

Integrated Vector Management relays on local vec-
tor ecology and pattern of disease transmission. 
This is considered significant as it chooses the ap-
propriate vector control tool from a range of avail-
able options. Vector control, in recent times is fac-
ing threats due to the emergence of resistance of 
vectors to conventional synthetic insecticides, war-
ranting either countermeasures or development of 
newer insecticides (Chandre et al., 1998). Further-
more, many of the synthetic insecticides available 
to-date faces challenges due to environmental con-
tamination and high deployment costs. 

Hence, it becomes increasingly necessary to search 
for alternatives in the development of environmen-
tally safe, low cost, indigenous methods for mos-
quito control, which can be used with minimum 
care by individuals and communities in specific sit-
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uations (Kuppusamy et al., 2012). In this light, the 
present work is designed to determine the efficacy 
of aqueous leaf extracts of plants belonging to var-
ied taxonomic groups on Culex sitens, a competent 
vector of Ross River Virus and Japanese encepha-
litis. 

2. MATERIALS AND METHODS 

The present study has been carried out to assess 
the larvicidal activity of aqueous extracts of plants 
belonging to varied taxonomic groups on Culex 
sitens. The experiment was carried out in the fol-
lowing steps:
1.1. Plant collection and processing: The selec-
tion of plants were carried out based on their lo-
cal availability and reported medicinal properties. 
The materials were collected from healthy plants, 
free from dust, dirt and other impurities and were 
brought to the laboratory for subsequent process-
ing. The list of plants used for the present study is 
listed in Table 1. 
1.2. Preparation of extracts: The washed plant 
materials were chopped properly and kept in clean 
trays. For the preparation of extracts, approx. 
20 gms of plant material (Leaves) was taken and 
ground in a homogenizer using distilled water. The 
extract was filtered and the filtrate was made upto 
1000 ml with distilled water and retained as stock 
solution for further experimentation. Serial dilu-
tions of the stock solutions were prepared for as-
sessing treatment efficiencies.
1.3. Collection and culture of mosquito species
Vector species Culex sitiens was selected for the 
present study. Culex sitiens commonly breeds in 
all impoundments, including pools, puddles, wells, 
ditches; as well as cement tanks, jars and cans. It is a 
competent vector of Ross River Virus and Japanese 
encephalitis (Tanya et al., 2003). This species is also 
involved in the transmission of filariasis (Brugia 
malayi), although only in a secondary role. 

Mosquito larvae, collected from controlled breed-
ing sites maintained with coconut shells, jars and 
cans kept at varying distances round households 
were used in the present study. Collected larvae 
were pooled in the laboratory and subjected to 
species level identification using standard manual 

(Baraud, 1934). 

In the laboratory, the larvae were transferred to 
enamel larval trays until adult emergence. After 
emergence, the mosquitoes were identified and 
species confirmed before rearing. Cyclic genera-
tions (Two generations) of Culex sitens were main-
tained and kept separately in mosquito cages in an 
insectary. For general rearing, mosquitoes were 
maintained at 26°C, 84% relative humidity, under 
a 16 hr light and 8 hr dark cycle with 1 hr crepus-
cular period at the beginning and end of each light 
cycle. The adult mosquitoes were fed on five per 
cent glucose solution. For continuous maintenance 
of mosquito colony, the adult female mosquitoes 
were blood fed with artificial blood feeding mem-
brane (Mishra feeder, 2005). Ovitraps were placed 
inside the cages for egg laying. The eggs laid were 
then transferred to enamel larval trays maintained 
in the larval rearing chamber. The larvae were fed 
with larval food (dog biscuits and yeast in the ratio 
3:1). The larvae on becoming pupae were collected, 
transferred to plastic bowls and kept inside mos-
quito cages for adult emergence.
1.4. Larvicidal Bioassay: Bioassay for the larvi-
cidal activity was carried out using WHO (1981) 
procedure with minor modifications. Twenty num-
bers of early third instar larvae were introduced 
into treatment trays containing 250 ml of their 
natural growth media. To the treatment set, vary-
ing concentrations of the plant extracts (ie. 0.5, 1.0, 
2.0, 4.0 and 8.0 ml) were added from the stock so-
lution; maintaining a relative concentration of the 
plant extract as 10, 20, 40, 80 and 160 mg/ml re-
spectively. A control was also maintained for the 
treatment set. Mortality counts of larvae were mon-
itored at regular intervals i.e. 6, 12, 24, 48, 72 and 
96 hours after treatment and the control mortality 
was corrected using Abbott’s (1925) formula when 
the control mortality ranged between 5-20 per cent, 
           Number of dead larvae
Percentage mortality = -------------------x100  
      Number of larvae introduced 

1.5. Statistical analysis
The mortality observed was corrected using Ab-
bott’s formula during the observation of the lar-
vicidal potentiality of the plant extracts. Statistical 
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analysis of the experimental data was performed 
with MS Excel 2007 to find the LC50 using Regres-
sion Method (Probit analysis, Finney, 1971).

3. RESULTS 

In the present study, the toxicity of aqueous leaf ex-
tracts of 12 species of plants belonging to various 

families were tested against third instar larvae of 
Culex sitens. Details of plants used for the present 
study and mortality percentage of mosquito lar-
vae noticed are depicted in Table 1. The efficacy of 
various leaf extracts on Culex sitens exposed to 96 
hours, for confirming lethality as per WHO (1981) 
standards are given in Table 2. The data pertaining 
to LC50 are reported in Table 3.

Table-1: List of plant species used for the preparation of aqueous leaf extracts and their impact on Culex 
sitens larvae

SI.No Name of plant Family Condition at which 100% larval mortality noticed

1 Alpinia galanga Zingiberaceae 12hours in 80mg/ml

2 Calotropis gigantea Apocynaceae 12hours in 10mg/ml

3 Carica papaya Caricaceae 12 hours in 80mg/ml

4 Curcuma longa Zingiberaceae 48 hours in 10 and 24 hours in20mg/ml

5 Eucalyptus globulus Myrtaceae 96 hours in 40and72 hours in 80mg/ml

6 Glycosmis pentaphylla Rutaceae 50% mortality at 96hrs 8ml

7 Mesua ferrea Calophyllaceae 72 hours in 80mg/ml

8 Murraya koenigii Rutaceae 12 hours in 80mg/ml

9 Pimenta dioica Myrtaceae 12 hours in 20mg/ml

10 Polyalthia longifolia Annonaceae 12hours 20mg/ml

11 Ricinus communis, Euphorbiaceae 24hours 20mg/ml

12 Saritaea magnifica Bignoniaceae 12hours 160mg/ml and 24hours 20mg/ml

Table 2: The Efficacy of various leaves extracts to the third instar larvae of Culex sitens

S I . 
No.

Plants Concentration of the extract ( 250 ml of growth medium) Mean±S.D
Control 0.5 1 2 4 8

1 Alpinia galanga 0 95 98.33 86.67 100 100 29.33±16.89

2 Calotropis gigantea 0 100 100 100 100 100 50±0
3 Carica papaya 0 26.67 55 100 100 100 27.83±18.25
4 Curcuma longa 0 100 100 100 100 100 43.33±8.17
5 Eucalyptus globulus 0 0 95 100 100 100 22.25±2.77
6 Glycosmis pentaphylla 0 0 0 0 0 56.67 13.64±11.82
7 Mesua ferrea 0 75 85 75 100 100 20.15±4.13
8 Murraya koenigii 0 0 0 46.67 100 100 18±15.14
9 Pimenta dioica 0 100 100 100 100 100 45.67±8.67
10 Polyalthia longifolia 0 33.33 95 100 100 100 37.13±15.78
11 Ricinus communis, 0 70 100 100 100 100 31.33±4
12 Saritaea magnifica 0 91.67 100 100 100 100 36.11±7.03
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Table 3: Toxicity of leaves extract of plants against Culex sitens under 96h exposure time

Alpinia galanga 9.1 1.01 7.64 10.8 10.8
Calotropis gigantea 10.8 10.8 10.8 10.8 10.8
Carica papaya 4.39 5.63 10.8 10.8 10.8
Curcuma longa 10.8 10.8 10.8 10.8 10.8
Eucalyptus globulus 0 9.1 10.8 10.8 10.8
Glycosmis pentaphylla 0 0 0 0 5.66
Mesua ferrea 6.70 7.54 6.70 10.8 10.8
Murraya koenigii 0 0 5.23 10.8 10.8
Pimenia dioica 10.8 10.8 10.8 10.8 10.8
Polyalthia longifolia 4.68 9.1 10.8 10.8 10.8
Ricinus communis, 6.38 10.8 10.8 10.8 10.8
Saritaea magnifica 7.53 10.8 10.8 10.8 10.8

4. DISCUSSION

The control of mosquito-borne diseases can be 
achieved either by killing or repelling adult mos-
quitoes from biting human beings or by ensuring 
larval mortality. However, the extensive use of syn-
thetic organic insecticides during the last five de-
cades has resulted in environmental hazards and 
the development of physiological resistance by ma-
jor vector species. This has necessitated the need 
for the development of environmentally safe, eco-
nomical and locally feasible methods of vector con-
trol, which can be practiced with minimum care by 
individuals and communities in specific situations 
(Mittal and Subbarao, 2003).

Today, the environmental safety of an insecticide 
is considered to be of paramount importance. An 
insecticide does not have to cause high mortality 
on target organisms in order to be acceptable (Ku-
mar et al, 2012) but it should prevent the breeding. 
The extracts from the leaves, roots, seeds, flowers 
and barks of plants in their crude form have been 
used as conventional insecticides for centuries. 
Phytochemicals may serve as suitable alternatives 
to synthetic insecticides in future as they are rela-
tively safe, inexpensive and are readily available 
throughout of the world. In fact, many research-
ers have reported the effectiveness of plant extracts 
against mosquito larvae (Amer and Mehlhorn, 
2006). Though the required quantity of the plant 
extract in large breeding sites is more, presently the 

preparation of suitable formulation using additives 
might enhance their efficiency. A number of re-
searches in the field of vector control have revealed 
the efficacy of different phytochemicals obtained 
from various plants against different species of 
mosquitoes. Sukumar et al. (1991) made an exten-
sive review of derivatives tested for mosquito con-
trol. The toxicity of crude extract from the foliage 
of Ricinus communis against fourth instar larvae of 
Anopheles arabiensis and Culex quinquefasciatus 
was reported by Elimam et al. (2009). They record-
ed LC50 values as 403.65, 445.66 and 498.88 ppm 
against second, third and fourth instar larvae of A. 
arabiensis and 1091.44, 1364.58 and 1445.44 ppm 
against second, third, and fourth instar larvae of C. 
quinquefasciatus, respectively. Singh et al. (2006) 
carried out investigations with crude aqueous and 
hexane extracts of Momordica charantia against 
larvae of A. stephensi, C. quinquefasciatus, and A. 
aegypti and revealed the LC50 values of 0.50, 1.29, 
and 1.45% with aqueous extracts and 66.05, 96.11, 
and 122.45ppm, respectively with hexane extracts. 
Warikoo et al. (2012) showed that 24h exposure to 
early fourth instars of A. aegypti with hexane ex-
tract of the leaves of Citrus sinensis resulted in 50% 
mortality at 446.84ppm.

In the present study, the effect of the leaf extracts 
of Alpinia galanga, Calotropis gigantea, Carica pa-
paya, Curcuma longa, Eucalyptus globulus, Glycos-
mis pentaphylla, Mesua ferrea, Murraya koenigii, 
Pimenia diocca, Polialthia longifolia, Ricinus com-
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munis and Saritaea magnifica were tested against 
the third instar larvae of Culex sitens at varying 
concentrations.  All plant extracts showed utmost 
larvicidal effects after 96 hours. However, the high-
est larval mortality was found with leaf extracts 
of Calotropis gigantean (50±0), Curcuma longa 
(43.33±8.17), Pimenia diocca (45.67±8.67), Sari-
taea magnifica (36.11±7.03) and Ricinus commu-
nis (31.33±4) against the third instar larvae of Cu-
lex sitens (Table 2). 

The present investigation revealed that the aqueous 
extract made from the leaves of Calotropis gigan-
tea was the most effective, exhibiting a significant 
LC50 value of 10.8mg/ml. On the other hand the ex-
tract made from Glycosmis pentaphylla was least 
effective with an LC50 value of 5.66mg/ml. (Table3). 
It was also observed that the extracts made from 
Calotropis gigantea, Curcuma longa, Pimenia di-
occa, ,Ricinus communis, and Saritaea magnifica 
possessed significant larvicidal potential with LC50 
values ranging from 1.01to 10.8 mg/ml (Figure 1). 
Other extracts (Alpinia galanga, Carica papaya, 
Mesua ferrea, Murraya koenigii, Polialthia longifo-
lia, and Eucalyptus globulus) showed only moder-
ate toxicity against Culex sitens larvae (Figure 2).

Figure 1: LC50 value of promising plant extract 
against Culex sitens

Figure 2: LC50 value of plant extract against Culex 
sitens

5. CONCLUSION

A study has been undertaken to assess the effe-
ciency of phytochemicals derived from selected 
plants as potential and sustainable sources of lar-
vicidal agents for the control of mosquito vectors. 
Twelve species of plants belonging to Zingibera-
ceae (2), Asclepiadaceae, Caricaceae, Myrtaceae 
(2), Rutaceae (2), Calophyllaceae, Annonaceae, Eu-
phorbiaceae, Bignoniaceae, families were screened 
for this purpose. Aqueous leaf extracts of selected 
plants were prepared (0.5, 1.0, 2.0, 4.0 and 8.0 mg/ 
ml) and tested against mosquito larvae reared from 
eggs under laboratory conditions, for a period of 
96hours. Mortality percentages and LC50 were 
calculated as per WHO protocols and standards. 
Extracts from plants like Calotropis gigantea, Pi-
mento dioica, Curcuma longa, Polyalthia longifo-
lia, Saritaea magnifica, Ricinus communis, Alpinia 
galanga, Carica papaya, Murraya koenigii and Eu-
calyptus globulus were noted to be lethal to the lar-
vae. It can be concluded that these plants can be 
treated as sources of phytochemicals for the control 
of mosquitoes. Isolation of the active components 
from these plants may prove useful in the develop-
ment of safer bio-insecticides in future.

6.  ACKNOWLEDGEMENT

The authors are grateful to the Directorate of Cli-
mate Change (DoECC), Government of Kerala, for 
providing financial assistance. 

7.  REFERENCES 

Abbott, W.S. (1925). A method of computing the 
effectiveness of an insecticide. Journal of Eco-
nomic Entomology. 18:265-267.

Amer, A., and Mehlhorn, H. (2006a). Lar-
vicidal effects of various essential oils 
against Aedes,Anopheles, and Culex larvae 
(Diptera,Culicidae). Parasitol.Res. 99: 466–472.

Barraud, P. J. (1934). The Fauna of British India, 
including Ceylon and Burma. Diptera. Vol. V. 
Family Culicidae. Tribes Megarhini and Culi-
cini.  Taylor and Francis, London.

Chandre, F., Darriet, F., Darder, M., Cuany, A., 
Doannio,J.M.C., Pasteur, N. and Guillet, P. 
(1998). Pyrethroid resistance in Culex quinque-



Perspectives on Biodiversity of India Vol. II. Part 2

35

fasciatus from West Africa. Medical and Veteri-
nary Entomology. 12: 359–366.

Elimam, A.M., Elmalik, K.H., and Ali, F.S. (2009).
Larvicidal,adult emer gence inhibition and ovi-
position deterrent effects of foliage extract from 
Ricinus communis L. against Anopheles ara-
biensis and Culex quinquefasciatus in Sudan. 
Trop.Biomed. 26: 130–139.

Finney D.J. (1971). Probit analysis. Cambridge 
University Press, London. 

Kumar, A., Padmanabhan, N. and Krishnan, 
M.R.V. (2007). Central Nervous System Activ-
ity of Syzygium cuminiSeed. Pakistan Journal of 
Nutrition. 6(6): 698-700.

Kupppusamy Elumalai., Shanmugan Dhanasekaran 
and Kaliamoorthy Krishnappa. (2012). Toxicity 
of saponin isolated from Gymnema sylvestre 
R. Br. (Asclepiadaceae) against Culex tritaenio-
rhynchus Giles (Diptera: Culicidae) Japanese 
Encephalitis vector mosquito in India.Rev. Inst. 
Med. Trop. Sao Paulo. 54(6):337-344.

Mishra, K., Kumar, Raj, D., Hazra RK, Dash, A.P. 
(2005). A simple, artificial-membrane feeding 
method for the radio-isotope labelling of Ae-
des aegypti polypeptides in vivo. Ann Trop Med 
Parasitol. 99:803-806.

Mittal,P.K. and Subbarao, S.K. (2003). Prospects of 
using herbal products in the control of mosquito 
vectors. Icmr Bull. 33: 1–10.

Rosalinda, C. Torres., Carmelita, O. Manalo., Rik-
kamae Zinca., Marie, L. Walde. and Alicia, G. 
Garbo. (2014). Characterization of the Leaf Ex-
tract of Annona muricata and Larvicidal Activ-
ity against Aedes aegypti. Time Journals of Bio-
logical Sciences and Technology. 2(3):33-40.

Service, M. (2004). Medical Entomology for stu-
dents. 3rd ed. Cambridge University Press, 
Cambridge: 285.

Singh, R.K., Dhiman, R.C., and Mittal, P.K. (2006). 
Mosquito larvicidal properties of Momordica 
charantia Linn (family: Cucurbitaceae). J. Vec-
tor Borne Dis. 43: 88–91.

Sukumar, K., Perich, M.J. and Boober, L.R. (1991). 
Botanical derivatives in Mosquito Control: A re-
view, J.Am.Mosq.Contr.Assoc. 7:210-237.

Tanya, L. Russell., Michael, D. Brown., David, 
M. Purdie., Peter, A. Ryan. and Brian, H. Kay.  
(2003). Efficacy of VectoBac (Bacillus thuringi-
ensis variety israelensis) Formulations for Mos-
quito Control in Australia. Journal of Economic 
Entomology.  96:6.

Warikoo, R., Ray, A., Sandhu, J. K., Samal, R., Wa-
hab, N., and Kumar, S. (2012). Larvicidal and ir-
ritant activities of hexane leaf extracts of Citrus 
sinensis against dengue vector Aedes aegypti L. 
Asian Pac. J. Trop .Biomed. 2: 152–155.

WHO. (1981). Technical Report Series, WHO/
VB/81: 807.

WHO (2004). Global Strategic Framework for Inte-
grated Vector Management. Geneva:



Perspectives on Biodiversity of India Vol. II. Part 2

36

PHARMACOKINETIC EVALUVATION OF CLERODANE USING ANIMALS AND 
TOPKAT SOFTWARE

Ravikumar. M1*, Kishore. D.V2, Jeyanthi Rebecca. L3, Xavier Suresh1

1Department of Bioinformatics, Sathyabama University, Chennai-600 019, 
2Department of pharmacology, Shadan College Of Pharmacy, Hyderabad, 

3Department of Industrial Biotechnology, Bharath University, Chennai-600 073
*Email: ravee8212@yahoo.com 

 ABSTRACT             

The objectives of the study was to assess the Sub, chronic toxicity of Clerodane administeration orally to rats for 
28 days, and to determine the target organ toxicity, “No observed effect level (NOEL)”  and Reversibility of signs 
of toxicity after recovery period. Study design and control of “Rats of both sexes in controlled age and body weight 
were selected and clerodane was administrated at 25, 50 and 100mg/kg body weight as aqueous solution along with 
a blank. Its final results were recorded on day 0, 28th and 43rd i.e. recovery period .The final end points stats were 
Ophthalmoscopic examination on days 0+29, Organ weights, Haematological analysis, biochemical analysis and 
urine analysis on days 0+29+43, Histopathological and gross pathological observations of sacrificed animals re-
corded after recovery period.ADME properties of  Clerodane by using ADME tool of TOPKAT(DS 2.5) and as per 
the Pharmacokinetics results  for clerdone molecule is non toxic effect for female mouse and female rat (Norms per 
NTP carcinogenicity).Also as per Food and drug Administration carcinogenicity value, there is no toxic effect for 
Male rat and Male Mouse. The above value shows there is less toxic effect of the animals while using a molecule of 
clerodane through TOPKAT (DS 2.5). As per pharmacokinetic results the absorption rate, solubility, heptotoxicity, 
CYP2D6 and PPB values are quiet good.

Key words: Topkat, NTP, Clerodane, OECD Guidelines No.407, 28-day sub chronic oral toxicity

1. INDRODUCTION

Tinospora codifolia is one of the most versatile rejuve-
native herbs. It works on all the tissue elements in the 
body. The Sanskrit name guduci means the one, which 
protects the body. It is also called as amrta or nectar, 
as it is extremely useful in strengthening the immune 
system of the body and keeping the functions of its 
various organs in harmony.It possesses properties like 
– antipyretic, Anti –cancer and Anti – diabetic activ-
ity. Tinospora cordifolia  and similar species like  Ti-
nospora crispa and Tinospora rumphii Boerl are used 
in Ayurvedic and Jamuherbal medicine as a hepatopro-
tectant, protecting the liver from damage that may oc-
cur following exposure to toxins, as well as in Thailand, 
Philippines. Recent research has demonstrated that a 
combination of  T. cordifolia  extract and  turmeric  ex-
tract is effective in preventing the hepatotoxicity which 
is otherwise produced as a side effect of conventional 
pharmaceutical treatments for tuberculosis using drugs 
such as isoniazid and rifampicin.

2. MATERIALS AND METHODS

1.1. TOPKAT analysis : It calculates the predict-

ed absorption, distribution, metabolism, excretion 
and toxicity (ADMET) properties for collections 
of molecules such as synthesis candidates, vendor 
libraries, and screening collections. The calculated 
results were used to eliminate compounds with 
unfavorable ADMET characteristics and evaluate 
the proposed structural refinements, designed to 
improve ADMET properties like aqueous solubil-
ity, blood brain barrier penetration, plasma protein 
binding, CYP2D6 binding, Hepatotoxicity and Fil-
ter sets of small molecules for undesirable function 
groups based on published SMARTS rules prior to 
synthesis. Results are expressed in relation to NTP 
carcinogenicity and FDA carcinogenicity by phar-
macodynamic and pharmacokinetic methods.

1.2.Experimental animals: Albino Wistar rats 
weighing 100-120gms which were procured from 
the Animal house of Shadan College of Pharmacy 
were used throughout the experiment. The experi-
mental animals were maintained under standard 
laboratory conditions with 12-h light/dark cycle 
under controlled temperature. All the animals 
were acclimatized to the laboratory conditions for 



Perspectives on Biodiversity of India Vol. II. Part 2

37

at least one week before the commencement of the 
experiment. All the experiments were performed in 
accordance with the CPSCEA guidelines.                 

1.3. Preparation and administration of dose: Clero-
dane was dissolved in ditilled water to obtain 
concentration of 25, 50 and 100mg/ml. it was ad-
ministered to animals at the dose levels of 25mg/
kg, 50mg/kg and 100mg/kg in the doe volume of 
10ml/kg. The test substance solutions were freshly 
prepared every day for 28 day. The control animals 
were administered vehicle only. Admintration was 
by oral (gavage), once daily for 28 days.

3. OBERVATIONS

1.4. Experimental animals were kept under obser-
vation throughout the course of study for the fol-
lowing:
i) Body Weight: Weight of each rat was recorded 

on day 0, at weekly intervals throughout the 
course of study and at termination to calculate 
relative organ weights. From the data, group 
mean body weights and percent body weight 
gain were calculated. 

ii) Food Consumption: The quantity of food 
consumed by groups consisting of five animals 
of each sex for different doses ( 0 mg/kg, 25 
mg/kg, 50 mg/kg and 100 mg/kg) and five 
animals of each sex for different doses ( 0 mg/
kg Rev. and100 mg/kg Rev.) was recorded at 
weekly interval. Food consumed per animal 
is calculated for control and the treated dose 
groups. 

iii) Clinical signs: All animals were observed daily 
for clinical signs. The time of onset, intensity 
and duration of these symptoms, if any, were 
recorded.

iv) Mortality: All animals were observed twice 
daily for mortality during entire course of study. 

v) Ophthalmoscopy: The eyes of experimental 
animals in control as well as treated groups 
given different dose levels were examined prior 
to the initiation of the dosing and in 4th and 
the 6th week (for reversal group animals) of the 
study.

vi) Functional Observations: At the end of the 4th 
week exposure, ‘sensory reactivity’ to graded 
stimuli of different types (auditory, visual and 
proprioceptive stimuli), ‘motor reactivity’ and 
‘grip strength’ [using Grip Strength Meter 
Single Digital 

1.5. Terminal Studies: Laboratory Investigations: 
Following laboratory investigations were car-
ried out on 0day, 29th and on day43, in animals:- 
Fasted over night. Blood samples were collected 
from orbital sinus on the following morning using 
sodium heparin (200 IU/ml) for Blood chemistry 
and potassium EDTA (1.5 mg/ml) for Hematology 
as anticoagulant.  Blood samples were centrifuged 
at 3000 r.p.m. for 10 minutes including haemato-
logical Investigations, Biochemical Investigations 
,Urine analysis, Necropsy, histopathology.

4. RESULTS

1.6. Acute toxicity study: The Aqueous solution of 
Clerodane was found to be safe at the maximum 
tolerable dose of 500 mg/ kg body weight by oral 
route. After 24 h animals were found to be well tol-
erated. There was no mortality and no signs of tox-
icity. General behaviors, neurological, autonomic 
profiles were found to be normal and the extract 
was found to be safe. 

1.7. Food Consumption: During dosing and the 
post-dosing recovery period, the quantity of food 
consumed by animal from different dose groups 
was found to be comparable with that of control 
animals Fig 1.

Fig 1: Group Mean Food Consumption (G/
Animal)

Food consumption of control and treated animals 
was found to be comparable throughout the dosing 
period of 28 days and the recovery period of 14 
days.

Male and female animals from all the treated dose 
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groups exhibited comparable body weight gain 
with that of controls throughout the dosing period 
of 28 days and the recovery period of 14 days Fig 2.

Fig 2: Group Mean Body Weight (G)

Haematological analysis conducted at the end of the 
dosing period on day 29 and at the end of recovery 
period on day 43, revealed no abnormalities 
attributable to the treatment Fig 3.

Fig 3: Group Mean –Haematology

Biochemical analysis conducted at the end of the 
dosing period on day 29 and at the end of recovery 
period on day 43, revealed no abnormalities 
attributable to the treatment Fig 4 & 5.

Fig 4: Group Mean-Blood Chemistry

Urine analysis, conducted at the end of the dosing 
period in week 4 and at the end of recovery period 
in week 6, revealed no abnormality attributable to 
the treatment Fig 5 &6.

Fig 5: Group Mean-Blood Chemistry

Fig 6: Group Mean-Blood Chemistry

Organ weight data of male and female sacrificed at 
the end of the dosing period and at the end of the 
recovery period was found to be comparable with 
that of respective controls.

Organ weight data of male and female sacrificed at 
the end of the dosing period and at the end of the 
recovery period was found to be comparable with 
that of respective controls (Fig 7 & 8).

Fig 7 Group-Mean Relative Organ Weights

Fig 8: Group-Mean Relative Organ Weights

Gross pathological examination did not reveal any 
abnormality. Histopathological examination did 
not reveal any abnormality.

The below pie diagrammatic results shows that 
there is no toxicity of clerodane treatment with lung 
cancer for using animal model on Topkat software 
as well as Acute toxicity studies Fig 9 & 10.

Fig 9: Group Mean-Urine Analysis
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Fig 10: Group Mean-Urine Analysis

The toxicity results of pharmacokinetic study are 
0.99 for Male rat and 0.447 for female Rat. The 
value of male mouse 1 and female mouse 0. Acute 
toxicity results were Alertness, Stereotype, Touch 
Response, Touch Response, Pain Response, Right-
ing Reflex, Abdominal Tone, and Skin Color were 
normal.

5. DISCUSSION

	Pharmacokinetics results for cleradone 
molecule is non toxic effect for female mouse and 
female rat (Norms per NTP carcinogenicity).
Also as per Food and drug Administration 
carcinogenicity value, there is no toxic effect for 
Male rat and Male Mouse.

	The above value its consists there is less toxic 
effect of the animals while using a molecule of 
cleridone through TOPKAT (DS 2.5)

	As per pharmacokinetic results the absorption 
rate, solubility, heptotoxicity, CYP2D6 and PPB 
values are quiet good.

	Its finally the molecule Cleradone has a good 
pharmacokinetics and Pharmacodynamics 
results.

REPEATED DOSE 28-DAY SUBACUTE ORAL 
TOXICITY STUDY OF control measures, 
contamination, adulteration, and dosage 
inconsistency are common 

1) All the male and female animals from control 
and all the treated dose groups up to 1000 mg/kg 
survived throughout the dosing period of 28 days 
and the recovery period of 14 days.

2) No signs of intoxication were observed in male 
and female animals from different dose groups dur-
ing the dosing period of 28 days and during the re-
covery period of 14 days.

3) Male and female animals from all the treated 
dose groups exhibited comparable body weight 

gain with that of controls throughout the dosing pe-
riod of 28 days and the recovery period of 14 days.

4) Food consumption of control and treated ani-
mals was found to be comparable throughout the 
dosing period of 28 days and the recovery period 
of 14 days.

5) Ophthalmoscopic examination, conducted prior 
to and at the end of dosing period on animals from 
control and all the treated dose groups did not re-
veal any abnormality.

6) Haematological analysis conducted at the end of 
the dosing period on day 29 and at the end of re-
covery period on day 43, revealed no abnormalities 
attributable to the treatment.

7) Biochemical analysis conducted at the end of the 
dosing period on day 29 and at the end of recovery 
period on day 43, revealed no abnormalities attrib-
utable to the treatment.

8) Functional battery observation tests conducted 
at termination revealed no abnormalities.

9) Urine analysis, conducted at the end of the dos-
ing period in week 4 and at the end of recovery 
period in week 6, revealed no abnormality attribut-
able to the treatment.

10) Organ weight data of male and female sacri-
ficed at the end of the dosing period and at the end 
of the recovery period was found to be comparable 
with that of respective controls.

11) Gross pathological examination did not reveal 
any abnormality.

12) Histopathological examination did not reveal 
any abnormality.

6. CONCLUSION

The study indicated that clarodane was very effec-
tive and no toxicity effect.
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ABSTRACT

Providing safe and potable water to rural community is one of the prime concerns of the developing na-
tions. The treatment facility associated with these nations bears much of financial burden for procuring 
expensive chemicals like alum, ferric chloride, PAC etc. for facilitating infallible water treatment. But 
several research finding are particular about the health issues associated with the use of chemical coagu-
lants, which can even lead to mental illnesses like Alzheimer’s, Dementia etc. in addition to other issues. 
Moreover the sludge produced by chemical methods of treatment is of environmental concern in light of 
its disposal. In this context, an attempt has been carried out with the scope for finding out inexpensive 
and ecofriendly coagulants in water treatment.

In the present study, a dozen plants have been screened for their coagulation proficiencies. These include 
seeds of Strychnos potatorum (Loganiaceae) and Zea mays (Poaceae); leaves of Aloe vera (Lilliaceae), 
Azadirachta indica (Meliaceae) and Plectranthus amboinicus (Lamiaceae); cladode of Euphorbia anti-
quorum (Euphorbiaceae) and Opuntia ficus-indica (Cactaceae); peduncle of Musa paradisiaca (Musa-
ceae); roots of Hemidesmus indicus (Asclepiadaceae); fruit of Momordica charantia (Cucurbitaceae) and 
Abelmoschus esculentus (Malvaceae); rhizome of Lagenandra toxicaria (Araceae). Batch treatment has 
been carried out with all the plants/plant parts at different dosages (0.5g, 1.0g, 2.0g, and 4.0g) and reten-
tion times (1.5HAT, 3HAT, 6HAT, 12HAT, and 24HAT) and assessed their efficiencies in the removal of 
turbidity.

Various plants / plant parts attempted in the present study showed varying levels of efficiency in the 
removal of turbidity from water. Seeds of Strychnos potatorum, leaves of Aloe barbadensis, cladode of 
Opuntia fiscus indicus and fruit of Momordica charantia showed better efficiencies in the treatment of 
turbidity at varying dosages and retention times. Thus it can be concluded that these plants or plant parts 
can be effectively utilized for water treatment, however their resultant toxicity, if any, needs to be assessed 
before consumption of such treated water.

Key words: Natural coagulants, water treatment

1. INTRODUCTION 

Coagulation is one of the processes involved in 
the treatment of water. It removes the suspended 
particles (include sand, silt, clay, etc.) which im-
part murkiness to water. Chemical coagulants like 
alum, ferric chloride, PAC. etc., which are used in 
the treatment of water reduce the repulsive barrier 
between the suspended particles, thereby allow-
ing their aggregation. Although the chemical co-
agulants are found to be effective, recent scientific 
reports revealed that long term exposure to these 

chemical could lead to mental illnesses like Al-
zheimer’s, Dementia etc. (Miller et al., 1984; Gauth-
ier et al., 2000). Though several coagulants like fer-
ric salts, polyferric chloride and synthetic organic 
polymers have been suggested as an alternative to 
aluminium salts, their use has been in uncertainty 
because of the unidentified byproducts associated 
with them (Bolto et al., 2007). Apart from this, the 
cost of chemicals for various water treatment facili-
ties is unaffordable to most of the developing na-
tions. Thus there is a need for replacing these pric-
ey water treatment techniques with cost effective, 
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replicable, easily available and naturally occurring 
coagulants.

In recent years there has been a resurgence of in-
terest in using natural products like seeds of Mo-
ringa oleifera (Ndabigengsere et al., 1995; Ndabi-
gengsere & Narasiah, 1998; Babu and Chaudhuri, 
2005), Okra and Nirmali seeds (Strychnos potato-
rum)  (Al-Samawi & Shokralla, 1996) Prosopis ju-
liflora, and Cactus latifaria (Diaz et al., 1999), seeds 
of tamarind (Tamarindus indicus) (Bhole, 1995a), 
and vegetable tannins (Özacar & Şengil, 2003) in 
water treatment. Natural coagulation technology 
has the potential to supersede the chemical coagu-
lants at least in rural sector.

In light of this, the work has been designed to assess 
the coagulant efficiencies of a dozen plants namely 
seeds of Strychnos potatorum (Loganiaceae) and 
Zea mays (Poaceae); leaves of Aloe vera (Lilliaceae), 
Azadirachta indica (Meliaceae) and Plectranthus 
amboinicus (Lamiaceae); cladode of Euphorbia 
antiquorum (Euphorbiaceae) and Opuntia ficus-
indica (Cactaceae); peduncle of Musa paradisiaca 
(Musaceae); roots of Hemidesmus indicus (Ascle-
piadaceae); fruit of Momordica charantia (Cucur-
bitaceae) and Abelmoschus esculentus (Malvace-
ae); rhizome of Lagenandra toxicaria (Araceae) in 
alleviating turbidity from water.

2. MATERIALS AND METHODS

Batch treatment was carried out with all the 12 
plants to check their efficiencies in coagulating 
particulate matters, attributing turbidity to water. 
For batch treatment, approximately 30L of water 
sample was brought each time from a pond, located 
in Calicut University Campus. Prior to experimen-

tation, the initial turbidity of water samples were 
measured each time to ensure that they are above 
detectable levels. 

For experimentation, plant parts / products like 
seeds of Strychnos potatorum (Loganiaceae) and 
Zea mays (Poaceae); leaves of Aloe vera (Lilliaceae), 
Azadirachta indica (Meliaceae) and Plectranthus 
amboinicus (Lamiaceae); cladode of Euphorbia 
antiquorum (Euphorbiaceae) and Opuntia ficus-
indica (Cactaceae); peduncle of Musa paradisiaca 
(Musaceae); roots of Hemidesmus indicus (Ascle-
piadaceae); fruit of Momordica charantia (Cucur-
bitaceae) and Abelmoschus esculentus (Malva-
ceae); rhizome of Lagenandra toxicaria (Araceae) 
were prepared in varying dosages (0.5g, 1.0g, 2.0g, 
and 4.0g) by weighing, followed by crushing / pul-
verizing in a mortar and pestle. They were then 
transferred to respective jars and dispensed with 
1L each of the water samples collected from the 
pond. Proper mixing was done at the initial stage 
to enhance the coagulation efficiency. A control 
was maintained for each set and the coagulation 
efficiency was assessed at varying retention times 
(1.5HAT, 3HAT. 6HAT, 12HAT and 24HAT). After 
specific retention time, 15-20 ml sample was care-
fully drawn from each set of jar and the residual 
turbidity was measured using a digital Nephelom-
eter (Model 341, EI make). The results are reported.

3. RESULTS AND DISCUSSION

The percentage changes in turbidity brought about 
by each of the plant material under varying con-
centrations and retention times are depicted in the 
table 1. 

Table 1: Percentage changes in turbidity brought about by selected plants.

Strychnos potatorum
1.5HAT 3HAT 6HAT 12HAT 24HAT Mean SD

Control 52.40864 49.00332 63.03987 74.66777 80.64784 63.953 13.703
0.5g 58.13953 54.98339 57.55814 79.48505 82.6412 66.561 13.338
1.0g 56.56146 60.63123 61.12957 76.99336 80.98007 67.2591 10.943
2.0g 48.58804 58.13953 55.64784 74.58472 79.15282 63.2225 13.041
4.0g 54.48505 53.48837 65.53156 70.34884 78.73754 64.518 10.718
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Aloe vera
Control 70.79646 72.12389 73.45133 79.64602 83.62832 75.9292 5.4785

0.5g 72.12389 74.33628 73.89381 77.87611 86.72566 76.9911 5.8283
1.0g 73.89381 73.89381 74.33628 78.31858 86.28319 77.3451 5.3318
2.0g 73.00885 73.89381 73.45133 78.31858 85.39823 76.8141 5.2504
4.0g 73.00885 73.45133 73.00885 75.66372 84.51327 75.9292 4.9232

Euphorbia antiquorum
Control 62.93436 69.69112 71.9112 78.0888 79.53668 72.4324 6.7169

0.5g 60.13514 69.49807 70.46332 72.58687 81.85328 70.9073 7.7598
1.0g 64.28571 68.53282 71.42857 74.51737 82.14286 72.1814 6.7251
2.0g 61.10039 66.60232 70.46332 79.05405 83.49421 72.1428 9.1114
4.0g 57.62548 67.08494 72.6834 81.85328 80.88803 72.027 10.091

Opuntia ficus-indica
Control 62.12121 63.63636 70.70707 78.78788 82.82828 71.6161 9.1077

0.5g 61.61616 66.66667 72.72727 73.73737 85.85859 72.12121 9.1077
1.0g 62.12121 66.16162 73.73737 76.76768 84.84848 72.7272 8.9424
2.0g 63.13131 66.66667 72.22222 77.27273 84.34343 72.7272 8.436
4.0g 62.62626 65.65657 74.74747 72.72727 62.12121 67.5757 5.8289

Azadirachta indica
Control 63.94052 69.7026 71.56134 72.49071 78.25279 71.1895 5.1595

0.5g 65.42751 68.21561 70.63197 69.88848 80.85502 71.003 5.8587
1.0g 65.98513 69.51673 71.74721 71.93309 82.52788 72.342 6.1779
2.0g 63.75465 67.65799 70.81784 71.56134 75.83643 69.9256 4.5175
4.0g 64.68401 69.7026 71.37546 72.67658 76.0223 70.8921 4.1741

Musa paradisiaca
Control 58.62069 68.53448 74.13793 80.60345 87.5 73.8793 11.093

0.5g 64.22414 68.96552 69.82759 79.31034 86.2069 73.7068 8.8755
1.0g 62.93103 66.37931 69.82759 77.15517 86.2069 72.5 9.2968
2.0g 61.63793 67.67241 70.25862 75.43103 84.91379 71.98 8.7703
4.0g 64.65517 66.37931 68.10345 73.27586 83.62069 71.2068 7.6525

Hemidesmus indicus
Control 64.79592 73.97959 82.65306 84.69388 88.26531 78.8771 9.467

0.5g 73.97959 76.53061 81.63265 83.16327 84.69388 80 4.5548
1.0g 77.04082 76.53061 83.16327 83.16327 79.59184 79.8979 3.1985
2.0g 71.42857 77.04082 81.63265 82.14286 78.06122 78.061 4.3142
4.0g 71.42857 74.4898 81.12245 79.59184 64.79592 74.2857 6.5795

Momordica charantia
Control 70.91195 68.2914 74.31866 81.39413 85.48218 76.0796 7.1957

0.5g 74.84277 73.42767 74.47589 84.27673 85.79665 78.563 5.9558
1.0g 76.72956 71.27883 74.5283 80.92243 86.63522 78.01886 5.9571
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2.0g 68.97275 70.28302 73.84696 82.49476 86.74004 76.4675 7.7965
4.0g 73.53249 70.1782 72.85115 79.08805 79.45493 75.02096 4.0797

Lagenandra toxicaria
Control 65 58.75 68.75 81.875 78.75 70.625 9.6014

0.5g 61.25 63.75 66.25 87.5 83.125 73.375 12.042
1.0g 67.5 65.625 70.625 60.625 73.75 67.625 4.9883
2.0g 63.125 66.875 65.625 61.875 70.625 65.625 3.4233
4.0g 65 78.75 89.375 61.875 77.5 74.5 11.158

Abelmoschus esculentus
Control 69.27481 83.20611 81.10687 84.35115 77.8626 79.1603 6.0521

0.5g 70.41985 81.87023 80.34351 84.54198 85.30534 80.4961 5.9779
1.0g 66.22137 80.72519 79.77099 83.20611 84.73282 78.931 7.3722
2.0g 66.41221 79.19847 80.91603 83.01527 80.34351 77.977 6.6117
4.0g 69.08397 62.9771 79.00763 82.44275 78.43511 74.38931 8.0768

Zea mays
Control 73.7691 74.87267 75.97623 82.17317 85.90832 78.5398 5.2506

0.5g 72.1562 75.89134 75.80645 80.13582 86.84211 78.16638 5.6128
1.0g 69.10017 71.73175 72.75042 84.38031 90.40747 77.674 9.222
2.0g 70.37351 72.41087 74.02377 82.68251 84.63497 76.8251 6.4082
4.0g 66.72326 70.54329 71.13752 73.17487 84.97453 73.31 6.9253

Plectranthus amboinicus
Control 62.97787 68.41046 74.24547 73.84306 83.50101 72.5955 7.6358

0.5g 61.36821 68.81288 75.65392 78.67203 84.50704 73.80281 8.9615
1.0g 66.19718 66.5996 73.44064 77.26358 84.90946 73.682 7.8282
2.0g 64.18511 62.57545 71.62978 73.84306 85.31187 71.509 9.0751
4.0g 62.37425 65.19115 69.21529 73.44064 84.70825 70.98591 8.735

It is evident from the results that the plant materials 
attempted in the present study showed varying ef-
ficiencies in removing turbidity. Of various materi-
als attempted, seeds of Strychnos potatorum, leaves 
of Aloe vera, cladode of Opuntia ficus-indica and 
fruits of Momordica charantia were found to be ef-
fective in removing turbidity from water. Seeds of 
Strychnos potatorum were consistent in removing 
turbidity at all retention times. Increased removal 
was observed with increase in dosages, except in 
the treatment sets with 0.5g and 4.0g of plant ma-
terial. Maximum efficiency in removing turbidity 
(82.64%) was observed with 0.5g of plant material 
at 24HAT.

The leaves of Aloe vera were also found to be consis-

tent in removing turbidity at all dosages and reten-
tion times. Percentage removal efficiency of Aloe 
vera ranged between 72% - 86.7%. Highest removal 
(86.7%) was observed in treatment set containing 
0.5g of plant material at 24HAT. Similarly constant 
removal was observed with cladode of Opuntia fi-
cus-indica and fruits of Momordica charantia with 
highest removal percentage of 85.85% and 78.56% 
respectively with 0.5g of plant material at 24HAT. It 
is also noticed that all the four materials i.e., seeds 
of Strychnos potatorum, leaves of Aloe vera, clad-
ode of Opuntia ficus-indica and fruits of Momordi-
ca charantia obtained highest removal efficiencies 
with 0.5g at 24HAT. 

Among various plant materials attempted in the 
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present study, the efficiency of Strychnos potato-
rum (Al-Samawi and Shokralla, 1996) and Opun-
tia sp.  (Miller et al., 2008; Zhang et al., 2006) have 
already been reported. Similarly there are reports 
on the efficiency of seeds of Tamarind (Tamarindus 

indicus) (Bhole, 1995) and Moringa oleifera (Babu 
and Chaudhuri, 2005; Bhuptawat et al., 2007) in 
aiding turbidity removal from water. However, the 
efficiency of the leaves of Aloe vera and the fruits of 
Momordica charantia in removing turbidity from 
water is a new observation in this direction. 

It is being reported that the coagulation efficiency 
associated with the seeds of Strychnos potatorum 
or similar other materials is due to the release of 
low molecular-weight water soluble proteins in wa-
ter. These proteins in water attain a positive charge 
and tend to attract the predominant negatively 
charged sand, silt, clay and other suspended solids, 
forming flocs, which can easily be removed either 
by settling or filtration (Rao, 2005).

Thus the present study confirms the efficiency of 
Strychnos potatorum and Opuntia sp. in the re-
moval of turbidity from water. The study also re-
veals the efficiency of Aloe vera and Momordica 
charantia as promising candidates for use as phy-
tocoagulants for the removal of turbidity. The study 
also points out the need for further exploitation of 
the potential of several plant species for their phy-
tocoagulant and disinfectant ability. However the 
resultant toxicity of the plant material selected need 
to be assessed prior to their inclusion as a phytoco-
agulent.

4. CONCLUSION

Out of the 12 plants worked out, seeds of Strychnos 
potatorum, leaves of Aloe vera, cladode of Opun-
tia ficus-indica and fruits of Momordica charantia 
were found to be effective and showed consistency 
in removing turbidity. The present study also re-
vealed that leaves of Aloe vera and fruits of Mo-
mordica charantia are promising candidates for 
use as phytocoagulants for the removal of turbidity. 
Thus study implies the need for further exploitation 
of the potential of several other plants for their phy-
tocoagulation and disinfectant ability. 
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ABSTRACT

Intensive resource exploitation from nature, due to social and economic factors has led to destruction of ecosys-
tem and loss of biodiversity. Plant tissue culture can greatly facilitate conservation and sustainable utilisation of 
genetic diversity by mass production of elite varieties and to conserve endangered and threatened species. Here we 
report an in vitro protocol for mass multiplication of the tree species Lagerstroemia speciosa (L.) Pers. of family 
Lythraceae, which is in high demand for its anti-diabetic property due to the presence of a pentacyclic triterpene, 
corosolic acid(CRA). In addition to CRA, the extract contains many bioactive compounds like ellagitannins (lager-
stroemin, flosin B and reginin A), valoneic acid, dilactone ellagic acid etc. Among these CRA assumes significance 
as it is reported to have anti-inflammatory, anticancer, antimicrobial, antioxidant and hypoglycemic activities. This 
species is propagated by seeds, but the germination percentage is very low and progenies are highly heterozygous. 
An efficient clonal propagation protocol will result in mass multiplication of true-to-type elite plants of L.speciosa. 
Nodal segments of new actively growing shoots (15-20 cm length, with 4-5 nodal segments) were harvested from 
the mature tree during three different seasons of the year 2011-2012 viz., spring (February-May), rainy (June-Octo-
ber) and winter (November-January) and surface sterilised using Teepol, 70% alcohol and 0.1% Mercuric chloride. 
Schenk and Hildebrandt (SH) medium supplemented with different concentrations and combinations of plant 
growth regulators were used for shoot culture initiation and multiplication. Among this, SH medium supplement-
ed with 1 mg l-1 BAP showed higher response of shoot initiation. Kinetin was not found to be as effective as BAP in 
induction of shoots. However, shoot clumps transferred to medium with 0.5 mg l-1 BAP showed maximum multi-
plication at the rate of 8.75±0.25 shoots per explants with shoot length 5.75±0.48. It was observed that percentage 
response of explants is dependent on seasonal variation, as more than 90% nodal segments taken from field-grown 
trees during the period of spring, developed adventitious shoots compared to those taken in other seasons. Excised 
shoots (2-3 cm long with 2 to 3 nodes) when grown on SH medium devoid of growth regulators showed root ini-
tiation after tenth day of transfer. Rooted plants when hardened in mist house at 28±2ºC and 80±5% RH showed 
a survival percentage of 75. ISSR markers were employed to determine the genetic fidelity and HPLC was used for 
the chemical analysis of in vitro raised plantlets. This in vitro method can also be used as a production system for 
corosolic acid without destroying natural population of L. speciosa.

Key words: antidiabetic, corosolic acid, nodal explants, seasonal variation, genetic fidelity

1. INTRODUCTION

Lagerstroemia speciosa L. (Family Lythraceae), 
popularly known as Banaba, is an ornamental tree 
widely distributed in Philippines, India and South 
East Asian Countries. It is a multipurpose tree, 
valued for its flowers, timber and medicinal prop-
erties by the horticulture and pharmaceutical in-
dustries, respectively. Lagerstroemia are tradition-
ally used in the treatment of various illnesses like 
diabetes, inflammation, hypertension (Yamaguchi 
et al. ,2006), cardiovascular diseases, high blood 

pressure and as a diuretic remedy (de Padua et al. 
,1997). Several studies have indicated the beneficial 
role of L.speciosa extract(especially, corosolic acid) 
in terms of antiobesity (Suzuki et al. ,1999) and an-
tidiabetes (Judy et al. ,2003), and a hypoglycemic 
effect (Kakuda et al. ,1996, Murakami et al. ,1993, 
Kazama 2002). Corosolic acid also exhibits antihy-
perlipidemic, antioxidant, anti-inflammatory, an-
tifungal, antiviral, antineoplastic and osteoblastic 
activities. No adverse effects have been observed 
or reported in animal studies or controlled human 
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clinical trials (Sidney et al. ,2011). As a consequence, 
the demand for bulk quantity of raw materials has 
incredibly increased, resulting in indiscriminate 
exploitation to the extent that, mature useful plants 
are no more available in natural habitat, except as 
wayside avenue trees. As the germination percent-
age of seeds are poor and conventional propagation 
methods are often met with low success rate, non-
conventional techniques like micropropagation 
hold great promise for the large scale production of 
planting material. The mass multiplication protocol 
developed will find application in ex situ and in situ 
conservation programmes and also in sustainable 
utilization of the “elite” genetic resources for com-
mercial production of CRA. In addition, there is no 
work has been carried out to assess the genetic sta-
bility and the ability for production of CRA, of the 
in vitro raised L.speciosa plants.

2. MATERIALS AND METHODS

2.1. Plant materials

The plant material was collected from our gar-
den site during three different seasons viz., spring 
(February-May), rainy (June-October) and winter 
(November-January). As explants were heavily in-
fested with microbial contamination during mon-
soon and winter, experiments were continued with 
those collected during the spring season.

2.2. Establishment of shoot cultures

Shoot tip with 4 to 5 nodal cuttings was used as the 
source of explant for in vitro multiplication. Surface 
decontamination of explants were done as per stan-
dard procedure and surface sterilization carried out 
in 0.1% (w/v) mercuric chloride for 3 min followed 
by washing thrice in sterile distilled water. Shoot 
tips (0.5 cm) and nodal segments (~1.5 cm) excised 
aseptically were kept half an hour in sterile distilled 
water before implanting them vertically in phyta-
gel (1.3%) impregnated SH solid nutrient medium 
(Schenk and Hildebrandt 1972) supplemented with 
various concentrations of the growth regulators 
like 0.2, 0.5, 1, 2 and 3 mg l-1 of BAP(Benzyl Amino 
Purine)  and  Kn (Kinetin), either separately or in 
combinations, with 3% (w/v) sucrose. The pH was 
adjusted to 5.8 before autoclaving the medium at 

121oC and 1.1Kg cm-2 pressure for 18 minutes. The 
cultures were incubated in the culture room for 
30 days at 25 ± 2°C and 12 h photoperiod with a 
light intensity of 50 - 60 μEm-2s-1 provided by cool, 
white fluorescent tubes under 50 to 60% relative 
humidity (RH). 

2.3. Shoot multiplication, elongation and rooting 

Nodal segments (~1.0cm) of in vitro derived shoots 
were dissected out aseptically and transferred to SH 
nutrient medium supplemented with 0.2 to 2 mg l-1 
BAP or BAP (0.5 mg l-1) in combination with 0.2 
to 1 mg l-1 Kn, NAA(Naphthalene Acetic Acid), 
IAA(Indole 3 Acetic Acid) and GA3(Gibberillic 
Acid) for shoot multiplication and bulking of 
shoots. The multiple shoots thus obtained were 
separated individually and transferred to SH solid 
medium devoid of growth regulators to promote 
shoot elongation and rooting within a short period 
of two weeks. The under developed shoots were 
transferred once in the same medium for 2 weeks 
to promote further shoot elongation and rooting. 
The elongated shoots devoid of roots (> 4 cm) if 
any, were separated individually and transferred to 
SH medium supplemented with varying concentra-
tions of  NAA/ IAA/ IBA (Indole 3-butyric acid) to 
induce rooting in two weeks. 

2.4. Hardening and field transfer 

The rooted plantlets of 4-6 weeks old were weaned 
away from the flasks, washed thoroughly in running 
water followed by treatment with 0.1% Dithane M45 
for 5 min and transplanted in poly bags filled with a 
mixture of garden soil and pure river sand in the ra-
tio 1:1 and kept in the mist chamber under 80±5% 
RH; 28±20C for hardening. After 2 weeks of hard-
ening, the plantlets were transferred to the mist 
house for nursery establishment and field transfer. 

2.5. Quantification of CRA in the micropropagated 
plantlets using HPLC Sample preparation

The mature mother plant and 10 in vitro derived 
plants were selected to estimate the CRA content. 
The dried leaf powder of L. speciosa was accurately 
weighed (0.5 g) and fluxed with methanol for 5h 
at 65ºC.  The extract solution was then transferred 
into a volumetric flask and volume made up to 25 
ml with extraction solvent. The resultant solution 
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was centrifuged (3000 rpm) for 15 min under 25ºC 
and the supernatant was filtered through a 0.22 μm 
Millex GP Filter Unit (Millipore, Ireland),  prior to 
injection into the HPLC system.

2.6. HPLC analysis 

HPLC determinations were carried out following 
the standard protocol (Jayakumar et al., 2014) us-
ing Shimadzu, LC-2010CHT integrated system 
equipped with Quaternary gradient, autoinjector 
and UV- Visible detector in combination with Lab 
solution software. HPLC grade methanol, acetoni-
trile, orthophosphoric acid (Sigma-Aldrich USA) 
and water (Sartorius Arium water purification sys-
tem, Germany) were used for the analysis. CRA 
reference standard was purchased from Sigma-Al-
drich, USA. 
Analyses were carried out using the above system 
equipped with a C-18 column (250mm x 4.6mm) 
and  UV detector set at  wavelength λ=205 nm. The 
mobile phase with 0.1 % v/v orthophosphoric acid 
and acetonitrile were filtered through a 0.45µm 
nylon membrane filter (Millipore) and degassed by 
sonication for 30 min. Corosolic acid standard and 
L. speciosa extract were injected into the column at 
a flow rate of 1.6ml per min. Identification of CRA 
in the extract was carried out by comparing their 
retention time with the standard. The estimation of 
CRA in the individual samples was calculated from 
the calibration curve prepared in the range of 0.5 to 
100 mg/ml (r2=0.999). Each sample was analyzed 
thrice and mean value was taken for estimation of 
yield (w/w).

2.7. Statistical analysis of in vitro culture experi-
ments

Each treatment that comprised 12 replicates was 
repeated thrice. The cultures were routinely ob-
served; data on number of shoots and shoot length 
recorded at regular interval of 30 days. Data were 
subjected to analysis of variance (ANOVA) and the 
means compared by Duncan’s multiple range test 
(DMRT) at p≤0.05.

2.8. Molecular screening and genetic fidelity anal-
ysis using ISSR markers Genomic DNA isolation 
and ISSR

The mature mother plant and 10 microclones 

were selected for genetic fidelity analysis. Total 
genomic DNA from the leaves was isolated using 
cetyltrimethylammonium bromide (CTAB) meth-
od (Murray and Thompson 1980). After ethanol 
precipitation, DNA was resuspended in 100 mL of 
1XTE buffer (pH 8.0). The DNA was quantified 
spectrophotometrically by taking the absorbance at 
260 nm. ISSR assay was carried out in 25 ml reac-
tion mixture containing 0.2 mM dNTP’s, 10 mM 
Tris-HCl,1.5 mM MgCl2, 50 mM KCl, 0.1%Triton 
X-100, 1.0 U Taq DNA polymerase (Finzymes, Hel-
sinki, Finland),15 pmol primers (`IDT, Coralville, 
USA) and 50 ng of genomic DNA. The amplifica-
tion was performed in a thermal cycler (Eppendorf 
ESP-S). After the initial cycle of 2 min at 93 0C, 2 
min at 50 to 55 0C*, and 2 min at 72 0C, a total of 
39 cycles of 1 min at 93 0C, 1 min at 50 to 55 0C 
and 1 min at 72 0C were performed. The last cycle 
was performed by 10 min extension at 72 0C. Re-
action mixture wherein template DNA replaced by 
distilled water was used as negative control. Am-
plified products were resolved in 1.4% agarose gel 
(1xTBE) followed by EtBr staining.  

*annealing temperature of the primers ranges from 
50 to 55 0C for the different primers used in this 
study.

2.9. Genetic data analysis

Amplification with each arbitrary primer was re-
peated 3 times and those primers that produced 
reproducible and consistent bands were selected 
for data generation. Reproducible ISSR products 
were scored against the presence or absence of a 
fragment. Dice coefficient of similarity defined as 
2a/2a+u, where ‘a’ is the number of positive match-
es and ‘u’ the number of non-matches was comput-
ed using the WINDIST software (Yap and Nelson 
1996).

3. RESULTS 

3.1. Shoot culture establishment 

Shoot tip and nodal segments collected from 25 
year old mature plant during three different sea-
sons was cultured in different media formulations 
for culture initiation. It was observed that percent-
age response of explants is dependent on seasonal 
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variation, as more than 90% nodal segments taken 
from field-grown tree during the period of spring, 
developed adventitious shoots compared to those 
taken in other seasons (Fig 2). SH medium devoid 
of hormone failed to respond morphogenetically 
but shoot tip elongation (~0.8 cm) and axillary 
bud differentiation occurred after 4 weeks of cul-
ture in the same medium supplemented with 1 mg 
l-1 BAP. In this medium nodal explants responded 
well compared to shoot tip explants, within a short 

duration and induced axillary buds after 30 days of 
culture (Fig 1a). The number of shoots produced 
per explant was linearly related to the increase in 
concentration of BAP, which induced a maximum 
of 92.75% shoot bud breakage in the nodal explants, 
with an average of 2.00±0.00 shoots at a length of 
2.25±0.25cm in four weeks, above which, BAP sup-
pressed shoot formation and induced callogenesis 
(Table 1).

Table 1. Effect of different cytokinins on axillary bud initiation from nodal explants of L. speciosa in terms 
of number and length of shoots

Conc. of PGRs(mg l-1) Percentage 
response

Mean no. of 
shoots

Mean length 
of shootsBAP Kn

0.00 0.00 0.00±0.00 0.00±0.00
0.2 86.5±0.65ab 1.25±0.25bcd 2.00±0.58cd

0.5 89.75±0.48ab 1.5±0.29abc 2.25±0.25cd

1.0 92.75±0.85a 2.00±0.00a 2.25±0.25cd

2.0 92.25±0.85a 1.75±0.25ab 1.75±0.25cd

5.0 87.25±0.85ab 1.25±0.25bcd 1.50±0.29d

0.2 65.00±2.89e 1.00±0.00cd 3.25±1.03bc

0.5 75.00±2.89d 1.25±0.25bcd 5.00±0.41ab

1.0 52.50±4.79f 1.50±0.29abc 4.25±0.85ab

2.0 57.50±2.50f 1.00±0.00cd 4.25±0.75ab

5.0 52.50±4.79f 1.00±0.00cd 3.50±0.87ab

0.5 0.2 83.25±0.49b 1.25±0.25bcd 5.25±0.75a

0.5 0.5 86.25±0.85ab 1.00±0.00cd 4.50±0.29ab

0.5 1.0 77.00±0.91d 0.75±0.25d 4.50±0.29ab

Values represent mean values ± SE
Means followed by the same letters in each column are not 

significantly different at P < 0.05 according to Duncan’s 
multiple range test (DMRT).

Fig.1. a.Axillary bud initiation after 4 weeks; b.2,5 shoots 

per node after 30 days of inoculation; c.Shoot elongation 
and rooting; d.Rooting; e.9.5 cm long plantlets; f.Established 

plantlets; g.Nursery established plantlets.

Fig. 2. Effect of season on culture establishment from the 
nodal explant of L.speciosa on SH supplemented with 1mgl-1 
BAP

3.2. Shoot multiplication from nodal segments of in 
vitro-derived shoots 
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Each shoot with a shoot tip and at least 3 nodes 
were used as explant source for further shoot mul-
tiplication. Shoot tip and nodal segments, derived 
from micro shoots, were transferred to SH medi-
um supplemented with 0.2 to 2 mg l-1 BAP or BAP 
(0.5 mg l-1) in combination with 0.2 to 1 mg l-1 Kn, 
NAA, IAA and GA3. Among the concentrations 
and combinations tried, supplementation of BAP 
alone resulted in good multiplication rates than any 
other combinations. After 30 days, 2 to 5 shoots per 
node were observed in the presence of 0.5 mg l-1 
BAP alone (Fig.1b). The decrease in number as well 
as length of shoots was observed as the concentra-

tion of BAP was increased further. 

Among the auxin-cytokinin combination tested, 
medium supplemented with NAA -BAP evoked 
higher number of elongated multiple shoots than 
IAA-BAP combination (Table 2). However, instead 
of increase in multiplication rate, the mean length 
of shoots was enhanced by BAP -Kn treatment (Ta-
ble 2).  In fact, nodal segments subcultured in me-
dium augmented with 0.5 mg l-1 BAP alone showed 
maximum multiplication rate and produced an 
average of 2453 shoots after 6 subculture passages 
from a single nodal explant where each subculture 
passage lasted for 30 days. 

Table.2 Effect of different growth regulators on shoot multiplication from nodal segments of  L. 
speciosa

Conc. Of PGRs (mgl-1) Percentageresponse Mean no of shoots Mean length of 
shootsBAP Kn IAA NAA GA3

0.00 00.00±0.00 0.00±0.00 0.00±0.00
0.2 79.00±1.47bc 3.00±0.91cde 6.75±0.48a

0.5 92.50±0.65a 8.75±0.25a 5.75±0.48ab

1.0 92.75±1.11a 7.50±0.29b 3.50±0.65cde

2.0 80.25±0.25bc 6.75±0.48b 2.75±0.48defg

0.5 0.2 82.00±0.82b 3.25±0.49cd 4.25±0.48bcd

0.5 0.5 77.50±1.19cd 2.75±0.25de 5.75±0.85ab

0.5 1.0 81.00±0.91b 2.50±0.50def 4.75±0.63bc

0.5 0.2 53.00±0.71i 1.25±0.25g 1.75±0.25fg

0.5 0.5 48.00±1.08j 1.00±0.00gh 1.25±0.25gh

0.5 1.0 00.00±0.00k 0.00±0.00h 0.00±0.00h

0.5 0.2 67.50±1.19f 2.00±0.41efg 3.25±0.63cdef

0.5 0.5 63.00±0.91g 0.75±0.25gh 1.50±0.29gh

0.5 1.0 58.00±1.08h 1.25±0.25g 2.00±0.71efg

0.5 0.2 81.00±0.71b 4.00±0.41c 4.00±0.71cd

0.5 0.5 75.25±1.31de 1.50±0.29fg 2.25±0.25efg

0.5 1.0 74.00±1.58e 1.25±0.25g 2.00±0.41efg

Values represent mean values ± SE
Means followed by the same letters in each column are not significantly different at P < 0.05 according to

Duncan’s multiple range test (DMRT).

3.3 Shoot elongation, rooting, hardening and field 
transfer 

The shoots regenerated from nodal segments in 
multiplication medium were separated individu-
ally or as a small group and transferred to SH 
solid medium devoid of hormones to promote 
shoot elongation and rooting (Fig 1c). The under 
sized shoots were subcultured once in the same 
medium for further shoot elongation followed by 

rooting. Almost 90% of the elongated shoots were 
rooted in hormone free SH medium. The remain-
ing shoots, when transferred to root induction me-
dium, showed 100% rooting efficiency in all con-
centrations of auxins tried. However, number and 
length of the root varied according to the concen-
tration and nature of auxins used and maximum of 
14.25±0.85 roots at 100% efficiency was observed 
in SH solid medium supplemented with 2 mg l-1 
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NAA (Fig 1d). The regenerated shoots, with an av-
erage length of 9 cm, produced slender roots with 
rootlets at 100% efficiency after 4 weeks of culture 
in SH medium supplemented with 0.1 mg l-1 IAA/
IBA/NAA (Table 3). 

Plantlets of ~9.5cm length weaned away from the 
flask (Fig 1e) were washed thoroughly in running 
water followed by treatment with 0.1% Dithane M45 

and planted in poly bags. The establishment rate, 
after two weeks of hardening in the mist cham-
ber, was found to be 75%. After 3 months in poly 
bags(Fig 1f), the established plantlets when trans-
planted in 12” pot filled with river sand and top soil 
in the ratio 1:1 and reared in 50% shade net house, 
resulted in 100% establishment and were free from 
morphological and growth abnormalities (Fig 1h). 

Table. 3 Effect of different auxins on root induction from microshoots of L.speciosa

Growth regulators Concentrations
 (mgl-1)

% of explants 
responded No. of roots Length of shoots

0 0 90 10.00±0.41abcd 13.00±0.41ab

IAA

0.1 100 8.50±1.19bcd 11.50±1.55b

0.2 100 8.25±1.44cd 8.50±1.26cd

0.5 100 5.50±0.65d 7.50±1.19de

1.0 100 13.50±2.50abc 2.75±0.75gh

2.0 100 11.25±2.17abc 1.50±0.29h

NAA

0.1 100 9.75±1.49abcd 5.00±0.41efg

0.2 100 9.00±1.29abcd 5.00±0.91efg

0.5 100 11.00±1.08abcd 4.75±0.85efg

1.0 100 14.00±1.58ab 4.00±0.41fgh

2.0 100 14.25±0.85a 3.50±0.29fgh

IBA

0.1 100 13.25±1.11abc 10.75±0.85bc

0.2 100 9.00±0.91abcd 15.00±1.78a

0.5 100 13.75±1.93abc 6.00±0.58def

1.0 100 13.00±3.83abc 5.25±0.49efg

2.0 100 12.00±1.08abc 2.50±0.29gh

Values represent mean values ± SE
Means followed by the same letters in each column are not significantly different at P < 0.05 according to Duncan’s multiple 

range test (DMRT).
3.4. Quantification of CRA in in vitro derived 
plants using HPLC

Estimation of CRA content, by HPLC analysis of 
leaf samples (Fig.3) collected from both in vitro 
as well as field grown mother plant, revealed that 
mature leaves are ideal source with highest amount 
of CRA. The observed variation in active principle 
distribution in the in vitro plantlets was found to be 
marginal with mean yield of 0.0384±0.005.

3.5 Molecular screening and genetic stability anal-
ysis of in vitro plants 

Fingerprinting profiles of the in vitro raised and the 
donor plant was generated using a total of 10 pre-
screened ISSR primers with distinct and reproduc-
ible amplicons. The number of scorable bands for 
each primer varied from 1 (ISSR 844) to 7 (ISSR 
847), with an average of 4 bands per primer. All 
banding profiles, from micropropagated plants, 
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M-Motherplant, 1-10 in vitro derived plants
Fig. 3. The mean contents of Corosolic Acid in L. speciosa leaves from mother plant and ten in vitro 

derived plants

were monomorphic and similar to those of the 
mother plant. A representation of monomorphic 
gel obtained using primer ISSR 836 is shown in 
(Fig.4). 

A similarity matrix based on Jaccard’s coefficient re-
vealed that the pair-wise value between the mother 
plant and in vitro clones was 0.95 -0.99, indicating 
high degree of similarity. The UPGMA phenogram, 
generated from Jaccard’s similarity values using 
WINBOOT software, further confirmed the true-
to-type nature of clones (Data not shown). 

M-Motherplant, 1-10 in vitro derived plants
Fig.4. ISSR profile using primer 836

4. DISCUSSION

In the present study, the period of response 
and percentage survival of the explants  
(shoot tips and nodal explants) varied according 
to seasonal influence, media composition and the 
type of explants used for culture initiation, as re-
ported by others (Bhatt and Dhur, 2004; Chabuk-
swar and Manjushri, 2006). 

The better response of nodal explants in hormone 
supplemented SH medium is also in agreement 

with earlier findings in L. speciosa (Lim Ho and 
Lee, 1985; Zobayed, 2000), though cultured in MS 
medium supplemented with PGRs, and also in Ste-
via rebaudiana (Laribi et al. ,2012). This may be 
attributed to the absence of apical dominance and 
presence of axillary buds during advanced develop-
mental stages, as noticed in other species (Hutchin-
son, 1984; Pattnaik et al. ,1996). In this study, shoot 
proliferation was relatively less in shoot tip explants 
but showed elongation in low concentration of BAP, 
while increase in BAP (1 mg l-1) resulted in axillary 
bud emergence from the base. However, linear in-
crease in BAP concentration (2 mg l-1) suppressed 
shoot bud emergence but promoted callogenesis 
from cut basal portion of shoot tip explants. Simi-
lar observations were reported earlier not only in L 
.speciosa (Lim Ho and Lee, 1985) but also in other 
species like Eriobotrya japonica (Lomtatidze et al. 
,2009). 

Micropropagation of tree species is seldom prac-
ticed due to the difficulty in obtaining large number 
of explants for shoot multiplication, among many 
other associated factors. In such cases, the plantlets 
obtained through nodal and shoot tip segment cul-
tures could be an alternative source of explant for 
further shoot multiplication (Butiuc-Keul and De-
liu, 2001). Similarly in the present study, because of 
the superior in vitro response of the nodal axillary 
buds, at least three nodal segments of single mi-
cro-shoots were used as explant source for further 
shoot multiplication. Although, Kn did not evoke 
more shoot initiation from nodes, the mean length 
of shoots were apparently high compared to that 
in BAP -supplemented medium. Similar instances 
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were also reported in other species like Litsea cube-
ba (Mao et al. ,2000).  Interestingly, BAP was found 
to be more effective than Kn, for shoot regeneration 
in L. speciosa, in the present as well as earlier inves-
tigations (Zobayed, 2000), which clearly indicates 
the preferential uptake, recognition by the cells and 
the mechanism of action of specific cytokinins, by 
different systems. 

Interestingly, supplementation of BAP alone re-
sulted in good multiplication rates than any other 
combinations. The stimulating effect of BAP on 
bud breakage and multiple shoot formation has 
been reported earlier in Anacardium occidentale 
(Bogetti et al. ,1999) and Embelia ribes (Preetha 
et al. ,2012). The decrease in number and length 
of shoots were observed, as the concentration of 
BAP was increased further. This adverse effect of 
BAP, above optimum level, is well known in certain 
other species (Kukraja et al. ,1990; Sen and Sharma 
1991). However, among the auxin-cytokinin com-
bination tested, medium supplemented with NAA 
-BAP evoked higher number of elongated multiple 
shoots than IAA-BAP combination. Besides, the 
combination of BAP and 2iP was also found to elic-
it maximum shoots previously in L. speciosa (Lim 
Ho and Lee, 1985), which may be attributed to the 
difference in explant sources selected for initiation, 
by the investigators. Similar synergistic influence 
of NAA and differential response of the explants to 
more than one auxin, are seldom reported (Ajith-
kumar and Seeni, 1998) in tree species and hence 
assumes significance. 

The literature on woody plant tissue culture, with 
few exceptions, revealed that rooting is either dif-
ficult or only partially achieved and generally, the 
shoots are transferred to media drained of nutri-
ents (Sudha and Seeni, 1996) to induce rooting. In 
the present investigation, the regenerated shoots 
were separated individually or as a small group 
and transferred to hormone free solid medium, to 
promote shoot elongation and rooting. This kind of 
observations were reported in Embelia ribes, where 
transfer of shoot cultures in hormone-free or low 
PGR supplemented media at periodic intervals was 
recommended, for shoot elongation followed by 
rooting of underdeveloped shoots (Preetha et al. 

,2012). Almost 90% of the elongated shoots were 
rooted in hormone free SH medium. The remaining 
shoots, that are devoid of roots, when transferred to 
root induction medium showed 100% rooting effi-
ciency in all concentrations of auxins tried and cor-
roborate earlier observation in other woody species 
such as Aegle marmelos (Ajithkumar and Seeni, 
1998), Adhatoda beddomei (Sudha and Seeni 1994) 
and Albizia amara (Indravathi and Pullaiah, 2013). 
However, the earlier reports on auxin requirement 
for optimum root induction followed by prolifera-
tion in L. speciosa was either too high (10-20 mg 
l-1 IBA, Lim Ho and Lee, 1985) or low (0.5 mg l-1, 
Zobayed, 2000).  The efficiency of IBA for rooting 
of in vitro-raised shoots of other woody species is 
well documented (Giri et al. ,2004).

The period required, for hardening and nursery es-
tablishment in this tree species, is relatively short 
due to fast growth of in vitro raised plantlets un-
der best nutrient milieu.  This kind of encourag-
ing performance, of the tissue cultured plants after 
reintroduction, is also recorded in such species as 
Blue Vanda (Seeni and Latha, 2000) and Calamus 
thwaitesii (Hemanthakumar et al. ,2013) which is 
attributed to the best health status of the in vitro-
derived plants.

The distribution of CRA is not uniform in L. spe-
ciosa, but tend to vary in different plant parts 
(Jayakumar et al. ,2014), wherein maximum CRA 
content was seen in red leaves followed by petals 
and green leaves (Mallavadhani et al. ,2008). In the 
present study also, mature leaves of the field estab-
lished in vitro plantlets was used to estimate CRA 
content. Almost similar pattern of active principle 
distribution, with marginal variation indicates the 
chemical stability of the plantlets, owing to their 
genetic fidelity.  Although, the percentage distribu-
tion of CRA in these plantlets compared to mother 
plant is less, which could be attributed to the age 
and desired maturity of the mother plant, it unam-
biguously established the presence of biosynthetic 
machinery capable of CRA synthesis in the in vitro 
plantlets. Furthermore, it also substantiates that the 
propagation protocol could indeed yield plantlets 
of true-to-type and hence the high yielding acces-
sions if any, could be produced in large-scale for 



Perspectives on Biodiversity of India Vol. II. Part 2

55

commercial production of CRA in future.

As phenotypic and genetic variations are reported 
to occur during in vitro regeneration processes, 
resulting in somaclonal variants (Kaeppler et al. 
,2000), the risk of genetic changes induced by tis-
sue culture and the importance of assessing genetic 
stability all along the phases of regeneration, may 
be viewed in the context of conservation and sus-
tainable utilization of true-to-type clones. Here, 
we report standardization of an in vitro multipli-
cation protocol to establish scale up production of 
elite planting materials of L. speciosa, which we re-
cently identified (Jayakumar et al. ,2014) and the 
utility of ISSR markers, to assess the genetic stabil-
ity of these micro-plants. Fingerprinting profiles 
of the in vitro raised and the donor plant showed 
monomorphism, for all the primers tested.  Simi-
lar results were earlier reported in almond (Martin 
et al. ,2004), banana (Lakshmanan et al. ,2007) and 
Swertia chirayita (Joshi and Dhawan, 2007).

The present investigation confirms that shoot mul-
tiplication through nodal segment culture is the 
safest mode of in vitro multiplication to produce 
true-to-type plantlets as reported earlier in other 
plants like Chestnut, Swertia chirayita and Cappa-
ris spinosa (Carvalho et al. ,2004; Joshi and Dha-
wan, 2007, Angerla et al. ,2012). Furthermore, the 
in vitro clones are capable of CRA synthesis, simi-
lar to other systems like production of scopoletin 
(Mithilesh et al. ,2010) spilanthol (Mithilesh et al. 
,2012) and rosmarinic acid (Claudia et al. ,2011) 
thereby, suggesting the possibility of scale-up pro-
duction of CRA, at commercial levels. 

5. CONCLUSION

A highly refined mass multiplication protocol of 
L. speciosa, demonstrated through nodal/shoot tip 
segments of 25 years old mature plant cultured in 
SH medium, is the first report on high frequency 
direct multiplication providing reasonably high 
number of shoot cultures, compared to earlier re-
ports. The in vitro clones maintained their genetic 
uniformity and ability to synthesize CRA, as detect-
ed by genetic and chemical analysis. The protocol 
yielded, at least 2450 rooted plants, from a single 
nodal explant that ensures maximum production 

and supply of micro-clones, within a short period 
of six months. The protocol developed also testifies 
the efficiency of system for mass multiplication of 
L. speciosa for conservation, consistent production 
and eco-restoration activities of this multipurpose 
woody tree species
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                                ABSTRACT

Plants and herbs, since time immemorial, have been used in virtually all cultures as a source of medicine. The 
widespread use of herbal remedies and healthcare preparations, as those described in ancient texts such as the 
Vedas and the Bible, and obtained from traditional/folklore practices have been traced to the occurrence of natural 
products with medicinal properties.

In the present study leaf and bark of Cleistanthus collinus were extracted with various solvents using cold percola-
tion method. Methanol was found to be the best extractant amongst all the solvents. The crude methanol extract 
and solvent extract were then subjected to prescreen assays to check any insecticidal and antifeedant activity. Both 
leaf and bark extract showed some insecticidal activity against insects Plutella xylostella, Helicoverpa armigera, 
Spodoptera litura. The present study has exploited the probability of having any insecticidal molecules present in 
the Cleistanthus collinus.

Key words: Cleistanthus collinus, insecticidal activity, methanolic extract, cold percolation method.
1.  INTRODUCTION

The plant biochemicals exhibit various proper-
ties such as insecticidal, repellent and growth dis-
rupting activities against various pests and target 
a broad range of insects (Laxmikanta et al., 2009). 
More than 2000 species of medicinal plants possess 
biopesticidal properties (Kamaraj and Rahuman, 
2008). Biological, physiological and biochemical 
impact of many insectisidal plants on many differ-
ent insect pest has been reported by many   authors 
(Pathipati Usha Rani et al., 2009).

The technique of combating insects has now made 
great advancement in the recent years. The recent 
advances in research are directed towards insecti-
cidal and antimicrobial compounds of natural ori-
gin which are less toxic besides being biodegradable 
in nature (Rajasekharan and Kumarswami, 1985). 

 Cleistanthus collinus popularly known as Garadi 
and Oduvan is a small deciduous tree of the family 
Euphorbiaceae. Cleistanthus collinus is abundantly 
found in many parts of India, Malaysia and Africa. 
C. collinus is one of the most generally used and 
important trees in the state. The leaves, roots and 

specially the fruits act as violent gastro intestinal ir-
ritants. It is also used as cattle and fish poison and 
also for procuring criminal abortion. (Sarathachan-
dra et al., 1997). The leaves are abortificinet and oc-
casionally used for suicidal purposes (Modi and 
Coius, 1940). Glycoside isolated from the leaves 
and bark was reported to exhibit a wide range of 
biological action including cytotoxicity. The plant 
products such as leaf extracts and bark extract of 
C. collinus was reported to show antifeedant ac-
tivity and insecticidal activity (Arivudainabi and 
Baskaran, 2004). Cleistanthin is also used as an-
ticancer (Pradheepkumar et al., 2000). Economic 
use of Cleistanthus collinus have been reported for 
mammals however information on its use against 
the insect is lacking.

 Insect feeding exhibits a host range that is mani-
fested by the different plants on which they usu-
ally are found. These host plant induced detoxify-
ing enzymes are responsible for detoxification of 
xenobiotics and chemical insecticides. Host plants 
possess different amounts and types of secondary 
metabolites which induce various detoxifying en-
zymes. The process of xenobiotic metabolism in 
membrane bound organelles is an essential step 
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in the three-phase detoxification process of plants. 
The ability of plants to detoxify xenobiotics in cel-
lular membranes depends on the presence of cer-
tain detoxification enzymes such as Glutathione-S-
transferases (GSTs), Acetylcholinesterase (AchE), 
Proteases and Amylases   (Ebenezer et al., 2004). 
The plant extract binds to the active site of the en-
zyme and therefore prevent detoxification role of 
the enzyme. Inhibition of these enzymes suggests 
that the phytochemicals can exert insecticidal role 
by antioxidant activity (Ayodele et al., 2009).

The detoxifying enzymes of insect include mostly 
GSTs, Acetylcholinesterase (AchE), Protease and 
Carboxylesterase (Cart).Enhanced metabolism of 
insecticides by these detoxifying enzymes decrease 
the attainment of the effective amount of the in-
secticides that can kill insect. These enzymes and 
correlated genes can be used in the development 
of efficient and harmless biotechnological tools for 
agricultural insect pest control without negative 
environmental and human health effects (Jackeline 
et al., 2006).

By way of screening herbal products against the 
important pests and important plant pathogenic 
microorganisms, the possibilities of discovering 
appropriate constituents principal of insecticidal 
and antimicrobial properties cannot be ignored. 
With this view, the attempts were made to study the 
effect of certain herbal extracts by using different 
extraction techniques with various solvents against 
lepidopterian pests under laboratory conditions.

2. MATERIALS AND METHODS

2.1. Insect: The insects (Lepidoptera) were collect-
ed from Department of Entomology, Dr. Panjabrao 
Deshmukh Krishi Vidyapeeth, Akola.  

2.2. Plutella xylostella (DBM): The larvae and pu-
pae of P. xylostella were collected from cabbage 
and cauliflower field from outskirts of Akola. They 
were reared in the laboratory on the mustard seed-
lings upto F4 generations for establishing homolo-
gous laboratory population. The rearing procedure 
described by Lu and Sun (1984) was followed to 
maintain the test culture of P. xylostella. 

2.3. Helicoverpa armigera: Collection of H. ar-

migera from fields. Third instar larvae of S. litura 
were collected from horticultural fields from Dr. 
P.D.K.V. campus, Akola.

2.4. Spodoptera litura: Collection of S. litura from 
fields. Third instar larvae of S. litura were collected 
from horticultural fields from Dr. P.D.K.V. campus, 
Akola.

2.5. Plant materials: Plant material used for this 
study was collected from Purkabodi village situ-
ated in Bhandara taluka of Bhandara District (Ma-
harashtra states). All the plants were identified at 
taxonomic section, Botany Department, Dr. P. D. 
K. V., Akola (Maharashtra states), India.

2.6. Preparation of plant extract: Fresh leaves and 
bark of C. collinus were collected from a 15 year 
old shrub growing in Purkabodi village situated in 
Bhandara taluka of Bhandara District (Maharash-
tra states), India and used for experimental work. 
Leaves and bark were dried at room temperature 
and then ground into fine powder using a grinder. 
About 20 g of dried powder of leaves and barks 
were taken in separate 250 ml conical flasks with 
screw cap, and then 200 ml of methanol was added 
to the flask. The flasks were kept at room tempera-
ture with shaking for 7 days. At the end of the ex-
traction, extract was filtered using Whatman filter 
paper. The filtrate was concentrated in vacuum at 
30°C and stored at 4°C until further use. The final 
crude extract was diluted with methanol to a stan-
dard volume and tested separately against the test 
organisms (Harborne, 1973).

2.7. Preparation of sample extracts for bioassay: 
Accurately weighed 10 mg of extract and 1 ml of 
methanol was added to it and vortexed so that all 
the extract was dissolved to form a clear solution. 
This was 1 % solution. Similarly 1, 2.5, 5, 7.5 and 
10% concentration of the extracts were prepared 
for the final bioassay. For the bioassay against P. 
xylostella, S. litura and H. armigera 1, 2.5, 5, 7.5 
and 10% concentrations of the extracts were used. 
For crude extracts 1-10% concentration were used 
while for solvent extracted fraction 10% concen-
tration was used.

2.8. Screening of methanol extracts for insecticidal 
activity: Bioassay against P. xylostella (DBM) The 
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bioassay was carried out by cabbage leaf disc dip 
method as described by Tabashnik et al. (1987). 
Cabbage leaves were first washed with distilled 
water containing 0.1 % Triton X 100 and dried 
for about 1 hr. Cabbage leaf discs (approximately 
5 cm diameter) were cut with a metal punch and 
then dipped in the test solution of various extracts 
prepared in methanol to facilitate uniform treat-
ment of active ingredient for about 10 sec. The leaf 
discs were placed slanting for about 2 min over a 
blotting paper in a tray to drain excess solution for 
about 2 hrs. at room temperature. Ten 3rd instar lar-
vae (6 hrs. starvation) were released on each disc 
in individual petri plate. Blotting paper was placed 
at the bottom of the petri plate. The plates were ob-
served for 72 hrs for any insecticidal activity.  The 
bioassay were conducted at temperature 27 ± 1 0C, 
relative humidity 75 ± 1%, dark and light regime 
of 13:11 hrs. Total 30 insect larvae were used for 
screening.

Bioassay against Helicoverpa armigera: Cotton leaf 
dip method of bioassay (Tabashnik et al., 1987) was 
adopted to assess any insecticidal activity. Cotton 
leaves were first washed with distilled water con-
taining 0.1 % Triton X 100 and dried for about 1 
hr., cotton leaves then dipped in the test solution of 
various extracts prepared in methanol to facilitate 
uniform treatment of active ingredient for about 
10 sec. The leaves were placed slanting for about 2 
min over a blotting paper in a tray to drain excess 
solution for about 2 hrs. at room temperature. Ten 
3rd instar larvae (8 hr starvation) were released on 
each disc in individual petri plate. Blotting paper 
was placed at the bottom of the petri plate. The bio-
assay were conducted at temperature 270C ± 1 0C, 
relative humidity 75 ± 1%, dark and light regime of 
13:11 hrs.

Bioassay against Spodoptera litura: Field collected 
S. litura larvae were used for leaf-dip bioassay. Cas-
tor leaves were first washed with distilled water 
containing 0.1% Triton-X-100, and dried for about 
1 hrs. Castor leaves then dipped in the test solu-
tion of various extracts prepared in methanol to 
facilitate uniform treatment of active ingredients 
for about 10 second. Each leaf was kept in separate 
petriplate and then larvae were released in each 

petriplates. For, each extract, preliminary screening 
was done at a 1, 2.5, 5, 7.5 and 10% concentration to 
obtain mortality response of the test insect. Leaves 
were treated with methanol served as control.  The 
petriplate containing treated leaves and released 
insects were then transferred to environmentally 
controlled growth chamber at a temperature 270C 
± 10C, 65 ± 5 percent relative humidity for the as-
sessment of insecticidal activity. Mortality counts 
were recorded at 24, 48, 72 hrs, after treatment and 
moribund insects were counted as dead ( Birah et 
al., 2008).

Screening of methanol extracts for antifeedant ac-
tivity: It was decided to take an antifeedent assay of 
leaf extract to evaluate the larval weight reduction. 
In the antifeedency assay the larvae were exposed 
to the leaf treated with respective extract for 24 hrs 
and then the treated leaf was replaced with the fresh 
cabbage leaf. After 48 hrs again the old leaves were 
replaced with fresh leaves. The assay was taken for 
72 hrs and total larval weight reduction after 24, 
48 and 72 hrs were recorded. The experiment was 
analysed statistically to confirm the significance of 
the findings. An antifeedent activity index (AI) was 
calculated from the formula (Han et al., 2006).

Formula:
AI (%) = C-T/C+T×100

Where,    C = weight of control larvae.

               T = weight of treated larvae.

3. CONCLUSION

There is a vast scope for studies on the evaluation 
of insecticidal properties possessed by the herbs 
against some crop pests. By way of screening herbal 
products against the important pests, the possibili-
ties of discovering appropriate constituents princi-
pal of insecticidal and antifeedant properties can-
not be ignored. Therefore it is necessary to explore 
herbal extracts for insecticidal properties against 
the test insects.

Garadi has got potential of plantation in the waste-
land areas, require less water and does not require 
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any high quality supervision. Some pharmacologi-
cal studies of C. collinus was carried out but lim-
ited to toxicity for fish and animals. In the present 
investigation, the methanolic extracts of leaf and 
bark were evaluated for their insecticidal. It was 
observed that Garadi can be a good source to con-
trol agricultural pests. Such studies are important 
for exploration of new biomolecules to be used by 
pharmaceutical and agrochemical industry direct-
ly or can be used as a lead molecule to synthesize 
more potent molecules.

Plants are very important source of biologically ac-
tive molecules. There are many successful exam-
ples of isolation of potent molecules from plants. 
The present study has exploited the probability of 
having any insecticidal molecule present in the 
Cleistanthus collinus. Such studies are important 
for exploration of new biomolecules to be used by 
pharmaceutical and agrochemical industry direct-
ly or can be used as a lead molecule to synthesize 
more potent molecules.
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ABSTRACT

Analysis of many molecular phylogenies has also revealed correlations between substitution rates and clade size, 
suggesting a link between rates of molecular evolution and the process of diversification. Chloroplasts absorb sun-
light and use it in conjunction with water and carbon dioxide gas to produce food for the plant. Chloroplasts cap-
ture light energy from the sun to produce the free energy stored in ATP and NADPH through a process called pho-
tosynthesis. The expression of foreign genes in chloroplasts offers several advantages over their expression in the 
nucleus, such as multi-gene engineering in a single transformation event, transgene containment via maternal 
inheritance, lack of gene silencing, position and pleiotropic effects, and undesirable foreign DNA. Thus far, over 
forty transgenes have been stably integrated and expressed via the tobacco chloroplast genome to confer important 
agronomic traits, as well as express industrially valuable biomaterials and therapeutic proteins. The hyperexpres-
sion of recombinant proteins within plastid engineered systems offers a cost effective solution for using plants as 
bioreactors. Additionally, the presence of chaperones and enzymes within the chloroplast help to assemble complex 
multi-subunit proteins and correctly fold proteins containing disulfide bonds, thereby drastically reducing the 
costs of in vitro processing. Oral delivery of vaccine antigens against cholera, tetanus, anthrax, plague, and canine 
parvovirus are made possible because of the high expression levels and antibiotic-free selection systems available 
in plastid transformation systems. Plastid genetic engineering also has become a powerful tool for basic research 
in plastid biogenesis and function.  

Key words: Chloroplast engineering, plastid engineering, biopharmaceuticals, bioreactors, recombinant proteins

1. INTRODUCTION

The chloroplast is a pivotal organelle in plant cells 
and eukaryotic algae to carry out photosynthesis, 
which provides the primary source of the world’s 
food. Chloroplast genetic engineering offers a 
number of unique advantages, including a high-
level of transgene expression, transgene stacking 
in operons and a lack of epigenetic interference al-
lowing stable transgene expression. This approach 
has helped to unveil a wealth of information about 
plastid DNA replication origins, intron maturases, 
translation elements and proteolysis, import of pro-
teins and several other processes. Although many 
successful examples of plastid engineering have 
set a foundation for various future applications, 
this technology has not been extended to many of 
the major crops. Transgenic carrots were able to 
withstand salt concentrations that only halophytes 
could tolerate; more than twice the effectiveness 

of other engineering attempts. Recent advances in 
plastid engineering provide an efficient platform 
for the production of therapeutic proteins, vac-
cines, and biomaterials using an environmentally 
friendly approach. Highly efficient plastid transfor-
mation has been recently accomplished via somatic 
embryogenesis using species-specific chloroplast 
vectors in soybean, carrot, and cotton (Arlen et al., 
2007). This review takes an in-depth look into the 
state of the art in plastid engineering and offers di-
rections for further research and development. In 
addition, transgenic chloroplasts are generally not 
transmitted through pollen grains because of the 
cytoplasmic localization. In the past two decades, 
great progress in chloroplast engineering has been 
made. In this paper, we review and highlight re-
cent studies of chloroplast engineering, including 
chloroplast transformation procedures, controlled 
expression of plastid transgenes in plants, the ex-
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pression of foreign genes for improvement of plant 
traits, the production of biopharmaceuticals, meta-
bolic pathway engineering in plants, plastid trans-
formation to study RNA editing, and marker gene 
excision system. (Chebolu et al., 2007)

2. METHODOLOGY

The transformation method development Chloro-
plast transformation was generally achieved by the 
biolistic process, with which the Escherichia coli 
plasmids containing a marker gene and the gene of 
interest were introduced into chloroplasts or plas-
tids. PEG-mediated transformation method was 
also applied in the early days and a recent study. 
A review of the method and a step-by-step pro-
tocol of plastid transformation by PEG treatment 
are available. Since the first successful chloroplast 
transformation in Chlamydomonas reinhardttii (a 
unicellular algae with a single chloroplast) by bom-
bardment method this method has become a favor-
able means for chloroplast or plastid transforma-
tion due to its higher transformation efficiency and 
simple operation. Most of successful chloroplast 
transformations were achieved by this method. 
Protocols of plastid transformation by bombard-
ment method are available. The foreign genes were 
inserted into plasmid DNA by homologous re-
combination via the flanking sequences at the in-
sertion site. Agrobacterium mediated method was 
firstly used in plastid transformation. After the first 
chloroplast transformation in Chlamydomonas 
Reinhardttii, the first stable plastid transforma-
tion was established soon in higher plants, Nico-
tiana tabacum. Up to date, plastid transformation 
has extended to many other higher plants, such as 
Arabidopsis, rape, Lesquerella, rice, potato, lettuce, 
soybean, cotton, carrot, tomato and poplar (Dh-
ingra et al., 2006).

1.1. Application of chloroplast engineering 

1.1.1. Improvement of plant traits : Various envi-
ronmental stresses such as disease, drought, insect 
pests, salinity and freezing can severely limit plant 
growth and development. In order to improve the 
plant traits, many researchers had done a series at-
tempts. Many important agronomic traits have al-
ready been engineered via the plastid genome, such 

as herbicide resistance, insect resistance, and toler-
ance to drought and salt. (Wang et al., 2009)

1.1.2. Biotic stresses : The insect resistance genes 
were investigated for high-level expression from 
the chloroplast genome. Cry genes could be ex-
pressed extremely well in the plastid genome and 
there was no requirement to adjust the codon us-
age nor any need for other sequence manipula-
tion. Consequently, leaves of these transplastomic 
plants proved highly toxic to herbivorous insect 
larvae. The recent generation of insect-resistant 
transplastomic soybean plants offers optimism for 
the transfer of the technology to important (food) 
crops. Plant diseases have affected global crop pro-
duction. A recent report that high-level expression 
(about 10% of total soluble protein) of a cry gene 
(Cry9Aa2) from the plastid genome resulted in se-
vere growth retardation, indicating that, rather than 
maximizing expression, a suitable expression level 
is required to obtain plants with good insect pro-
tection while minimizing yield penalty.Transgen-
ic chloroplasts conferred resistance to the fungal 
pathogen Colletotrichum destructive in tobacco. 

The chloroplasts were estimated to express MSI-
99 at 21.5% to 43% percent of total soluble protein 
(TSP). MSI-99 was expressed at high levels to pro-
vide 88% (T1) and 96% (T2) inhibition of growth 
against Pseudomonas syringae pv tabaci, a major 
plant pathogen. This data suggests that MSI-99 ex-
pressed in tobacco chloroplasts can offer significant 
protection from both bacterial and fungal patho-
gens (Ruiz et al., 2003). 

1.1.3. Abiotic stresses : Transplastomic plants 
demonstrated that higher photosynthetic rate and 
apparent quantum yield of photosynthesis in the 
presence of 150 mmol/L NaCl. Salt stress caused 
no significant change on the maximal efficiency 
of PSII photochemistry (Fv/Fm) in both wild type 
and transplastomic plants. Chloroplast engineer-
ing had been successfully applied for the develop-
ment of plants with tolerance to salt, drought and 
low temperature. Previous research has shown that 
over-expression of enzymes for Glycine betaine 
GlyBetbiosynthesis in transgenic plants improved 
tolerance to various abiotic stresses. Choline mo-
nooxygenase (BvCMO) from beet (Beta vulgaris), 
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the enzyme that catalyzes the conversion of choline 
into betaine aldehyde, has been recently transferred 
into the plastid genome of tobacco. Transplastomic 
carrot plants expressing BADH could be grown in 
the presence of high concentrations of NaCl (up 
to 400 mmol/L), the highest level of salt tolerance 
reported so far among genetically modified crop 
plants. Trehalose has been found to accumulate 
under stress conditions such as freezing, heat, salt, 
or drought, so that it is thought to play a role in 
protecting cells against damage caused by these 
stresses. In contrast to nuclear transgenic plants 
that exhibited pleiotropic effects even at low levels 
of TPS1 expression, chloroplast transgenic plants 
grew normally and accumulated trehalose 25-fold 
higher. Chloroplast transgenic plants showed a high 
degree of drought tolerance by remaining green and 
healthy in 6 percent PEG, whereas wildtype plants 
were completely bleached. The unsaturation level 
of fatty acids (FA) in plant lipids has several im-
plications for the stress tolerance of higher plants 
as well as for their nutritional value and industrial 
utilisation. Δ9 desaturase gene, an important gene 
in lipid metabolic pathways, was transformed into 
tobacco chloroplast. (Viitanen et al., 2004) 

The feasibility to use chloroplast genetic engineer-
ing for weed control has been explored in several 
studies that aimed at producing glyphosate-toler-
ant tobacco plants. Plastid expression of the bar 
gene encoding the herbicide-inactivating phos-
phinothricin acetyltransferase (PAT) enzyme led 
to high-level enzyme accumulation (up to > 7% of 
TSP) and conferred field-level tolerance to glufos-
inate. These cases demonstrate that transplastomic 
technology might be particularly useful to develop 
plants resistant to abiotic and biotic stresses. The 
transplastomic plants demonstrated the feasibility 
of using plastid transformation to engineer lipid 
component in both vegetative and reproductive 
tissues for increasing cold tolerance. The plastids 
engineered to have an adequate expression of resis-
tance genes provide effective plant protection in the 
field (Kohli et al., 2013).

1.1.4. Production of biopharmaceuticals:  Chlo-
roplast system is most suitable for high-level ex-
pression and economical production of therapeutic 

proteins in an environmentally friendly manner. A 
therapeutic protein, human serum albumin (HSA) 
was firstly expressed in transgenic chloroplasts of 
tobacco at an expression level up to 11.1% of TSP, 
which is 500-fold greater than the nuclear expres-
sion. So far, most efforts have been focused on the 
high-level production of antigens for use as vac-
cines and their tests for immunological efficacy in 
animal studies. Cholera toxin B sub-unit (CTB) of 
Vibrio cholerae, a candidate vaccine antigen, has 
been expressed in chloroplasts resulting in an ac-
cumulation of up to 31.1% of TSP as functional 
oligomers. An animal vaccine epitope, 2L21 pep-
tide that confers protection to dogs against virulent 
canine parvovirus (CPV), was expressed in tobacco 
chloroplasts as a fusion protein with CTB and with 
green fluorescent protein (GFP). LecA, a potential 
target for blocking amoebiasis, was expressed in 
chloroplasts to yield up to 6.3% of TSP or 2.3 mg 
LecA/g leaf tissue. Recently, chloroplast transfor-
mation of the high-biomass tobacco variety Mary-
land Mammoth has been assessed as a production 
platform for the human immunodeficiency virus 
type 1 (HIV-1) p24 antigen. However, the cost for 
purification of these proteins can be eliminated if 
they are orally delivered or minimized by the use of 
novel purification strategies. Oral delivery of ther-
apeutic proteins is emerging as a new alternative 
for medical treatment and will benefit those who 
cannot afford the high cost of current treatments. 
As described above, transgenic chloroplasts have 
been used for the production of many therapeutic 
protein. Rapid progress in the use of this organelle 
for plant molecular pharming, no glycoprotein has 
been expressed in transgenic chloroplasts, because 
N- or O-glycosylation is required for stability and 
functionality of many proteins. If glycoproteins 
could be expressed, and expressed proteins have 
normal glycosylation sites and functions, engineer-
ing chloroplasts would be used in more aspects. 
It suggests that the chloroplast should contain the 
mechanism that allows correct folding and disul-
fide bond formation, resulting in fully functional 
proteins.  (Daniell et al., 2005) 

1.1.5. Research on RNA editing : RNA editing in 
plastids of higher plants was discovered in 1991, 
and since then has been shown in all higher plant 
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species tested so far. Plastid transformation played 
an important role in understanding the RNA edit-
ing process. RNA editing in the plastids of higher 
plants involves only C-to-U conversion. In higher 
plant plastids, most information for the involve-
ment of protein factors is indirect: the existence of 
species-specific, organelle-specific and site-specif-
ic factors was inferred from genetic experiments. 
The most complete information is available for the 
psbL editing site. psbL is a plastid photosynthetic 
gene, in which the translation initiation codon is 
created by conversion of an ACG codon to an AUG 
codon at the mRNA level. The first evidence for 
a species-specific editing transfactor was obtained 
when a spinach editing sequence (psbE) was incor-
porated in tobacco plastids where it was not edited, 
unless the spinach nuclear transfactor was provid-
ed by cell fusion. It is assumed that each species 
has the capacity to edit the sites that it carries, but 
lacks the capacity for editing the sites that it does 
not have. But there is one exception; the tomato 
editing site introduced into the tobacco rps12 gene 
by plastid transformation is efficiently edited in the 
transplastomic plants. The existence of site-specif-
ic factors was inferred from competition between 
transgenic and native mRNAs. The best studied is 
the NtrpoB C473, NtpsbL C2, and Ntrps14 C80 
cluster in which a group-specific response is at-
tributed to short (2–3 nucleotide) group-specific 
sequence elements. In plastid transformation, three 
approaches were used to test mRNA editing: mi-
nigenes, translational fusion with a reporter gene, 
and incorporation of an editing segment in the 
3’-untranslated region (3’-UTR). This suggests 
that the trans-acting recognition factor for the 
rps12 editing site has been maintained, presumably 
because it serves another function in tobacco plas-
tids. Evidence for organelle- specific factors was 
obtained when an edited Petunia mitochondrial 
coxII sequence was expressed in tobacco chloro-
plasts, where none of the seven sites was edited.
The most simple design was the construction of 
minigenes, which involved insertion of an editing 
fragment in a plastid expression cassette linked to 
a marker gene. The second approach, translational 
fusion with a reporter gene, was used to study the 
psbL and ndhD editing events that create an AUG 

translation initiation codon by editing of an ACG 
codon at the mRNA level. The third approach to 
test editing was incorporation of editing segments 
in the 3’-UTR of the aadA marker gene where the 
editing status of the segment does not affect the ex-
pression of the marker gene. In plasmid pRB51, the 
editing segment can be conveniently cloned in an 
Xba I-BamH I fragment. (Boyhan et al., 2011)

1.1.6. Metabolic pathway engineering: The plastid 
harbors a large number of metabolic pathways and, 
for this reason, is also commonly referred to as the 
‘biosynthetic centre of the plant cell’. In view of its 
outstanding importance and the fact that many of 
its components are plastid encoded, photosynthesis 
is an obvious candidate pathway for metabolic en-
gineering. The most complex metabolic pathway to 
be introduced into the plastid genome so far is that 
for the synthesis of the bioplastic polyhydroxybu-
tyrate (PHB). Three enzymes of PHB biosynthesis 
are co-transcribed into the tobacco plastid genome. 
Plastid genome engineering represents an attrac-
tive alternative to conventional nuclear transgene 
expression for metabolic engineering, mainly be-
cause of the greatly increased transgene contain-
ment and the possibility to stack several transgenes 
by linking them in operons. (Wang et al., 2009)

Significant accumulation of PHB in chloroplasts 
appeared to cause male sterility and severe growth 
retardation. To investigate the possibility of engi-
neering a nutritionally important metabolic path-
way of non-green plastids, a recent study used 
plastid transformation in tomato to alter carot-
enoid biosynthesis towards producing fruits with 
elevated contents of provitamin A (β-carotene), 
an important antioxidant and essential vitamin 
for human nutrition. This study demonstrated 
the feasibility of metabolic pathway engineering 
through plastid transformation in non-green plant 
organs. A recent study has provided evidence that 
b-ketothiolase expression is responsible for the 
male sterility of the transplastomic plants. An im-
proved inducible PHB production system placing 
the operon under the control of a nuclear-encoded 
ethanol-inducible T7 RNA polymerase was target-
ed to plastids to control the phb operon in plastids.
This is the first successful example of engineering 
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a nutritionally important biochemical pathway in 
non-green plastids by transforming the chloroplast 
genome. It is an encouraging step toward the ap-
plica tion of plastid transformation technologies in 
food crops. Up to now, the application of plastid 
transformation to metabolic pathway engineering 
was restricted to the model species tobacco. (Dani-
ell et al., 2002) 

3. CONCLUSION 

Plastid genetic engineering has become a power-
ful tool for basic research in plastid biogenesis and 
function. Recent advances in plastid engineering 
provide an efficient platform for the production 
of therapeutic proteins, vaccines, and biomateri-
als using an environmentally friendly approach. To 
date, over forty transgenes have been stably inte-
grated and expressed via the tobacco chloroplast 
genome to confer important agronomic traits, as 
well as to produce industrially valuable biomate-
rials and therapeutic proteins. he bacterial genes, 
and hopefully human cDNAs, can be directly ex-
pressed without re-synthesis and codon modifica-
tion. Multi-subunit complex proteins can be ex-
pressed from polycistronic mRNAs. The marker 
gene elimination systems facilitate the bio-safety 
of the plastid transformation. Transformation of the 
plastid genome with economically valuable genes 
can now be accomplished using vectors that enable 
the post-transformation excision of marker genes. 
Removal of the plastid marker gene will facilitate 
public acceptance of the new transplastomic crops. 
This technology hasn’t resulted in any product 
commercialization because problems in the protein 
purification and the expression level control still 
need to be solved and the transplastomic plants 
need to be more evaluated. Plastid transformation 
is now routinely carried out only in tobacco while 
the efficiency of transformation in other plants is 
still too low. More experiments will be undertak-
en. However, this is only the first step. The plas-
tid transformation has a high-level of transgene 
expression. The high expression of recombinant 
proteins within plastid engineered systems offers 
a cost effective solution for using plants as a bio-
reactor. The plastid transformation offered a good 
platform of foreign gene expression in high plants. 
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ABSTRACT

The present study was conducted to know the diversity of actinomycetes for their antimicrobial properties from 
soil samples of Kodagu region of Karnataka (India). A total of 158 actinomycetes isolated from 15 soil samples 
were screened for antimicrobial activity. A total of 138 (87.34%) isolates showed antimicrobial activity against 
one or more test organisms. Identification based on molecular sequence analysis of 16S rRNA gene, as well as, 
cultural, morphological, physiological and biochemical characteristics helped us to identify six isolates, namely 
Micromonospora purpureochromogenes, Streptomyces flavogriseus, Nocardia asteroids, Kocuria rosea, Nocardi-
opsis alba and Saccharomonospora cyanea. The study revealed the occurrence of six diverse species belonging 
to six genera with different degree of per cent frequency and richness.  The present study indicate that, Kodagu 
region of Karnataka state posses diverse groups of antibiotic producing actinomycetes and could be a potential 
source for bioactive antibiotics.

 Key words:  Actinomycetes; polyphonic taxonomic; I6Sr RNA; screening; Western Ghats.
1. INTRODUCTION 

Indian peninsula harbors has diverse habitats which 
support the growth of various microbial commu-
nities. Few studies have been carried out on rich 
diversity of actinomycetes in Kerala (Ravikumar 
et al., 2011; Ramani and Kumar, 2012), Coim-
batore (Vijayakumar et al., 2007 and 2009), Tamil 
Nadu (Dhanasekaran et al., 2009; Valan Arasu et 
al., 2009; Rakesh et al., 2013) for potent strains 
of actinomycetes. Kodagu is a district of Karna-
taka state in Southern India, located in the eastern 
slopes of the Western Ghats and occupies about 
4,100 sq. km. of the land which is one of the ma-
jor geographical regions of India having rich and 
varied biodiversity. Hence, the present study was 
undertaken to isolate and identify the diversity of 
actinomycetes having antimicrobial activities and 
assess their diversity and richness in the Kodagu 
region of Karnataka.

2. MATERIALS AND METHODS

1.1. Collection of soil samples: Fifteen (15) soil 
samples were collected from three different locali-
ties of Kodagu region include Kushalnagar Taluk 

[latitude 12 28’.0 N and longitude 75 58’.0 E] as an 
agricultural land, Gonikoppal Taluk (Titimati) [lat-
itude 12 13’ 18.38” N and longitude 75 59’ 59.23” 
E]  as an semi aried forest area and Madikeri Taluk 
[latitude 12 25’ .01” N and longitude 75 43’ 60” 
E] as an evergreen forest area were selected during 
July 2010 to June 2011. 
1.2. Isolation of actinomycetes: Each air dried 
soil sample was pretreated with 1% CaCO3 (Tsao 
et al., 1960) and subjected to serial dilution method 
on Actinomycetes Isolation Agar medium (pro-
cured from Difco, Hi-Media, Mumbai, India) as se-
lective medium (El-Nakeeb and Lechevalier, 1963). 
Typical actinomycetes colonies appeared on the 
medium were selected, based on morphology and 
sub cultured until purification on Yeast Extract-
Malt Extract Agar (ISP-2) (Shirling and Gottlieb, 
1966) containing Nystatin (50 µgml-1) as antifungal 
agent (Williams and Davies, 1965) and incubated at 
28 oC for about 1-2 weeks. 
1.3. Screening for antimicrobial activity: Iso-
lated actinomycetes were screened for antimicro-
bial activity against test microorganisms by using 
perpendicular streak method. The test organism 
was inoculated perpendicular to the actinomy-
cete streak and the plates were incubated at 37oC 
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for 24 h and 96 h for antibacterial and antifungal 
activities respectively. The zone of inhibition was 
determined using millimeter scale. The test organ-
isms employed for the determination of antimicro-
bial activity included, Gram-positive Staphylococ-
cus aureus (MTCC 96), Bacillus subtilis (MTCC 
121) and Gram- negative Escherichia coli (MTCC 
729), Enterobacter aerogenes (MTCC 2829) and 
Aspergillus niger (MTCC 872) respectively ob-
tained from the Microbial Type Culture Collection 
(MTCC), Institute of Microbial Technology (IM-
TECH), Chandigarh- India. 
1.4. Identification of isolated actinomycetes: 
The actinomycetes strains showing antimicrobial 
activity against test organisms were selected and 
identified based on cultural, morphological, physi-
ological and biochemical characteristics as well as 
molecular sequence analysis of 16S rRNA gene 
(Shirling and Gottlieb, 1966; Williams et al., 1989; 
Dastager et al., 2006; Goodfellow et al., 2012; 
Claus, 1992; Holt et al., 1994).
Six (06) genera of actinomycetes were selected 
and identified to the species level based on mo-
lecular sequence analysis of 16S rRNA gene.  
Genomic DNA was isolated and 16S rRNA gene 
was amplified using PCR with Taq DNA poly-
merase and universal bacterial primer pairs 27F 
(5-AGAGTTTGATCCTGGCTCAG-3) and 1492R 
(5-GGTTACCTTGTTACGACTT-3) (Weisburg et 
al., 1991). The eluted pure PCR products were se-
quenced by an automated gene sequencer (3730xl 
DNA analyzer, Applied Biosystems, U.S.A). The 
nucleotide sequences analysis of the 16S rRNA of 
the isolates were  compared for similarity with the 
reference species of bacteria contained in GenBank 
database, using the NCBI BLAST available at 
http://blast.ncbi.nlm.nih.gov website. The software 
of BioEdit (Hall, 2007), ClastalW2 (Thompson et 
al., 1994) available at http://www.ebi.ac.uk/Tools/
msa/clustalo/ website and Molecular Evolutionary 
Genetics Analysis (MEGA) Version 5.2 was used 
for phylogenetic analysis (Saitou and Nei, 1987).
1.5. Determination of per cent frequency, rich-
ness and diversity of actinomycetes: Frequency of 
each genus of actinomycetes was calculated for 
each site (F-1) and all areas studied (F-2). Richness 
(F-3) and diversity (F-4) of each genus were also 

calculated for all sites according the following for-
mulas (Mansour, 2003).

 No. of individual of occurred

genus in certain site
[F-1]: Frequency for certain genus per certain site =  
Total No. of isolation of certain site
---------------------------------------× 100
  No. of individual of  Specific genus in all sites                                                                                    
[F-2]: Frequency for certain genus in all sites = ----
Total No. of isolates of all sites
------------------------------------- ×100       
[F-3]: Richness= number of genera in each site.
                                 S -1
[F-4]: Diversity = ----------
                               Log n

S = number of genera in each site.
Log n = total number of all individuals isolated in 
all sites.

3. RESULTS

Among the 158 actinomycetes isolated from differ-
ent localities of Kodagu district, 138 (87.34 %) iso-
lates showed antimicrobial activity. Among these, 
36 (22.78 %) isolates showed activity against Gram-
positive bacteria, 14 (8.86%) against Gram-nega-
tive bacteria, 88 (55.69 %) against both Gram-pos-
itive and Gram-negative bacteria respectively. In 
general, among the 138 selected isolates screened, 
111(70.25 %) showed antimicrobial activity against 
Staph. aureus (MTCC 96), 78 (49.36%) against B. 
subtilis (MTCC 121), 56 (35.44%) against E. coli 
(MTCC729), 61 (38.60 %) against Ent. aerogenes 
(MTCC 2829), 13 (8.22 %) against A. niger (MTCC 
872) respectively (Fig- 1). 

Among 158 actinomycetes isolated from different 
sites of Kodagu region, 58 (36.70%) isolates showed 
noticeable antimicrobial activities. All 58 isolates 
were identified based on cultural, morphologi-
cal, physiological and biochemical characteristics 
(Table-1). They were placed in 6 different genera. 
All the isolates identified belonged to six families 
namely; Micromonosporacea, Streptomycetaceae, 
Nocardiaceae, Micrococcaceae, Nocardiopsaceae 
and Psedunocardiaceae respectively.

Based on preliminary screening, six identified gen-
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era with the typical morphological colony from 
each genus was selected and identified based on 
molecular sequence analysis of 16S rRNA gene, the 
selected isolates were identified as  Micromono-
spora  purpureochromogenes strain ACTG13  
(Fig- 2, 1a&b), Streptomyces flavogriseous strain 
ACTK2.3.1 (Fig-2 2a&b), Nocardia asteroids 
strainACTK1 (Fig-2, 3a&b), Kocuria rosea strain 
ACTM12 (Fig-2, 4a&b), Nocardiopsis alba strain 
ACTK11 (Fig-2, 5a&b), Saccharomonospora cya-
nea strain ACTG3  (Fig -2, 6a&b) respectively.

Frequencies of each genus  in all area studied in-
dicated that the frequency of the genus Micro-
monospora was 45 % followed by Streptomyces 
(19 %), Nocardia (16 %), Micrococcus (10 %), 
Nocardiopsis (7 %) whereas the genus Saccharo-
monospora showed low percentage of frequency (3 

%). Among the genera recorded, Micromonospora 
was prevalent in most sites and site 2 recorded the 
highest frequency percentage (70 %). Beside Mi-
cromonospora, the frequency of genus Streptomy-
ces varied from 10 to 50 %. The genus Nocardia 
recorded a range of frequency from 20 to 50 %. 
Genus Micrococcus recorded the highest value of 
frequency in site 7 (50 %). The genus Nocardiopsis 
was recorded in frequencies range from (20 to 50 
%). However Saccharomonospora was recorded at 
low frequency per cent which ranged from 0 to 20 
% (Fig-3). Diversity and richness of actinomycetes 
genera isolated from collected samples, gave an 
idea about the distribution of actinomycetes in all 
the study area. Site 1,3,11 and 13 recorded the di-
versity was found to be proportionate with genera 
richness (Fig-4).

Table - 1: Phenotypic and biochemical characteristic of isolated actinomycetes isolated from soil samples 
of Kodagu (Karnataka State).

Sl. No. Characteristics Micromonospora Streptomyces Nocardia Micrococus Nocardiopsis Saccharomonospora

A Morphological characteristics
a) Aerial mycelium 

- + +/- - + +

b) Substrate myce-
lium + + + + + +

c) Conidia
Single spore

Long 
chain of 
spores

+/- - + Single spore

d) Gram staining + + + + + +
B Biochemical characteristics
a) Citrate utiliza-

tion +/- +/- +/- +/- +/- +/-

b) Starch hydro-
lysis +/- + + + + +

c) Gelatin hydro-
lysis +/- +/- + - + +

d) Nitrate reduc-
tion +/- + +/- +/- +/- +

e) Melanin pro-
duction - + - - - -
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Fig 1: Primary screening of isolated actinomycetes 
for antimicrobial activity from Kodagu region of 

Karnataka.

Fig 2: Colony morphology of actinomycetes on 
ISP-2 medium(a) and micromorphological charac-
teristics (b); (1a,b)Micromonospora purpureochro-
mogenes;  (2a,b) Streptomyces flavogriseus; (3a,b)
Nocardia asteroids; (4a,4b) Kocuria rosea; (5a,b) 
Nocardiopsis alba; (6a,6b) Saccharomonospora cy-
anea (1a-6a under Stereomicroscope; 1b-6b under 
100X).

Figure - 3: Actinomycetes frequency in 15 studied sites of 
Kodagu district.

Figure - 4: The richness and diversity of common genera of 
actinomycetes in Kodagu district.

4. DISCUSSION

Out of 158 actinomycetes isolated, 58 (36.70%) 
isolates showed significant antimicrobial activities. 
Based on molecular sequence analysis of 16SrRNA 
gene, as well as cultural, morphological, biochemi-
cal and physiological characteristics, six diverse 
species of actinomycetes belonging to six genera 
were identified from different soil samples of Ko-
dagu district. The investigation also showed that 
among the genera recorded, majority of soil bioac-
tive isolates were Micromonospora (45%). Apart 
from Micromonospora, the genus Streptomyces 
(19%) was the second bioactive isolates. The dom-
inant Streptomyces, among actinomycetes genera 
especially in soils of different areas has also been 
reported by many researchers (Takizawa et al., 
1993; Mansour, 2003; Vijayakumar et al., 2007). 
Thus, these findings confirm that, strains of actino-
mycetes have worldwide distribution, which indi-
cate their plasticity and adaptability to extremely 
varied environment.  Richness and diversity of bio-
active genera, isolated from collected soil samples, 
gave an idea about the distribution of actinomy-
cetes in all the areas studied. Variation in the dis-
tribution of actinomycetes, frequency, richness and 
diversity of genera of actinomycetes indicated that, 
edaphic factors in combination with other environ-
mental properties play an important role in creat-
ing specific niches for survival and preservation of 
actinomycetes in these regions. 

5. CONCLUSIONS

The present study revealed that the occurrence of 
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6 species belonging 6 genera of actinomycetes in 
underexplored habitats of Kodagu region, Karnata-
ka, and isolated actinomycetes could be a potential 
source of bioactive antibiotics.
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ABSTRACT

Fiber dimensions of six highly productive woody plants and some non-woody grasses have been evaluated for its 
suitability as a potential source of lignocellulosic fibers for paper production. The wood species selected for the 
present study were commonly used timber species of Gujarat, i.e., Mangifera indica, Syzygium cuminii, Bombax 
ceiba, Eucalyptus globules, Pithecellobium dulce, Drybalanops and Bamboo. In addition to these, the seven non 
woody Culm of non palatable, commonly growing grass species of grasslands in Gujarat ie. Desmostachya bipin-
nata, Vetivaria zizanioides, Themeda triandra, Saccharum spontaneum, Cymbopogon martini, Phragmites karka, 
Imperata cylindrica, were assessed for its suitability in paper production. 

Six derived valves were also calculated using fiber dimensions: Slenderness ratio as fiber length / fiber diameter, 
flexibility coefficient as (fiber lumen diameter / fiber diameter) X 100 and Runkel ratio as (2 X fiber cell wall thick-
ness) / lumen diameter, Rigidity coefficient (%): (Cell wall thickness ÷ Fiber diameter) ×100, and Luce’s shape 
factor as (Fiber diameter2 – Fiber lumen diameter2) / (Fiber diameter2 + Fiber lumen diameter2). The fiber dimen-
sions were compared to those of Olive and Almond tree prunings wood fibers and non wood fibers and the derived 
valves were additionally also compared with soft wood and hard wood .Luce’s shape factor was calculated for 
known and determined samples.  Fiber properties and their derived values imply Eucalyptus globules and Bombax 
ceiba wood and grass species Phragmites karka, Desmostachya bipinnata, Vetivaria zizanioides and Saccharum 
spontaneum most suitable for paper production. Valuable information obtained leads to a better industrial utiliza-
tion of these woody and non woody (grass) plant species of high socioeconomic interest, as an alternative source 
of raw material with a good quality fiber yield at economic level for the paper industry. 

Key words: Fiber properties, grasses, derived values

1. INTRODUCTION

Theoretically all plants can be used as a source of 
cellulosic fibers for paper industry (Rousu et al., 
2002). However for a plant material to be consid-
ered suitable for production of cellulosic fibers it 
must accomplish several requirements of a raw 
material and technical requirements for processing 
into good quality fiber yield at economically attrac-
tive level (Tofanica et al., 2011). 

In view of the shortage of conventional raw materi-
als for pulping and the increasing demand for paper 
production worldwide, non wood plants and agri-
cultural residues have attracted renewed interest, 
their main advantage in having a short growth cy-
cles (Marques et al., 2010). Atchison (1987, 1993) 
has provided data on non-wood plant fiber which 
can be used in the pulp and paper manufacture. 

The main sources of non-wood raw material are ag-

ricultural residues from monocotyledons and plant 
families like Leguminosae and Malvaceae (Paave-
lainen and Torgilsson, 1994; Pakhala et al., 1996; 
Mela et al., 1994; Nieschlag et al., 1960; Cappel-
letto et al., 2000; Neto et al., 1997; Nishimura et 
al., 2002; Shatalov and Pereira, 2002). 

The importance of plant materials fiber dimen-
sions and their derived values (slenderness ratio, 
flexibility coefficient and runkel ratio) on pulp and 
mechanical strength is well documented. In an 
extensive review of literature, Dinwoodie (1965) 
stressed the importance of the three derived val-
ues on pulp strength. Saika et al., 1997; Ogbon-
naya et al., 1997; Ververis et al., 2004; Ates, 2008 
and Susy et al., 2011 have successfully used those 
derived values to assess the suitability of various 
woody and non woody fiber raw materials for pulp 
and paper manufacture. In order to maximize the 
exploitation of non-woody plant fibers for paper 
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pulp production, a more complete understanding 
of the chemical composition is also required evalu-
ation of which will help improving the industrial 
processes in which they are used as raw materials.  

The objectives of the present study were to evalu-
ate the fiber dimensions of several woody and non 
woody plants (grasses), to estimate their suitabil-
ity for paper production. Various indices for paper 
production have been examined and their proper-
ties are compared with those of soft woods and 
hardwoods, which are taken as reference materials 
traditionally used for paper production. 

2. MATERIALS AND METHODS

1.1. Raw materials: The wood species selected 
for the present study were commonly used timber 
species of Gujarat, i.e., Mangifera indica, Syzygi-
um cuminii, Bombax ceiba, Eucalyptus globules, 
Pithecellobium dulce, Drybalanops and Bamboo. 
In addition to these the seven non woody culm of 
non palatable, commonly growing grass species of 
grasslands in Gujarat ie. Desmostachya bipinnata, 
Vetivaria zizanioides, Themeda triandra, Saccha-
rum spontaneum, Cymbopogon martini, Phrag-
mites karka, Imperata cylindrica, were assessed for 
its suitability in paper production. 
1.2. Fiber dimensions and derived values (in-
dices):  For fiber characteristics small slivers from 
wood blocks were obtained and macerated in Jef-
frey’s fluid. The slivers were than washed thor-
oughly in water stained in safranin and placed on 
slide. With help of needle the fibers were teased 
thoroughly to separate the fibers, mounted in glyc-
erine and observed under the microscope. Mea-
surements were taken with the help of Leica QWIN 
PRO Image analyzer. For fiber diameter, lumen di-
ameter and cell wall thickness determination, cross 
sections were used, and length was measured from 
the macerated samples. A total of 25 randomly cho-
sen fibers were measured. 
 Six derived valves were also calculated using 
fiber dimensions: Slenderness ratio as fiber length / 
fiber diameter, flexibility coefficient as (fiber lumen 
diameter / fiber diameter) X 100 and Runkel ratio 
as (2 X fiber cell wall thickness) / lumen diameter, 
Rigidity coefficient (%) :   (Cell wall thickness ÷ Fi-

ber diameter) ×100 (Saikia et al., 1997; Ogbonnaya 
et al., 1997), and Luce’ s shape factor as (Fiber diam-
eter2 – Fiber lumen diameter2) / (Fiber diameter2 + 
Fiber lumen diameter2) (Ohshima et al., 2005). The 
fiber dimensions were compared to those of Olive 
and Almond tree prunings wood fibers and non 
wood fibers (Ververis et al., 2004) and the derived 
valves were additionally also compared with soft 
wood and hard wood (Smook, 1997).  Luce’s shape 
factor was calculated for known and determined 
samples. 

3. RESULT

The fiber dimensions and their derived indices of 
wood species and grass species derived were com-
pared with other hardwoods and pruning and pre-
sented in Table 1 and 2. Fiber length in grass species 
was found to be more compared to that of wood. 

Fiber length among the woods was highest in E. 
globules (1.74 mm). In S. cuminni it was 1.63 mm 
and in Drybalanops it was 1.55 mm, which was 
very near to the traditionally used raw material. 
In B. ceiba (1.19 mm) it was moderate. Lowest fi-
ber length among wood was observed in M. indica 
(0.945 mm) and P. dulce (0.868 mm). Among the 
grasses P. karka (2.85 mm), V. zizanioides (2.64 
mm), S. spontaneum (2.08 mm), I. cylindrica (2.0 
mm), T. triandra (1.9 mm)  and  S. halepense (1.765 
mm) were having considerably long fibers. Short fi-
bers were found in C. martini and D. bipinnata.

Lumen diameter in all the studied species was found 
to be greater than the cell wall thickness. Among 
the wood species slenderness ratio of S. cumini 
(85.82), B. ceiba (72.49) and E globules (81.74) is 
good and in M. indica (66.87), P. dulci (68.72) and 
Drybalanops sp (55.91) it  was very low. In P. karka 
(171.69), V. zizanioides (172.77), S. spontaneum 
(148.15), I. cylindrica (114.29) and S. halepense 
(90.37) had very good slenderness ratio among the 
grasses except in C. martini (36.99). 

Flexibility coefficient of all the studied species were 
lower than 70. Flexibility coefficient was observed 
to be B. ceiba (55.56), Drybalanops (52.46) and E. 
globules (53.62) amongst studied wood species and 
V. zizanioides (50.39), S. spontaneum (54.17), C. 
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martini (57.75), P. karka (56.02) among the grasses. 
In grasses was in the range of 50-70. 

Runkel ratio was lower than 1 in three wood spe-
cies B. ceiba (0.8), Drybalanops (0.88) and E. glob-
ules (0.86) while in studied grass specieses except T. 
triandra (1.47) and I. cylindrica (1.01) all the other 
grass species had a runkel ratio lower than 1. 

Luce’s shape factor is an important fiber index de-
rived from fiber diameter and lumen diameter. It 
is directly related to the paper sheet density. In the 

present study it varies from 0.24 to 0.85 (Table 2). 

All the studied species were having rigidity coeffi-
cient in the range of 16 to 33. Lowest rigidity coef-
ficient among the wood species was observed in B. 
ceiba (22.22), Drybalanops (23.64) and E. globules 
(23.14) while among the grass species lowest rigid-
ity coefficient was observed in D. bipinnata (17.85), 
P. karka (21.99) and C. martini (21.15). 

Table 1: Fiber dimensions of the selected raw materials

Fiber dimension Length

 mm

Diameter 
µm

Lumen 
diameter 
µm

Cell wall 
thickness µm

Literature

Arundo donax (grant reed) 1.22± 0.07 17.3±2.4 8.5±2.4 4.4±0.8 Ververis et al, (2004)

Panicum virgatum (switch grass) 1.15±0.10 13.1±2.8 5.8±3.9 4.6±0.9 Ververis et al, (2004)

Wheat straw (T. durum L) 0.74 13.2 4.0 4.6 Deniz et al. (2004)

Corn stalk 1.32 24.3 10.7 6.8 Usta et al. (1990)

Tobacco straw 1.07 26.8 16..3 5.3 Erolu et al. (1992)

Cotton stalk 1.32 29.3 23.0 3.6 Erolu et al.(1992)

Rye straw 1.15 14.7 4.2 1.1 Usta and Eroglu (1987)

Hibiscus cannabinus kenaf 1.29 22.1 12.7 4.3 Ververis et al, (2004)

Eucalyptus  grandis 1.06 19.21 12.20 3.20 Dutt and Tyagi.  (2011)

Coniferous 2.7-4.6 32-43 - - Atchison. (1993)

Deciduous 0.7-1.6 20-40 - - Atchison. (1987)

Desmostachya bipinnata 1.468 13.93 8.96 2.49 Determination

Vetivaria zizanioides 2.64 15.28 7.7 3.79 Determination

Themeda triandra 1.9 19.9 8.05 5.93 Determination

Saccharum spontaneum 2.08 18.9 10.23 4.34 Determination

Cymbopogon martini 0.775 20.95 12.1 4.43 Determination

Phragmites karka 2.85 16.6 9.3 3.65 Determination

Imperata cylindrical 2 17.5 8.7 4.4 Determination

 Sorghum halepense 1.76±0.45 19.53±1.8 6.6±1.266 6.456±1.20 Susy et. al. 2011

Drybalanops spp. (kapur wood) 1.55 27.7 14.6 6.55 Determination

Mangifera indica 0.945 14.13 6.15 3.99 Determination

Syzygium cuminii 1.631 20.34 7.54 6.4 Determination

Bombax ceiba 1.196 22.5 12.5 5.0 Determination

Eucalyptus globules 1.745 10.63 5.7 2.46 Determination

Pithecellobium dulce 0.868 17.4 6.75 5.32 Determination
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Table 2: Derived value (indices) of the selected raw materials

Species S l e n d e r -
ness ratio 

Flexibil-
ity coeffi-
cient 

Runkel 
ratio

R i g i d -
ity coef-
ficient

L u c e’s 
s h a p e 
factor

Literature

Arundo donax  70.5 49.2 0.91 23.90
0.61

Ververis et 
al,(2004)

Panicum virgatum 87.7 44.2 1.5 35.12
0.67

Ververis et 
al,(2004) 

Wheat straw (T. durum L) 53.13 33.04 2.23 34.02 0.83 Tutus et al, (2010)
Corn stalk 54.32 44.03 1.27 27.98 0.67 Tutus et al, (2010)
Tobacco straw 39.92 28.60 2.57 36.10 0.46 Tutus et al, (2010)
Cotton stalk 32.60 63.30 0.57 18.10 0.24 Tutus et al, (2010)
Rye straw 37.90 60.80 0.65 19.80 0.85 Tutus et al, (2010)
 Hibiscus cannabinus  58.3 57.5 0.67 19.45

0.50
Ververis et 
al,(2004)

 Eucalyptus  grandis 55.18 63.5 0.52 16.65 0.43 Tutus et al, (2010)
Desmostachya bipinnata 105.38 64.32 0.56 17.85 0.41 Determination
Vetivaria zizanioides 172.77 50.39 0.98 24.8 0.59 Determination
Themeda triandra 95.48 40.45 1.47 29.79 0.72 Determination
Saccharum spontaneum 148.15 54.17 0.85 22.96 0.55 Determination
Cymbopogon martini 36.99 57.75 0.73 21.15 0.49 Determination
Phragmites karka 171.69 56.02 0.78 21.99 0.52 Determination
Imperata cylindrical 114.29 49.71 1.01 25.14 0.60 Determination
Sorghum halepense 90.37 33.79 1.896 33.05 0.79 Susy et. al. 2011
Drybalanops spp. 55.91 52.96 0.89 23.64 0.56 Determination
Mangifera indica 66.87 43.52 1.29 28.24 0.68 Determination
Syzygium cuminii 85.82 37.06 1.69 31.46 0.76 Determination
Bombax ceiba 72.49 55.56 0.8 22.22 0.53 Determination
Eucalyptus globules 81.74 53.62 0.86 23.14 0.55 Determination
Pithecellobium dulce 68.72 38.79 1.58 30.57 0.74 Determination

4. DISCUSSION

From pulp and paper makers point of view wood 
characteristics such as basic density, fiber length, 
chemical composition and whiteness are of im-
portance for the paper industry (Senisterra et al., 
2000). Among the characteristics of fibers features 
like fiber length, fiber diameter and wall thickness 
are some important parameters to assess the pulp 
quality in lignocellulosic raw materials (Sharma et 
al., 2013). 

Ververis et al. (2004) studied the fiber properties of 

4 non wood plants and 3 agricultural wastes. Ac-
cording to them Kenaf and Reed, fibers are both 
good source for paper making. Olive tree and Al-
mond tree pruning’s have shorter and thicker fi-
bers producing relatively poor index values. Pulp 
from these species are expected to be relatively low 
in mechanical strength suitable only for replacing 
hardwood pulps in low or moderate proportions 
to produces news print or tissue paper. Long fibres 
with thin walls are preferred in paper industry. 
Long fibers have extensibility of the bonding sites 
increasing strength properties especially tear re-
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sistance to the paper sheet. Short and thick fibers 
do not produce good surface contact and fiber to 
fiber bonding (Ogbonnaya et al., 1997). But short 
and thin fibers are known to produce good slender-
ness ratio, which is related to paper sheet density 
and to pulp digestibility and in turn increase tear-
ing resistance. Similarly fibers with large lumen and 
thin walls tend to flatten to ribbons during paper-
making with enhanced inter fiber bonding between 
fibers and consequently have good strength char-
acteristics. In the present evaluation, among the 
woody species fiber length of Eucalyptus globules 
is the highest followed by Syzygium cuminii and 
Drybalanops sp. Shortest fiber is present in Pithe-
cellobium dulce followed by Mangifera indica and 
Bombax ceiba. Similarly cell walls are thinnest in 
Eucalyptus globules followed by Mangifera indica, 
Bombax ceiba and Pithecellobium dulce. Diameter 
of the lumen is largest in Drybalanops followed by 
Bombax ceiba, Syzygium cuminii and Pithecelo-
bium dulce.   

On the basis of the dimensional values Eucalyptus 
globules is best suited for paper industry as it has 
very long and thin fibers. Other than this Euca-
lyptus globules and Pithecellobium dulce among 
the studied species are good alternative source of 
raw material because their fibers are short, thin 
walled and with a large lumen diameter enabling 
in enhanced inter fiber bonding between fibers and 
with good strength properties. Similarly among the 
studied grass species, in Phragmites karka the fi-
bers are long and thin and in Desmostachya bipin-
nata and Cymbopogon martini the fibers are short, 
with a thin cell wall and a large lumen diameter 
well suited for paper making. 

Short and then fibers are known to produce good 
slenderness ratio, which is related to paper sheet 
density and to pulp digestibility and in turn, in-
crease tearing resistance. Slenderness ratio >70 re-
sults in satisfactory pulp tear indices and bursting 
strength for printing and writing purposes (Cap-
pelletto et al., 2000; Law et al., 2001). High slen-
derness ratio makes the pulps suitable for printing 
writing and even packaging paper. (Law et al., 2001; 
Ververis et al., 2004).

Flexibility coefficients of a fibrous material if lower 

than 70 is valuable for quality pulp and paper pro-
duction (Bektas et al., 1999). Elasticity coefficient 
if between 50-70 this kind of fibres easily can be 
flat and give good paper with high strength prop-
erties. Higher rigidity coefficient gives lower paper 
strength properties especially lower burst, tear and 
tensile indexes (Bektas et al., 1999). Eucalyptus 
globules and Bombax ceiba among the wood spe-
cies and Desmostachya bipinnata and Phragmites 
karka among the grasses have very good derived 
values especially the slenderness ratio. Cymbo-
pogon martini has very low derived slenderness 
ratio but still very good flexibility coefficient which 
can yield pulp with acceptable breaking, length, tear 
and burst indices suitable for newsprint paper pro-
duction. Runkel ratio is expected to have an inevi-
tably positive effect on tensile and bursting strength 
as well as folding endurance. The fibers with run-
kel ratio below 1 are considered as thin walled fi-
bers and with good mechanical strength properties 
(Dutt and Tyagi, 2011; Istek, 2006). The lower the 
Runkel ratio, the better the material or paper mak-
ing (Lessard & Chouinard, 1980). Runkel ratio is 
below 1 only in fibers from wood of Drybalonops 
and Eucalyptus while among all the studied grass 
species T. triandra and I. cylindrica it was greater 
than 1. Fibers with runkel ratio more than 1 will be 
stiffer, less flexible and from bulkier paper of lower 
bonded area (Dutt and Tyagi, 2011) indicating the 
paper made from the studied grass species would 
be bulky, coarse surface and containing a large 
amount of void volume. 

Along with the Runkel ratio, Luce’s shape factor 
also significantly correlates the breaking length of 
paper.  Luce’s shape factor may be associated with 
that of wall thickness, because both the fiber diam-
eter and the fiber lumen diameter are used to ob-
tain the cross sectional fiber wall area in the equa-
tion for Luce’s shape factor (Luce, 1970).

Increase in rigidity of fibers results in decrease in 
fiber bonding. Rigidity coefficient is lowest in Bom-
bax ceiba. On the basis of the dimensional values 
and the derived values, fibers of Bombax ceiba other 
than the traditionally used Eucalyptus globules can 
be an alternative source of raw material for pulp and 
paper industries. Among grasses Phragmites karka, 
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Saccharum spontaneum and Vetivaria zizanioides 
are very good alternative source because of their 
long thin fibers and derived values runkel ratio < 
1, slenderness > 70 and flexibility ratio between 50-
70, there by having high tearing resistance. Desmo-
stachya bipinnata is also a good alternative source 
of raw material as the fibers are short and thin pro-
ducing good slenderness ratio, a parameter related 
to paper sheet density and to pulp digestibility in 
turn increasing tearing resistance. 

Therefore papers made from its fibers are expected 
to be flexible, have increased mechanical strength 
and thus satisfying the requirement for their suit-
ability for pulp and paper making.
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ABSTRACT  
Lignin is one of the most recalcitrant compounds produced by plants, found on the earth next to cellulose. Many 
microorganisms are having capacity to degrade these complex polymers. White rot fungi have been extensively 
studied due to its potential ligninolytic activity. The aim of this study was to investigate and compare the lignocel-
lulolytic activity of four different species of Pleurotus. 

The various lignocellulolytic enzymes like Lignin Peroxidase (LiP), Manganese Peroxidase (MnP), Laccase, Aryl 
alcohol oxidase (AAO), xylanase and cellulase activities in the crude extracts of Pleurotus eryngii (PE), Pleurotus 
florida (PF), Pleurotus sajor-kaju (PS) and Pleurotus ostreatus (PO) were evaluated by using appropriate substrates 
for each enzyme.

The results revealed that all the four species of Pleurotus do not produce cellulase activity. PE produced high-
est LiP (1.21 U/L), MnP (1.44 U/L), AAO (62.79 U/L) and Xylanase (16.83 U/ml) activity amongst all the four 
species with an absence of laccase activity. The highest laccase activity was obtained in the extracts of PS (1.79 
U/L). PF and PO did not show LiP and MnP activity and produced moderate laccase and AAO while PF produced 
maximum xylanase activity next to PE.  Therefore the present study leads us to conclude that Pleurotus eryngii is a 
good producer of lignocellulolytic enzymes and exhibited its potential to be used in bio pulping and bio bleaching. 

Key words: Pleurotus, lignin, lignocellulolytic enzymes, submerged fermentation, optimization

1. INTRODUCTION

Mushroom is considered to be the most promi-
nent among the fungi due to its distinctive fruit-
ing body which is large enough to be seen by naked 
eyes and easy to pick by hand (Chang & Miles, 
1992). Mushroom includes 14,000 to 22,000 spe-
cies and only 2000 species of mushrooms are edible 
a few of them are highly poisonous if consumed 
(Hawksworth, 2001; Meng et al., 2002). Poisonous 
mushrooms mainly belong to genus Amanita, Ino-
cybe, Panaeolus and Russulacea (Z h a n g  e t  a l . , 
2 0 0 4 ). Pleurotus spp. is at third position in world-
wide production of edible mushrooms after Agari-
cus bisporus and Lentinula edodes (Chang, 1999).

Pleurotus a white rot fungi belonging to the class 
Basidiomycetes is distinguished by the presence of 
fruiting bodies with concentric stems in the form of 
oyster shells. Pleurotus spp. is important industrial-
ly and occupying third place in worldwide produc-
tion of edible mushrooms (i.e. 16.3% of the total 

production (Chang & Buswell, 1996).

The use of Pleurotus in the general cultivation is well 
known (Martinez-Carrera et al.2000) but less infor-
mation exists regarding enzymatic activity, func-
tion and degradative capacity. Pleurotus species is a 
group of mushrooms having high nutritional value 
and several environmental and biotechnological 
applications (Cohen et al., 2002). Pleurotus spp. 
produce a diversity of digestive enzymes, includ-
ing oxidative extracellular (lignanases) like Lignin-
peroxidase (LiP), Mn-Peroxidase (MnP) Laccase 
(LAC), hydrolytic (Hemicellulase and cellulase) 
which play important roles in lignocelluloses deg-
radation (Wood & Fermor, 1982; Blanchette, 1995; 
Poppe et al., 1995). Degradation of lignocellulosic 
substrates in to low molecular weight compounds 
by genus Pleurotus depends on the production and 
secretion of such enzymes as the cellulases, hemi-
cellulases and ligninases. Ligninolytic enzymes 
such as laccase, manganese dependent peroxidase, 
manganese independent peroxidase, and lignin 
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peroxidase offer potential advantages in bioremedi-
ation, detoxification and degradation of hazardous 
and toxic compounds to environment (Rodriguez 
et al., 2005).

Recently, extensive research on basidiomycetes fun-
gi has been carried out for isolating new organisms 
with tremendous secretion of ligninolytic enzymes 
as well as enzymes having important industrial ap-
plication (Kiiskinen et al., 2004; Mikiashvili et al., 
2004). The interest in the study of ligninocellulo-
lytic enzymes has developed due to their potential 
use in biotechnological processes. These enzymes 
can be employed to treat effluents in the textile, pa-
per and pulp industries, to bio bleaching cellulose 
pulp and during the in vivo bio delignification of 
wood chips, to clarify wines and juices, as well as in 
polymerization reactions.

However, not many comparative studies are avail-
able on ligninolytic enzymes production by these 
organisms, and especially little attention has been 
given to the evaluation of the hydrolytic system 
of these fungi (Baldrian & Gabriel, 2003;  et al., 
2006). In the present study four different species 
of Pleurotus have been evaluated and compared 
for their lignocellulolytic enzyme production under 
submerged fermentation. 

2. MATERIAL AND METHODS

2.1. Fungal cultures and maintenance: All the me-
dia and equipments were autoclaved before use. 
Pure cultures of four different species of Pleuro-
tus, Pleurotus eryngii, Pleurotus florida, Pleurotus 
ostreatus, Pleurotus sajor-kaju were obtained from 
Forest Research Institute, Dehradun. All the cul-
tures were maintained on Malt Extract Agar (MEA) 
medium at 4 (+1)0C in Seed Anatomy laboratory of 
Department of Botany at The Maharaja Sayajirao 
University of Baroda, Gujarat, India. 

2.2. Preparation of fungal enzyme sample: Enzy-
matic assays were performed in 100 ml of 3% Malt 
extract broth (MEB) medium inoculated with 9 mm 
disc of 10 days old fungal culture in aseptic condi-
tion and for co-culture/dual culture 9 mm agar disc 
of both the selected fungal mycelium were inocu-
lated in the same flask. The culture was incubated 

at 25 ±1˚ C for the desired incubation period. After 
completion of incubation period the culture me-
dium was homogenized with then filtered through 
whatman paper No. 1 disc. This filtrate was used as 
enzyme solution.   

2.3. Enzyme assay: Lignin peroxidase (LiP) and 
Manganese-dependent peroxidase (MnP)    

Lignin peroxidase (LiP) (EC 1.11.1.14) and manga-
nese-dependent peroxidase (MnP) (E.C.  1.11.1.13) 
activities were measured according to the pro-
cedure of Castillo (Castilllo et al., 1994) using 
3-methyl-2-benzothiazolinone hydrazone (MBTH) 
as substrate which interact with 3-(dimethylamino) 
benzoic acid (DMAB) producing a purple coloured 
reaction. Reaction mixture contained 417.5 µl 
MBTH, 417.5 µl DMAB, 100 µl MnSO4, 50 µl su-
pernatant (enzyme) and 15 µl H2O2 to measure the 
enzyme activity. To distinguish between manga-
nese dependent and independent peroxidases reac-
tion was performed in the presence and absence of 
3mM MnSO4. 4mM H2O2 was used to initialise the 
reaction. Reactions were carried out at 37°C and 
monitored spectrophotometrically at 590 nm. The 
enzyme activity was calculated using as extinction 
coefficient ɛ = 53000 M-1cm-1.

Laccase: Laccase (E.C.1.10.3.1) activity was assayed 
using 2, 2’-azino-bis (3-ethylbenziazoline-6-sul-
phonic acid) (ABTS) as a substrate (Niku-paavola 
et al., 1988). A 20 µl aliquot of enzyme solution was 
added to 580 µl of the ABTS. Absorbance at 420 
nm were observed and the enzyme activity was cal-
culated using as extinction coefficient (˂ = 36, 000 
M-1cm-1).   

Aryl alcohol oxidase (AAO):  Aryl alcohol oxidase 
(AAO) (E.C. 1.1.3.7) activity was estimated using 
Veratryl alcohol as substrate (Guillen et al., 1990).  
The reaction mixture contained 5mM veratryl alco-
hol in a 0.1 mM sodium phosphate buffer pH 6 and 
50 µl enzyme solution. Reaction was performed at 
30°C and visualized spectrophotometrically at 310 
nm and the enzyme activity was calculated using as 
extinction coefficient (ɛ = 9300 M-1cm-1)

Xylanase: The amount of xylanase (E.C. 3.2.1.8) 
produced was measured by using 1% birch wood 
xylan as the substrate (Bailey et al., 1992). Xyla-
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nase activity was assayed in 3.0 ml of a reaction 
mixture containing 0.1 ml of crude extracellular 
enzyme sample, 0.5 ml of 1% birch wood xylan 
(prepared in 0.05 M Na-citrate buffer, pH 5.3). The 
mixture was incubated at 55°C for 30 min. The re-
action was stopped by the addition of 0.6 ml of 3, 
5- dinitrosalicylic acid (DNSA) (Miller, 1959) and 
1.8 ml of distilled water was added to the tubes to 
make the reaction mixture 3 ml. The contents were 
boiled for 15 min (Miller, 1959). After cooling, the 
color developed was read at 540 nm. The amount 
of reducing sugars liberated was quantified using 
xylose as standard. One unit of enzyme activity is 
defined as the amount of enzyme which releases 
1 µmol of xylose in 1 min under assay conditions 
(Khan et al., 1986)).

Cellulase: Cellulase (CMCase) (E.C. 3.2.1.4) activ-
ity was determined by mixing 0.5 ml of 1% (w/v) 
CMC (prepared in 0.05 M acetate buffer pH 5.3) 
with 0.1 ml of crude extracellular enzyme solu-
tion  incubating at 50°C for 30 min (Casimir et al., 
1996). The reaction was stopped by the addition of 
0.6 ml of 3, 5-dinitrosalicylic acid (DNSA) (Miller, 
1959) and 1.8 ml of distilled water was added to the 
tubes to make the reaction mixture 3 ml. The con-
tents were boiled for 15 min. The colour developed 
was read at 540 nm. The amount of reducing sugar 
liberated was quantified using glucose as standard. 
One unit of cellulase is defined as the amount of 
enzyme that liberates 1 µmol of glucose equivalents 
per minute under the assay conditions (Mandels et 
al., 1981).

3. RESULT AND DISCUSSION 

In the present study evaluation and comparison of 
four different Pleurotus species for the production 
of different lignocellulolytic enzymes viz, lignin 
peroxidase (Lip), manganese peroxidase (MnP), 
laccase, aryl alcohol oxidase (AAO), xylanase and 
cellulase during different incubation period were 
carried out. The results of present study revealed 
that the lignocellulosic enzyme activity exhibited 
remarkable differences among the different spe-
cies of the same genus. Specific enzyme activities 
showed by the four Pleurotus species are represent-
ed in Table 1. 

The optimum number of days for maximum pro-
duction of the enzyme was also observed. There 
was a variation in the enzyme activity of the four 
species. Graphic representation of the enzymatic 
activity is represented in Fig 1.

All the four species of Pleurotus showed of AAO 
and Xylanase activity but LiP and MnP activity 
was absent in PF and PO while PE showed an ab-
sence of Laccase activity. 

It was distinctly observed that Lip activity was not 
detected till 5 days of incubation period but later 
on the enzyme production initiated and increased 
from day 10 to 30 days of incubation and thereafter 
gradually showed a decrease. The enzyme activity 
reached its peak on the 30th day and there after it 
decreased. The maximum activity of Lip enzyme 
was on the 30th day of incubation 1.21 U/L in PE, 
0.77 U/L in PS while PF and PO showed absence of 
LiP enzyme activity (Fig. 1 A).

Similar to the LiP enzyme activity, production of 
MnP also initiated on 10th day of incubation peri-
od and gradually increased up to 25 days showing 
peak in the activity on 30th day with further decline 
in the activity of enzyme. The highest MnP activity 
was found in PE (1.44 U/L) which was followed by 
PS (1.00 U/L) on the 30th day while PF and PO were 
also showing absence of MnP enzyme activity (Fig. 
1 B). 

In the case of laccase the production of enzyme 
started from the 3rd day and the maximum activ-
ity was obtained on the 25th day of incubation and 
thereafter gradually decreased. The highest laccase 
activities were found in the culture extracts of PS 
1.79U/L, 1.17 U/L in PO and 0.89 U/L in PF re-
spectively and PE showed an absence of laccase ac-
tivity (Fig.1 C). Maximum laccase activity on the 
25th day of incubation by P. ostreatus, P. florida, P. 
sajor-kaju, P. flabellatus and P. pulmonarius was 
reported (Desai & Nityan, 2011) which is exactly 
similar to the present study where all the four spe-
cies showed optimum laccase activity on the 25th 
day of incubation. 

The highest AAO activity was found in the culture 
extracts of PE (51.43 U/L) followed by PS, PO and 
PF 39.83, 34.77and 33.37 U/L respectively on the 
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25th day except PS which continued with an in-
crease in the production up to 30th day and then de-
clined (Fig.1 D). AAO enzyme activity also started 
from the 3rd day after incubation, similar to laccase 
and gradually increased and showed peak on 25th 
day in the culture filtrates of PF and PO while in 
PE and PS peak in the activity of AAO enzyme was 
observed on 30th day of incubation period. 

The levels of xylanase specific activity were high 
throughout the incubation period as compared to 
other ligninolytic enzymes. Maximum specific ac-
tivity of xylanase was observed on the day 25 fol-
lowed by gradual decrease until 35days.On the 25th 
day maximum xylanase enzyme activity was (16.83 
U/ml) noted in culture extract of PE. It was followed 
by PF which showed 7.74/ml, PS produced 3.21U/
ml and PO culture extracts showed 2.50±0.13 U/
ml/Min respectively (Fig.1 E). All the four species 
of Pleurotus showed absence of cellulase (CMCase) 
activity throughout the whole incubation period 
(Fig.1 F).MnP activities in P. Sajor-kaju, P. ostreatus 
and Phanerochete chrysosprium and found highest 
activity in P. sajor-kaju (0.720 U/ml) in the study of 
Abostate (Abostate et al., 2011). The present study 
shows (1 U/L) in P. sajor-kaju which is in accor-
dance with their results.

In the evaluation of (Naraian et al., 2010) Lip, MnP, 
laccase and xylanase activity in different Pleuro-
tus species which showed that highest peroxidase 
and xylanase activity in PS followed by PF and 
PE which showed the least activity. In the present 
study PE produced highest amount of peroxidase 
and xylanase activity. Results of present study also 
showed an absence of laccase activity by PE. The 
higher enzyme production in the study conducted 
by Naraian et al probably due to the media compo-
sition which was different from the present study.  
4% corn cob powder was added to the malt extract 
broth additionally and experimental condition also 
varied as incubation was done at 22±1˚C and cul-
tures were constantly agitated at 150 rpm while in 
present study all the cultures were kept steady. 

This result clearly indicated that the enzyme pro-
duction was dependent on the cultivation media 

and the physiological conditions for the growth of 
fungi.

Ligninolytic enzyme production by four different 
species of Pleurotus was investigated by (Singh et 
al., 2013) and results showed P. flabellatus to pro-
duce highest laccase activities on all days evaluated, 
reaching maximum levels of 915.7 U/mL in 12 days 
which was followed by P. sajor-kaju which showed 
maximum laccase activity (608.6 U/mL) in 12 days 
and P. ostreatus and P. florida showed maximum 
laccase activity, that is, 436.3 U/mL and 353.3 U/
mL in 9 days and 21 days, respectively. Similarly 
in the present study maximum laccase activity was 
detected in P. sajor-kaju (1.79 U/L) followed by P. 
ostreatus and P. florida which showed 1.17 U/L 
0.89U/L respectively in 25 days of incubation pe-
riod. Here also higher enzyme production was re-
sulted probably because of the media composition 
in which the malt extract broth was supplemented 
with 2% wheat bran. 

All the four studied species of Pleurotus showed 
very less activity in the initial days of incubation 
period and maximum enzyme activity on 25th day 
or after 25th day of incubation. Probable reason 
for this might be due to the presence of an initial 
lag phase when the fungal isolate tries to establish 
within the medium and once when established in 
the medium they enter in to log phase where maxi-
mum growth of fungal isolates takes place during 
which metabolically also it is in very active phase of 
growth. During this period the fungal isolates pro-
duced maximum enzymatic activity (Singh et al., 
2013).

AAO was the major enzyme produced by all the 
four species of Pleurotus. Data indicates that lig-
ninolytic enzyme secretion depends not only on 
culture conditions but also on strain origin, cor-
roborating previous work on other white rot fungi 
(Rogalski et al., 1999; Elissetche et al., 2007).

A study conducted by Das (Das et al., 2001) showed 
that in potato dextrose medium laccase was pro-
duced by different species of Pleurotus within ten 
days of incubation period.  The laccase produced 
by P. florida was 0.18nKat, P. ostreatus 0.51 nKat, P.  
pulmonaris 0.35 nKat,  P. sajor-kaju 0.35 nKat and 
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P. flabellatus 0.32 nKat. The results of present study 
revealed that P. florida, P.ostreatus and P. sajor-kaju 
produced different amount of laccase on the 25th 
day after incubation period in the malt extract me-
dium. 

Investigation of cellulase production by different 
species of Pleurotus using rice straw was also done 
by Das (Das et al., 2001) which showed the amount 
of cellulase obtained by PF, PO and PS were 0.008, 
0.006, 0.009 nKat respectively which is almost near 
to the zero and in all the species MnP activity was 
not detected. The present study also showed the ab-
sence of cellulase by all the four species of Pleuro-
tus and PF and PO were not showing MnP activity. 
The production of cellulase in earlier study was ob-
tained probably because of the rice straw which was 
reported to have cellulose and it act as the substrate 
for the production of cellulase enzyme.  

According to (Hataka, 1994) white rot fungi can be 
categorized in to three groups on the basis of their 
enzymes systems. They are (I) the LiP-MnP group, 
(II) MnP-laccase group (III) LiP-laccase group. 
Two more additional groups were suggested by 
(Tuor, 1995) they are (IV) LiP MnP- Laccase group 
and (V) only laccase, no peroxidase group. Ac-
cording to this classification PE and PO belongs to 
group I which produce LiP and MnP group and not 
producing laccase enzyme, PF belongs to group V 
which produce only laccase and absence of peroxi-
dase while PS belongs to group IV which produced 
all the three enzymes Lip, MnP and Laccase.

Both hydrolytic and oxidizing enzymes produced 
by fungi are excreted into the lignocellulosic mate-
rials (Wood, 1985) and depolymerise the lignocel-
lulosic polymers into lower molecular weight com-
pounds which can be assimilated by the fungus. In 
the production of laccase and manganese peroxi-
dase malt extract-based medium is attributed be-
cause the malt extract provides the complete pool 
of amino acids required for synthesis of enzyme 
(Sandhu & Arora, 1985).

Fig 1: Enzyme activity of four different Pleurotus 
species during different days of incubation period.
Solid-state fermentation (SSF) is described as the 
fermentation in absence or near absence of free 
water (Singhania et al., 2010). Most solid-state fer-
mentations (SSF) of Pleurotus species are found to 
be on small scale in which solid substrate have been 
provided in Erlenmeyer flasks or in agar plates. In 
the solid state fermentation composition of medi-
um plays an important role as it plays important 
role in the growth of mycelia for fast colonization. 
Nasim et al., 2001 found that malt extract agar 
(MEA) provided faster growth of Pleurotus specis 
than in Murashige and Skoog’s (MS) medium and 
potato dextrose agar (PDA).

Submerged fermentation (SF) techniques have been 
developed for a variety of fungi and are used in my-
celium propagation for different applications, such 
as conversion of waste biomass and enzyme pro-
duction. All the large scale enzyme producing facil-
ities have used the submerged fermentation owing 
for better monitoring and ease of handling (Gonza-
lez et al., 1993). SF offers the possibility of high bio-
mass production in a compact space, shorter time 
and with fewer chances of contamination (Yang & 
Liau, 1998; Friel & McLoughlin, 2000). 

In the submerged fermentation numerous extracel-
lular enzymes released can be used in the hydroly-
sis of water insoluble cell wall components, namely 
lignin, cellulose and hemicellulose. It is also known 
that plant cell wall degradation requires the syner-
gistic action of several enzymes. Extracellular en-
zymes having cellulolytic, hemicellulolytic and li-
gnolytic activities are known to act synergistically 
(Rodriguez et al., 2008; Zyani et al., 2009; Naraian 
et al., 2009). According to (Garcia & Wood, 1993) 
some of these enzymes act synergistically and pro-
duce high reducing sugars.  Most of the fungi pro-
duced cellulase (CMC-ase) and hemicellulase (xy-
lanase) for degradation was noted (Zadrazil, 2000).  
In present study xylanase production is observed 
by all the four species of Pleurotus while cellulase 
activity was completely absent in all the four spe-
cies which is quite favourable to be used for the bio 
pulping process in paper and pulp industry.

The different combinations of extracellular en-
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Fig. 1 Enzyme activity of four different Pleurotus species  during 
different days of incubation period

zymes produced by white rot fungi like LiP, MnP 
and laccase and Xylanase play important role in 
degradation. White-rot fungi and their ligninolytic 
enzymes have the potential to degrade lignin mol-
ecule by partial degradation and sometimes leads 
to complete mineralization. This study leads us to 
conclude that P. eryngii is a good fungal isolate for 
the lignocellulolytic enzyme production. There is 
need of using such organisms producing lignocel-
lulolytic enzymes which may play crucial role in 
the development of an efficient technology.  
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ABSTRACT

Lactic Acid Bacteria (LAB) have been screened for antifungal activity LAB has mostly been isolated from food 
and dairy products. They have been used in fermented foods and also as probiotic agents. There are a very few 
reports of isolation of LAB from aerial surfaces of plants and their exploitation for production of antifungals. The 
core group consists of Lactobacillus, Leuconostoc, Pediococcus and Streptococcus. LAB genera also important 
in food technology are Aerococcus, Carnobacterium, Lactococcus, Oenococcus, Tetragenococcus, Vagococcus, 
Weisella LAB require nutrient rich environment with fermentable carbohydrates, amino acids, fatty acids, salts 
and vitamins. About 51 cultures of LAB were isolated from aerial parts of the pomegranate plants like leaves, 
buds, flowers and fruits. The isolates were studied for their morphology by Gram Staining, motility, catalase pro-
duction, and nature of fermentation. Out of the 51 isolates 25 belong to genus Enterococcus, 13 belong to genus 
Lactobacillus and 10 belonged to genus Leuconostoc. and 3 did not fall into the category of LAB.  After the basic 
characterization the isolates were studied for production of antifungal compounds. This was done by agar overlay 
method.26 isolates were found to show antifungal activity against Fusarium oxysporum These 26 isolates were 
studied for nature of growth under microaerbic and aerobic conditions. Three isolates were strict microaerobic and 
remaining were aerotolerant. Ability to produce exopolysaccharides was checked. All isolates showed production 
of exopolysaccharides The oxidative fermentative ability was checked and all isolates showed oxidative fermenta-
tive nature. The optimum pH, salt concentration and temperature for growth of all the isolates was checked. All 
the isolates except one grew at pH4.4 and all grew at pH 9.6 except 2.All isolates showed growth at a NaCl con-
centration of0.5% and 5% but not at 8%.The isolates show growth at 280C and 450C but not at 100C..All isolates 
show fermentation of sugars without gas production. When checked for enzyme production the isolates showed 
protease activity but no amylase, cellulose and chitinase activity. The ability to utilize different amino acids dif-
fered in different isolates. A good diversity was observed among LAB isolated from Pomegranate plant and show 
antifungal activity.

Key words: Lactic Acid Bacteria, antifungal, microaerobic, exopolysaccharides, oxidative fermentative.

1. INTRODUCTION 

Lactic Acid Bacteria (LAB) are normally found in 
nutrient-rich environments available carbohydrate 
substrates, such as food and feed, but also in hu-
man and animal cavities, and in sewage and plant 
material. Indeed, strains have been isolated from all 
these environments (Kandler and Weiss, 1986). Be-
sides lactic acid; other side products include acetate, 
ethanol, CO2, formate and succinate (Hammes and 
Vogel, 1995; Hammes and Hertel, 2009).

 Even if they grow in a variety of habitats, they are 
fastidious and amongst other nutrients they require 
fermentable carbohydrates, amino acids, fatty ac-
ids, salts and vitamins for their growth.

The general characteristics of LAB are that they are 
gram-positive, catalase negative (although some 
strains can produce pseudocatalase), anaerobic or 
microaerophilic, acid-tolerant and non-sporulating 
rods and cocci (Orla-Jensen, 1919). Traditionally, 
LAB were called ‘milk–souring organisms’, and of-
ten negatively associated with loss of food and feed 
due to fermentation. However, LAB are increasing-
ly considered as beneficial microorganisms; some 
strains are even thought to be health promoting 
(probiotic). Of all the bacteria exploited for domes-
tic use, the LAB are the most widely studied and 
are exploited in numerous industrial applications 
ranging from starter cultures in the dairy industry 
to probiotics in dietary (Konigs et al. 2000) supple-
ments and bio-conversion agents.
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They are a relatively diverse group of bacteria, 
but related by a number of typical metabolic and 
physiological features. Generally the group consists 
of gram-positive bacteria, cocci or rods that are 
non-sporulating, non-respiring and produce lactic 
acid as the major end product during fermenta-
tion of carbohydrates. Historically, the core group 
comprises the genera Lactobacillus, Leuconos-
toc, Pediococcus and Streptococcus, but the main 
LAB genera important in food-technology also 
include Aerococcus, Carnobacterium, Lactococ-
cus, enococcus,Tetragenococcus, Vagococcus and 
Weisella.

LAB can be regarded as homo or heterofermenta-
tive, depending on how they ferment hexoses un-
der non-limited growth conditions.

They are found in environments rich in available 
carbohydrate substrates, such as food and feed, but 
also in human and animal cavities, and in sewage 
and plant material. Indeed strains have been iso-
lated from all these environments (Kandler and 
Weiss, 1986). Besides lactic acid, other side prod-
ucts include acetate, ethanol, CO2, formate and 
succinate (Hammes and Vogel, 1995; Hammes and 
Hertel, 2009). Leuconostoc is the most economi-
cally important genus of LAB, and Leuconostoc. 
Mesenteroides subsp. mesenteroides is the prin-
ciple species isolated from plants (Mundt, 1970). 
The Leuconostoc genus was considered close to the 
genus Streptococcus based on morphological clas-
sification criteria. Phenotypically, species from the 
Leuconostoc, Lactobacillus and Pediococcus gen-
era share many characteristics and are often isolat-
ed from the same habitat.

Though LAB isolates from fermented foods have 
been largely exploited little work has been done on 
LAB from plant sources This paper will present our 
important findings on the diversity of LAB which 
produce antifungal compounds and have been iso-
lated from various parts of Pomegranate plant like 
fruit, flowers, buds and leaves, but also on the isola-
tion and characterization of some metabolites pro-
duced by these bacteria, with potential applications 
in preservation of post harvest produce, fruits and 
vegetables.

2. MATERIALS AND METHODS

In order to know the morphology and gram char-
acter of the said cultures Gram staining was per-
formed for all the cultures. Crystal violet was used 
as primary stain and safranin was used as counter 
stain. Acetone alcohol mixture was used as decolo-
riser.

To check whether the cultures are motile or non-
motile hanging drop preparation was done for each 
of the cultures.Nature of motility was noted for all 
the cultures.

The ability of the cultures to produce catalase was 
checked. This was done by streaking the cultures 
on Lactobacillus MRS medium and then incubat-
ing for 24 hours under microaerophilic conditions..

To check for the antifungal activity of LAB against 
the selected fungi Fusarium sp. Agar overlay meth-
od was used. In this method LAB was grown on the 
Lactobacillus MRS medium (Hi-media) by icubat-
ing for 48 hours It was overlaid by Czapek dox Agar 
(Hi-media). Fusarium was spread on the Czapek 
dox Agar layer and incubated for 48 Hrs. A zone 
of inhibition was observed for and the extent of in-
hibition by each LAB culture against the selected 
fungi was noted down. 

To check growth under microaerobic conditions 
isolates were incubated in dessicator on MRS me-
dium and outside for aerobic growth.

To check surface subsurface and homogenous na-
ture of growth, isolates were grown in MRS broth, 
incubated for 48 hours and observed.

To check for production of exopolysaccharides 
(EPS) isolates were grown in basal medium on 
rotary shaker at R.T for 48 hours. The broth was 
centrifuged at 5000 rpm for 30 minutes. EPS was 
extracted by adding 3vol of chilled acetone to 1vol 
of supernatant. It was washed 3 times alternatively 
with distilled water and Acetone. EPS was trans-
ferred to pre weighed filter paper and weighed after 
overnight drying.

Hughes Liffsons medium was used to check for the 
oxidative fermentative nature of isolates.

Isolates were inoculated in MRS broth and incu-
bated for 48 hours at 100C and 450C.
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Isolates were inoculated in MRS broth with pH 4.4 
and 9.6 and incubated for 48 hours

Isolates were inoculated in MRS broth with 0.5%, 
5% and 8%NaCl concentration.

To check for the ability of the isolates to ferment 
different sugars they were inoculated in  MRS me-
dium in which dextrose was replaced by Galactose, 
sucrose, maltose and mannitol.

To check for the ability of the isolates to produce 
enzymes Starch Agar, Cellulose Agar, Casein Milk 
agar and chitin agar were used. The zone of clear-
ance indicated the ability to produce the respective 
enzymes.

To check for the ability of the isolates to utilize dif-
ferent amino acids the nitrogen source in the MRS 
medium was replaced by Histidine, Phenylalanine, 
Alanine, Glutamic acid, Leucine Aspartic Acid.

To check for the ability of the isolates to grow in 
pomegranate juice fresh pomegranate juice was 
diluted in 1:1 proportion, pH adjusted to 3 and 
6.5 respectively inoculated and incubated for 48 
hours.O.D readings were taken at 540nm.

To check for the ability of the isolates to grow un-
der microaerobic and aerobic conditions, inocu-
lated and incubated for 48 hours. In MRS broth, 
O.Dreadings were taken at 540nm.

3. RESULTS AND DISCUSSION:

O`ut of the 51 isolates 25 belong to genus Entero-
coccus, 13 belong to genus Lactobacillus and 10 be-
long to genus Leuconostoc. and 3 did not fall into 
the category of LAB.

Out of the 48 isolates 26 showed antifungal behav-
ior and hence were selected for further character-
ization.

All the isolates except three could grow under aero-
bic conditions. All isolates showed luxuriant growth 
under micro aerobic conditions. This indicates 

strict microaerobic nature of the isolates PBO 17, 
PoFL9 & GYP 3. Majority of them are aerotollerent. 
(Table 1)

Growth below the surface i.e. clear broth followed 
by turbidity indicates subsurface growth. The na-
ture of growth of all isolates except three indi-
cates micraerobic nature however isolates FL3 (3), 
PFL571& L88 are aero tolerant (Table 2).

All isolates were observed to produce exopolysac-
charide.

All isolates show oxidative fermentative nature ex-
cept PFL4 which is fermentative. (Table3)

The LAB Isolates are unable to grow at 10 oC.All of 
them grow at 45 oC.(Table4)

All LAB isolates grow at pH 4.4 and 9.5 except PFL4 
which failed to grow at pH 4.4(Table5).

 All LAB isolates fermented galactose, sucrose, 
maltose and mannitol with production of acid.                          
No gas production observed even after prolonged 
incubation (Table6)

A variation was observed for production of en-
zymes.19 isolates failed to grow on medium for 
amylase activity 7 isolates showed growth without 
production of amylase. All isolates failed to grow 
on media for cellulase and chitinase activity but 
protease was produced by all isolates. (Table7)

Phenylalanine, glutamic acid and aspartic acid was 
not used as nitrogen source by any of the isolates 
while alanine, histidine and leucine was varaibly 
used by the isolates. (Table8)

The isolates showed more growth at a pH of 6.5 than 
pH 3.when grown in pomegranate juice. (Figure1)

All isolates showed better growth under aerobic 
conditions than under microaerobic when grown 
in MRS broth.(Figure 2)

All isolates except FL2 (5) showed better growth in 
pomegranate juice medium as compared to MRS 
broth.(Figure 3)
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Table 1: Growth of LAB under different cultural 
conditions
Sr. No. Isolate Cultural  condition

M i c r o -
aerobic 
growth

A e r o b i c 
growth

1 L13 + +
2 PFR88 + +
3 F3415 + +
4 PL3(5) + +
5 L3 + +
6 PBO17 + -
7 PoFL9 + -
8 PFL471 + +
9 PFL511 + +
10 FL2(5) + +
11 L2 + +
12 PL2(3) + +
13 L461 + +
14 GYP1 + +
15 PFR59 + +
16 FL3(4) + +
17 FL3(3) + +
18 GYP3 + -
19 L27 + +
20 PFL571 + +
21 F331 + +
22 FL2(4) + +
23 PFL4 + +
24 L88 + +
25 PFL491 + +
26 PFL361 + +

Table 2: Growth of Lactic Acid Bacterial Isolates in 
MRS broth under Microaerobic conditions

Sr. No Isolate Nature of growth
1 L13 Subsurface
2 PFR88 Subsurface
3 F3415 Subsurface
4 PL3(5) Subsurface
5 L3 Subsurface
6 PBO17 Subsurface
7 PoFL9 Subsurface
8 PFL471 Subsurface

9 PFL511 Subsurface
10 FL2(5) Subsurface
11 L2 Subsurface
12 PL2(3) Subsurface
13 L461 Subsurface
14 GYP1 Subsurface
15 PFR59 Subsurface
16 FL3(4) Subsurface
17 FL3(3) Homogenous
18 GYP3 Subsurface
19 L27 Subsurface
20 PFL571 Homogenous
21 F331 Subsurface
22 FL2(4) Subsurface
23 PFL4 Subsurface
24 L88 Homogenous
25 PFL491 Subsurface
26 PFL361 Subsurface

Table 3: Oxidative-Fermentative test of LAB Iso-
lates

Sr No Isolate Oxidative Fermentative
1 L13 + +
2 PFR88 + +
3 F3415 + +
4 PL3(5) + +
5 L3 + +
6 PBO17 + +
7 PoFL9 + +
8 PFL471 + +
9 PFL511 + +

10 FL2(5) + +
11 L2 + +
12 PL2(3) + +
13 L461 + +
14 GYP1 + +
15 PFR59 + +
16 FL3(4) + +
17 FL3(3) + +
18 GYP3 + +
19 L27 + +
20 PFL571 + +
21 F331 + +
22 FL2(4) + +
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23 PFL4 = +
24 L88 + +
25 PFL491 + +
26 PFL361 + +

Table 4: Growth of LAB Isolates at different tem-
peratures

Sr No Isolates Temperature (oC )
10 45

1 L13 - +
2 PFR88 - +
3 F3415 - +
4 PL3(5) - +
5 L3 - +
6 PBO17 - +
7 PoFL9 - +
8 PFL471 - +
9 PFL511 - +

10 FL2(5) - +
11 L2 - +
12 PL2(3) - +
13 L461 - +
14 GYP1 - +
15 PFR59 - +
16 FL3(4) - +
17 FL3(3) - +
18 GYP3 - +
19 L27 - +
20 PFL571 - +
21 F331 - +
22 FL2(4) - +
23 PFL4 - +
24 L88 - +
25 PFL491 - +
26 PFL361 - +

Table 5: Growth of LAB Isolates in MRS broth at 
different pH

Sr No Isolate pH
4.4 9.6

1 L13 + +

2 PFR88 + +
3 F3415 + +
4 PL3(5) + +
5 L3 + +
6 PBO17 + +
7 PoFL9 + +
8 PFL471 + +
9 PFL511 + +

10 FL2(5) + +
11 L2 - +
12 PL2(3) + +
13 L461 + +
14 GYP1 + +
15 PFR59 + +
16 FL3(4) + +
17 FL3(3) + +
18 GYP3 + +
19 L27 + +
20 PFL571 + +
21 F331 + +
22 FL2(4) + +
23 PFL4 - +
24 L88 + +
25 PFL491 + +
26 PFL361 + +

Table 6: Growth of LAB Isolates in MRS broth at 
different NaCl Concentrations

Sr No Isolates Growth in MRS with NaCl 
(%)

0.5 5 8
1 L13 + + -
2 PFR88 + + -
3 F3415 + + -
4 PL3(5) + + -
5 L3 + + -
6 PBO17 + + -
7 PoFL9 + + -
8 PFL471 + + -
9 PFL511 + + -

10 FL2(5) + + -
11 L2 + + -
12 PL2(3) + + -
13 L461 + + -
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14 GYP1 + + -
15 PFR59 + + -
16 FL3(4) + + -
17 FL3(3) + + -
18 GYP3 + + -
19 L27 + + -
20 PFL571 + + -
21 F331 + + -
22 FL2(4) + + -
23 PFL4 + + -
24 L88 + + -
25 PFL491 + + -
26 PFL361 + + -

Table 7: Fermentation of sugars in MRS broth by 
LAB isolates

Sr No Isolate Galac-
tose

Sucrose Malt-
ose

Man-
nitol

1 L13 A A A A
2 PFR88 A A A A
3 F3415 A A A A
4 PL3(5) A A A A
5 L3 A A A A
6 PBO17 A A A A
7 PoFL9 A A A A
8 PFL471 A A A A
9 PFL511 A A A A

10 FL2(5) A A A A
11 L2 A A A A
12 PL2(3) A A A A
13 L461 A A A A
14 GYP1 A A A A
15 PFR59 A A A A
16 FL3(4) A A A A
17 FL3(3) A A A A
18 GYP3 A A A A
19 L27 A A A A
20 PFL571 A A A A
21 F331 A A A A
22 FL2(4) A A A A
23 PFL4 A A A A
24 L88 A A A A
25 PFL491 A A A A
26 PFL361 A A A A

A indicates acid production (change in colour of the indica-
tor)

No gas production observed even after prolonged incubation

Dextrose in MRS was replaced by specific sugar

Table 8: Enzyme activity of LAB isolates

Sr No Isolate Enzyme
Amylase Cellulase Prote-

ase
Chitinase

1 L13 NG NG + NG
2 PFR88 NG NG + NG
3 F3415 NG NG + NG
4 PL3(5) NG NG + NG
5 L3 NG NG + NG
6 PBO17 NG NG + NG
7 PoFL9 NG NG + NG
8 PFL471 NG NG + NG
9 PFL511 NG NG + NG

10 FL2(5) NG NG + NG
11 L2 NG NG + NG
12 PL2(3) NG NG + NG
13 L461 NG NG + NG
14 GYP1 NG NG + NG
15 PFR59 NG NG + NG
16 FL3(4) NG NG + NG
17 FL3(3) G(-) NG + NG
18 GYP3 G(-) NG + NG
19 L27 NG G(-) + NG
20 PFL571 G(-) NG + NG
21 F331 NG NG + NG
22 FL2(4) G(-) NG + NG
23 PFL4 G(-) NG + NG
24 L88 G(-) NG + NG
25 PFL491 G(-) NG + NG
26 PFL361 NG NG + NG

NG –No Growth

G (-) –Growth without enzyme activity

+ -- Growth with enzyme activity

Table 9: Utilization of amino acids as nitrogen 
source in the MRS broth by LAB isolates
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Sr No Isolate Amino Acid
Histidine Phenylalanine Alanine Glutamic acid Leucine Aspartic acid

1 L13 - - - - - -
2 PFR88 - - + - - -
3 F3415 - - - - + -
4 PL3(5) + - - - + -
5 L3 - - - - - -
6 PBO17 - - + - + -
7 PoFL9 - - + - + -
8 PFL471 - - + - - -
9 PFL511 - - - - + -

10 FL2(5) - - - - - -
11 L2 - - - - - -
12 PL2(3) - - - - - -
13 L461 - - - - - -
14 GYP1 - - + - + -
15 PFR59 - - + - - -
16 FL3(4) - - + - - -
17 FL3(3) - - - - + -
18 GYP3 - - +_ - + -
19 L27 - - - - - -
20 PFL571 + - - - - -
21 F331 - - - - - -
22 FL2(4) - - - - - -
23 PFL4 - - - - - -
24 L88 - - - - - -
25 PFL491 - - - - - -
26 PFL361 - - - - - -

Fig 1: Growth of LAB in pomegranate juice me-
dium. Fig 2: Growth of LAB in MRS broth.



Perspectives on Biodiversity of India Vol. II. Part 2

96

Fig 3: Comparison of growth in MRS and pome-
granate juice medium.

As observed from the results a good variation is 
seen among LAB isolated from Pomegranate plant. 
All isolates didn’t show antifungal activity but a 
large number of them possess the quality which can 
be exploited and used as an alternative to chemi-
cal antifungal agents which show side effects and 
hence are dangerous.

Biodiversity studies on LAB isolated from ferment-
ed foods, pickled vegetables and the low pH envi-
ronments are well studied (19,20,21).At the same 
time very little attention has been given to LAB 
which are present in abundance on plant materi-
al. These LAB also posses great potentials as their 
characters and biochemical nature is similar to 
of those from other classically exploited environ-
ments. They should be explored further for various 
probiotic nature,antifungal nature and PGPR traits. 
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ABSTRACT

The effect of Trehalose on cryoprotection of plant tissue for successful cryopreservation in vitrification procedure 
was determined in Kaempferia galanga L. (Family Zingiberaceae), an endangered medicinal plant possessing sev-
eral therapeutic applications. Pretreatment of in vitro shoots of K. galanga with 0.1-5.0 mM trehalose for 4 weeks 
significantly increased the survival and regeneration of cryopreserved vitrified shoot tips compared to control. 
Cryopreserved shoot tips exhibited 73.33-80.00% survival and 53.33-63.33% regeneration rates while in the control 
of the 40% shoots survived, 36.67% regeneration was noticed after 4 weeks. The higher survival rates obtained in 
the present study from the shoot tips of trehalose-preconditioned donor plants suggest that physiological condi-
tions are very important factors in increasing the tolerance to the cryogenic procedures. Trehalose influences cryo-
preservation of K. galanga so that some adaptive mechanisms developed during its treatment which protects the 
shoot meristems during cryopreservation to obtain improved regeneration after LN exposure thereby ensuring the 
long-term conservation and sustainable utilization of this high demanding over exploited medicinal plant.

1. INTRODUCTION

Kaempferia galanga L. (Family Zingiberaceae) is an 
endangered medicinal plant (Kareem, 1997) pos-
sessing several therapeutic applications (Sadiman, 
1992). With the increase in demand for the drugs 
obtained from rhizomes, the plants are over ex-
ploited, thereby threatening their survival. To meet 
the market demand and considering the propaga-
tion problem of the plant, developing viable pro-
tocols for efficient regeneration and effective con-
servation are essential. The biotechnological tools 
especially in vitro preservation by cryopreservation 
can ensure the long-term conservation and sustain-
able utilization of this endangered medicinal plant. 
Pretreatment procedures are very important in a 
cryopreservation process since physiological state 
of the tissue determines the tolerance to environ-
mental stress and tissue culture regimes influences 
post-freeze recovery. Taking into account the ear-
lier studies on morphological and physiological ef-
fects of exogenous trehalose (1,1 α-D glucopyrano-
syl α-D-glucopyranoside) which is a nonreducing 
disaccharide, that plays an important physiologi-
cal role as a storage carbohydrate and as a protec-

tor from abiotic stress was analyzed in the present 
study for successful cryopreservation in vitrifica-
tion procedure. 

2. MATERIAL AND METHODS

2.1. Plant material: In vitro shoot cultures of K. 
galanga established from rhizome segments were 
maintained in MS medium (Murashige and Skoog, 
1962) supplemented with 2.0 mgl-1 BA and 0.5 mgl-

1 NAA (proliferation medium). Subculturing was 
done after 4-6 weeks in culture bottles each with 
3-4 shoots to enhance the production of strong, 
robust shoots. The cultures were incubated under 
12 hour photoperiod provided by cool white fluo-
rescent tubes (50-60 μmolm-2s-1) at 26±2 ºC. These 
conditions were maintained in all experiments un-
less otherwise stated.

Individual shoots (1.5 cm) separated from shoot 
clumps were subjected to preconditioning treat-
ments viz. MS medium supplemented with 0.1, 0.5, 
1.0, 2.5 and 5.0 mM trehalose. Four to five shoots 
were inoculated to 3 mm depth in the medium. 
A batch culture was maintained in MS basal me-
dium as control. The cultures were incubated for 



Perspectives on Biodiversity of India Vol. II. Part 2

99

4-5 weeks in a culture room under standard con-
ditions. The shoot tips dissected from the shoot 
cultures after the preconditioning treatments were 
used for cryopreservation according to vitrification 
procedures. 

2.2. Vitrification of precultured shoot tips:  Shoot 
tips (3 mm) from the established shoot cultures were 
dissected under a dissection microscope (Kyowa, 
Tokyo) inside the laminar air flow chamber. The 
dissected shoot tips were precultured overnight in 
the dark in MS medium supplemented with 0.3, 
0.4, 0.5 or 0.75 M sucrose. They were subjected 
to treatment with Loading solution (2 M glycerol 
+ 0.4 M sucrose) for 20 minutes and subsequently 
dehydrated with 1 ml PVS2 (30% (w/v) glycerol, 
15% (w/v) ethylene glycol, 15% (w/v) Dimethyl 
sulfoxide) [11] at 0 ºC for 1 hour at 10 minutes 
interval. The properly dehydrated shoot tips were 
plunged in to LN for at least 1 hour storage. LN-
non-exposed ones were kept as control and pro-
cessed in the same way as LN-exposed samples. 

2.3.Rewarming and recovery of shoot tips: After 
LN exposure, rewarming was performed by rap-
idly immersing the cryotubes in a water bath at 40 
°C for 30 seconds. PVS2 was replaced with wash-
ing solution (MS+1.2 M sucrose) twice at 10 min-
utes interval, blotted on filter paper layer on MS 
basal medium for one day and then transferred to 
recovery medium (MS medium supplemented with 
0.5 mgl-1 BA and 0.1 mgl-1 GA3) for 7-10 days in-
cubation in the dark. The shoot tips with emerging 
shoots were transferred after 4-6 weeks to medi-
um supplemented with 1.0 mgl-1 BA and 0.5 mgl-

1 NAA. Observation on survival and regeneration 
was made after 4 weeks. 

2.4. Statistical analysis: Ten meristems were used 
in each experiment with three replicates. Results 
were analyzed by ANOVA following arc sine trans-
formation with mean separation analysis by LSD 
multiple‘t’ test. 

2.5. Genetic stability analysis: Leaf samples from 
plants regenerated after cryopreservation were se-
lected for the RAPD analysis. Genomic DNA was 
isolated using modified CTAB method (Murray 
and Thomson, 1980). RAPD assay was carried 
out in 25 μl reaction mixture containing 2.5 μl 10x 

amplification buffer (10 mM Tris HCl pH 9.0, 1.5 
mM MgCl2, 50 mM KCl and 0.01% gelatin from 
Finnzymes), 0.5 μl dNTP mixture (100 μl each of 
dATP, dGTP, dCTP and dTTP), 0.5 μl Taq DNA 
polymerase (Finnzymes), 1.2 μl (15 pM) decamer 
primer (Operon Technologies Inc, USA) and 50 ng 
genomic DNA. Amplification was performed in 
Eppendorf Mastercycler (Hamburg, Germany) at 
an initial temperature of 94 °C for 5 minutes for 
complete denaturation. The second step consisted 
of 42 cycles having three stages of temperature: 
92 °C for 1 minute for denaturation of template 
DNA, 37 °C for 1 minute for primer annealing and 
72 °C for 2 minutes for primer extension followed 
by running the samples at 72 °C for 7 minutes for 
complete polymerization. The amplified products 
were resolved by 1.5% agarose gel electrophoresis 
and stained with ethidium bromide. The gel docu-
mentation and analysis system (Alpha ImagerTM 
2000, Alpha Innotech Corporation, USA) was used 
to score the bands representing the RAPD markers.

3. RESULTS AND DISCUSSION

Pretreatment of K. galanga in vitro shoots in 0.1-5.0 
mM trehalose for 4 weeks significantly increased 
the survival and regeneration of cryopreserved 
vitrified shoot tips compared to control. Cryopre-
served shoot tips exhibited 73.33-80.00% survival 
and 53.33-63.33% regeneration rates while in the 
absolute control (meristems without trehalose 
preconditioning) 40% shoots survived, of which 
36.67% regeneration was noticed after 4 weeks. In 
treatment with 0.1 mM trehalose, 53.33% regen-
eration was observed and was increased to 56.67% 
in 0.5 mM trehalose pretreatment. The percent-
age shoot regeneration was further increased by 
the supplementation of higher concentration of 
trehalose and maximum 63.33% regeneration was 
observed in medium fortified with 1.0 mM con-
centration after 4 weeks. Still higher concentra-
tions (2.5 and 5.0 mM) declined the regeneration 
rates to 53.33 and 60% (Table 1). Pretreatment of 
the shoot cultures with trehalose produced almost 
similar effects on survival and regeneration in all 
the concentrations tested. Similar enhancing effect 
of trehalose pretreatment on shoot recovery after 
cryopreservation was noticed in a tropical tree spe-
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cies viz. Parkia speciosa (Nadarajan et al., 2008). 
Moreover, the shoot regeneration observed in all 
the concentrations was free from any abnormal re-
generation or callus formation. The higher survival 
rates obtained in the present study from the shoot 
tips of trehalose-preconditioned donor plants sug-
gest that physiological conditions are very impor-
tant factors in increasing the tolerance to the cryo-
genic procedures. 

The enhanced recovery after cryopreservation in 
trehalose pretreated shoots is attributed to its in-
fluence on the thermal events during the cryopro-
tective treatments. According to Nadarajan et al. 
(2008), trehalose influenced the thermal events 
occurring in Parkia speciosa shoots exposed to 
cryoprotective treatments. Also, trehalose provide 
advantages for the stabilization of dehydration-sen-
sitive, vitrified and metastable tropical plant tissues 
on rewarming following exposure to ultratempera-
ture (Yoshi et al., 2000). The bioprotective proper-
ties of trehalose may therefore be attributed to a 
reduction in molecular mobility. To support this, 

Sakurai et al. (1997) consider that all the hydroxyl 
groups in trehalose can act as both a proton donor 
and acceptor. This maximizes hydrogen bonding 
with water and account for the superior hydration 
capabilities and biological properties of the sugar. 

Shoot recovery after LN exposure was preceded 
through apical meristem regrowth with subsequent 
formation of leaf primordia followed by leaf expan-
sion (Fig.1a&b). The recovered shoots transferred 
to MS medium supplemented with 0.5 mgl-1 NAA 
and 1.0 mgl-1 BA induced new shoots directly from 
the apical dome without callus formation. Root-
ing occurred after 30 days and complete plants of 
5-8 cm height were obtained (Fig.1c). Genetic sta-
bility analysis using RAPD revealed a monomor-
phic banding pattern in cryopreserved plantlets 
(Fig.1d). The higher survival rates obtained in the 
present study from the shoot tips of trehalose-pre-
conditioned donor plants suggest that physiological 
conditions are very important factors in increasing 
the tolerance to the cryogenic procedures. 

Table 1: Recovery of trehalose-preconditioned K. galanga L. shoot tips subjected to cryopreservation us-
ing PVS2 vitrification.

Trehalose 
(mM)

% survival % regeneration
-LN +LN -LN +LN

0.0 100.00±0.0a 40.00±3.16c 83.33±1.82b 36.67±1.82c

0.1 100.00±0.00a 76.67±1.82b 96.67±1.82a 53.33±1.82b

0.5 100.00±0.00a 80.00±3.16a 76.67±1.82c 56.67±1.82b

1.0 100.00±0.00a 76.67±1.82b 80.00±0.00b 63.33±4.83a

2.5 100.00±0.00a 73.33±1.82b 86.67±1.82b 53.33±1.82b

5.0 96.67±1.82a 73.33±1.82b 70.00±0.00c 60.00±3.16a

*Values are mean ± SE. Ten shoot tips were tested for each of three replications. 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: Shoot recovery after cryopreservation. (a) & (b) Stereomicroscopic view of shoot emergence after LN 
exposure, (c) Plant regeneration in MS medium supplemented with 0.5 mgl-1 NAA and 1.0 mgl-1 BA, (d) RAPD 

profile of cryopreserved plantlets.
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4. CONCLUSION

Trehalose influences cryopreservation of K. galanga 
in various ways so that some adaptive mechanisms 
developed during its treatment which protects the 
shoot meristems during cryopreservation to obtain 
improved regeneration (twice than standardized 
procedure) after LN exposure thereby ensuring the 
long-term conservation and sustainable utiliza-
tion of this high demanding endangered medicinal 
plant.
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ABSTRACT

Bryophytes were diverse, primitive non vascular amphibious taxa distributed worldwide and form the second 
largest category of terrestrial plants. They are depleting in number due to habitat devastation directly or indirectly. 
Therefore, this group needs an urgent and effective conservation with an aim to save species from extinction. 
Currently, tissue culture has become an essential tool in supplying stable research materials. Marchantia poly-
morpha L. is a thalloid liverwort with restricted distribution and has proven ethnobotanical properties. In view of 
excessive utilization and slow growth rate, the present study was carried to establish in vitro axenic cultures of 
M. polymorpha. from their spores followed by cell suspension cultures, isolation and fractionation of flavonoids 
and optimization of flavonoid productivity. Spores cultured in different media supplemented with antibiotics dif-
ferentiated to form rhizoids and calli. For propagation, Knop, Gamborg B5, Murashige and Skoog (MS) and MS 
media diluted with similar trace elements were evaluated. Growth of M. polymorpha was significantly better on 
MS media compared to Knop, indicating more uptake of NH4

+ than NO3
-. Successful multiplication was noticed 

with benzyl amino purine (BAP; 2 mg/l) and naphthalene acetic acid (NAA; 0.5 mg/l) hormonal combinations. 
Remarkable differentiation was noticed with MS/5 medium supplemented with 200 mg/l NaH2PO4 along with 
growth hormones NAA and BAP. Green house established plants had uniform growth habit traits in terms of size 
of plants and axillary proliferations. Histological investigation confirmed the true type of thallus of the plants. 
Highest flavonoid production was achieved using 2,4-dichlorophenoxyacetic acid as growth regulator from the 
in vitro cell suspension culture. Inoculum size, illumination intensity, organic carbon source and ferrous ion were 
the major factors affecting flavonoid productivity. Maximum flavonoid productivity was attained under low light 
intensity, with a photon flux density ca. 20 µmol/m2/s. Optimal inoculum size and glucose concentration for fla-
vonoid production were 8- 12% and 20-30 g/l, respectively. Ferrous ion can promote flavonoid productivity by 
inducing their biosynthetic enzymatic pathway. Flavonoid production in the culture was shown to be strongly 
growth-associated. Environmental stress (osmotic pressure) was ineffective in promoting flavonoid productivity.  
Methyl jasmonate and 2-(2-fluoro-6- nitrobenzylsulfanyl) pyridine-4-carbothioamide elicitors showed positive 
effect on intracellular flavonoid content in cultured cells. Further, total flavonoids were isolated, quantified and 
fractionated from the in vitro cell culture by thin layer chromatography and HPLC-PAD revealed the presence 
of major flavonoids such as apigenin, quercetin, rutin, kaempferol and luteolin. Further studies are warrented to 
analyse the therapeutic potentialities of flavonoid extracts.

Key words:  Bryophyte, callus, cell suspension culture, culture medium, flavonoid, in vitro culture, Marchantia 
polymorpha, TLC, HPLC-PAD.

1. INTRODUCTION 

Bryophytes are the second largest group of ter-
restrial plants but they received lesser attention in 
comparison to vascular plants with regard to con-
servation. Due to habitat devastation directly or 
indirectly they are depleting in number. Therefore, 
this group needs an urgent and effective conserva-
tion with an aim to save species from extinction 
(Vujicic et al., 2009). Currently, tissue culture has 

become an essential tool in supplying stable re-
search materials for both chemists and botanists. 
Screening of biologically potential molecules, par-
ticularly the phytochemicals was an important as-
pect in the field of bryology. Bryophytes synthesize 
an array of phytochemicals to combat against the 
inhospitable environmental conditions including 
predation, UV radiation, high temperature and 
pest and pathogens. 
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Flavonoids are a large group of low molecular 
weight, ubiquitously distributed, polyphenolic sec-
ondary metabolites. These compounds play a sig-
nificant role in various stages of plant growth and 
their existence in the environmental stresses. Fla-
vonoids act as signal molecules to take preventive 
measures to save them from pathogenic microbial 
attack (Harbone and Willians 2000). Flavonoids are 
important for human beings due to their antioxida-
tive and radical scavenging effects as well as their 
potential estrogenic and anticancer activities. Over 
5,000 naturally occurring flavonoids have been 
characterized from higher plants (Jedinak et al., 
2004). Marchantia polymorpha is the most intense-
ly studied bryophyte (Kaul et al., 1962). Vujicic et 
al. (2011) developed a protocol to isolate second-
ary metabolites from axenic cultures of bryophytes. 
Marchantia species form fast-growing cell suspen-
sion cultures and are regarded as the most suit-
able in vitro culture to synthesize flavonoids under 
photo-mixotrophic growth conditions compared 
to other bryophytes (Kaul et al., 1962 ). The present 
study was carried to establish in vitro axenic cul-
tures of M. polymorpha. from their spores followed 
by cell suspension cultures, isolation and fraction-
ation of flavonoids and optimization of flavonoid 
productivity.

2. MATERIALS AND METHODS

2.1. Plant material 

Fresh thallus of Marchantia polymorpha L. was 
collected from the Kallar river floor of Ponmudi 
Hills, Thiruvananthapuram, Kerala, India. Taxo-
nomic identity was confirmed by comparing with 
authenticated herbarium specimen at Department 
of Botany Herbaria, University of Calicut, Kerala. 
A voucher specimen of the plant was kept in the 
herbarium of the institute (Fig.1).

Fig 1: plant material Marchantia polymorpha L.

2.2. Establishment of axenic in vitro cultures

Fresh spores of M. polymorpha were collected from 
a single sporogon of a haploid thallus. Spore surfac-
es were sterilized with 10 % freshly prepared sodi-
um hypochlorite solution for 5 min, with 1-2 drops 
of Tween- 20 as a wetting agent in 200 ml distilled 
water for 5 and 10 min exposure time. And centri-
fuged, and stored in sterile H2O at 7°C. Spores ger-
minated within 3–4 weeks in Murashige and Skoog 
(MS). Further, diluted 1/5th MS medium (MS/5) 
was prepared using the corresponding equivalents. 
No growth regulators were used for germination of 
spores. The pH of medium was adjusted to 5.7 and 
sterilized by autoclaving at 120°C at 15 lb/in for 20 
min. Antibiotics, such as, 10 μl ampicillin (1000 U/
ml), 10 μl amphotecerin B (250 μg/ml) and 10 μl 
nystatine (1000 U/ml), were also supplemented.

2.3. Establishment of cell suspension culture

To establish suspension cultures, 2-14 g green fri-
able calli were aseptically transferred to MSK-2 
liquid medium supplemented with varying growth 
regulators on a rotary shaker at 110 rpm. In order 
to obtain suitable and homogenous growing cells, 
sub-culturing and sieving with 750 μm pore size 
were carried out every 12 days (Katoh et al., 1980). 
Inoculum size and light intensity were denoted as 
in the results. Productivity (in mg/l/day) was calcu-
lated as the final yield of flavonoid (mg/l) divided 
by the total culture period (in days). Culturing was 
terminated as soon as the glucose in the medium 
was exhausted. Culture experiments were carried 
out in triplicates. 

2.4. Measurement of cell growth

For cell growth measurement, cell suspension was 
poured into a graduated test tube attached to the 
culturing vessel. Ratio of cell volume to total vol-
ume was read after sedimentation, denoted as % 
settled cell volume (SCV). Cell dry weight was 
measured by suction-filtering of the cell suspension 
with a filter paper and lyophilizing for 24 h.

2.5. Measurement of glucose residue

Glucose concentration in the culture medium was 
monitored as a growth parameter using Sigma 
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diagnostic kit by conversion of glucose with per-
oxidase and glucose oxidase in the presence of o-
dianisidine to a brown pigment, which was then, 
converted into a pink dye (485 nm) by addition of 
2.5 ml 30 % H2SO4.

2.6. Effect of cell growth and flavonoid productiv-
ity 

In cell suspension culture, effect of carbon source, 
various growth regulators, light intensity, inocu-
lum size, cations and environmental stress on cell 
growth and flavonoid synthesis were evaluated. For 
highest cell growth and flavonoid production, me-
dium was supplemented with glucose, glucose/cin-
namate, phenylalanine, lactose, maltose, mannitol, 
glucose/coumarate, fructose, galactose and sucrose. 

For optimizing the flavonoid productivity, cations 
like Mg2+, Mn2+, Cu2+, Fe2+ and Ca2+ were supple-
mented to the medium, similarly the concentration 
of major and minor nutrients were altered. Effect of 
osmolarity (the concentrations of NaCl were 0, 0.1, 
0.2, 0.5 % and that of sucrose was 1, 2, 4 and 6%), 
and elicitors like Methyl jasmonate and 2-(2-fluoro-
6-nitrobenzylsulfanyl) pyridine-4-carbothioamide 
were also studied. The concentrations of flavonoid 
in the samples were calculated from the calibration 
plot and expressed as mg quercetin equivalent/g of 
sample.

2.7. Fractination of flavonoids by TLC

The oven-dried cells were extracted with 10 ml of 
60% aqueous methanol containing 20 mM sodium 
diethyldithiocarbamate (NaEDTC) as an antioxi-
dant. They were hormogenized with mortar and 
pestle before 2.5 ml 6 M HCl was added to each 
extract to give a 12.5 ml solution of 1.2 M HCl in 
50% aqueous methanol. The extracts were refluxed 
at 90°C for two h known as flavonoid extract. The 
methanolic extracts of M. polymorpha were evapo-
rated in vacuum and were subjected to purification 
by column chromatography. The highest flavonoid 
bearing fraction (1:3 ethyl acetate-methanol) was 
subjected to TLC. Samples and standards were ap-
plied on Aluminium plate pre-coated with Silica gel 
60 of 0.2 mm thickness. Samples and standards (5 
– 30 µl) were manually applied on TLC plates in a 
band-shape of 1 cm. 5% methanol in chloroform 

results the best solvent system for the separation of 
flavonoids. Running process was allowed to leave 
the mobile phase to reach the top of the plate (up to 
1.5 cm). The TLC plates were dried with blow-dryer 
and were treated with Natural Product Reagent (1% 
methanol diphenylboryloxy ethylamine)/Polyeth-
yleneglycol 4000 (5% ethanol polyethylene glycol 
4000). Flavonoids produced orange-yellow bands 
or spots and were identified in terms of number 
of spots and the length of elution (Rf) using UV 
254 and 366 nm by comparison with the standards 
such as apigenin, quercetin, rutin, kaempferol and 
luteolin (Calina et al., 2013). Relative front (Rf) = 
Distance travelled by the solute from the origin / 
Distance travelled by the solvent from the origin

2.8. Reverse Phase High Performance Liquid 
Chromatography (RP-HPLC) PAD analysis of fla-
vonoids

Ethyl acetate-methanol (1:3) eluted flavonoid ex-
tract was subjected to RP-HPLC PAD analysis. The 
chromatographic system (Waters Company) con-
sisted of Millennium 32 system software, Waters 717 
plus Autosampler, Model Waters Delta 600 pump, 
and Model Waters 2996 Photodiode Array Detec-
tor. Chromatographic separation was carried out by 
HIQ SIL C18 V reversed phase column (4.6 mm X 
250 mm) packed with 5 µm diameter particles, the 
mobile phase is methanol- acetonitrile- acetic acid- 
phosphoric acid – water (200:100:10:10:200, V/V). 
The mobile phase was filtered through a 0.45 µm 
membrane filter (Millipore), and then de-aerated 
ultrasonically prior to use. Flavonoids such as api-
genin (A), quercetin (Q), rutin (R), kaempferol (K) 
and luteolin (L) were quantified by a PAD following 
RP-HPLC separation at 254.5nm for Q, 345nm for 
L and A. The flow rate was 1ml/min, the injection 
volume was 25 µl and the column temperature was 
maintained at 300C. The chromatographic peaks 
of the analytes were confirmed by comparing their 
retention times and UV spectra with those of the 
reference standards. Quantification was carried out 
by integration of the peak using external standard 
method (Nessa et al., 2005).

2.9. Statistical analysis

Each data point was the mean of three replicates 
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obtained from 3-5 independent experiments. All 
experimental data were analyzed by an analysis of 
variance (ANOVA). After confirming the signifi-
cance of F values, the significance of the differences 
between the mean values was tested using ANOVA. 
Significant differences were considered at P< 0.01 
probability levels.

3. RESULTS AND DISCUSSION

3.1. Germination of spores and propagation of 
monoclonal strains

Germination of the spores started within 8 days of 
their culture in the different media, such as Knop, 
GB, Murashige Skoog and diluted MS/5 basal me-
dium supplemented with the antibiotics to sup-
press the growth of bacteria and fungi (Fig.2a). 
Similarly, propamidine, pentamisine were also 
found successful in suppression of algal contami-
nations. The initial sign of germination was the 
changing of brownish colouration of the spores to 
green. The highest mean percentage of germination 
was observed with MS/5 diluted basal medium. In 
Cryptomitrium himalayense spores were unable to 
germinate in MS and B-5 media with and without 
sucrose. But, germination and differentiation of the 
sporeling was seen only in half strength Knop’s me-
dium with macronutrients (Awasthi et al., 2010).

3.2. Optimization of culture media and conditions

The germ tube sprouted from the spores were rel-
atively short and faint green, from there the calli 
were differentiated with very few rhizoids within 
3 weeks.  The proliferation of callus was contin-
ued until the fourth week of culture, and then the 
frequency of callus induction and size of the cal-
lus were calculated.  Callus induced from the germ 
tube of M. polymorpha were dark green in colour 
(Fig. 2b & c). Profound effect was observed on the 
multiplication of calli in the MS/5 media contain-
ing growth regulators BAP and NAA at the concen-
tration of 2 mg/l and 0.5 mg/l respectively. Vujicic 
et al. (2012) reported secondary protonema in basal 
medium enriched with low concentration of both 
BA (0.01and 0.03 μM) and IBA (0.03 μM).

The successfully multiplied calli were transferred to 
differentiation media [MS/5 medium with different 

concentrations of NaH2PO4 (100 to 250 mg/l)] con-
taining growth regulators BAP (2 mg/l) and NAA 
(0.5 mg/l) (Table 1). After a period of 4 week of in-
cubation, axillary proliferations were initiated from 
the green mass of cells (Figs 2 d-f). The increase 
in axillary branching was observed up to 200 mg/l 
NaH2PO4. However, further increase in the concen-
tration of NaH2PO4 reduced the proliferation. This 
reflects that NaH2PO4 plays significant role in the 
differentiation process.

Fig 2 a, b, c, d, e & f: M. polymorpha spore culture 
a) Spore germination, b-d) Callus initiation and 
multiplication, e & f) Thallus differentiation and 

regeneration

3.3. Cell suspension culture

5 g of the friable callus was found optimal to form 
suspension in 12-14 days from inoculation time 
in the liquid medium. Low mass of the callus were 
taking more time i.e., cell growth requires certain 
initial density of cells however, at higher amount of 
callus, cell death was observed due to the collision 
of the callus clumps. The inoculum size had a posi-
tive effect on biomass and metabolite production 
to an optimum concentration. Agitation of the sus-
pension at lower rpm bring about lower level of cell 
dispersion, on the contrary at high rpm might have 
risk of cell collision, that is why rpm was kept at 
moderate speed i.e., 110 rpm. Continuous sub cul-
turing process substantially improves cell growth 
and biomass. Initial harvest of cell mass was low 
(Fig. 3 a & b). From 10thday subculture onwards, 
the cells started aggregating. Generally, aggregation 
in plant cell culture is desired because metabolite 
production is not always the function of a single 
cell, but involves different cells and hence cell ag-
gregation is a favourable property with respect to 
the production of secondary metabolites (Fu et al., 
2005).
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Knop GB MS medium MS/5
Frequency Mean Frequen-

cy
Mean Frequen-

cy
Mean Frequency Mean

(%) DW (%) DW (%) DW (%) DW
BAP

(mg/l)

NAA

(mg/l)
0 0 14 0.009 14 0.013 18 0.024 16 0.018
0.5 0.25 16 0.055 17 0.05 21 0.07 23 0.08

0.50 20 0.07 19 0.06 29 0.13 30 0.12
1.0 0.25 26 0.086 25 0.08 38 0.15 41 0.21

0.50 40 0.12 35 0.1 54 0.23 59 0.30
2.0 0.25 56 0.23 48 0.13 65 0.59 75 0.63

0.50 69 0.47 62 0.40 76 0.84 86 0.97
3.0 0.25 64 0.32 56 0.26 72 0.74 80 0.85

0.50 66 0.40 55 0.24 74 0.75 83 0.87
4.0 0.25 58 0.24 51 0.22 65 0.64 72 0.77

0.50 52 0.19 48 0.19 63 0.62 70 0.70
F ratio 
I

ID

1399.65**

12.756**

26.36

2.192

1411.39**

17.868**

28.28

1.112

1538.66**

19.1653**

16.41

2.260

1612.77**

39.1838**

30.49

4.560

CD(0.05) 
I

ID

0.2961

1.094

0.288

1.002

0.099

1.3241

0.981

1.298

0.144

1.397

0.914

1.856

0.187

1.467

0.988

2.05

Table 1: Frequency (%) and DW per unit FW (mg/g) of callus growth of M. polymorpha treated with 
different combi-nations of BAP and NAA

Fig 3 a & b: tereo microscopic photograph of cell aggregates in suspension culture of 

3.4. M. polymorpha: Time course of cell growth 
and flavonoid production in shake flasks

M. polymorpha suspension culture in the MSK-2 

medium showed typical time course of flavonoid 
synthesis i.e., a positive correlation was observed 
between flavonoid content and cell growth. Further, 
after 10 days of culturing, the cells in both the spe-
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cies entered the late exponential or early stationary 
phase and the flavonoid content reached its optimal 
level. In this experiment, 4% culture inoculum was 
used, and the maximum flavonoid content attained 
was 10 mg/l at 16th day of culturing.  The instan-
taneous productivity of flavonoid (mg/l/day) is not 
constant during the course of the culture. As indi-
cated in table 2, maximum productivity was seen 
during the exponential growth phase (day 12-16). 

For comparative analysis, the productivity data re-
ported in this study were the mean value based on 
the entire culture cycle and was statistically sig-
nificant (p< 0.01).  In all experiments, the culture 
was terminated as soon as glucose in the medium 
was exhausted. Babu et al. (2008) enhanced the fla-
vonoid productivity in cell suspension culture of 
Azadirachta indica through an extended stationary 
phase. 

Culturing time (days) Biomass (g) SCV (%) Flavonoid  (mg/L/day)
M.polymorpha M. polymorpha M. polymorpha

0 0 0 0
2 0.93 4 1.77 
4 2.89 5 1.93 
6 6.7 8 5.1 
8 9.88 10 6.6 

10 11.7 11 7.8 
12 11.8 12 8 
14 11.8 13 9.3 
16 11.8 13          10

F ratio I

ID

701.5513 **

16.4866**

685.3241 **

15.7938**

831.4123 **

16.7065**
CD(0.05) I

ID

0.282

1.127

0.294

1.156

0.387

1.284
Table 2:  Effect of cell growth and flavonoid productivity in cell suspension culture

** P< 0.01.

3.5. Effect of carbon source, phytohormones, light 
intensity, inoculum size, cations and environmen-
tal stress on cell growth and flavonoid synthesis

Culture temperature was a parameter which could 
regulate flavonoid synthesis. Suspension culture 
of Marchantia was unable to grow at temperatures 
≤ 37°C. The trials revealed that 25°C was optimal 
than 15°C on flavonoid production. However, the 
culture temperature affected growth rate, but not 
flavonoid yield. In addition, low temperature sig-
nificantly enhanced the culture time i.e. 7 days at 
25°C and 18 days at 15°C. According to these re-
sults, flavonoid productivity of M. poymorpha was 
calculated as 12.2 and 5.3 mg/l/day at 25°C respec-
tively. Therefore, 25°C was fixed to study all culture 
factors affecting flavonoid synthesis.

Carbon nutrient was known to affect culture pa-

rameters such as growth, primary metabolism and 
yield of phytochemicals. Generally, growth rate was 
considered as function of carbon content.  Highest 
cell mass and flavonoid production were obtained 
from medium supplemented with glucose followed 
by sucrose, fructose and galactose (Table 3) i.e., 
organic carbon source was vital for cell growth. 
However, high sugar concentration leads to an in-
crease in osmotic pressure that inhibits cell growth 
and thereby reducing flavonoid synthesis. Phenolic 
acids such as coumarate + glucose or cinnamate + 
glucose in the culture medium showed browning 
(i.e. loss of chlorophyll) and subsequent cell death, 
suggesting that the cells were unable to carry out 
conversion of phenolic acids into flavonoids. When 
mannitol was supplemented to the glucose con-
taining medium, cell growth (retained green) was 
retarded, subsequently, the flavonoid content. The 
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combined effect of the variables had a strong effect 
on the yield, R2 = 0.098 and was statistically signifi-
cant (p< 0.01).

The growth of chlorophyll-containing cells in me-
dia supplemented with different amount of glucose 
was compared (Table 4). Cells cultured in medium 
without supplement of glucose retained their vi-
ability (appeared green) but showed poor prolifera-
tion. Biomass and flavonoid synthesis peaked at the 
glucose concentration of 2-3%. Further increase of 
glucose concentration resulted in the reduction of 
flavonoid content remarkably than their biomass.  
The strengths of the medium and concentrations of 
glucose played crucial roles in the growth rate and 
the data was significant (p< 0.01). 

Medium supplemented with phytohormones sin-
gly or with different combinations were analyzed. 
Initially cells were optimized in the medium con-
taining the standard phytohormones before growth 
and productivity measurements were attempted 
(Table 5). Interestingly, no correlation was noticed 
between flavonoid productivity and biomass. High-
est flavonoid productivity was obtained in cultures 
with 2,4-D (i.e., 11.3 mg/l/day), followed by 2,4-D 
+ BAP (9.8 mg/l/day), suggesting the role of 2, 4-D 
as the ideal hormone for cultures studies. The data 
was statistically significant at p< 0.001 and R2 value 
was 0.097.

Marchantia cells were able to grow in the dark as 
well in light, with glucose as the carbon source (Su 
and Chiou, 1998). No significant changes were not-
ed under different light intensities related to growth 
rate and biomass yield. However, intracellular fla-
vonoid attained maximal level at the photon flux 
density around 20 µmol/m2/s (i.e., 11.6 mg/l/day), 
which was significant than that at 3 µmol/m2/s (i.e. 
6.9 mg/l/day). The change in flavonoid yield was 
mainly due to the induction of secondary meta-
bolic pathway rather than changes of biomass yield 
(Table 6).

Inoculum size (%) showed correlation with fla-
vonoid yield and biomass production within the 
short culture period (Table 7) i.e., positive correla-
tion was noticed with inoculum size with biomass 
and flavonoid productivity up to 12% followed by 

a decrease. Inoculum size affected productivity by 
shortening the lag phase, thus increasing culture ef-
ficiency.  Tan et al. (2013) reported the synergism 
between inoculums size and flavonoid production 
in Centella asiatica.

Addition of cations such as Mg2+, Mn2+, Cu2+and 
Ca2+ to the regular culture medium as sulphate salts 
showed no marked changes in biomass production. 
In spite, the productivity of flavonoid increased with 
Fe2+ (i.e., 10.6 mg/l/day) (Table 8). Flavonoids act as 
free radical scavengers against oxygen radicals and 
also chelaters against Cu2+ (Park et al., 1991). But 
in runner bean plants, particularly in young stage 
Cd2+ and Cu2+ stress induced flavonoid productiv-
ity (Skorzynska-Polit et al., 2004)

Similarly, no remarkable change in flavonoid con-
tent was noticed with the concentration of essential 
nutrients in the medium. Environmental stresses 
such as osmotic stress, resulting from addition of 
NaCl or sucrose decreased the flavonoid pro-duc-
tivity (Table 9). Growth inhibition was noted with 
NaCl (0.2 - 0.5%) and sucrose concentration (4 and 
6%).  Stoynova-Bakalova et al. (2009) revealed that 
environmental stress significantly regulate the syn-
thesis of polyphenols. Variation in metabolites can 
be linked to ontogenetic transformation of plant 
metabolism. 

Methyl jasmonate and 2- (2-fluoro-6-nitrobenzyl-
sulfanyl) pyridine-4-carbothioamide, which have 
been commonly used as elicitors in accelerating 
secondary metabolite production, were also ex-
amined. Both these elicitors induced intracellular 
flavonoid level (Table 10). Methyl jasmonate stimu-
lated cotyledon growth coupled with kaempferol, 
rhamnoside content, but reduced rutin level in Cu-
curbita pepo (Stoynova-Bakalova et al., 2009). Syn-
thetic elicitor, 2- (2-fluoro-6-nitrobenzylsulfanyl) 
pyridine-4-carbothioamide, showed the best elici-
tation effect after 48 h application of 1 μmol/l con-
centration and the data was statistically significant 
at p< 0.001. The present results were comparable 
with that of suspension culture of Trifolium pre-
tense (Kasparov et al., 2012). Mendhulkar and Ali 
Vakil (2013) enhanced flavonoid synthesis by sali-
cylic acid and Penicillium expansum in Androgra-
phis paniculata. Ying et al. (2007) also reported the 
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influences of precursors on flavonoids synthesis in 
suspension cultures of Glycyrrhiza inflate.

Previous in vitro culture studies has showed no cal-
lus growth in dark, even in the presence of organic 
carbon (Katoh, 1980; Ohta et al., 1977). Interesting-
ly, in the present study, cells were found capable of 
growing under low light at a rate comparable with 
high light intensity. Apparently, although cultured 
M. polymorpha cells contain chlorophyll, their 
photosynthetic capacity was low.

Yusuf et al. (2013) analyzed the effects of initial 
inoculation volume, temperature and speed of agi-
tation on cell growth, total and selected flavonoid 
content in suspension cultures of Boesenbergia ro-
tunda and the results were different from the pres-
ent study. Bharati and Bansal (2014) reviewed in 
vitro culture of flavonoids in many vascular plants, 
but not in lower plants. 

In the present study, flavonoid productivity was al-
most at par with biomass density during the culture 
period. The relationship between flavonoid and 
biomass suggest that flavonoid production was-
regulated by cell growth. In this juncture, it may be 
desirable to use high-density culture as an alterna-
tive strategy to enhance flavonoid productivity. To 
achieve high biomass density, fed batch culture or 
perfusion culture with constant cell harvesting may 
lead to further improvement of flavonoid produc-
tion viacell suspension culture (Su, 1995).

Shinmen et al. (1991) reported that Marchantia was 
able to grow photo autotrophically in 1% CO2 en-
riched atmosphere. However, higher growth rate 
and flavonoid productivity can be obtained in pho-
tomixotrophic growth, than in photoautotrophic 
growth. In addition, under optimal culture condi-
tions with sufficient illumination (20 µmol/m2/s) 
and proper inoculum size (8 -12 %), productivity 
of photomixotrophic culture in the present study 
was higher. The productivity in shake flask culture 
could be further improved for flavonoid in Fe2+ 
enriched culture. The present results suggests the 
possibility of flavonoid production with Marchan-
tia using shake flask culture without CO2 enrich-

ment i.e., cells, can utilize an organic carbon source 
as their energy supplement to produce flavonoid. 
Similarly, the effect of elicitors on secondary me-
tabolism may provide additional insight into the 
physiological significance of the induction of pro-
teins and activation of gene expression related with 
flavonoid biosynthetic pathway. Further studies are 
warranted to link the genome with flavonoid syn-
thesis.

Table 3: Effect of carbon source on productivity of 
biomass and flavonoid content

Carbon 
source (2% 
W/V)

Productivity (mg/l/day)

Biomass Flavonoid
M. polymor-
pha

M. polymorpha

Galactose 498 6.8

Fructose 567.7 8.2

Glucose 787 10

Glucose cinna-
mate*

- -

Phenyl alanie 312 2

Lactose 16 0.23

Maltose 231 0.56

Mannitol 5.7 0.12

Glucose
coumarate*

- -

Sucrose 654 4.7
F ratio I

ID

7784.82 **

21.8578**

5151.269 **

31.007**
CD(0.05) I

ID

0.291

3.949

0.879

3.394
Cells are found dead on 3rd day.  ** P< 0.01.

Table 4: Effect of glucose concentration on pro-
ductivity of biomass and flavonoid productivity
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Glu-
cose 
con-
centra-
tion 
(% 
W/V)

Productivity (mg/l/day)
Biomass Flavonoid
M. polymorpha M. polymorpha

0 54 0.3 
1 688 5.3 
2 938 7.7 
3 1100 10 
4 988 6.9 
5 876 4.7 

F ratio I

ID

8029.75**

41.8577**

4969.75**

27.8539**
CD(0.05) I

ID

0.465

2.969

0.712

2.667
 ** P< 0.01.

Table 5:  Effect of growth regulators on productiv-
ity of biomass and flavonoid content

Growth regulators Productivity (mg/l/day)
Biomass Flavonoid
M. polymorpha M. polymorpha

Control 567 1.8
BAP (1mg/l ) 312 2.93
Kin (0.5 mg/l) 457 3.5

2-4,D (0.5 mg/l) 967 11.3
2-4,D (0.5 mg/l) + 

BAP (1 mg/l)
989 9.8

2-4,D (0.5 mg/l) 
+Kin (0.5 mgl)

421 3

NAA (0.5 mg/l) 601 4.6
NAA (0.5 mg/l) + 

BAP (1 mg/l)
1180 5

NAA (0.5 mg/l) + 
Kin (0.5 mg/l)

980 6.9

F ratio I

ID

8165.69**

28.4969**

4655.66**

18.9655**
CD(0.05) I

ID

0.088

2.465

0.778

2.989
** P< 0.01.

Table 6: Effect of photodensity on productivity of biomass and flavonoid content

Productiv-
ity (mg/l/
day)

Photon flux density (µmol/m2/s)
M. polymorpha

3 20 32 3 9 20 32
Biomass 1010 951 950 923 778 757 750
Flavonoid 7.5 12 10.4 6.9 8.8 11.6 10.7
F ratio I

ID

7892.58**

31.2956**
CD(0.05) I

ID

0.425

3.089
** P< 0.01.
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Table 7: Effect of inoculum size on productivity of 
biomass and flavonoid content

Inocu-
lums 
(%)

Productivity (mg/l/day)
Biomass Flavonoid
M. polymorpha M. polymorpha

2 378 2.88
4 745 3.67
8 812 6
6 920 8.2
8 934 8.9

10 940 9
12 952 10.2
14 966 10.4

F ratio I

ID

5128.65**

18.6578**

3569.68**

12.9566**
CD(0.05) I

ID

0.667

3.676

0.088

2.425
** P< 0.01.

Table 8: Effect of cations on productivity of bio-
mass and flavonoid content

Cations 
(0.01mM)

Productivity (mg/l/day)
Biomass Flavonoid
M. polymorpha M. polymorpha

Control 987 1.4 
Mg2+ 872 4
Mn2+ 765 5.9
Cu 2+ 879 6.5
Fe 2+ 912 10.6 
Ca2+ 888 7.3

F ratio I

ID

9128.67**

12.6925**

3679.88**

11.0526**
CD (0.05) I

ID

0.765

3.061

0.126

2.676
** P< 0.01.

Table 9: Effect of osmolarity on productivity of 
biomass and flavonoid content

Os-
mo-
larity

Productivity (mg/l/day)
Biomass Flavonoid
M. polymorpha M. polymor-

pha
NaCl (%)

0 467 1.89
0.1 540 5
0.2 312 1.44
0.5 178 0.89

Sucrose 
(%)

1 861 6.7
2 609 9.8
4 367 3.1
6 201 0.7

F ratio I

ID

4698.69**

19.8534**

2965.98**

17.8816**
CD(0.05) I

ID

0.070

3.688

0.085

2.726
** P< 0.01.

Table 10: Effect of methyl jasmonate and 2-(2-flu-
oro-6-nitrobenzylsulfanyl) pyridine-4-carbothio-
amide on productivity of biomass and flavonoid 

content

Elicitors Productivity (mg/l/day)

Biomass Flavonoid

M. polymorpha M. polymorpha

Methyl jas-
monate
Control 478 6.7
100 µM 546 13.5
200 µM 310 15.4

F ratio I

ID

4963.65**
16.811**

387.68**
11.866**

CD(0.05)I

ID

0.965
1.722

0.108
1.247
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2-(2-fluoro-
6-Nitroben-
zylsulfanyl) 
pyridine-
4-carbo-

thioamide
0 900 3

1 μmol/l 1023 11
10 μmol/l 1100 13

F ratio 7669.66**

18.112**

1988.69**

13.653**
CD(0.05) I

ID

0.569

4.065

0.081

1.989
** P< 0.01.

3.4. Identification of bioactive flavonoids from the 
cell suspension culture of Marchantia polymorpha

Many prominent orange yellow bands in the thin 
layer chromatograms were noticed with the ex-
tracts of M. polymorpha.  The Rf values for the 
identified compounds in the extracts were 0.53 
(apigenin), 0.91(quercetin), 0.32 (rutin), 0.72 
(Kaempferol) and 0.44 (luteolin) and also certain 
unknown compounds (Fig.4). Calina et al. (2013) 
also noticed ruthoside and hyperoside from the 
methanolic extracts of flowers from Robinia pseu-
doacacia.  Shobha et al. (2013) reported thin layer 
chromatogram of Pimpinella anisum with apigenin 
and luteolin, being more predominant among the 
many polyphenolic compounds.

Fig 4: TLC chromatogram of flavanoids extracted 
from cell culture of  M. polymorpha 

1) Marker, 2) M. polymorpha 

3.5. Quantification of total flavonoids by Reverse 
Phase High Performance Liquid Chromatography 
(RP-HPLC) PAD

Extraction of flavonoids with 80% ethanol under 
the frequency of 100 kHz, at  250C, the liquid-sol-
id ratio of 10 ml/g with 15 min duration repeated 
thrice give the highest flavonoid yield (Fig. 5). Good 
results were obtained with respect to repeatability, 
relative standard deviation (RSD) and recovery 
(97.27 - 99.68%). The major flavonoids identified 
and quantified in M. polymorpha, were quercetin 
(367µg/g), luteolin (432 µg/g), apigenin (398 µg/g), 

rutin (129 µg/g) and kaempferol (107 µg/g).

Fig 5: HPLC - PAD Chromatogram of fla-
vonoids of M. polymorpha cell cultures

4. CONCLUSION 

The present results suggest the possibility of fla-
vonoid production with M. polymorpha using 
shake flask culture without CO2 enrichment, which 
meant cells, can utilize an organic carbon source 
as their energy supplement to produce flavonoid. 
The results of the present investigation of the effect 
of elicitors on secondary metabolism may provide 
greater insight into the physiological significance 
of the induction of new proteins and activation of 
gene expression. Further studies are warranted to 
link the genome with flavonoid synthesis
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ABSTRACT

Biodiversity represents one of the fundamental domains of natural science and endowed with crucial importance 
in every aspects of biological science. Conventional ways of assessment of biodiversity comprise classical tax-
onomy based on phenotypic characteristics for species identification and basic ecological studies for assessing dis-
tribution and population assessment. Technological developments in the understanding of living organisms using 
molecular tools emerged during the last couple of decades have revolutionized every domain of biological science 
including biodiversity studies.  Current trends in biodiversity assessment involves employment of molecular tools 
like DNA hybridization, DNA sequencing, DNA fingerprinting, chromosome banding, protein sequencing and 
molecular markers. Phylogenetics and geographical distribution constitute other important parameters involved in 
biodiversity assessment.  Above techniques can be employed for analysing the evolutionary track and migratory 
paths followed by different species among bio geographical realms. As these techniques are capable of providing 
highly accurate and precise evidence on species identity, phylogenetic history, population interactions and geo-
graphical distribution trends, they provide value addition to biodiversity assessment.  The paper intends to discuss 
few case studies on applications of molecular techniques in biodiversity studies, advantages of this approach and 
novel strategies in biodiversity studies where modern bio techniques can be employed. 

Key words: Biomarkers, allozymes, DNA barcoding, microsatellites, mitochondria

1. INTRODUCTION

Biodiversity refers to the species composition, 
community interactions, and population densities 
of all species and ecosystem services of individual 
niche in a given ecosystem. Biodiversity plays a 
crucial role in determining the equilibrium, stabil-
ity and success of any given ecosystem. Therefore, 
assessment of biodiversity acts as a key element in 
ecological studies and environmental assessment. 
Biodiversity can be perceived at different dimen-
sions like organismal, genetic and ecological lev-
els and can be relevant in evaluating both natural 
and manmade ecosystems (Braunn and Amman, 
ELOSS, Ch 17). ‘Species richness’ (No. of species 
in a given habitat), population genetics (genetic 
variation within population) and ecosystem diver-
sity (variations in physico-chmeical and biologi-
cal parameters prevailing in different habitats of 
a given ecosystem) are three hierarchical levels of 
assessment of biodiversity (Braunn and Amman, 
ELOSS, Ch; Chenuli, 2006). Conventional studies 

on biodiversity largely rely on classification of or-
ganisms on morphological characters, which leads 
to ambiguity in many cases. The recent advances 
in biological sciences in general and the molecular 
biology in particular have found their applications 
in various domains of biological research including 
biodiversity. Present paper attempts to analyse the 
applications of modern molecular and analytical 
techniques in biodiversity assessment.

Assessment of Biodiversity through Biotechnology

Biodiversity is vast and complex phenomenon and 
demands multiple approaches for its assessment. 
However, taxonomy happens to be the key com-
ponent in biodiversity studies. The approaches and 
parameters employed for taxonomic studies have 
upgraded during recent years with inclusion of bio-
technology derived approaches, apart from clas-
sical morphological characteristics. Table 1 sum-
marises the important biotechnological approaches 
being used in biodiversity research. 
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Table 1: Molecular Technique based strategies for Biodiversity Analysis

Sl 
No.

Research 
Approach

Techniques 
employed Applications References

1
Allozyme /
Isozyme 
analysis

Protein 
electrophoresis/
microarray

Population 
genetics; 
speciation; 
species diversity 
assessment

Harley,  2009; Vicente and 
Fulton, 2003

2 Amino acid 
sequencing

Edman 
degradation

Phylogenetic 
analysis Singh, 2012

3 Comparative 
genomics

DNA/DNA 
hybridization

Phylogenetic 
analysis Harley,  2009

4 Comparative 
genomics

Restriction 
Fragment 
Length 
Polymorphism

Genetic 
variations; 
population 
genetics

Harley,  2009

5 DNA barcoding

PCR, DNA 
Electrophoresis 
and DNA 
sequencing

Alpha taxonomy

Hebort and Gregory, 2005

Cold Spring Harbor 
Lab. DNA Learning 
Center. http://www.
dnabarcoding101.org/
files/using-dna-barcodes.
pdf

6 Mitochondrial 
rRNA analysis

DNA 
Isolation, PCR 
amplification, 
rRNA sequence 
matching

Genetic 
variations; 
population 
genetics

Arif and Khan, 2009; Arif 
et al., 2011

7

SSCP (single 
strand 
conformation 
polymorphism) 
analysis

DNA 
Isolation; PCR 
amplification; 
electrophoresis

Mutational 
analysis Joshi  et al., 1999

1.1. Application of Biomarkers for Biodiversity 
analysis

The concept of molecular taxonomy has emerged 
as a frontrunner in the plant and animal taxonomy 
during recent years. This approach has helped 
in resolving the ambiguity in the classification of 
several plant taxa  and tracing the lineage of many 
plant groups (Table 2). 

1.2. Bioinformatics tools used in Biodiversity 
studies.

Bioinformatics is an interdisciplinary domain of 
biological sciences emerged during recent years 
through the integration of biology and information 
science. Bioinformatics has contributed enormous-
ly to various domains of biological research and 
accelerated them to a great extent.  Accordingly, 
biodiversity research also employs bioinformatics 
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Table 2: Biomarkers used in biodiversity analysis.

Sl 
No.

Biomarkers Organisms Taxa classified References

1 COI (Mt cytochrome 
oxidase I)

Ants, Fishes, 
Rodents

Family/Genus/Species Weigt et al., 
2012; Handy 
et al., 2011; 
Nicolas et al., 
2012; Fisher & 
Smith , 2008

2 OprI (outer 
membrane 
lipoprotein I )

OprL(Peptidoglycan-
associated 
lipoprotein)

Bacteria 
(Pseudomonas)

Species Mathjis et al., 
2013

3 α globin Vertebrates Phyla/Order/Families Singh, 2012

4 Allozymes Plants/Animals

5 Mt 12S rRNA Tortoise; Chinese 
Antelope 

Species/Sub species Van der Kuyl et 
al., 2005; Lei et 
al., 2003.

6 Mt 16S rRNA Skates; Mekong 
giant catfish; 
Chinese Antelope

Genus/Species Turan, 2008; 
Douady et 
al., 2003; 
NaNakorn et 
al., 2006; Lei et 
al., 2003.

7 Mt- CR (D–loop) Sunbear; Chinese 
water deer

Population genetics Onuma et al., 
2006;  Hu et 
al.,2006

8 Cytb (cytochrome b) Rodents; Gorals Species Nicolas et al., 
2012; Min et 
al., 2004

9 Minisatellites Birds Species Faria and 
Miyaki, 2006

10 Microsatellites Birds; Alligators Species/Populations Faria and 
Miyaki, 2006; 
Ryberg et 
al.,2002

11 ISSR (Inter Simple 
Sequence Repeats)

Birds Species Faria and 
Miyaki, 2006
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12 ITS (Internal 
Transcribed spacers)

Phytoplankton; 
plants

Species Medlin et al., 
2002; Brinegar, 
2009

13 18S rDNA Phytoplankton Species Wojciechowska

14 RFLP Plants Cultivars Joshi et al., 
1999

15 AFLP Snake; Sand tiger 
shark; Great white 
shark

Species/Population 
genetics

Giannasi 
et al.,2001;  
Zenger et al., 
2006

16 RAPD Iberian imperial 
eagle; fresh water 
crayfish; Pacific 
white shrimp

Population genetics Padilla et al.,  
2000; Gouin et 
al., 2001; Freitas 
et al., 2007

17 SINEs (Short 
Interspersed 
Elements)

Primates Population genetics; 
evolution

Joshi et al., 
1999;  Kriegs et 
al., 2007

tools for analysis and interpretation of population 
genetics, variation and evolutionary phenomena in 
nature. Some of the important bioinformatics tools 
made use in biodiversity research are listed in Table 

3. This is not an extensive list as there are plenty of 
tools available. Some of the tools used in research 
papers cited in the current article are only included 
in the table.

Table 3: Bioinformatics tools used in biodiversity research

Sl. 
No

Program/Tool Description Applications References

1 CLUSTALX Multiple sequence 
alignment program

Hapltype analysis Thomson et al., 
1997; Turan, 2008

2 BioEdit Biological sequence 
editor and  alignment 
program

Hapltype analysis Hall, 1999; Turan, 
2008

3 MEGA3 Software for 
molecular 
evolutionary 
genetics analysis and 
sequence alignment

Nucleotide sequence analysis 
and pairwise NT variation 
analysis; Neighbour joining; 
Maximum Parsimony and 
Minimum Evolution  analysis 

Kumar et al., 2004; 
Turan, 2008

4 Modeltest Testing software for 
the model of
DNA substitution. 

Determination of Bestfit 
model for DNA evolution 
analysis

Posada and 
Crandall, 1998;  
Turan, 2008

5 TaxI Program for 
distance divergence 
calculation between 
query sequences 

Determination of distance 
divergence between query 
sequences

www.ibarcode.org; 
Steinke et al., 2005
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6 BLAST Basic Local 
Alignment Search 
Tool

DA sequence analysis and 
search in sequence datab

Medlin et al., 2002

7 TREECON Program for 
Neighbour Joining

Evolutionary analysis Medlin et al., 2002

1.3. New Trends in Biotechnology and their 
Impact on Biodiversity Research

The advances made in the technology platforms of 
biological sciences and their integration with com-
putational techniques have revolutionized every 
domain of biological research including biodiver-
sity. Biodiversity dominates tracking, monitoring 
and conservation of genetic resources worldwide.  
Genetic resources are used by industries, academic 
institutions and environmental organizations for 
different objectives like development of commer-
cial products, invention of new processes, evolving 
innovative methods for dealing with global chal-
lenges like energy crisis and environmental pollu-
tion as well as planning for conservation strategies 
of endangered species/habitats. Some of the key 
modern technologies which play crucial role in 
genetic resource and biodiversity research include 
DNA sequencing, molecular marker analysis and 
bioprospecting. Rate of genomic discoveries and 
analysis of genetic resources have increased expo-
nentially due to the innovations in high through-
put DNA sequencing, high performance comput-
ing and bioinformatics tools. The Next Generation 
sequencing, DNA microchip platform have con-
tributed towards improvement of the quality of re-
search output, cost reduction and better integration 
with advance bioinformatics tools (Chan, 2005; 
Schuster, 2008). These combinations of techniques 
have revolutionized the genetic research and bio-
diversity research by facilitating accuracy, accelera-
tion and reduction in cost. 

2. CONCLUSION

Biodiversity assessment acts as a crucial strategy 
in understanding and interpreting global chal-
lenges like climate change and evolving conserva-
tion plans for endangered species. Modern and ad-
vanced techniques of biological sciences and their  

integration with computational  methods have 
transformed this domain into fast track, efficient, 
accurate  and cost effective.
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ABSTRACT

Little leaf of brinjal causes considerable damage to brinjal crop production and the disease incidence 
is increasing alarmingly. A field survey was undertaken in Brinjal growing areas of Karnataka during 
2012-2014 and a total of six diseased samples were collected representing major brinjal growing regions 
of Karnataka. Phytoplasamal genomic DNA was isolated by GenEluteTM Plant Genomic DNA Miniprep 
Kit and 16SrRNA gene of Phytoplasma was amplified using P1/P7 universal primers and further, PCR 
products were subjected for nested PCR using R16F2n/R16R2 Phytoplasma specific primers. Nested 
PCR products were separated on 1.5% agarose gel and ~1.35kb amplicons were obtained. All the nest-
ed PCR products were purified and subjected to direct sequencing in both the directions by Sanger’s 
method. Sequences were aligned and subjected to n-BLAST and iPhyClassifier for identification.Virtual 
RFLP pattern were obtained and compared for 16Sr group assignment. Sequences were further subject-
ed for Phylogenetic anal ysis and a tree was constructed using Neighbour-Joining (NJ) method rooted 
with Acholeplasma laidlawii. Samples analysed in the present study showed maximum similarity with 
‘Candidatus Phytoplasma trifolii’ (16SrVI Phytoplasma group). Sequence analysis showed differences 
among themselves at molecular level depicting genetic diversity. 

Key words: Little leaf of brinjal (llb), phytoplasma, genetic diversity, south india

1. INTRODUCTION

The discovery of association of Phytoplasma in 
plants, led to the establishment of their presence 
with numerous other yellow’s type diseases in 
many economically important crop plants. They 
are wall less bacteria surrounded by a single mem-
brane (Doi et al., 1967; Kube et al., 2012). These 
are spherical, pleomorphic and non-helical organ-
isms with sizes similar to those of mycoplasmas 
(80–800nm). Their genomes have low G+C con-
tent. These are placed as the members of the class 
Mollicutes based on the sequence analysis of 16S 
rRNA and other housekeeping genes. As they can-
not be cultured in cell free media, their identifica-
tion is mainly based on symptoms and molecular 
methods (Duduk, and Bertaccini, 2011; Oshima et 
al., 2013; Bertaccini et al., 2014). There are two 
systems for classification of Phytoplasma associ-
ated with crop plants. Phytoplasmas are classified 
into groups and subgroups based on the RFLP pat-

tern of 16SrRNA sequences and in the other system 
Phytoplasma are classified into ‘Candidatus Phyto-
plasma’ species, based on the nucleotide sequence 
similarity with that of 16SrRNA gene (Lee et al., 
1998; IRPCM, 2004; Firrao et al., 2005).

The brinjal (Solanum melongena L.) is an impor-
tant vegetable crop grown all over the world (Jaya-
balan and Rao, 1983). Brinjal is grown on nearly 
550,000 hectares in India, making the country as 
second largest producer with 26% world produc-
tion share. It is an important cash crop for more 
than 1.4 million small, marginal and resource-poor 
farmers. Many varieties of brinjal are reported to 
be associated with many different types of diseas-
es from various parts of the country. Little leaf of 
brinjal (LLB) causes considerable economic loss to 
brinjal production in the country. The typical little 
leaf symptoms include severe stunting, shortening 
of internodes, uncontrolled shoot proliferation, leaf 
size reduction and phyllody of flowers. In India, 
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incidence of Phytoplasma associated with little 
leaf of brinjal has increased over period of years. 
Identification and characterization of Phytoplasma 
associated with little leaf of brinjal has been re-
ported earlier from Northern India (Azadvar and 
Baranwal, 2012; Kumar et al., 2012). Though, lit-
tle leaf of Brinjal is reported from various parts of 
the country, no report is available on characteriza-
tion of Phytoplasma associated with little leaf of 
Brinjal from Karnataka. In view of this, extensive 
field survey was undertaken on different districts of 
Karnataka for sample collection. Molecular iden-
tification and characterization of Phytoplasma as-
sociated with little leaf of Brinjal from Karnataka 
was done and genetic diversity was assessed.

2. MATERIALS AND METHODS

2.1. Survey and collection of little leaf of brinjal 
samples

Field survey was conducted in different major 
brinjal growing districts of Karnataka during 2012-
2014 (Fig. 1). The diseased samples representing 
each study location (Mysore-LLB1, Mandya-
LLB2, Chamarajanagar-LLB3, Pandavapura-
LLB4, Dharwad-LLB5 and Gundlupet-LLB6) 
were collected and used for molecular detection 
and further identification.

Fig 1: Map of Karnataka showing places of little 
leaf of Brinjal (LLB) sample collection.

2.2. Isolation of Genomic DNA and PCR amplifi-
cation

Genomic DNA was extracted from 100mg of fresh 
leaf samples in liquid nitrogen using GenElute 
Plant Genomic DNA Miniprep Kit (Sigma-Al-
drich, USA) following the manufacturer’s instruc-
tions with little modification and used directly for 
PCR. Phytoplasma specific 16Sr RNA gene was 
amplified by using universal P1/P7 primers and 
followed by nested PCR using Phytoplasma spe-
cific R16F2n/R16R2 primers (Gundersen and Lee, 
1996) respectively. The PCR reaction mixture of 
25µl contained 1µl of DNA sample, 1µl each of 
forward and reverse primers (10pmol), 12.5µl 2X 
ReadymixTaq reagent and 9.5µl of milli-Q wa-
ter. Amplification was performed using Advanced 
Primus 25 Thermocycler (Peqlab, Germany). The 
PCR conditions include initial denaturation at 
94˚C for 3min., denaturation at 94˚C for 1min., an-
nealing at 50˚C for 1min. and extension at 72˚C 
2min., followed by final extension at 72˚C for 
10min. The first PCR products were diluted 1:25 
with nuclease free water and 1 µl of diluted PCR 
product was used for nested PCR employing the 
same PCR conditions. DNA samples from healthy 
brinjal and Phytoplasma affected Periwinkle were 
used as negative and positive control respectively. 
The nested PCR products were separated on 1.5% 
agarose gel stained with 1% ethidium bromide and 
documented using gel documentation system.

2.3. Sequencing of nested PCR products and Phy-
logenetic analysis

Amplicons of desired length 1,350bp were eluted 
from the agarose gel, purified and subjected to se-
quencing using Sanger’s sequencing in both the 
directions. Forward and reverse sequence was 
then assembled using CodonCode ver.5.0 aligner. 
Aligned consensus sequences were subjected to 
BLAST search in NCBI database , iPhyClassifier 
and virtual RFLP analysis for their identity estab-
lishment (Zhao et al., 2013). Reference sequences 
retrieved from the GenBank and the sequences 
generated in the present study were aligned us-
ing ClustalW with default parameters. ClustalW 
aligned sequences were analysed and phylogenetic 
tree was constructed using MEGA ver. 5.0 software 
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with 1000 bootstrap replications using Neighbour-
Joining Method. Acholeoplasma ladlawii was 
used as outgroup to root the tree (Tamura et al., 
2007). To record the differences among the sam-
ples collected from the present study, sequences 
were aligned for multiple sequence alignment us-
ing DS-GENE software. Sequences were analysed 
and variations at single nucleotide positions were 
documented. 

3. RESULTS AND DISCUSSION

In all the study areas, little leaf samples were col-
lected and the incidence recorded from 2012-14 
are 15-23% in Mysore District, 18-25% in Mandya 
(Mandya and Pandavapura), 10-14% in Chamara-
janagar (includes Gundlupet) and 12-18% in Dhar-
wad district regions. The symptoms associated with 
brinjal plants included shortening of internodes, 
reduced vegetative growth bushy appearance of 
whole plant. Leaves were yellow in colour and size 
of the lamina was reduced (Fig. 2). Usually, the 
symptoms appeared during flowering and fruiting 
stages. During early stage of development, symp-
toms were not prominent. Phytoplasma infected 
plants produced sterile flowers and no fruits setting 
was recorded. Floral structures appeared greenish 
and resulted in phyllody. Association of Phyto-
plasma with the little leaf of Brinjal samples was 
confirmed based on the symptoms and by PCR. P1/
P7 primed amplicons were about 1.8kb in size and 
all the six samples of little leaf of Brinjal yielded 
the expected ~1350bp nested PCR products except 
healthy brinjal samples which was  used as nega-
tive control (Fig.3).

The nBLAST and iPhyClassifier analysis revealed 
that, all the sequences showed maximum simi-
larity (varying percentages from 94 to 100) with 
reference strain AY390261.1 (16SrVI-A) and 
X83431(16SrVI-D) of ‘Candidatus Phytoplasma 
trifolii’ group (16SrVI Phytoplasma group). Phylo-
genetic tree constructed for the samples used in this 
study along with the reference strains of 16SrVI 
subgroups (retrieved from GenBank database) us-
ing N-J method showed all the Phytoplasma strains 

from the present study supported genetic analysis 
and clustered with members of 16Sr VI group and 
were found to be  closely related to reference strain 
X83431(16SrVI-D) (Fig. 4). Based on the study of 
16SrRNA gene sequence, all the six strains under 
this study were found to be related to ‘Candidatus 
Phytoplasma trifolii’ (16SrVI Phytoplasma group).

In India, two groups of Phytoplasma 16SrVl-D and 
16SrI were found to be associated with Brinjal from 
New Delhi and Bihar (Northern India) respectively 
(Azadavar et al., 2012 and Kumar et al., 2012). The 
present study revealed that Phytoplasma collected 
from different regions of Karnataka belonged to 
16SrVI group. Further study like RFLP and multi-
locus gene analysis could help better sub grouping 
of closely related strains under this study. Identifi-
cation and characterization of Phytoplasma associ-
ated with the disease is very important as it helps in 
understanding disease epidemiology and manage-
ment of little leaf of Brinjal.

Fig 2: Symptoms observed from study regions for Little 
leaf of brinjal in Karnataka: Little leaf of Brinjal (LLB) 
collected from A) Dharwad, B) Mandya, C) Mysore, 

D) Chamarajanagar, E) Gundlupet and F) Pandavapura 
showing stunted growth of the plants and small leaves.
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Fig 3: Agarose gel (1.5%) showing the presence of 
~1350 bp length PCR products indicating the pres-
ence of little leaf Phytoplasma in diseased samples 
used for the experiment. M: Marker (100bp), Lane 
1-LB1: Little leaf of brinjal,Lane 2- LH1: Brinjal 
Healthy, Lane 3- LB2: Little leaf of brinjal ,Lane 
4- LB3: Little leaf of brinjal, Lane 5- LH2: Brinjal 
Healthy Brinjal, Lane 6- LH3: Brinjal Healthy , Lane 
7- LB4: Little leaf of brinjal, Lane 8- LB5: Little leaf 
of brinjal, Lane 9- LB6: Little leaf of brinjal.

Fig 4: Phylogenetic tree constructed using samples 
LLB1, LLB2 ,LLB3,LLB4,LLB5,LLB6 along with 
reference strains from GenBank database using 
Neighbour-Joining Method. The tree is rooted with 
Acholoplasmae ladlawii as an outgroup.

4. CONCLUSION

In the present study, Phytoplasma associated with 
brinjal in wide geographical regions (Mysore, Man-
dya, Dharwad and Chamarajanagar) were studied, 

detected successfully and documented. Sequence 
analysis and phylogenetic studies conducted using 
MEGA revealed relatedness of the samples with 
‘Candidatus Phytoplasma trifolii’ (16SrVI Phyto-
plasma group)
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ABSTRACT

Benthic macroinvertebrates are used extensively for ecosystem evaluation as indicator tools. For the study rapid 
bioassessment relating to benthic macroinvertebrates was carried out from 6 different sites of Veli-Akkulam lake 
and regional reference lake Vellayani for a period of two years from October 2008 to September 2010. Water qual-
ity stress gradients in both the lakes during sampling seasons were determined by means of Principal Component 
Analyses. The results of PCA revealed that the factors such as BOD, COD, free CO2 and phosphate which envis-
aged the variation among the stations 3, 4, 5, 6 indicating severe organic pollution at Veli-Akkulam. But stations 
1 and 2 of Veli-Akkulam Lake were greatly influenced by salinity, TDS, total hardness, EC and sulphate indicat-
ing intrusion of saline water, industrial wastes, land drainage and tourism wastes. So far the seasonal variations 
of water quality factors such as DO and water temperature which contributed the better water quality gradient of 
the Vellayanilake. Out of the 246 species of macroinvertebrates recorded, majority of the taxa contributed were 
aquatic insects; 117 species in Vellayani Lake and 96 species in Veli-Akkulam Lake. Shannon-Wiener diversity 
index H’(loge) was high in Vellayani lake with an average of 4.47 indicating high species richness. Pielou’s even-
ness (J’) was also comparatively high at Vellayani lake averaging 0.83 indicating homogenized macroinvertebrate 
distribution there. In Veli-Akkulam lake diversity was comparatively low and the dominant macroinvertebrate 
groups recorded were tolerant aquatic oligocheates and dipteran insects which were highly tolerant to adverse 
water quality conditions. Bray-Curtis Cluster analysis to group lakes sites according to the similarity and dis-
similarity in relative abundances of macroinvertebrates revealed 20% similarity and 80% dissimilarity among the 
study lakes. MDS ordination was performed in conjunction with the cluster to demonstrate community structure 
which showed a distinct separation of three communities as an upstream, downstream and transition zone in Veli-
Akkulam Lake but a clear reference community was observed at Vellayani Lake. Analysis of species contribu-
tion to similarity percentages (SIMPER) within and between groups established two distinct faunal assemblages 
between Veli-Akkulam and reference site, Vellayanilake. In general the species which discriminates among Vel-
layani Lake and Veli-Akkulam lake were Laccotrephes sp., Distotrephes sp., Baetis sp., Cloeon sp., Diplonychus 
sp., Thiara punctata, Chironomussp., Mansonia sp., Culex sp., Hydrovatus sp., Pristina longisetalongiseta, Dero 
dorsalis, Villoritacyprinoides and Tubifextubifex. Of these, Laccotrephes sp., Distotrephes sp., Baetis sp. and 
Diplonychus sp. recorded exclusively from Vellayani Lake were moderately tolerant and intolerant species. But 
Mansonia sp., Culex sp., Pristina longisetalongiseta, Dero dorsalis, Villoritacyprinoides and Tubifextubifex were 
entirely absent at Vellayani and their abundance and dominance at Veli-Akkulam lake indicated severe environ-
mental degradation there. The present study explains the reasons for ecological degradation of the Veli-Akkulam 
lake and effectiveness of employing benthic macroinvertebrates as potential and ideal bioindicators for monitoring 
pollution impacts in lakes.

Key words:   Macroinvertebrates, biomonitoring, water quality, diversity, pollution 

1. INTRODUCTION

Biodiversity changes due to anthropogenic threats 
such as pollution, habitat degradation, overexploi-
tation of resources and alien species introductions 
affects ecosystem functioning, in turn results in 
depletion of goods and services rendered by the 
ecosystem. The impacts of human activities have 

caused alarming declines in species diversity and 
abundance of many freshwater species, result-
ing in imperilment of ecosystems (Covich et al., 
2004; Hooper et al., 2005; Dudgeon et al., 2006). 
To monitor the responses of ecosystems rigorous 
and widely applicable indicators are needed to de-
sign effective conservation approaches. Among the 
potential indicators of biodiversity, those based 
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on the functional traits of species and communi-
ties are appealing because they are widespread and 
can be assessed by relatively rapid field assess-
ments across ecological regions (Vandewalle et 
al., 2010). Among biological communities aquatic 
macroinvertebrates represent the widest scale of 
taxonomic groups are widely accepted for the as-
sessment of water quality because of its indicative 
power to various hydrological and subsequent eco-
logical perturbations.

Benthic macroinvertebrate community has been 
used as an indicator for long-term monitoring of 
water quality (Roback, 1974; Hellawell, 1986; 
Sharma and Chowdhary, 2011). Benthic macro-
invertebrates are less mobile and are less able to 
escape the effects of pollutants hence they are 
particularly compatible for assessing site-specific 
impacts. They can integrate the effects of mild 
environmental perturbations as many of the spe-
cies have a complex life cycle which imparts reli-
able information on the lake water quality condi-
tions. Due to their diversity of forms and habits, 
benthic macroinvertebrates potentially respond 
in many ways to environmental stresses and are 
good candidates to assess quality of aquatic eco-
system (Rosenberg and Resh, 1993). For detecting 
non-point source pollution, macroinvertebrates are 
more effective tools than chemical methods of as-
sessment. This is because of their large spectrum of 
taxa-specific responses to environmental stressors 
and their long-term response to these factors. Com-
munity structure of benthic macroinvertebrates in-
dicates local aquatic habitat quality of inland water 
bodies (Barbour et al., 1999; Plotnikoff and Wise-
man, 2001; Masese et al., 2009; Von Bertrab et al., 
2013). 

As an integral component of the aquatic ecosys-
tem, macroinvertebrate assemblages reflect cumu-
lative impacts of pollutants due to toxic substanc-
es, organic pollution and sedimentation thereby 
producing characteristic changes in the aquatic 
community (Barbour et al., 1999; McGuire, 2001; 
Bonada et al., 2006). Aquatic macroinvertebrates 
have been used by several developing nations as 
indicators to assess quality of ecosystem (Collier 
and Smith, 1995; Quinn et al., 1997; Walsh et al., 

2001; Van Hoey et al., 2010; Bazzanti et al., 2012; 
Verissimo et al., 2012).Another important feature 
of macroinvertebrate fauna is the reduction of rich-
ness or abundance of intolerant or sensitive taxa 
in response to variation in physicochemicalor wa-
ter quality factors. Therefore benthic macroinver-
tebrate community can be used as effective and 
potential tool for long-term monitoring of water 
quality (Roback, 1974; Hellawell, 1986; Sharma and 
Chowdhary, 2011).

This paper provides an account of the water quality 
parameters of Veli-Akkulam and Vellayani lakes 
and comparison of diversity and assemblage of 
macroinvertebrate fauna of two lakes using multi-
variate approaches in order to assess the impact of 
pollution. 

2. MATERIALS AND METHODS

2.1. Study area

Veli-Akkulam is a smallest inland brackish water 
lake located in northwest of Thiruvananthapuram 
district (08°30´– 08°31´ N and 76°52´–76°53´ E) 
along the southwest coast of Kerala. The lake is 
about 1 km long and 0.3 km broad and has no per-
manent connection with the Lakshadweep Sea. The 
western part of the Veli Lake has a length of 1.25 
km, with an average width of 100 m. Akkulam is 
an extension of Veli lake in the North eastern part, 
flanked on the eastern end by two hillocks. Mud 
flats in the shallow regions of the Akkulam part 
of the lake is exposed during ebb tide. The lake 
was seriously affected by anthropogenic pressures 
due to industrial waste discharge, municipal waste 
disposal, tourism activities, dumping of hospital 
wastes, dredging and developmental activities, eu-
trophication (Nair et al., 1998; Sheela et al., 2012). 
Sampling was carried out for two years from Oc-
tober 2008 to September 2010 from both Veli-Ak-
kulam and Vellayani lakes. The six different sites 
of Veli-Akkulam lakefrom where sample collec-
tions performed were; Veli Bar mouth (station 1), 
Veli Boat club (station 2), Veli Parvathy PuthenAr 
(station 3), Akkulam Bridge (station 4), Akkulam 
Boat club (station 5) and Akkulam-Kannammoola 
canal (station 6). Vellayani lake, the second larg-
est freshwater lake of Kerala, located in the outer 
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reaches of Thiruvananthapuram city (8”24’09” - 
8”26’30” N; 76°59’08”-76°59’47” E), has a wa-
ter spread area of 450 ha. The length of the lake is 
about 3.15 km and at its maximum width is about 
1000 m. The depth of the lake varies from 2 to 6 m. 
The Vazhavila region (Station 7) was selected from 
Vellayani lake as reference cite for sample collec-
tion and analysis. 

2.2. Sampling of benthic macroinvertebrates and 
analysis

Water quality parameters such as pH, water tem-
perature, salinity, electrical conductivity, total 
hardness, DO, BOD, COD, free Carbon-dioxide, 
nitrate, nitrite, phosphate and sulfate were anal-
ysed following the methodologies of Grasshoff et 
al. (1983) and APHA (2005).

Aquatic benthic macroinvertebrates were collected 
following the Rapid Bioassessment Protocol guide-
lines of United States Environmental Protection 
Agency (Barbour et al., 1999). Benthic macroin-
vertebrates were collected from 10 meter reach of 
each station of Veli-Akkulam and Vellayani Lake 
using D-frame dip net and kick net. A total of 10 
dipping and 10 kicking were taken randomly from 
each site. Sorting was performed at the site itself 
immediately after sampling. The collected sample 
was transferred in small amounts into a white pan 
for a closer observation with a magnifying glass 
and handpicked not less than 200 organisms us-
ing forceps and brushes. Specimens attached on 
rocks, stones and macrophytes were also collected.  
It was then preserved in 95% ethanol in small 50 
ml labeled vials. Sediment samples were sieved in 
250 micron (0.25 mm) mesh sized sieve to collect 
sediment macroinvertebrates and was then trans-
ferred into 1 liter plastic bottles, preserved in 10% 
formaldehyde and brought to the lab. In laboratory 
the sediment was stained with Rose Bengal, gen-
tly mixed and stirred thoroughly without breaking 
the tissues of organisms and kept for 10 minutes. 
Sediment sample was again sieved through 1000 
micron (1 mm) and 500 micron (0.5 mm) sieves 
and taken in large white trays and subsequent sub 
sampling, not less than 200 organisms were col-
lected. Group wise sorted sediment organisms were 
preserved in 70% ethanol and taxonomic analysis 

were performed using standard keys and manuals 
(Needham and Needham, 1962; Klemm, 1972; 
Tonapi, 1980; Edmondson, 1992; Morse et al., 
1994; Dudgeon, 1999; Thorp and Covich, 2001). 

Water quality parameters of Veli-Akkulam stations 
and Vellayani Lake were analyzed for temporal and 
spatial variations using SPSS 20 with stations, sea-
sons and water layers (surface-bottom) as factors. 
Multivariate analysis for estimating water quality, 
community structure of macroinvertebrates was 
performed using PRIMER version 6 statistical 
software (Clarke and Gorley, 2006). 

3. RESULTS

Water quality parameters of six stations of Veli-Ak-
kulam and of Vellayani lakes were analyzed to find 
out the spatial and temporal variations of each pa-
rameter and its significant relations with each other 
during the study period. The results of ANOVA 
showing significance of differences in water qual-
ity parameters of the study area is given in Table 
1. PCA was conducted to demonstrate the trends 
in variation of water quality parameters across the 
study sites (Fig. 1). PCA rendered a total of five 
principal components (PCs), in which first two 
PCs contributed cumulatively 75% of variability 
in overall distribution of water quality character-
istics of the study site. From PCA analysis, it was 
obvious that the parameters such as BOD, COD, 
free CO2 and phosphate at Veli-Akkulam lake sta-
tions 3, 4, 5, 6 indicated deterioration of the quality 
of water. But stations 1 and 2 (Veli segment) were 
greatly affected by saline water intrusion, industri-
al wastes, land drainage and tourism wastes; here 
water quality was influenced mostly by salinity, 
TDS, total hardness, EC and sulphate.
Species diversity of macroinvertebrates from Veli-
Akkulam and Vellayani lakes were represented by 
246 taxa under the taxonomic groups Nematoda, 
Annelida, Molluca, Arthropoda (non-insects and 
insects). The major taxonomic group identified was 
aquatic insects contributing 117 taxa from Vellay-
ani Lake and 96 taxa from Veli-Akkulam Lake. The 
major groups of macroinvertebrates recorded from 
Vellayani Lake were Ephemeroptera, Trichoptera, 
Odonata, Hemiptera, Coleoptera, Lepidoptera and 
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Table 1: Results of the ANOVA of water quality parameters of Veli-Akkulam and Vellayani lake for sta-
tions, seasons and surface-bottom layers at significant level (p-value <0.05)

Max Min
Stations Seasons Surface-bottom

F value p 
value F value p 

value F value p value

Temperature (C°) 24 33 13.730 0.000 14.253 0.000 9.951 0.002
pH 6.01 8.87 5.437 0.000 14.702 0.000 0.004 0.949
Salinity (‰) 0.5 35 51.304 0.000 35.013 0.000 1.632 0.202
Conductivity (µS/
cm) 24 45967 26.557 0.000 13.808 0.000 0.049 0.825

Dissolved Oxygen 
(mg/L) 0.03 8.16 438.538 0.000 11.490 0.000 5.940 0.015

TDS (mg/L) 65.9 7900 40.756 0.000 8.841 0.000 0.102 0.750
Hardness (mg/L) 24 6425 16.723 0.000 6.420 0.002 0.196 0.658
Free CO2 (mg/L) 1.28 77 77.385 0.000 25.285 0.000 2.970 0.086
Nitrate (µg/ml) 0.01 1.27 5.919 0.000 3.703 0.026 0.011 0.915
Nitrite (µg/ml) 0.01 4.5 3.289 0.004 3.353 0.036 0.472 0.493
Phosphate (mg/L) 0.01 9.61 50.957 0.000 18.532 0.000 0.012 0.914
Sulphate (mg/L) 0.1 77.34 24.942 0.000 8.990 0.000 0.001 0.975
BOD (mg/L) 1.24 36.85 43.849 0.000 0.926 0.399 0.000 0.000
COD (mg/L) 3.82 96.5 106.428 0.000 22.226 0.000 0.000 0.000

Fig 1: PCA plot of water quality parameters of Veli-Akkulam and Vellayani Lake during pre-monsoon, 
monsoon and post-monsoon seasons.
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Gastropoda. In Veli-Akkulam Lake the dominant 
macroinvertebrate groups were represented by Oli-
gocheata, Mollusca, Hirudinea, Diptera, Hemip-
tera, Collembola, Coleoptera and majority of the 
taxa were tolerant forms. The relative taxonomic 
composition of macroinvertebrate taxa along the 
study stations of two lakes, Veli-Akkulam and Vel-
layani Lake showed characteristic fauna with dom-
inance of Oligocheates in downstream zones and 
dipteran insects towards the upstream zone of Veli-
Akkulam lake. In Vellayani highly diverse macro-
invertebrate fauna was recorded. Highest Shannon 
diversity (H’ loge) of 4.4 was recorded at reference 
site 7 during monsoon season and lowest value of 
1.7 was observed at station 5 during pre-monsoon 
season. Simpson diversity index (1-Lambda’) was 
found maximum at station 7 (0.98) during monsoon 
period and minimum at station 5 (0.65) during the 
pre-monsoon season. Margalef’s richness index (d) 
was found to be maximum at station 7 (23.7) dur-
ing pre-monsoon and minimum at station 6 (11.63) 
during pre-monsoon season. Pielou’s evenness (J’) 
was high at station 7 (0.853) during monsoon and 
low at station 6 (0.608) during post-monsoon re-
spectively. 

The result of community analysis using Bray-Cur-
tis similarity cluster showed a clear distinction in 
macroinvertebrate fauna between Veli-Akkulam 
and Vellayani Lake sharing 20% similarity only. 
However Veli-Akkulam showed three characteris-
tic faunal assemblage as an upstream, downstream 
and transitional communities which is clearly rep-
resented in the cluster (Fig. 2). The upstream sta-
tions 5 and 6 of Veli-Akkulam Lake represented by 
group II showed 40% similarity with other down-
stream stations 1, 2, 3 and 4 represented by group 
III and IV. But the downstream Veli-Akkulam lake 
stations formed by group III showed 60% similar-
ity with group IV formed by upstream station 4 
(pre-monsoon and monsoon), which formed a sep-
arate group. Though station 4 during pre-monsoon 
and monsoon was different from other upstream 
and downstream faunal assemblages, it acts as a 
transitional zone sharing both community charac-
teristics of Veli-Akkulam Lake. The seasonal and 
spatial differences among macroinvertebrate as-
semblages between Veli-Akkulam and Vellayani 

Lake are visualized based on the similarity using 
non-metric multidimensional scaling (Fig. 3). The 
same pattern of cluster analysis was also found 
in MDS plot with four distinct communities. Vel-
layani Lake (station 7) differed significantly with 
Veli-Akkulam lake showing only 20% similarity 
in macroinvertebrate communities. Veli-Akkulam 
Lake showed 40% similarity in macroinvertebrate 
communities among stations and revealed three 
distinct faunal assemblages as an upstream, down-
stream and a transitional community.

Similarly taxonomic dissimilarity of macroinver-
tebrates fauna based on the Bray-Curtis cluster 
dendrograms showed three distinct faunal assem-
blages depending upon the range of dissimilarity 
of taxonomic groups between two lakes (Fig. 4). It 
showed that Vellayani Lake had 80% dissimilarity 
in macroinvertebrate taxonomic groups with Veli-
Akkulam Lake. In Veli-Akkulam Lake there was 
found two prominent taxonomic groups which were 
dissimilar among the upstream and downstream 
stations. MDS plot of taxonomic dissimilarity 
showed that Vellayani Lake (station 7) differed sig-
nificantly with Veli-Akkulam lake stations formed 
a separate group contributing distinct macroinver-
tebrate communities and majority of its taxa were 
dissimilar at 80% level with Veli-Akkulam lake 
fauna (Fig. 5). A SIMPER routine was performed 
to find out the average level of similarity within 
groups and average dissimilarity between groups 
based on the abundance data. It is based on the per-
centage contribution of macroinvertebrate species 
to average similarity and average dissimilarity re-
spectively. Groups were determined based on data 
represented in MDS plot (Fig. 3) and were analysed 
to reflect the contribution of numerically important 
species that cumulatively contributed 50% of total 
abundance. From the resemblance matrix of Bray-
Curtis similarity, average dissimilarity between 
groups and average similarity within groups were 
determined. Four distinct groups were categorized 
with stations and their respective seasons. Group I 
is considered as West Veli-Akkulam (stations 1, 2, 
3 with seasons pre-monsoon, monsoon and post-
monsoon and station 4 post-monsoon), Group II 
as Transitional Veli-Akkulam (station 4 with sea-
sons pre-monsoon and monsoon), Group III as East 
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Veli-Akkulam (station 5 and 6 with pre-monsoon, 
monsoon and post-monsoon) and Group IV as Vel-
layani (station 7 with seasons pre-monsoon, mon-
soon and post-monsoon). These groupings were 
done for determining the average similarity and 
dissimilarity in macroinvertebrate taxa to find out 
indicator species.

Highest average dissimilarity of 86.14% was found 
between Groups III and IV (East Veli-Akkulam 
and Vellayanilake) and the taxa responsible for 
dissimilarity between these two lakes were Chi-
ronomus sp. (4.17%), Mansonia sp. (3.3%) and 
Culexsp. (2.72%). SIMPER analysis of maximum 
average similarity in macroinvertebrates species 
assemblages within groups was found in group III 
(East Veli-Akkulam) exhibited 70.22% average 
similarity. The taxa contributed were Chironomus 
sp. (13.87%), Mansonia(10.38%) and Culexsp 
(8.42%). The species which dominated at Vellay-
ani Lake were Leptocerus sp. (Order Trichoptera), 
Ictinogomphus sp. (order Odonata), Thiarapunc-
tata, Iravadia sp., Pila globosa. These were pollu-
tion-sensitive taxa which indicated non-polluted 
water quality conditions in Vellayani Lake. But in 
Veli-Akkulam Lake the taxa dominated were pol-
lution tolerant groups of aquatic dipteran insects 
which indicated adverse water quality conditions. 
The species which discriminates Vellayani and 
Veli-Akkulam lakes were Laccotrephes sp., Dis-
totrephes sp., Baetis sp., Cloeon sp., Diplonychus 
sp., Thiarapunctata, Chironomus sp., Mansonia 
sp., Culex sp., Hydrovatus sp., Pristina longiset-
alongiseta, Dero dorsalis, Villoritacyprinoides and 
Tubifextubifex.

Fig 2: Bray-Curtis similarity cluster dendrograms 

of macroinvertebrate species assemblage of Veli-
Akkulam and Vellayani lakes. Red dashed lines 
indicate no significant difference between stations 
(SIMPROF, p = >0.05), while black solid lines in-
dicate significant divisions (SIMPROF, p = <0.05).

Fig 3: MDS plot illustrating seasonal percentage 
similarity in macroinvertebrate community struc-
ture of Veli-Akkulam and Vellayani lakes

Fig 4: Bray-Curtis cluster plot of taxonomic dis-
similarity in macroinvertebrate species abundance 
of Veli-Akkulam and Vellayani lakes during pre-
monsoon, monsoon and post-monsoon seasons. 
Red dashed lines indicate no significant difference 
between stations (SIMPROF, p = >0.05), while 
black solid lines indicate significant divisions 
(SIMPROF, p = <0.05).

Fig 5: MDS plot of taxonomic dissimilarity in 
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macroinvertebrate community structure of Veli-
Akkulam and Vellayani lakes

4. DISCUSSION

Biological community particularly benthic macro-
invertebrates are important biological tools widely 
used for pollution monitoring because of their eco-
logical importance (Callisto et al., 2002). Aquatic 
macroinvertebrates constitute diverse group of spe-
cies plays significant role in ecosystem functioning 
as they link primary and secondary consumers in 
the food chain, help in breaking down organic mat-
ter and make it available to other organisms of the 
system. Besides this, it has a crucial role in nutri-
ent cycling, decomposition of organic matter and 
translocation of materials (Reice and Wohlenberg, 
1993; Schriver et al., 1995; Wallace and Webster, 
1996). 

In Vellayani lake high species diversity of aquatic 
insects represented under different insect orders 
were pollution sensitive or intolerant taxa. Spe-
cies diversity and richness are the major attributes 
of a community and these are influenced by many 
factors such as primary productivity, biotic inter-
actions, habitat heterogeneity, substrate suitability, 
biogeochemical cycling, anthropogenic pressures 
and fluctuations in surface water level (Stevenson 
and Haur, 2002; Shah et al., 2011). In the present 
study low diversity indices recorded at Veli-Ak-
kulam station 5 indicated heavily polluted condi-
tions of Veli-Akkulam Lake. Further, the temporal 
trend in diversity showed that low diversity was 
recorded during pre-monsoon season at station 5 
that could be due to low dissolved oxygen, high 
predation pressure that causes utilization of oxy-
gen and algal bloom, high turbidity and low trans-
parency. Lowest diversity can be attributed to de-
terioration of water quality particularly dissolved 
oxygen depletion in the impacted retting zones 
of Kadinamkulam and Veli lakes was reported by 
Latha and Thanga (2010). The effects due to en-
vironmental conditions and anthropogenic impacts 
determine the species evenness (Marchese et al., 
2008). Moreover macroinvertebrate faunal taxa 
richness, density of invertebrates and diversity can 
be influenced by environmental conditions (Graca 

et al., 2004; Marchese et al., 2008). 

In the present study the community structure of 
the aquatic macroinvertebrate assemblage was ex-
plored using multivariate statistical analyses. Bray-
Curtis similarity cluster analysis suggested four 
groups of macroinvertebrate assemblage sampled 
from the Veli-Akkulam and Vellayani Lake. The 
distribution of fauna in Vellayani Lake showed 
only 20% similarity with other Veli-Akkulam lake 
stations during the study period revealed a distinct 
characteristic faunal assemblage. Veli-Akkulam 
lake stations showed 40% similarity in macroin-
vertebrate community structure among them. The 
temporal variation in Veli-Akkulam Lake showed 
significant variation in benthic macroinvertebrate 
assemblages, showing a characteristic upstream 
and downstream faunal assemblage which is clear-
ly evident in the present study. Here the upstream 
stations 5 and 6 of Veli-Akkulam Lake showed 
40% similarity with other downstream stations 1, 2, 
3. But station 4 during pre-monsoon and monsoon 
was different from other upstream and downstream 
faunal assemblages since it acts as a transitional 
zone sharing both community of Veli-Akkulam 
lake. The spatio-temporal patterns of macroinver-
tebrate assemblage relationships revealed by clus-
ter plot were also reflected in multidimensional 
scaling plot (MDS). MDS were consistent with the 
cluster similarity plot demonstrating a clear segre-
gation between Vellayani and Veli-Akkulam Lake. 

Dissimilarity cluster analysis which was consis-
tent with MDS showed three distinct groups in 
macroinvertebrate assemblages in the study lakes 
with characteristic Veli-Akkulam upstream and 
downstream as well as Vellayani communities. The 
groupings of taxonomic dissimilarity cluster analy-
sis revealed characteristic fauna dissimilar at 80% 
level among Vellayani and Veli-Akkulam lake sta-
tions. The difference in species composition in Vel-
layani Lake might be due to the abundance of sen-
sitive aquatic insects such as Ephemeroptera and 
Trichoptera. But the abundance of oligochaetes at 
downstream stations 1, 2, 3 and dipteran insects at 
upstream stations 4, 5, 6 of Veli-Akkulam lake in-
dicated severe degradation as a result of discharges 
from industries, land drainage, municipal wastes, 
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agricultural wastes, hospital wastes.The abundance 
of tolerant dipterans could indicate sewage pollu-
tion and eutrophication in lake ecosystems (Ozkan 
et al., 2010; Abhijna and Bijukumar, 2012). 

An exploratory analysis made by SIMPER detect-
ed taxa showing maximum dissimilarity between 
groups III (stations 5 and 6 of Veli-Akkulam Lake) 
and IV (Vellayani station 7). The taxa showing av-
erage dissimilarity were Chironomus sp., Manso-
nia sp. and Culex sp. and these were dipteran in-
sects highly tolerant to ecosystem degradation. The 
discriminator species among macroinvertebrates 
were represented by Thiarapunctata, Laccotrephes 
sp. and Mansonia sp. In these species Mansonia sp. 
was recorded exclusively from Veli-Akkulam Lake 
and Laccotrephes sp. from Vellayani Lake. Dostine 
and Humphrey (2012) reported faunal groups such 
as Baetidae, Hydropsychidae and Simulidae as dis-
criminators in streams of tropics of Australia show-
ing the response of these taxa can reflect changes 
from a high-flow to a low-flow community state re-
spectively. The average similarity to identify which 
species generates the most similarity within groups 
showed maximum average abundance of Tubifex-
tubifex, Chironomus sp. and Villorita cyprinoides 
which are tolerant to organic pollution and their 
abundance and dominance can lead to polysapro-
bic condition (Anderson, 1977; Hellawell, 1986; 
Rosenberg and Resh, 1993; Martins et al., 2008). 
The low DO and high BOD, COD, Phosphate val-
ues recorded in the present study at Veli-Akkulam 
Lake might have favoured the presence and domi-
nance of these pollution tolerant indicator species. 
Tolerant dipteran insects Chironomus sp., Manso-
nia sp. and Culex sp. recorded maximum at stations 
5 and 6 (East Veli-Akkulam) confirmedsevere or-
ganic pollution. However, in Vellayani Lake the re-
corded species were sensitive aquatic insectswhich 
indicate better water quality conditions.

From the SIMPER analysis it was clear that the 
species which discriminated upstream, down-
stream and transition zones of Veli-Akkulam lake 
were Tubifextubifex, Hydrovatus sp., Pristina lon-
gisetalongiseta, Cloeon sp., Culex sp., Dero dor-
salis and Mansonia sp. The discriminator species 
of Vellayani Lake and Veli-Akkulam lake were 

Laccotrephes sp., Distotrephes sp., Baetis sp., Dip-
lonychus sp., Thiarapunctata and Mansonia sp. 
Presence of indicator species such as Laccotrephes 
sp., Distotrephes sp., Baetis sp., and Diplonychus 
sp. were recorded exclusively from Vellayani lake 
which indicated non-polluted conditions of the 
lake. Thus SIMPER routine could determine mac-
roinvertebrate taxa contributed to the differences in 
community structure between Veli-Akkulam and 
Vellayani lakes.

From the results it can be concluded that Veli-Ak-
kulam lake is highly deteriorated in water quality 
which was clearly showed in water quality param-
eters. In PCA the factors which influenced the sites 
revealed the ecological impact due to pollution 
especially at upstream and downstream stations 
of Veli-Akkulam Lake. The parameters which in-
fluenced upstream sites of Veli-Akkulam Lake 
were BOD, COD, free CO2 and phosphate while in 
downstream parameters such as salinity, TDS, to-
tal hardness, EC and sulphate determined the water 
quality there. These changes in water quality are 
manifested in the community distribution of Veli-
Akkulam where the taxa dominated in these zones 
were oligochaetes and dipteran insects which in-
dicate drastic environmental degradation of the 
lake. However, the taxa dominated in regional ref-
erence lake Vellayani were sensitive to pollution 
since it exists as a pristine water body with stable 
water quality characteristics. Thus the application 
of macroinvertebrates as potential bioindicators 
for detecting pollution and its impacts are really 
worthwhile as far as biosurveys are concerned.
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ABSTRACT

The Sonebeel, situated in Karimganj District is the largest (3458.12 ha at Full Storage Level) wetland of Assam. 
Sonebeel is of tectonic origin and is one of the wetlands identified under National Wetland Conservation Pro-
gramme. Beel is the local term of lake. The major inflow and outflow of this beel is the River Singla and River 
Kachua, respectively. Kachua drains out the wetland water in the river Kushiara. Biodiversity study of Sonebeel is 
mainly confined to fishes and so far no study is in record on fish food community. Seventy species of fishes have 
been recorded and most of them are insectivorous fishes. Among the various groups of aquatic insects, aquatic 
and semiaquatic insects of the order Hemiptera are important as fish food, bioindicators and predators and knowl-
edge of them is essential for the study of fish biology and for the proper management of hatcheries. So the study 
was carried out with the objective to identify the aquatic Hemiptera present in this important wetland and their 
distribution in different seasons. The study recorded a total of  9 aquatic and semi aquatic Hemiptera families, 20 
genera and 27 species. Density of Hemiptera was found highest in pre-monsoon, 2013 in site 2. Highest number of 
families (09) and species (11) were recorded in site 3 and site1, respectively in pre-monsoon, 2013. Notonectidae 
and Gerridae each were represented by six species followed by Corixidae by 5 species. According to Engelmann’s 
Scale eudominant species were Micronecta siva (Kirkaldy,1897);  Trapobates sp., Micronecta ludibunda (Breddin, 
1905), Micronecta haliploides (Horvath,  1904), Ranatra varipes (Stal, 1861),  Anisops breddini (Kirkaldy, 1901) 
and Gerris sp. Shannon diversity index (H/) values (<1) in all the sites in all the seasons indicated stressed condi-
tion of water except site 2 in monsoon, 2013.The Biological Monitoring Working Party (BMWP) score based on 
the tolerances of aquatic  and semiaquatic  Hemipteran families to various pollutants indicated  poor to moderate 
water quality in different sites in different seasons. According to Average Score Per Taxon (ASPT) water qual-
ity of different sites in different seasons ranged from doubtful to clean water quality. Stream Invertebrate Grade 
Number-Average Level (SIGNAL 2) score indicated severely polluted nature for all the sites except site 1 in pre-
monsoon 2013. It is expected that a detailed long term study would yield some additional species and provide 
insight to the water quality and conservation status of the fauna of the lake.

.Key words: Wetland, aquatic, semiaquatic, hemiptera, shannon h/, bmwp 

1. INTRODUCTION 

Wetlands are areas where water is the primary fac-
tor controlling the environment and associated plant 
and animal life (Tekaligne, 2003). Wetlands   play 
significant role in primary production, recycling of 
nutrients, purifying water, regulating hydrological 
cycle, replenishing ground water level and trap-
ping of energy. They also conserve rich regional 
biodiversity having ecological values. Beels are 
perennial wetlands that act as a part of landscape. 
Around  the  world,  freshwater  habitats are  being  
subjected  to  increased  levels  of human  distur-
bance  (Saunders  et  al.,  2002). Major threats to 
freshwater biodiversity can be grouped under five 
categories: over-exploitation; water pollution; flow 

modification; destruction or degradation of habitat; 
and invasion by exotic species, with global scale 
environmental changes being superimposed upon 
all of them (Dudgeon et al., 2006). These globally 
escalating threats have led to freshwater biodiver-
sity falling into a state of crisis (Vorosmarty et al., 
2010) and becoming more imperilled than their 
marine or terrestrial counterparts (Strayer and Dud-
geon, 2010). In India, wetlands are under stress due 
to rapid urbanization, industrialization and agricul-
tural intensification; manifested by the shrinkage in 
their areal extent, and decline in the hydrological, 
economic and ecological functions they perform 
(Bassi et al., 2014).  Owing to such threats fresh-
water systems are experiencing decline in biodi-
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versity far greater than those in the most affected 
terrestrial ecosystems (Sala et al., 2000).

All over the world about 45000 species of insects 
are known to inhabit diverse fresh water ecosys-
tems (Balaram, 2005). Some insects spend some 
part of their life cycle closely associated with wa-
ter, either living beneath the surface or skimming 
along on top of the water. Aquatic insects have the 
potential to be relevant ecological indicators be-
ing widely used to reveal short- and long-term en-
vironmental changes. Among the major group of 
aquatic insects, bugs of order Hemiptera belonging 
to suborder Heteroptera occupies an important po-
sition. Preliminary surveys conducted in the aquat-
ic systems of Barak Valley indicated rich diversity 
of aquatic and semi aquatic Hemiptera (sub or-
der- Heteroptera) (Das and Gupta, 2010 a,b). Thus 
order Hemiptera stands out as an important group 
of aquatic insects in this area. Aquatic and semi-
aquatic Hemiptera include approximately 4,000 
known species globally (Dudgeon, 1999). These 
bugs are further classified into two infra orders: 
Nepomorpha and Gerromorpha based on their an-
tennal morphology and habitat (Bouchard, 2009). 
Nepomorpha are usually found under water. These 
bugs are primarily aquatic but many possess wings, 
which allow movement between water bodies and 
can be recognized by the possession of antennae 
that are shorter than the head and concealed below 
the eye. Nepomorpha bugs have different air-store 
replenishment methods depending on the family. 
Unlike Nepomorpha, Gerromorpha are semi aquat-
ic species. Most have antennae longer than their 
heads and can be found on the water surface or in 
the marginal area. With their unwettable hydrofuge 
pile on the tarsi, and sometimes on the tibia they 
are able to move on the water surface. These aquat-
ic and semi-aquatic bugs are known to play a very 
significant ecological role as a predator and as a 
food for higher trophic level. They are also impor-
tant as biomonitors, bioindicators, predators and 
biocontrol agents.  Insects belonging to different 
families of Heteroptera also show different degrees 
of tolerance to pollution.

The Sonebeel, situated in Karimganj district is the 
largest (3458.12 ha at Full Storage Level) wetland 

of Assam. It is of tectonic origin and is one of the 
wetlands identified under National Wetland Con-
servation Programme. Sonebeel being the larg-
est wetland of Assam harbours a rich diversity 
of aquatic resources. There are investigations on 
limnology and fishes of this freshwater perennial 
ecosystem (Kar et al., 1996, 2006).  But no study 
on aquatic insects is in record. Against this back-
drop this study aims to inventorize aquatic and 
semi aquatic Hemiptera community present in the 
Sonebeel and to ascertain the water quality of the 
system using these water bugs as bioindicator. 

2. MATERIALS AND METHODS

Sonebeel lies between two hill ranges, viz., the 
Badarpur-Saraspur range and the Chowkirmukh-
Dohalia range at 92024’50” – 92028’25“E and 
24036’40”- 24044’30”N in Assam. The major in-
flow of the lake is the River Singla which origi-
nates as Thing Thlawng lui from the Mizo hills 
and enters Sonebeel after traversing around 62 
kilometers. The River Kachua is the only outflow 
which drains out the wetland water in the River 
Kushiara (branch of River Barak) and flows west-
wards to Bangladesh. Sampling was carried out in 
four selected sites of sonebeel viz., Site1: Debod-
war, site2: Anandapur, site3: Chamala, and site4: 
Fakuagram (Fig.1).

Aquatic and semi aquatic Hemipterans were sam-
pled in replicates using a bigger pond net (mesh 
opening: 500 μm; diameter: 60 cm; depth: 50 cm) 
and “all out search” method in all the possible sub-
strata (Subramanian and Sivaramakrishnan, 2007). 
Samples were preserved in 70% alcohol. Collec-
tion was made seasonally viz.  Pre-monsoon 2013 
(PRM13) (Feb’13-April’13), monsoon 2013 (M13)
(May’13-July’13), post-monsoon13 (PTM13)
(Aug’13- Oct’13), winter13-14 (W13-14)(Nov13-
Jan14), pre-monsoon14 (PRM14) (Feb’14-
April’14)  and monsoon14 (M14) (May’14-Ju-
ly’14).  Identification of the samples were carried 
out using standard keys and with the help of Zoo-
logical Survey of India, Kolkata (Thirumalai, 1989, 
1994, 1999, 2002; Bal and Basu, 1994 a,b; Cheng 
et al., 2001; ZSI, 2004; Neiser, 2002, 2004; Nieser 
and Chen, 1999, 2005; Bouchard, 2009). Shannon 
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Diversity index (H’), Shannon evenness index (J’), 
Margaleff index, and Beger-Parker index of domi-
nance were studied using BioDiversity Profession-
al Version 2. In addition, based on Taxon specific 
tolerance score, Biological Monitoring Working 
Party (BMWP) Score (Chesters, 1980), Average 
Score Per Taxon (ASPT) (Mandaville, 2002) and 
Stream Invertebrate Grade Number Average Level 
(SIGNAL2) (Chessmann, 2003) were used to as-
sess the ecosystem health of the four sites of Sone 
beel. Rainfall data of the area for the study period 
was collected from the Regional Agricultural Re-
search Station (RARS), Assam Agricultural Uni-
versity, Akbarpur, Karimganj, Assam.

Fig 1: Map of Assam showing Karimganj District 
and  Sonebeel  and its inlet (River Singla) and out-
let (River Kachua) in the Karimganj District.

3. RESULTS AND DISCUSSION

Present study carried out in the largest wetland of 
Assam,  Sonebeel encountered 9 families, 20 gen-
era and 27 species of aquatic and semi aquatic He-
miptera belonging to two infra-orders  Nepomerpha 
and Gerromorpha. Among them two Nepomorpha 
genera viz  genus Walambianisops (Lansbury, 
1984) Aphelonecta (Lansbury, 1965)  and one 
Gerromorpha species Baptista collaris (Andersen, 
1989) are new records in India. Thirumalai  (2002,  
2007) mentioned   occurrence  of  56  species  un-
der  the  Infraorder  Nepomorpha and  Gerromor-
pha  from different aquatic systems of Assam. Devi 
et al. (2013) mentioned 32 species of Hemiptera 
from Loktak Lake of Manipur. Takhelmyum and 
Gupta (2011) recorded 4 species, 4 genera belong-

ing to 3 families of aquatic Hemiptera  from Phum-
di live and Phumdi mixed area of Takmu region  of 
Loktak Lake.  

The families Notonectidae and Gerridae each were 
represented by highest number of species (6) fol-
lowed by Corixidae (5). Nepidae and Veliidae were 
represented by 3 species each while Pleidae, Helo-
trophidae, Belostomatidae and Mesoveliidae were 
represented by 1 species each. The number of spe-
cies, genera and families of Heteroptera recorded 
from Sonebeel during the study exceeded the pre-
vious studies (Chetri et al., 1997;  Kalita, 2008;  
Hazarika and Goswami, 2010;, Das and Gupta; 
2011, 2012; Purkayastha and Gupta, 2012; Gupta 
et al.,2013; Gupta and Narzary,2013; Dalal and 
Gupta, 2014) made on Heteropterans of the North 
Eastern region of India.  

During the course of collection highest number of 
Heteropterans was collected from site2 in all the 
seasons. The aquatic and semi aquatic Hemipterans 
were found to have strong relationships with the 
water level fluctuations. Their density was record-
ed highest during pre-monsoon, monsoon 2013 
and monsoon 2014 corresponding with the high 
precipitation 356.96mm, 446.5mm and 499.63mm, 
respectively. Similarly density was found lowest in 
pre-monsoon and winter, 2014 during which pre-
cipitation was recorded as 257.76 mm and 11mm, 
respectively (Fig. 2).  Fig 3 represents the record 
of highest number of families (9) in monsoon 13, 
highest number of genera (12) in monsoon13 and 
monsoon 14 and highest number of species (25) 
during monsoon, 2014. The reason may be that 
Heteropterans were rejuvenated by the drizzling 
rain and fresh flow of water to breed in large num-
bers (Dodson, 2008). Similar observation was also 
made by Takhelmayum et al. (2013), in the lower 
reach of River Moirang, Manipur. Ebert and Balko 
(1987) pointed out the strong relationship between 
the water surface fluctuation and emergence of 
aquatic insects in South Africa. 

Micronecta sp.1 of family Corixidae was the only 
species that was recorded in all the seasons from 
the wetland. Micronecta siva was found relatively 
more abundant in all the seasons except in pre- 
monsoon and monsoon, 2014 where Micronecta 
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ludibunda was found relatively more abundant 
(Fig. 4). Based on Engelmann’s scale (1978) the 
eudominant species recorded during the study pe-
riod were Micronecta siva, Micronecta ludibunda 
Micronecta haliploides, Ranatra varipes, Anisops 
breddini, Aquaris conformis, Trapobates sp., 
Mesovelia mulsanti. Micronecta siva (Kirkaldy, 
1897) was found eudominant during pre-monsoon, 
monsoon, post-monsoon  2013 and winter 2014. 
This species of family Corixidae was replaced by 
eudominant species Micronecta ludibunda (Bred-
din, 1905) in pre-monsoon, 2014. During mon-
soon14, Micronecta haliploides, Ranatra varipes, 
Anisops breddini, and Aquaris conformis were re-
corded eudominant (Table 1).

  Shannon diversity index (H’) value 1 was re-
corded only in site 2 during monsoon 2013 while 
in all other sites and season it was always less than 
1 which indicated stress and degradation of habi-
tat structure (Turkmen & Kazanci, 2010; Wilhm, 
1970). Margalef index of dominance ranged from 
3.62 to 10.28 in different sites and seasons indi-
cating clean condition of the system (Lenat et al., 
1980) (Table 2).   

The BMWP scores computed by summing the tol-
erance values of different families of Hemiptera   
indicated moderate to poor water quality status of 
the sites of Sonebeel (Table 3). It was found poor 
during pre-monsoon 2013 in site1, post-monsoon  
2013 in site2,  site 4 and during winter 2013 in 
site1 and site 2. The score was poor in all the sites 
during pre-monsoon, 2014.  The ASPT score calcu-
lated by dividing BMWP Score by number of fami-
lies depicted doubtful water quality in most of the 
sites. Water quality was found clean in site3 and 
site 4 during post-monsoon 2013 and winter 2013, 
respectively (Table 3).   

 SIGNAL Scores of the four sites of Sonebeel were 
found unsatisfactory, indicating severely polluted 
condition of the wetland (Table 4). However for 
lentic ecosystems the SIGNAL scores are lower 
as compared to stream ecosystems because of un-
availability of the insects in lentic systems that are 
found in stream ecosystems (Chessman, 2003).  
According to  signal 2 scores (Chessmann, 2003)  
all the study sites of the Sonebeel in all the sea-

sons were placed in the quadrant 2 and 3 which  
indicated high salinity or nutrient levels (may be 
natural) or toxic pollution or harsh physical condi-
tions (Fig.5). This is possible because the system 
receives water from the River Singla which carries 
silt and sand from the hills of Mizoram. Further the 
lake is surrounded by 19 villages and it is the prin-
cipal source of livelihood for the inhabitants. In 
Sone beel after water level recedes, farmer practic-
es summer rice cultivation where use of fertilizer, 
pesticides might have contributed to high nutrient. 
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Table2: Seasonal variation in diversity indices of the study sites.

Site 1 Site 2 Site 3 Site 4 Site 1 Site 2 Site 3 Site 4
PRM13 W13-14

Shannon H’ Log 
Base 10. 0.791 0.813 0.684 0.275 0.143 0.314 0.684 0.509

Shannon J’ 0.76 0.852 0.81 0.576 0.3 0.658 0.879 0.654
Berger-Parker 
Dominance (d) 0.279 0.306 0.389 0.789 0.922 0.643 0.429 0.643

Margalef M Base 
10. 7.094 6.21 7.504 10.166 5.856 5.72 8.725 5.72

M13 PRM14
Shannon H’ Log 
Base 10. 0.725 1.028 0.74 0.877 0.54 0.329 0.556 0.648

Shannon J’ 0.803 0.874 0.775 0.813 0.772 0.546 0.923 0.833
Berger-Parker 
Dominance (d) 0.378 0.318 0.396 0.383 0.556 0.765 0.4 0.353

Margalef M Base 
10. 10.283 8.811 9.859 10.167 4.498 3.628 7 4.571

PTM13 M14
Shannon H’ Log 
Base 10. 0.823 0.361 0.355 0.348 0.641 0.521 0.476 0.86

Shannon J’ 0.911 0.6 0.589 0.498 0.672 0.576 0.564 0.86
Berger-Parker 
Dominance (d) 0.333 0.592 0.735 0.783 0.405 0.6 0.69 0.389

Margalef M Base 
10. 9.353 5.465 6.508 6.616 10.84 8.176 9.64 13.543
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Table3: BMWP and ASPT Scores of the four sites during pre-monsoon(PRM13), monsoon(M13), post-
monsoon(PTM13), winter(W13-14), pre-monsoon(PRM14), and monsoon(M14)

  SITE1 SITE2 SITE3 SITE4

  Score Inference Score Inference Score Inference Score Inference

PRM13 BMWP 30 Moderate 40 Moderate 30 Moderate 10 Poor
ASPT 6 Doubtful 6 Doubtful 5 Doubtful 5 Doubtful

M13 BMWP 20 Moderate 40 Moderate 25 Moderate 35 Moderate
ASPT 5 Doubtful 6 Doubtful 6 Doubtful 5 Doubtful

PTM13 BMWP 34 Moderate 15 Poor 20 Moderate 10 Poor
ASPT 5.67 Doubtful 5 Doubtful 6.67 Clean 5 Doubtful

W13-14 BMWP 10 Poor 5 Poor 20 Moderate 30 Moderate
ASPT 5 Doubtful 5 Doubtful 5 Doubtful 7.5 Clean

PRM14 BMWP 15 Poor 10 Poor 10 Poor 20 Poor
ASPT 5 Doubtful 5 Doubtful 5 Doubtful 5 Doubtful

M14 BMWP 30 Moderate 25 Moderate 25 Moderate 40 Moderate
ASPT 6 Doubtful 5 Doubtful 5 Doubtful 5 Doubtful

BMWP score, 0-16=Poor water quality; 17-50=Moderate water quality; 51-100=Good water quality; 101-
150=High water quality; 151+=Very high water quality (Chesters et al. 1980).

ASPT score, >6= Clean water, 5-6= Doubtful quality, 4-5= Probable moderate pollution, <4= Probable 
severe pollution) (Mandaville,2002).

Table 4: SIGNAL Scores  of the four sites during pre-monsoon(PRE13), monsoon(M13), post-monsoon 
(PST13), winter (W13-14), pre-monsoon (PRE14), and monsoon (M14) 

SIGNAL2 Pre13 M13 Pst13 W13-14 Pre14 M14
SITE1 4.73 2.20 2.20 2.33 2.37 2.21
SITE2 1.94 2.60 2.14 1.83 2.33 1.85
SITE3 2.46 3.00 3.71 2.12 1.80 2.58
SITE4 1.80 1.87 2.75 2.00 1.50 0.55

If >6= Healthy habitat;  5 – 6 =Mild pollution;  4 -5 =Moderate pollution <4= Severe pollution.  ( Goode-
rum  & Tsyrlin , 2002) 

Fig 2: Seasonal variation in density of aquatic and semi aquatic Hemiptera in the four sites of Sonebeel. 
Average Rainfall (cm) data of different seasons are plotted as line diagram.
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Fig 3: Seasonal variation in the number of  aquatic 
and semi aquatic Hemiptera families, genera and 

species in the four sites of Sonebeel.

Fig 4: Relative abundance of the different aquatic 
and semi aquatic Hemiptera genera and species in 

the four sites of Sonebeel.

Fig 5:  SIGNAL2 score results in quadrant diagram 

of the four study sites.

QUADRANT 1: indicate favourable habitat & 
chemically dilute waters;

QUADRANT 2: indicate high salinity or  nu-
trient levels (may be natural;

QUADRAN3: indicate toxic pollution or harsh 
physical conditions;

QUADRANT 4: indicate urban, industrial or agri-
cultural pollution (Chessmann, 2003)

4. CONCLUSIONS

This study inventorized aquatic and semi aquatic 
Hemiptera species of the largest wetland of Assam 
and found occurrence of families having moderate 
to high tolerance values  confirming their role as 
bioindicator of water quality. Based on low Shan-
non H/, low BMWP and SIGNAL Scores it can be 
concluded that water quality of the lake is in the 
process of degradation.  A detailed long term study 
would yield some additional species and provide 
insight to the water quality and conservation status 
of the fauna of the lake. 
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STUDIES ON WATER QUALITY OF A POND IN THIRUVANANTHAPURAM DIS-
TRICT, KERALA, INDIA 

Hansi. F, Ajit Kumar. K.G and Shibu Krishnan. K
Department of PG Studies & Research in Botany,

Mahatma Gandhi College, University of Kerala, Thiruvananthapuram

ABSTRACT 
This paper deals with the analysis of the various physicochemical parameters such as water temperature, 
pH, conductivity, total dissolved solids, dissolved oxygen, total alkalinity, total hardness, sodium, potas-
sium, nitrate, silicate and phosphate of surface water collected from different sites of Nalanchira pond 
for the period of one year i.e., February 2013 to January 2014. The temperature of pond varies from 20˂C 
to 24˂C, the pH ranges from 7.3 to 8, the alkalinity varies from 8mg/l to 12mg/l, the dissolved oxygen 
recorded ranges from 5.67mg/l to 22.7mg/l, and the biological oxygen demand varies from 1.62mg/l to 
17.84mg /l. The results indicated that there were significant seasonal variations in some physicochemical 
parameters and most of the parameters were within normal range prescribed by WHO and indicate better 
quality of water.

Key words: Physicochemical parameters, Nalanchira pond, water quality.

1. INTRODUCTION 

Water is essential for all forms of life and none can 
survive on this earth without water. The quality of 
water usually described according to its physical, 
chemical and biological characteristics. Water qual-
ity generally means the component of water which 
must be present for optimum growth of aquatic 
organisms (Ehiagbonre and Ogundiran, 2010). 
Rapid industrialization and indiscriminate use of 
chemical fertilizers and pesticides in agriculture 
are causing heavy and varied pollution in aquatic 
environment leading to deterioration of water 
quality and depletion of aquatic biota. Due to use 
of contaminated water, human population suffers 
from water born diseases. It is therefore to check 
the water quality at regular interval of time. The 
present investigation involves the analysis of water 
quality in relation to physicochemical parameters. 
N.S.S Nalanchira pond of Nalanchira of Thiruva-
nanthapuram district of Kerala state was selected 
for physicochemical analysis of water. Now a day’s 
pond water was polluted due to domestic waste and 
agricultural discharges. Physicochemical param-
eters of N.S.S Nalanchira pond water were studied 
and analyzed for the period of one year i.e. Febru-
ary 2013 to January 2014. In India many research-
ers have worked on physicochemical and biologi-
cal characteristics of reserviours ponds and rivers 
(Trivedy and Goel, 1986)

2. MATERIALS AND METHODS 

The water samples from N.S.S Nalanchira pond 
were collected from four sites. The collection of 
water samples was done in the morning between 
8:30am and 10:30am in sterilized polythene bot-
tles regularly from the month of February 2013 to 
January 2014.The water samples were immediately 
brought into laboratory for the estimation of vari-
ous physicochemical parameters. Water tempera-
ture, Air temperature, pH were estimated at the 
sampling station. pH was determined electrometri-
cally using digital pH meter, electrical conductivity 
was measured by conductivity meter, total dissolve 
solid was measured by using TDS meter and DO, 
Alkalinity, chloride, TDS, calcium, magnesium, 
total hardness, nitrate and phosphate were deter-
mined by method suggested by APHA (1985); Ku-
mar and Ravindranath(1998); Trivedy and Goel 
(1984). Estimation of sodium and potassium was 
done using Flame Photometer.

3. RESULTS AND DISCUSSION

The temperature of the pond ranges from 20 to 24 

˂C (Fig 1). The highest temperature was noted dur-
ing the summer season and the lowest was record-
ed during the winter season. 

Electric conductivity recorded in pond ranges from 
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185 mmho to 234.3mmho (Fig 3). The high value of 
conductivity was recorded during the summer sea-
son were as low value was recorded during mon-
soon season. According to Trivedy et al. (1989) 
the variation in the conductivity values seasonally 
is mostly due to increased in the concentration of 
salts, because of evaporation; the dilution resulted 
from precipitation brings down its values.

Total dissolved solids are the solids present in water 
in the dissolved state. In this pond, the amount of 
total dissolve solid recorded ranges from 114mm 
to165mm (Fig 4). The high amount of TDS was re-
corded during summer season were as low amount 
of TDS was recorded during monsoon season. 

The water of pond remains alkaline throughout the 
year. The pH value recorded ranges from 7.3 to 8 
(Fig 2). The highest value of pH was recorded dur-
ing summer season and the lowest was recorded 
during monsoon season. The low value during 
monsoon may be due to dilution of rain water. A 
fall in pH value in monsoon season was also re-
corded by Shardendu and Ambasht(1988). 

The alkalinity recorded for different season in the 
pond ranges from 8mg/l to12 mg/l (Fig 5). The high 
value of alkalinity was recorded during monsoon 
and the low value of alkalinity was recorded during 
summer season. According to Solanki and Pandit 
(2006) the changes in alkalinity depends on car-
bonates and bicarbonates and also depends upon 
release of temperature indicating that the CO2. 

According to Kumar and Ravindranath (1998) the 
hardness of water is the measure of the capacity 
of water to react with soap. The amount hardness 
in the water of pond was recorded, ranges from 
100mg/l to 32mg/l (Fig 6). The maximum value 
was recorded during summer and minimum value 
was recorded during monsoon season. The amount 
of hardness recorded in pond is within the desir-
able limit. 

The amount of calcium recorded in pond ranges 
from 16.06mg/l to 32.04mg/l. The amount of cal-
cium recorded was maximum during summer sea-
son were as minimum during winter season. The 
magnesium amount recorded in the water of pond 
ranges from 5.58mg/l to 16.77mg/l. The maximum 

amount was recorded during winter season were as 
minimum amount was recorded during monsoon 
season.   

In the pond amount of dissolved oxygen record-
ed ranges from 5.67mg/l to 22.7mg/l (Fig 7). The 
maximum value of dissolve oxygen was recorded 
during monsoon season and the minimum value 
was recorded during summer season. According 
to Singh et al. (1991) low dissolved oxygen during 
summer may be due to higher temperature and low 
solubility of oxygen in water consequently affecting 
the BOD. 

BOD refers to the amount of oxygen used by micro-
organism in the aerobic oxidation of organic mat-
ter. The BOD recorded in the pond ranges between 
1.62mg/l to 17.84mg/l (Fig 8). The maximum val-
ues was recorded during summer season were as 
the minimum value was recorded during monsoon 
season. Sankar et al. (2002) suggested that high 
BOD may be due to the increase demand of oxygen 
for the degradation of the organic wastes dumped 
into the water. But in this pond the amount of DO 
is more in compare to BOD which shows that water 
of the pond is free from organic waste showing less 
microbial activity. 

The potassium amount recorded in this pond 
ranges between 3ppm to 1ppm (Fig 9). The high 
amount of sodium was recorded during summer 
season and the lowest amount was recorded during 
winter season.

The sodium amount recorded in this pond ranges 
between 9ppm to 16ppm (Fig 10). The high amount 
of sodium was recorded during summer season 
and the lowest amount was recorded during win-
ter season. According to Solanki (2001) the highest 
volume of sodium during summer is due to shrink-
age of water volume. 

The amount of nitrate recorded in this pond ranges 
from 0.002mg/l to 0.197mg/l (Fig 11). The high 
amount of nitrate was recorded during monsoon 
season and the low amount was recorded during 
winter season. 

The amount of phosphate recorded in the study area 
ranges between 0.90mg/l to 10.65mg/l (Fig 12). The 
maximum amount was recorded during the winter 
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season and minimum amount was recorded during 
monsoon season. 

Fig 1: Estimation of water temperature

Fig 2: Estimation of water pH

Fig3: Estimation of water conductivity

Fig4: Estimation of water TDS

Fig5: Estimation of water alkalinity

Fig6: Estimation of water total hardness

Fig7: Estimation of water dissolved oxygen

Fig8: Estimation of water biological oxygen de-
mand
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Fig9: Estimation of water potassium

Fig10: Estimation of water sodium

Fig11: Estimation of water nitrate

Fig12: Estimation of water phosphate

1.1. Phytoplankton 

Phytoplanktons belonging to four major groups 
were reported from the study area. They included 
Cosmarium sps, Chlamydomonas sps, Pediastrum 
sps, Scenedesmus sps, Spirogyra sps from Chlo-
rophyceae. Cyclotella sps, Nitzchia sps, Pinnularia 
sps, Melosira sps and Navicula sps from Bacil-
lariophyceae. Euglena sps and Trachelomonas 
sps, Phacus sps, from Euglenophyceae. Anabena 
sps and Merismopedia sps from Cyanophyceae. 
Among these four groups, Chlorophyceae was the 
dominant one.

Monthly variation of chlorophyceae showed bi-
modal distributions with one peak during summer 
and other peak during winter. The decline in phy-
toplankton density during rainy season appeared to 
be caused by increase in water volume. 

4. CONCLUSION

After studying all the physical and chemical pa-
rameters it was found that most of the values were 
within desirable limits. It was concluded that N.S.S 
Nalanchira pond was free from pollution.
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ABSTRACT 
The aim of this study is to evaluate the antibacterial activity of the tissue and shell extracts of Perna viri-
dis against human and fish pathogens. Solvents such as ethanol, acetone, butanol were used for the tissue 
and shell extractions of Perna viridis. The antibacterial effects of the extracts were tested against five hu-
man and fish pathogens. The tissue extract obtained from butanol showed a higher degree of inhibition to 
the human and fish pathogens. The tissue extract of butanol showed maximum zone of inhibition against 
human pathogen Bacillus cereus (10mm) and fish pathogen Vibrio harveyi (8mm). Minimum zone of 
inhibition was exhibited against human pathogen Salmonella paratyphi (4mm) and fish pathogen Vibrio 
anguillarum (4mm). The ethanol and butanol extract of shell showed maximum zone of inhibition against 
Streptococcus mutants (5mm) and a minimum zone of inhibition against Proteus vulgaris. The ethanol 
extract of shell showed maximum zone of inhibition (10mm) against the fish pathogen Vibrio alginolyti-
cus and a minimum zone of about (3mm) against V.harveyi and Vibrio parahaemolyticus. Then TLC was 
done to evaluate the presence of secondary metabolites in the tissue and shell extracts of Perna viridis. 
The wide spectrum antibacterial activity exhibited by the tissue and shell powder extracts of Perna viridis 
indicates that it may possess biologically active metabolites. 

 Key words: Shell, tissue, Perna viridis, pathogens

1. INTRODUCTION

Ocean offers a large biodiversity of fauna and flora 
which is estimated to be over 5, 00,000 species 
are more than double of the land species (Kamboj, 
1999). The marine environment is a huge source 
for yet to be discovered natural products. Apart 
from the food derived from the marine environ-
ment, a wide variety of bioactive substances is be-
ing isolated and characterized several with great 
promise for the treatment of human disease. Mol-
luscs are widely distributed throughout the world 
and have many representatives in the marine and 
estuarine ecosystem namely slugs, whelks, clams, 
mussels, oyster, scallops, squids and octopus. This 
rich diversity to marine organisms assumes a great 
opportunity for the discovery of new bioactive 
compounds (Jhonson and Soderhall, 1985). Many 
classes of bioactive compounds exhibiting antitu-
mor, antileukemia, antibacterial and antiviral activ-
ities have been reported worldwide the demand for 
effective and non toxic antibacterial therapeutics 
has become even greater with the increased inci-

dence of bacterial infections.

Most of the pathogens are increasingly resistant to 
major classes of routinely used anti-biotics. Many 
diseases were initially controlled exclusively by 
the use of anti-microbial drugs. The massive use 
of antimicrobial for diseases control and growth 
promotion in animals increases the selective pres-
sure exerted on the natural emergence of bacterial 
resistance (Prakash and Muller, 2006). So there is 
an urgent need for the discovery of the new and 
novel antimicrobial drugs to effectively combat not 
only the drugs resistance but also the new disease 
producers, hence the search for active drugs from 
alternative sources including marine environment, 
obviously becomes imperative. 

Natural products isolated from marine organism’s 
increases rapidly and hundreds of new compounds 
being discovered every year (Riguera, 1997). Ma-
rine invertebrates offer good source of potential 
anti microbial drugs (Bansemir et al., 2006 and 
Mayer et al., 2007). Among the invertebrates, the 
molluscs are very good source for biomedically 
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important products (Shenoy, 1998). Many classes 
of molluscs exhibits bioactive compounds like an-
titumour, antileukemic, antibacterial, cytotoxic, an-
ti-inflammatory and antiviral properties have been 
reported (Rajaganapathi et al., 2000 and Anand & 
Edward, 2002). Discovered bioactive compounds 
in molluscs were identified and they presented spe-
cific types of activities (Blunt et al., 2006). The 
presence of antimicrobial activity in molluscs has 
been reported from the egg mass and purple fluid 
of the sea hare Dobella auricularia (Lijima et al., 
2003). These reports suggest that molluscs are a 
rich source for discovering novel lead compounds 
for the possible development of new types of anti-
biotics for pharmaceutical use. Keeping the impor-
tance of mollusc in terms of bioactive compounds 
with antibacterial properties, the present study has 
been undertaken to ascertain the antimicrobial ac-
tivity of extracts from shell and tissue extracts of 
Perna viridis against various pathogenic bacteria 
strains.

2. MATERIALS AND METHODS

2.1. Preparation of tissue extract: Live green mus-
sel, Perna viridis were collected  from the rocky 
coastal areas of Kanyakumari district of Tamil 
Nadu, India. The samples brought to the laboratory 
in an ice box and washed with tap water to remove 
contaminants. The shells were broken and soft tis-
sue of the organisms were removed and air-dried. 
Approximately 5 g of the sample was immersed 
separately in different solvents like ethanol, ace-
tone and butanol and they were cold steeped over-
night at -18°C. The extracts from each solvent were 
filtered twice using Whatman No.1 filter paper. The 
filtrates were dried and used for the experimental 
work.

2.2. Preparation of Perna viridis shell powder: The 
mussel tissues removed shells were washed thor-
oughly with distilled water and then immersed in 
fresh lime juice for 4 hours for purification. Then 
the shells were washed with distilled water, air 
dried and the shell powder was prepared according 
to the method of Narayanasamy (1995). 

2.3. Preparation of Shell Extract: 5 g of shell pow-

der was immersed separately into ethanol, butanol 
and acetone solvents and they were cold steeped at 
-18°C. The extracts from each solvent were filtered 
twice using Whatman No.1 filter paper. Samples 
were centrifuged at 5000 rpm for 15 min. and the 
supernatant were collected and used for the experi-
mental work.

2.4. Microbial Cultures: The human pathogens 
such as Bacillus cereus, Proteus vulgaris, Shigella 
dysenteriae, Salmonella paratyphi and Strepto-
coccus mutants were obtained from the Christian 
Medical College Hospital, Vellore. Five fish patho-
gens such as Vibrio harveyi, Vibrio sclintis, Vibrio 
parahaemolyticus, Vibrio alginolyticus and Vibrio 
anguillarum were obtained from Fisheries Depart-
ment, Cochin.

2.5. Inoculum Preparation for Bacterial Strains: 
Standard Microbial techniques were followed for 
media preparation and other routine process. Nutri-
ent broth (Hi Media) was prepared and sterilized in 
an autoclave at 121°C, 15 lbs pressure for 15 min. 
The bacterial strains were individually inoculated 
in sterilized nutrient broth and were incubated at 
37°C for 24 hours.

2.6. Antimicrobial assay: Antimicrobial activities 
of the Perna viridis tissue and shell extracts were 
analyzed using well diffusion technique followed 
by Ramasamy et al., (2011). For antibacterial activ-
ity, 20 ml of sterile Muller Hinton agar was poured 
into petri dishes, allowed to set at 37°C and then 
inoculate uniformly with 0.1 ml of a 24 hour broth 
culture of test bacteria. The wells with 5mm diam-
eter were punched with a sterile cork borer onto 
the Muller Hinton agar plates. The wells were 
filled with 50 µL of the tissue and shell extracts. 
The wells containing the solvent alone were used 
as negative control. Plates were incubated at 37°C 
for 24 hours. Antibacterial activities were evalu-
ated by measuring the zone of inhibition showed 
in millimetres.

2.7. Thin layer chromatography (TLC): Further 
qualitative evaluation of ethanol, butanol and ac-
etone extracts of P. viridis shell and tissue was 
done using thin layer chromatography. The chro-
matography was run in a chamber with three differ-
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ent mobile phases methanol: chloroform: benzene 
(3:1:1, 2:1:1) and methanol: acetic acid: benzene 
(1:1:1) and Rf value was calculated.

3. RESULTS

1.1. Antimicrobial Assay   
The zone of inhibition in different bacterial strains 
against Perna viridis tissue and shell extract is 
shown in (Fig 1, 2, 3 & 4). The tissue extract ob-
tained from butanol showed a higher degree of in-
hibition to the human and fish pathogens. The tis-
sue extract of butanol showed maximum zone of 
inhibition against human pathogen Bacillus cereus 
(10mm) and a minimum zone of inhibition was 
exhibited against Salmonella paratyphi (4mm). 
Similarly the tissue extract obtained from butanol 
showed maximum zone of inhibition against fish 
pathogen Vibrio harveyi (8mm) and a minimum 
zone of about (4mm) against Vibrio anguillarum 
(Table 1 & 2 ). The ethanol and butanol extract of 
shell showed maximum zone of inhibition against 
human pathogen S.mutants (5mm) and a mini-
mum zone of inhibition against Proteus vulgaris. 
The ethanol extract of shell showed maximum 
zone of inhibition (10mm) against the fish patho-
gen V.alginolyticus and a minimum zone of about 
(3mm) against V.harveyi and V.parahaemolyticus 
(Table 3 & 4).

Table 1: Antibacterial activity of tissue extract of 
P.viridis against human pathogens

Pathogens

 Solvents  used [zone of inhibition 
(mm)]
     Ethanol    Acetone Butanol

B.cereus 3±0.13 - 10±0.45

P.vulgaris - - 6±0.15
S.dysentriae - - -
S.paratyphi - - 4±0.19
S.mutants - - -

Table 2: Antibacterial activity of tissue extract of 
P.viridis against fish pathogens

Pathogens

        Solvents  used 
[zone of inhibition (mm)]

Ethanol  Acetone Butanol
V.harveyi - - 8±0.45

V.parahaemolyticus - - 2±0.21
V.sclintis - 2±0.25 6±0.35
V.alginolyticus - - -
V.angullarium - - 4±0.28

Table 3: Antibacterial activity of shell extract of 
P.viridis against human pathogens

Pathogens

Solvents  used 
[zone of inhibition (mm)]

     Ethanol Acetone Butanol
B.cereus 3±0.11 - 3±0.11

P.vulgaris 3±0.17 - -
S.dysentriae 4±0.23 3±0.14 -
S.paratyphi - 3±0.11 -
S.mutants 5±0.21 4±0.16 5±018

Table 4: Antibacterial activity of shell extract of 
P.viridis against fish pathogens

Pathogens

        Solvents  used 
[zone of inhibition (mm)]
     Ethanol    Acetone  Butanol

V.harveyi 3±0.11 0 0
V.parahaem
olyticus 3±0.13 5±0.17 0

V.sclintis 0 0 0
V.alginolyt 
icus 10±0.45 0 0

V. a n g u l l a r 
ium 1±0.16 0 4±0.26
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Fig.1: Antibacterial activity of tissue extract of 
P.viridis against human pathogens          

Fig. 2: Antibacterial activity of tissue extract of 
P.viridis against fish pathogens

           

Fig.3: Antibacterial activity of shell extract of 
P.viridis against human pathogens

         

4. DISCUSSION

In recent years, great attention has been paid to 
the bioactivity of natural products because of their 
potential pharmacological utilization. Most of ho-
meopathic medicines are either of plant or animal 
origin. Thousands of bioactive compounds were 
identified in marine organisms reveals that sea 
creatures constitute a large reservoir for pharmaco-
logically active drug (Mayer et al., 2011). Some of 
the molecules responsible for antimicrobial activi-
ties have been identified and characterized. Mol-
luscs are widely used in world research institution 
for various studies, but only recently they have 

Fig.4: Antibacterial activity of shell extract of 
P.viridis against fish pathogens

3.2  Thin layer chromatography (TLC): Thin layer 
chromatography with solvents mixture of methanol 
: chloroform: benzene (3:1:1v/v) clearly showed 
the Rf value 0.75 with ethanol extract of shells, 
the solvent mixture of methanol: chloroform: ben-
zene (2:1:1 v/v) showed Rf value 0.7 and 0.84 with 
ethanol extract of shell and Rf value of 0.8 with 
acetone extract of shells and the solvent mixture of 
methanol : acetic acid : benzene showed Rf value 
0.54 with acetone and 0.55 with butanol extract 
respectively is shown in (Table.5). The tissue ex-
tracts showed Rf value 0.62 and 0.55 with solvent 
mixture methanol: chloroform: benzene (3:1:1v/v), 
it showed Rf value 0.55 with acetone extract of sol-
vent mixture methanol: chloroform: benzene (2:1:1 
v/v) and Rf value 0.55 with butanol extract of sol-
vent mixture methanol: acetic acid: benzene (1:1:1 
v/v) respectively (Table. 6).Table 5: Rf Value of 
shell extract of Perna viridis
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        Extracts Solvent System
M:C:B  (3:1:1V/V) M:C:B  (2:1:1V/V) M:Aa:B (1:1:1 V/V)

Ethanol 0.75 0.70,0.84
Acetone 0.8 0.54
Butanol 0.55

M:C:B –Methanol:Chloroform:Benzene     M:Aa:B-Methanol:Aceticacid:Benzene

Table 6:   Rf Value of tissue extract of Perna viridis

        Extracts Solvent System
M:C:B  (3:1:1V/V) M:C:B  (2:1:1V/V) M:Aa:B (1:1:1 V/V)

Ethanol 0.55 - -
Acetone - 0.55 -
Butanol - - 0.62,0.55

M:C:B –Methanol:Chloroform:Benzene     M:Aa:B-Methanol:Aceticacid:Benzene
been recognized as potential sources of antibacteri-
al and antifungal substances. Antibacterial and an-
tiviral activities have been previously described in 
the hemolymph of several molluscan species such 
as, sea hares, sea slung, oysters and mussels (Na-
kamura et al., 1988; Maktoob and Ronald, 1997; 
Mitta et al., 1999; Zasloff, 2002; Olicard, 2005; 
Gueguen et al., 2006; Roch, 2008). The overall ob-
jective of the current study was capability of an-
tibacterial activity of butanol, acetone and metha-
nol extracts of the body tissue and shell extracts of 
Perna viridis. In the present study maximum zone 
of inhibition (10mm) was observed in Bacillus ce-
reus and minimum zone of inhibition (4mm) was 
observed in Salmonella paratyphi against human 
pathogens. In fish pathogens, maximum zone of 
inhibition was exhibited against V.harveyi (8 mm) 
by butanol extract and minimum zone of inhibi-
tion were observed against V.parahaemolyticus. 
The methanolic extract of Chicoreus virgineus and 
C. ramous experimentally analyzed and observed 
the broad spectrum antimicrobial activities of body 
tissue extract (Santhana Ramasamy and Murugan, 
2005). The antibacterial activities of ethanol ex-
tracts of gastropod B. spirata and Turbo brunneus 
was observed maximum activities against E. coli, 
K. pneumoniae, P. vulgaris and S. typhi (Anand  
et al.,1997). The crude methanol extracts of Cy-
praea errones exhibited higher antibacterial and 
antifungal activities (Anand and Edward, 2002) 
In the present study the shell extract of Perna viri-

dis showed maximum zone of inhibition against 
S.mutants by ethanol and butanol extract (5 mm) 
and the minimum activity were observed against 
Bacillus cereus and P.vulgaris (3mm) against hu-
man pathogens. The antibacterial activity of the 
shell extract of Perna viridis showed maximum ac-
tivity against human pathogen S.mutants (5mm) by 
ethanol and butanol extract and minimum activity 
was recorded in B.cereus and P.vulgaris (3mm) and 
against fish pathogen maximum zone of inhibition 
were observed against V.alginolyticus (10mm) and 
minimum zone of inhibition were observed against 
V. parahaemolyticus and V.harveyi (3mm). Im-
manuel et al., (2012) reported the shell powder of 
C. moneta was active against three opportunistic 
human pathogens such as P. vulgaris, Micrococcus 
species and S. abory and found that the growth of 
all the three pathogens was inhibited.
The previous study of ascidian extracts for TLC 
shows the Rf value 0.2 and 0.3 with ethyl acetate: 
dichloromethane solvents (9:1 v/v), that the alka-
loids and peptides were clearly detected (Braga-
deeswaran et al., 2011). In the present study, thin 
layer chromatography with solvents mixture of 
methanol: chloroform: benzene (3:1:1v/v) clearly 
showed the Rf value 0.75with ethanol extract of 
shells, the solvent mixture of methanol: chloro-
form: benzene (2:1:1 v/v) showed Rf value 0.7 and 
0.84 with ethanol extract of shell and Rf value of 
0.8 with acetone extract of shells and the solvent 
mixture of methanol: aceticacid: benzene showed 
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Rf value 0.54 with acetone and 0.55 with butanol 
extract respectively. The butanol tissue extracts 
showed Rf value 0.62 and 0.55 with solvent mix-
ture methanol: chloroform: benzene (3:1:1v/v), it 
showed Rf value 0.55 with acetone extract of sol-
vent mixture methanol: chloroform: benzene (2:1:1 
v/v) and Rf value 0.55 with ethanol extract of sol-
vent mixture methanol: acetic acid: benzene (1:1:1 
v/v) respectively. The present study showed that 
Perna viridis contain compounds with broad anti-
bacterial activity. However, further investigations 
involving application of the extracts as drugs for 
humans and it need more research.

5. CONCLUSION

The shell and tissue extracts of Perna viridis pos-
sess bioactive compounds that have potent antibac-
terial effect. Numerous works has been focused on 
the tissues of Perna sp., but work has not been done 
in the shells. Usually the shells are sold for low 
cost or thrown as trash. The results of the present 
study encourage to undertake a broad screening of 
marine bivalve meat and shells for bioactive com-
pounds and to convert them into usable drugs.
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ABSTRACT

Wetlands are the resources which are responsible for the well being of the mankind and the vital elements of global 
ecosystems and economics.  Wetlands besides supporting aquatic flora and fauna it provides many economic 
benefits to mankind that includes drinking water supply, irrigation for agriculture, ground water recharge, erosion 
control, water sports, tourism culture, heritage development and other recreational values.  It also includes many 
ecological functions such as supporting biodiversity, water cycle maintenance and hydrology of the place, biologi-
cal cycle functioning and climate stability. 

Fresh water is the most precious natural resource.  Conservation of the fresh water becomes an urgent need due 
to its ever-increasing demand as drinking water to ever increasing population, irrigation to agriculture, the back-
bone of India, aqua culture, the major food supplier and revenue source, industrial sector and so on.  Lakes, rivers 
and reservoirs are most important water resources.  Lakes are highly complex water, land interactive systems, 
supposed to be the most fertile - productive ecosystems in the world and constitute a treasury of biodiversity. 
Due to inadequate attention and   ignorance of common man, these lakes are referred as wastelands leading to 
their disappearance in the process of urbanization and development. Considering the ecological, economical and 
recreational promise of the water body the work was undertaken to asses the water quality in terms of its physico-
chemical nature, seasonal diversity of bird fauna, zooplankton, Phytoplankton and fishes for the conservation of 
ecosystem. Conservation of lake in to terrestrial land will seriously affects the food availability of water birds. 
Protecting and conserving the wetland biodiversity is essential for the long term survival of the species and its 
habitat. The management of wetlands invariably requires a multidisciplinary approach that integrates the techni-
cal, economic, environmental, social and legal aspects of water management. The main threats to wetlands and 
wetland birds are habitat loss and degradation, over-exploitation and pollution.  The wetland migratory birds play 
a vital role in long-distance dispersal of terrestrial and aquatic plants. Studying the bird communities is an essen-
tial tool to understand the quality and health of the habitat/wetland.  Monitoring bird populations is an important 
tool for identifying conservation actions in the areas of high human pressure.  There is a close links between birds 
and the structure and quality of their habitats; hence birds are widely regarded as one of the best indicators of the 
ecosystem health.

Key words: Wetlands; ecosystems; conservation; wetland biodiversity

1. INTRODUCTION

Wetlands are the resources which are responsible 
for the well being of the mankind and the vital 
elements of national and global ecosystems and 
economics (Hussain, 2007).  Wetlands besides 
supporting aquatic flora and fauna it provides 
many economic benefits to mankind that includes 
drinking water supply, irrigation for agriculture, 
ground water recharge, erosion control, water 
sports, tourism culture, heritage development and 
other recreational values.  It also includes many 

ecological functions such as supporting biodiversity, 
water cycle maintenance and hydrology of the place, 
biological cycle functioning and climate stability 
(Bhatnagar et al., 2007).  Many large and potential 
wetlands which support biodiversity are identified 
and declared as Ramsar Cites by International 
Union for Conservation of Nature and Natural 
Resources (IUCN). According to IUCN the Ramsar 
convention defined as “areas of marsh, peat land 
or water, whether natural or artificial, permanent 
or temporary, with water that is static or flowing, 
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fresh, brackish or salt, including areas of marine 
water the depth of which at low tide does not exceed 
six meters” (IUCN, 1971). In India there are many 
potential wetland habitats which supports many 
threatened wetland avifauna have been identified 
and declared as Important Bird Areas (IBA) (Islam 
and Rahmani, 2004).  These potential wetlands are 
studied and included as conservation priority areas 
(Vijayan et al., 2004).    India has large number 
of potential wetland avifauna supported by many 
potential and long time supporting ecosystems 
such as Keoladeo Khana National Park, Chilika 
Lake, Pulicat Lake Bird Sanctuary, Point Calimere 
Bird Sanctuary, Gulf of Mannar Marine National 
Park.  Protecting and conserving the wetland 
biodiversity is essential for the long term survival 
of the species and its habitat. The management of 
wetlands invariably requires a multidisciplinary 
approach that integrates the technical, economic, 
environmental, social and legal aspects of water 
management (Hussain 2007).  The main threats 
to wetlands and wetland birds are habitat loss 
and degradation, over-exploitation and pollution 
(Hussain 1990, Kumar et al., 2003). Nearly 20% of 
the globally threatened bird species found in the 
wetland habitats such as fresh water lakes, rivers 
and marshes, coastal lagoons and inter tidal flats 
of the Asian region (Birdlife International, 2004).  
Studying and understanding the quality of wetlands 
is important for the long term conservation of the 
flora and fauna.  Wetlands and its ecology have 
been well studied in parts of India and other parts 
of the world.  Wetland avifauna is the crucial parts 
of the wetland ecosystems.  The wetland migratory 
birds play a vital role in long-distance dispersal of 
terrestrial and aquatic plants (Green et al., 2002). 
Studying the bird communities is an essential tool 
to understand the quality and health of the habitat/
wetland.  There is a close links between birds and the 
structure and quality of their habitats; hence birds 
are widely regarded as one of the best indicators of 
the ecosystem health.

Studies on wetland bird communities and its 
relationship with habitats widely conducted in 
various wetland ecosystems (Ali and Vijayan, 1986; 
Ali, 1963, 1981; Vijayan et al., 2004, Nagarajan 
and Thiyagesan, 1996; Prasad et al., 2004; Recher, 
1966; Sampath, 1989; Sugathan, 1982).    However 

many ecologically important wetlands have not 
been focused and the knowledge on wetland bird 
population is mainly quantitative and confined to 
a few well-known sanctuaries and National Parks 
(Perennon and Santharam, 1990). Tamil Nadu in 
India posses 49 important wetland habitats which 
support rich bio diversity (Vijayan et al., 2004 and 
Prasad et al., 2004). . The Coimbatore district has 
number of lakes, tanks and reservoirs.  Although 
few surveys conducted on the wetland birds of 
Coimbatore District there were no detailed studies 
conducted on the Wetland avifauna (Deivanayaki, 
2007).  Perur Lake (Kovaiputhur Lake) in the 
Coimbatore District, the proposed Conservation 
Reserve by the Coimbatore Forest Division is 
one among the important wetland ecosystem 
that supports rich bird diversity.  There were no 
detailed study conducted on the wetland avifauna 
of Perur Lake except a short term study on the soil 
and sediments conducted by Jayalakshmi (2007). 
Therefore I undertake this study on the ecology 
of the wetland bird communities in the proposed 
bird community reserve in the Perur Lake with the 
following objectives. 

Climatologists, researchers and environmental 
groups discuss the cause of extensive disruption 
in climatic patterns and the bird community. So 
contribution and integration of hydrological, 
ecological, and socio-economic experts to detect 
and analyze signals of global change is obligatory. 
Some overlapping of research agendas is therefore 
inevitable, but these overlaps suggest both the 
recognition by representatives of several disciplines 
of the importance of the agenda items and perhaps 
the opportunity for multi-disciplinary research. 
Political scientists should scrutinize the research 
agendas of the other social sciences such as 
psychology, anthropology, geography, zoology, 
Botany, Agriculturist, foresters, conservationist 
emphasis on related researches. Research on this 
problem, and on ways society can respond to it, 
needs to be carefully organized and managed in an 
interdisciplinary and flexible manner. New means 
of integrating research results and ensuring their 
usefulness for policy decisions must be explored. 
Research on the wetland bird community also be 
closely ‘tied-in’ with research on other social and 
environmental issues. Integrative, holistic approach 
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of conservation design, as described here, reflects 
a new way to incorporate an ecosystems approach 
into research, action, and educational strategies that 
can shape human–environment interactions within 
an urban context. It accounts for complexities of 
social practice, and for social and cultural change by 
locating responsible vectors both within and from 
outside the system. Finally, it seamlessly integrates 
research findings into a flexible and changing 
management and information dissemination 
strategy. In this vision, anthropologists, biologists, 
conservationists, and local residents can collaborate 
to conserve what all value: a viable and dynamic 
ecosystem that offers benefits to all its inhabitants. 

2. MATERIALS AND METHODS

The methodologies to be followed in the study are 
outlined under five sections.
Section I  - Preliminary work and sampling design
Section  II - Selection of study area
Section III - Period of study
Section  IV - Method of data collection
Section V - Analytical methods

2.1. Preliminary work and sampling design: Pilot 
survey will be carried out in the selected area  the 
location , the size of the lake will be made to know 
about the lake and appropriate literatures will be 
collected from the reputed Institutions from both 
national and International level.

2.2. Selection of study area: Lake location ,the 
size of the lake, boundaries, the extent of area, plan-
tation ,the extent of plantation area and the agricul-
ture fields  will be measured in the selected study 
area.

2.3. Period of Study: The study will be carried out 
for a period of one year (Including data collection, 
analysis and evaluation)

2.4. Method of data collection: Data collections 
will be made in the project area as follows.

2.5. Bird community study:  Sampling of waterbirds 
will be carried out through out the Perur Lake.  The 
census using different sampling techniques (Bibby 
et al., 1992, Sutherland, 1996) depending on the 
species, areas, accessibility and habitat conditions 
will be used to study the waterbird species.  Total 

count will be largely confined to the larger and 
threatened bird species to obtain an idea of their 
population in the Perur Lake area.  The counts will 
be done whenever birds are sighted in large con-
gregations.  In addition to the total counts, sys-
tematic censuses will be carried out using block or 
transect count through out Perur Lake.  The entire 
census will be carried out from 0700 hrs to 1100 
hrs with an interval of fortnight. The parameters 
like number of birds, species, behavior, habitat and 
other information will be recorded during the sur-
vey.  Entire study area will be divided into different 
blocks.  Each block will be covered and birds will be 
identified and counted.  Apart from the total count, 
random observation on behavioural aspect will be 
carried out for further information.

2.6. Habitat study: Based on the vegetation and 
physical characteristics the habitats will be differ-
entiated.  The bird survey will be carried out habitat 
wise.  Floristic composition, vegetation mapping, 
aquatic microphytes, seasonal and annual variation 
in the community structure will be studied.  Abun-
dance or percentage cover of the vegetation, num-
ber of species and percentage cover per block and 
terrestrial vegetation will be studied.

2.7. Water chemistry:  Standard analytical method 
will be followed for studying the physicochemical 
properties of the water.  Water samples will be col-
lected every fortnightly interval in the fixed points.  
Samples will be collected from randomly placed lo-
calities at fortnightly intervals.  The number of lo-
calities will be varied depends of water spread area 
and availability and each year.  

2.8. Parameters: The parameters like Water tem-
perature, hydrogen ion concentration, PH, dis-
solved oxygen, alkalinity, free co2, chloride, inor-
ganic phosphate, calcium, magnesium, hardness of 
water electrical conductivity will be studied.  

2.9. Plankton Study: For studying the planktons 
the water samples will be collected from stratified 
random sites (the places where the water sample 
taken) at fortnightly intervals.  Fifty litter of water 
will be collected from each random sited and fil-
tered through a sampling net of bolting silk (no 25) 
and the plankton will be collected and preserved in 
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5% formalin.   The samples will then be made up 
to 50ml and one ml will be placed in the micro-
scope for counting the planktons.  Two counts will 
be made and the average will be taken.  The density 
of planktons will be number (unit/litter). Vijayan et 
al.,(1991) will be followed for studying planktons. 

2.10. Fish fauna study
A standard sampling method will be used to study 
the fishes of the study area.

2.11. Studying nesting birds and nesting trees
All breeding birds and their nesting trees and 
habitats will be studied in the study area.  Special 
focus will be given to threatened birds and nesting 
behavior will be noted in the study area.

2.12. Analytical methods
Collected and the experimental data will be entered 
and maintained in the Excel format of the windows, 
2007. The following data like Bird community study, 
Habitat study, Water chemistry, Parameters like 
Water temperature, hydrogen ion concentration, 
PH, dissolved oxygen, alkalinity, free co2, chloride, 
inorganic phosphate, calcium, magnesium, 
hardness of water electrical conductivity, plankton 
Study, Fish fauna, nesting birds and nesting trees 
will be analyzed. The outcome of the result would 
definitely will provide the first comprehensive data 
base on the distribution and habitat use of the 
water birds and provide the basis for developing a 
comprehensive and technically sound conservation 
and management plan for the waterbirds and for 
the Perur lake.

3. RESULTS AND DISCUSSION

Water parameters at Perur lake was studied from 
September 2010 to August 2011.The study indicates 
pH values range from 6.52 to 7.04 with dissolved 
oxygen 10.8 to 16mg/l. September, October, March 
and April lake is completely dried The parameters 
like Water temperature, PH, dissolved oxygen, 
alkalinity, free co2, chloride, inorganic phosphate, 
calcium, magnesium, hardness of water will be 
studied.   So local people started cultivating crops 
like corn, sugarcane etc. in the Lake. Lake is 
completely filled with Alternanthera and grasses.  
Chlorophyceae members were observed only 

during summer in the little stagnant water and the 
water looks green due to Chlorophyceae members. 
Special feature observed in the lake is other 
months water is very clear only few algal members 
and the lake is totally free from the aquatic weed 
Eicchornia and the lake bunk is surrounded only 
by Argeria , Convolvulaceae member. Argeria is the 
dominant plant. All other lakes in the Coimbatore 
city is dominated by Aquatic weed Eicchornia, 
Ponteridaceae. November, December, January, 
February ,May, June, July and August lake is filled 
with maximum water. Special feature observed in 
this lake is the dominant aquatic weed Eicchornia 
is completely absent. Water is also very pure and 
clean free from algae.

Sampling of water birds was carried out through out 
the Perur Lake.  Total count will be largely confined 
to the larger and threatened bird species to obtain 
an idea of their population in the Perur Lake area.  
The counts will be done whenever bird is sighted in 
large congregations.  In addition to the total counts, 
systematic censuses will be carried out using block 
or transect count through out Perur Lake.  The 
entire census will be carried out from 0700 hrs to 
1100 hrs with an interval of fortnight. Thirty bird 
species were recorded.  Highest population of Little 
Cormorant and Spotted Billed Pelican were spotted 
throughout the year.

For studying the planktons the water samples 
were collected from stratified random sites 
(the places where the water sample taken) at 
fortnightly intervals. Spirogyra and chlorella were 
observed only during summer in the stagnant 
water. Anabaena, Nostoc and Oedogonium were 
observed throughout the study period. Copepods 
Nematodes Fish egg and Gastropod larvae were 
remained small number throughout the year.

4. CONCLUSION

The study will also help to establish a comprehensive 
monitoring program for the water birds and 
their habitats in collaboration with the forest 
departments and local NGOs/colleges in a way 
that will allow us to detect changes and respond to 
them in a timely fashion. The study will develop a 
systematically planned participatory conservation 
program that involves and takes all stakeholders 
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into account.   The study will also help to develop 
the capacity within the forest department and the 
local NGOs/colleges to systematically monitor the 
status of the water birds and its habitat in future 
and l also help to initiate a conservation education 
and advocacy to improve the status of water bird 
species within the wintering range with particular 
reference to Perur Lake. 
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ABSTRACTS

The accelerated rate of amphibian decline over the past few centuries and its consequences have been addressed 
by many scientific reports. Environmental pollutants singly or in combination with other factors likely to be the 
major cause behind this scenario. The present study was conducted to evaluate the effects of Endosulfan, an 
organochlorine pesticide on the histology of liver of adult toads, Bufo melanostictus. LC50 value calculated by 
bioassay studiesAdult toads acclimated to laboratory conditions were divided into three groups. Groups one and 
two were exposed to two sublethal concentrations of endosulfan (1/10 and 2/10 of LC50) respectively and Group 
three served as the control. Experiment continued for a period of thirty days. Histology of the liver of both treated 
and their control toads studied. Histopathological effects were prominent from the tenth day of exposure onwards. 
Alterations in the liver such as fibrosis, necrosis, leucocytic infiltrations in the liver parenchyma, cytoplasmic 
vacuolation , fatty degeneration and pyknotic nuclei in the hepatocyte were noticed. Ruptured and disintegrated 
cell boundaries led to the formation of multinucleated giant cells. Thirty days of exposure produced widespread 
degenerative changes in the liver. The results of the present study suggest and motivate the need for further studies.

Key words: Endosulfan, environmental pollutants, Bufo melanostictus, degenerative changes

1. INTRODUCTION

Sustenance and preservation of earth’s biodiversity 
is a challenge of the century and efforts in the re-
search of this is gaining importance ( Burlibaşa and 
Gavrilă, 2011, Dickson and Cooney,  2005). The 
consequences of anthropogenic activities on biodi-
versity is becoming increasingly conspicuous and 
considered to be the main factor that upset ecologi-
cal balance(Chapin  III et  al., 2000) .Biodiversity 
crisis is of international concern and amphibians 
are currently the most threatened group of verte-
brates ;  Freeman and Rayburn, 2004;  Hoffmann et 
al., 2010;  Stuart et al., 2004)and represent the most 
dramatic example of vertebrate extinction(Egea 
-Serrano et al., 2009;  Păunescu et al., 2011).An-
thropogenic stress including habitat loss associated 
with agrochemical contamination independently 
or in combination with other environmental fac-
tors like climate change ,disease and exotic species 
can produce unexpected catastrophic outcomes 
from physiological(Gendron  et al., 2003) and 
genomic imbalances (Hayes  et al., 2010) to im-
munosuppression  (Gilbertson et al., 2003).Agro-
chemicals reach the aquatic environment by spray 

drift or run off whereas in the terrestrial agrologi-
cal habitats chances of exposure are direct and to 
the maximum. Because of their dependence on 
both habitats, chances of exposure to environmen-
tal contaminants are more in amphibians as larvae 
and as adult and may lead to the wiping away of 
many of the amphibian species from around the 
globe  (Brühl et al., 2013; Collins and Storfer, 2003; 
Devine and Furlong, 2007;  Kiesecker et al., 2001;  
Pounds et al., 2006; Rohr et al., 2008;  Brühl et al., 
2011).

Organochlorine Pesticides are lavishly used around 
the world for agricultural and industrial purposes 
but their indiscriminate use can be dangerous to 
non-target organisms like amphibians  (Burkepile 
et al., 2000). Irrespective of the fact that many of the 
organochlorine pesticides are banned, endosulfan, 
a cyclodiene insecticide is still in use  (Dutta et al., 
2006;  Ezemonye and Tongo, 2010). Besides, their 
potential to persist in the environment has raised 
concern against their implications on physiology of 
organ systems  (Campagna et al., 2001;  Casas et 
al., 2010). Endosulfan(commonly called Thiodan) 
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since its first usage from 1950s known to cause det-
rimental effects including reproductive toxicity to 
death in aquatic and terrestrial organisms. It has 
the potentiality to induce an excitatory effect on 
neurons as a neurotoxin (Jones  et al., 2009) and 
hormonal imbalance as an endocrine disruptor  
(Joy and  Chakravorty, 1991; Khan, 2012). Toxic 
effects of endosulfan to fish have been extensively 
studied  (Davis and Wedemeyer, 1971;  Naqvi and 
Vaishnavi, 1993).Alterations in the acetylcholine 
esterase activity has been observed in blue gills 
exposed to endosulfan  (Dutta and Arends, 2003). 
Though there are studies pertaining to agrochemi-
cal contamination and its impacts on life stages of 
amphibians, there is only limited information re-
garding the adverse outcomes of these pesticides 
on adults specifically those induced by organochlo-
rines  (Loumbourdis, 1997;  Păunescu et al., 2008). 
Organochlorine pesticides are known to produce 
reproductive dysfunction  (Dutta et al., 2006).

Acute and chronic exposure to contaminants can 
be easily detected by histopathological studies of 
liver because the bioaccumulation of these is higher 
in the liver when compared to muscles and other 
organs  (Miranda et al., 2008, Myers et al., 1998). 
A standard technique to evaluate the stress posed 
by xenobionts on environmental health is to test 
whether environmentally realistic doses have ad-
verse effects on organisms, embryos and develop-
mental stages. Amphibians are considered to be 
simple and effective model for investigating im-
pacts of environmental toxicants and identifying 
environmental teratogenesis because of their bio-
logical traits and environmental sensitivity and are 
hence good bioindicators of environmental stress  
(Blaustein et al., 2003; Duellman, 1994;  Feder and 
Burggren, 1992;  Kiesecker et al., 2001;  Böll et al., 
2013). This study was carried out to evaluate the 
histopathological effects of sublethal concentra-
tions of endosulfan to liver of the adult toad Bufo 
melanostictus Schneider.

2. MATERIALS AND METHODS

Commercial formulation of Endosulfan 35% 
EC (organochlorine, scientific insecticide com-
pany, Thiruchirappally selected for the experi-
ment endosulfan [1,4,5,6,7,7-hexachloro-8,9,10-

trinorborn-5-en-2,3,-ylene dimethyl sulsulphite 
6,7,8,9,10-hexahydro-6,9 methano-2,4,3, benza-
dioxathiepin 3 oxide] is selected for the present 
study. The stock solution of endosulfan prepared 
by adding calculated amounts of chemical to one 
litre of ultra-purified sterilized water. Test concen-
trations of the pesticide prepared by adequate di-
lution calculated from the percentage of the active 
ingredient of the commercial formulation. Both 
male and female of B.melanostictus collected from 
regions with no agricultural activities. Transferred 
to lab and acclimated. Bioassay studies were con-
ducted according to ASTM (1990) and the LD50 
value calculated by Probit analysis  (Finney, 1947). 
Two sub lethal concentrations 1/10 and 2/10 of 
the LD50 used for the treatments. Solutions were 
freshly made before use. Toads divided into three 
groups. The first and second group received 0.24 
and 0.48 ppm/gm bodyweight respectively and the 
third group of toads were used as control. The pes-
ticide was administered by intraperitoneal injec-
tions, one shot given every five days. The control 
toads injected with 1 ml of distilled water. Experi-
ment was maintained up to thirty days and three 
replicates were maintained.

Toads randomly selected from both control and 
treated groups were sacrificed at an interval of five 
days. They were killed by decapitation, liver excised 
and fixed in 8% formalin, processed and embedded 
in paraffin wax and sections cut at 5µm thickness. 
Stained with Haematoxylin and Eosin for histo-
pathological observations. Changes induced by 
treatment were photographed and analysed by light 
microscopy. Histological parameters in the liver 
were used as indices of toxicosis. Hepatosomatic 
index (HSI) was calculated following international 
standards for each individual toad  (Heidinger and 
Crawford, 1977). Statistical analysis was carried out 
using Student’s ‘t’ test to compare the differences 
between control and experimental groups.

3. RESULTS

The toads exposed to higher concentrations 
showed erratic movements and restlessness and 
their skin turned light in colour. Responses to 
touch and sound were found to be decreased. Peel-
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ing of skin was frequently seen and their belly was 
found to be blotted. Advanced stages of intoxica-
tion were evidenced by their alarming calls and 
blind movements. The LC50 24 hour and LC100 
24 hour for adult toads were 2.4 ppm /gm. body 
weight 3.5 ppm/gm. body weight respectively. Fi-
ducial limits for 50%mortality were found between 
2.2 ppm and 2.73 ppm. Regression Equation was 
Y=-2.713+5.72x. Chisquare value was 4.35 and was 
found to be non-significant.

3.1 Exposed to 0.24ppm/gm body weight: Up to 
ten days no significant changes has been noticed 
whereas mild damage to liver components has been 
noticed on the 15th day of exposure. On the twenti-
eth day, extravasation of RBC was noticed follow-
ing haemorrhage. Cellwall lysis, crowding of the 
nuclei, haemorrhage and lysis of cellwall were very 
evident. Fatty infilteration and extensive inflamma-
tion noted on the 25th day of exposure .By the 30th 
day cellular structure of the blood sinusoids lost 
spilling blood cells into the surrounding tissue and 
clumping of hepatic cells found (Fig.1)

Fig 1: Histopathological changes in the liver of 
B.melanostictus exposed to endosulfan

A,E control, B,C,D,15,20,30 days exposure(.24ppm 
FGH ,10,20,30 days exposure(0.48ppm)

CV – Server congestion in central vein

Pv: congested portal vein S – Sinusoids congestion 
F - Focal inflammatory cells nfiltration

In hepatic parenchyma D- Degenerated 
hepatocytes,inflammation K – Activated kupffer 
cells N- Necrosis

3.2. Exposure to 0.48ppm/gm body weight: Effects 
could be visualised from the 10th day of exposure 
onwards. Haemorrhage, cloudy swelling and va-
coulation of the hepatic cells were prominent. On 
the 15th day necrosis could be seen in the form of 
scattered patches. Large collection of inflammatory 
cells and swollen and pyknotic nuclei could be seen. 
On the 20th day of exposure necrosis of the liver 
cells very prominent and lesions occurred more in 
the centre than in the periphery. Lymphocytic ag-
gregation and fatty infiltration also noticed. After 
twenty-five days vacoulation was very severe; they 
showed cloudy swelling and nucleus was pushed to 
the sides. Thirty days of exposure produced wide 
spread degenerative changes. Rupture and disinte-
gration of cell boundaries led to the formation of 
multinucleated giant cells. Most of the cells were 
practically devoid of cytoplasm. Hepatocytes be-
came contiguous and pyknotic. (fig.1)

Progress in administration has produced fibrosis 
and accumulation of kupffer cells in both exposures

3.3. Hepatosomatic Index: There was a marked 
increase in the HSI after the treatments. The value 
was found to be increasing gradually. Results are 
summarized in table &Fig 2.
4. DISCUSSION
The present study clearly shows that sublethal 
concentrations of endosulfan can induce vari-
ous hazardous histopathological alterations which 
can damage the normal liver functioning. Vari-
ous pathological changes observed in the liver 
of B.melanostictus exposed to Endosulfan in-
cluded cytoplasmic degeneration, focal inflam-
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Table 1: Effect of Hisonan on the HIS of Bufo melanostictus

Fig 2: Effect of Endosulfan on the HIS B. melanostictus

mation, fatty degeneration, leucocytic infiltra-
tion, Karyolysis, pyknosis etc. exposure to higher 
concentration(0.48ppm/gmbody weight) caused 
hypertrophy of both hepatic cells and nuclei, ac-
companied by the gradual reduction of cytoplas-
mic materials and vacuolation. Similar results 
have been reported in A.bata exposed to DDT, an 
organochlorine pesticide  (Islam et al., 2006) . No 
anomalies to support the findings were observed in 
the histology of the liver of control toads which ap-
peared to be normal with intact cells.

The dislocation of nucleus and hepatitis may be 
due to phagocytosis of damaged RBC. The hepatic 

dislocation may be attributed to metabolic chang-
es induced by pesticides in liver and gall blad-
der  (Kaplan et al., 1967). In the present study on 
B.melanostictus, the effects progressed with dose 
and duration. Histopathological observations on 
the brain tissue of Bufo regularis exposed to or-
ganochlorines also observed to have a dependence 
on dose and duration  (Isioma and Lawrence, 2013). 
The damage to the hepatic cell body progressed 
gradually and the cytoplasm became less and less 
dense. Lymphocytic infiltration was a prominent 
feature found in the treated liver and indicates in-
jury in tissues.
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In the adult toad exposed to endosulfan the liver 
exhibited accumulation of nuclei in several re-
gions and necrosis, hyperplasia, lymphocytic in-
filtration and pyknosis. Similar results have been 
reported in diazinon treated rabbits  (Sarhan and 
Al-Sahhaf, 2011) and rats  (Harrison  Findik et al., 
2007). Degeneration in hepatic chords and hepa-
tocytes followed by cytoplasmic vacuolation lead-
ing to degeneration of cytoplasm which is similar 
to that described in rats exposed to a pyrethroid 
cypermethrin  (Yavasoglu et al., 2006) observed 
in this study.Cytoplasmic vacuolar dystrophy is a 
clear sign of cell injury commonly found in liver 
parenchyma membranes which is concerned with 
ion pumping  (Mori, 1983, Sarhan and Al- Sahhaf, 
2011). Cell lysis may be attributed to accumulation 
of fluids  (Gores et al.,  1990).Apoptosis and prolif-
eration of cells are associated with normal ageing 
but toxicity to liver cells will lead to increased and 
abnormal apoptosis and an increase in the accumu-
lation of kupffer cells  (Yavasoglu et al., 2006).In 
the present study also an increase in kupfer cells 
followed by hyperplasia is observed which is a 
clear sign of pesticide poisoning. Fibrosis is noted 
around blood vessels and between hepatocytes and 
similar result has been described as a symptom of 
liver disease(Tan  et al., 2002).Hepatic fibrosis is 
indicative of fibroblast stimulation which can be 
attributed to oxidatiative stress ,a response to poi-
soning  (Flier et al.,  1993, Lee et al., 1995).Fibro-
sis can result in fatal outcomes like carcinogenesis  
(Loumbourdis  and Vogiatzis, 2002).Liver is the 
site of protein, fat and carbohydrate metabolism 
and has the ability to degrade toxins. But the regu-
latory mechanism may be destroyed by the effects 
of the pesticides  (Brusle and Anadon, 1996,  Pa-
than et al., 2010) and is more liable to injury from 
toxicants  (Virk et al., 1987).

HSA was found to be higher in the treated toads. 
Stress from Xenobionts can lead to increase in 
the size of liver and this can create liver energy 
crisis(Amacher  et al., 1998,  Osimitz and  Lake, 
2009) .Liver is the main organ in the metabolism of 
fat and fat accumulation in the liver during poison-
ing is a known fact  (Anderson and Hickey, 1976).

5. CONCLUSION

Endosulfan can induce very severe and hazardous 
effects in the liver of B.melanostictus. The present 
study addresses the effects of exposure and to draw 
conclusions, the post exposure effects and possi-
bility of recovery have to be evaluated. Amphib-
ian extinction crisis has raised concern among the 
scientists globally. Although chemicals improve 
our living conditions they have side effects against 
which we have to protect ourselves and the envi-
ronment. Success of conservation efforts largely 
rely on the emphasis given to habitat conservation 
and amphibian conservation is closely related to 
that. The effectiveness rely on coordination of con-
servation strategies. Amphibian decline is a global 
phenomenon and one of the greatest conservation 
challenges and to find solutions we need clearly 
devised protocols to address the different aspects 
affecting this sentinel species and environmental 
health at large.
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Georgescu, S., Drăia, F. and Fulga, I. (2011). 
Cannabinoid System and Cyclooxygenases In-
hibitors. Journal Of Medicine and Life. 4: 11.

Pounds, J.A., Bustamante, M.R., Coloma, L.A., 
Consuegra, J.A., Fogden, M.P., Foster, P.N., La 
Marca, E., Masters, K.L., Merino-Viteri, A. and 
Puschendorf, R. (2006). Widespread Amphibian 
Extinctions From Epidemic Disease Driven By 
Global Warming. Nature. 439: 161-167.

Rohr, J.R., Raffel, T.R., Romansic, J.M., Mccal-
lum, H. and Hudson, P.J. (2008). Evaluating 
The Links Between Climate, Disease Spread, 
and Amphibian Declines. Proceedings Of The 
National Academy Of Sciences. 105: 17436-
17441.

Sarhan, O. and Al-Sahhaf, Z. (2011). Histological 
and Biochemical Effects Of Diazinon On Liver 
and Kidney Of Rabbits. Life Science Journal. 8.

Stuart, S.N., Chanson, J.S., Cox, N.A., Young, B.E., 
Rodrigues, A.S., Fischman, D.L. and Waller, 
R.W. (2004). Status and Trends Of Amphibian 
Declines and Extinctions Worldwide. Science. 
306: 1783-1786.

Tan, J., Hytiroglou, P., Wieczorek, R., Park, Y.N., 
Thung, S.N., Arias, B. and Theise, N.D. (2002). 
Immunohistochemical Evidence For Hepatic 
Progenitor Cells In Liver Diseases. Liver. 22: 
365-373.

Virk, S., Kaur, K. and Kaur, S. (1987). Histopatho-
logical and Biochemical Changes Induced By 
Endrin and Carbaryl In The Stomach, Intestine 
and Liver Of Mystus Tengara. Indian Journal Of 
Ecology. 14: 14-20.

Yavasoglu, A., Sayim, F., Uyanikgil, Y., Turgut, 
M. and Karabay-Yavasoglu, N.Ü. (2006). The 
Pyrethroid Cypermethrin-Induced Biochemical 
and Histological Alterations In Rat Liver. Jour-
nal Of Health Science. 52: 774-780.



Perspectives on Biodiversity of India Vol. II. Part 2

175

STATUS OF SMALL PELAGIC FISHERIES OF INDIA
Mogalekar. H.S*, Subburaj. A, Jawahar. P and Pavinkumar. P

Department of Fisheries Biology and Resource Management, Fisheries College & Research Institute, 
Tamil Nadu Fisheries University, Thoothukudi-628 008, Tamil Nadu.

Email: mogalekar.hs10@gmail.com

ABSTRACT 

Present paper overviews the status and management of small pelagic fisheries of India over last two decades. 
Small pelagics are diverse group of planktivorous fishes, attain maximum length of <35 centimeters and maximum 
weight of <500 grams and inhabit usually above the continental shelf, about 119 species of small pelagics belong-
ing to 8 families and 32 genrus have been reported from Indian waters, off which around 50 species supports major 
fisheries. Small pelagics with an annual average of 7.33 lakh tonnes formed 50.9% of the total pelagic catches 
and 26.9% of the total marine catch of India during 1991 to 2012. Average annual small pelagic fish production 
increased from low of 4.74 lakh tonnes during 1994 to 11.92 lakh tonnes during 2012. Over last 22 years, marine 
fish production increased by 76% and small pelagic catches increased by 151%, growth rate in the production of 
pelagic fisheries has been conspicuously higher than that of the overall production. Small pelagics of commer-
cial bearing are mainly the oil sardine, lesser sardines, anchovies and whitebaits and Indian mackerel, together 
contributed 99.41 % to the small pelagics and remaining 0.59% by half beaks and full beaks, flying fishes, other 
mackerels and unicorn cod. During 1991 to 2012, the oil sardine, other sardines, anchovies and whitebaits and In-
dian mackerel contributed 11%, 3%, 4% and 6% to the total marine fish landings and 14%, 6%, 9% and 12% to the 
total pelagics landing of India, respectively. Except flying fishes and unicorn cod, all other small pelagics showed 
increasing trend. Present study indicated that the stock is under greater fishing pressure than desired. 

 Key words: Small pelagic fish, diversity, ecological role and production trend.

1. INTRODUCTION

Small pelagic fishery resources are one of the major 
components in Indian marine fish landings. Small 
pelagic fishery resources consists of oil sardine, 
lesser sardine, Indian mackerel, anchovies and 
whitebaits, halfbeaks and fullbeaks, flying-fishes, 
unicorn cod, fusiliers and silversides. The small pe-
lagics of commercial bearing are mainly the oil sar-
dine, lesser sardines, anchovies and whitebaits and 
Indian mackerel and average annual catch for these 
groups exceeds more than 1 lakh tonnes which 
contributes substantially to the economy of Indian 
marine fisheries. Small pelagic fishery is basical-
ly harnessing a natural resource and therefore its 
management must anchor on knowledge based in-
terventions generated through close monitoring of 
their distribution, abundance, exploitation and fluc-
tuations of fish stocks in relation to natural factors 
and anthropogenic interventions. The major events 
that took place over last 22 years (1991-2012) and 
the research work carried out on small pelagic fish-
eries from time to time are reviewed here to indi-
cate the historic and current status, prospects, chal-

lenges, management strategies and measures to 
increase and sustain small pelagic fish production.   

2. MATERIALS AND METHODS

Literature on various aspects of small pelagic have 
been gathered and synthesized for present study. 
Production data on small pelagic fisheries has been 
collected from CMFRI annual reports from 1990 
to 2012. Total production, average production and 
growth rate calculated using MS-Excel.

3. RESULTS AND DISCUSSIONS

3.1. Concept and composition of small pelagic 
stocks: The term ‘small pelagic fishes’ refers to a 
diverse group of planktivorous fishes,  shows shoal-
ing behaviour, which can attain maximum length 
of < 35 centimeters and maximum weight of < 
500 grams and inhabit the upper surface/subsur-
face layer of the water column, usually above the 
continental shelf with water depth < 200 meter. In 
Indian context small pelagics comprises different 
taxonomic groups, which contribute to their rich 
species diversity and abundance. From the avail-
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able information on the distribution of small pelag-
ic fishes along the Indian coast, it could be inferred 
that there are 119 species of small pelagics. Out of 

the 119 odd species available, 50 species belonging 
to 5 families supports major fisheries and form part 
of commercial catches (Table 1). 

Table 1: Species diversity of small pelagics
Family Group/Species Number of species
1. Clupeidae* 1. Oil sardine 1

2. Lesser sardines 12
3. Rainbow sardines 2
Total number of sardines 15

2. Engraulidae*  1. Coilia spp. 5
2. Encrasicholina spp. 3
3. Setipinna spp. 4
4. Stolephorus spp. 7
5. Thryssa spp. 16
Total number of anchovies and whitebaits 35

3. Scombridae* 1. Indian Mackerel 1
2. Other Mackerels 2
Total number of Mackerels 3

4. Exocoetidae (Flyingfishes) 1. Cheilopogon spp. 7
2. Cypselurus spp. 2
3. Exocoetus spp. 2 
4. Hirundichthys spp. 3
5. Parexocoetus spp. 3
Total number of Flyingfishes 17

5. Belonidae (Fullbeaks/Needlefishes) 1. Ablennes spp. 1
2. Platybelone spp. 1
3. Strongylura spp. 3
4. Tylosurus spp. 3
Total number of Fullbeaks/Needlefishes 8

6. Hemiramphidae (Halfbeaks) 1. Dermogenys spp. 2
2. Euleptorhamphus spp. 1
3. Hemiramphus spp. 3
4. Hyporhamphus spp. 8
5. Oxyporhamphus spp. 1
6. Rhynchorhamphus spp. 2
7. Zenarchopterus spp. 6
Total number of Halfbeaks 23

7. Caesionidae (Fusiliers) 1. Caesio spp. 6
2. Dipterygonotus spp. 1
3. Gymnocaesio spp. 1
4. Pterocaesio spp. 5
Total number of Fusiliers 13

8. Atherinidae (Silversides) 1. Atherinomorus spp. 2
2. Atherion spp. 1
3. Hypoatherina spp. 3
Total number of Silversides 5

Total number of small pelagics                                                                             119
*Average annual catches exceeds more than 1 lakh tonnes

(Source: http://en.wikipedia.org/wiki/List_of_fishes_of_India)
3.2. Role of small pelagics in marine ecosystem: 
In upwelling ecosystems, small pelagic fish species 
occupy an intermediate trophic level as they feed 
mostly on phytoplankton and zooplankton. The 
role of small pelagic fish in upwelling ecosystems 
mostly depends on trophic flow control, where they 

might exert a major control on energy flows, both 
upwards to their predators and downwards to their 
zooplankton prey (Fréon et al., 2005). High natural 
mortality values and fast growth play major role as 
the main forage (over 90%) for epipelagic preda-
tors such as tunas, bill fishes, seer fishes, barracu-
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das, leather jackets, sciaenids, polynemids, Bom-
bay duck and sharks (Devaraj et al., 1997).   

3.3. Means of exploitation
Traditional canoes, pablo-type boats and 
catamarans are fishing crafts used for exploitation of 
small pelagic resources. In addition to this different 
size of purse seiners and ring seiners are being 
used. The gears used are shore-seine, boat-seine, 
gillnet and drift gillnet. The introduction of purse 
seine in seventies and ring seine and motorization 
of traditional crafts in early eighties had enhanced 
small pelagic fisheries production. 

3.4. Major small pelagic stocks

Small pelagics occupy an important position in 
India’s marine fisheries. They constituted about 
26.92% of the total marine landings during 1991 to 
2012. Among the pelagics, the small pelagics were 
predominant, contributed 50.93% to the total pe-
lagic landings. Among the small pelagics, the oil 
sardine, other sardines, anchovies and whitebaits 
and Indian mackerel were the most predominant 
(Figure 1.1 to 1.9). The distribution and production 
of the major small pelagics are summarized below. 

Fig. 1: All India landings of major small 
pelagic stocks during 1991-2012

Fig. 1.1: Oil sardine

Fig. 1.2: Other sardines

Fig. 1.3: Total anchovies & whitebaits

Fig. 1.4: Coilia, Setipinna, Stolephorus & 
Thryssa

Fig. 1. 5: Indian mackerel

Fig. 1.6: Half Beaks & Full Beaks
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Fig. 1.7: Flying fishes

Fig. 1.8: Unicorn cod

3.5. Oil sardine: The oil sardine is a major inshore 
small pelagic fish, distributed up to 20 km from the 
coast and bulk catches being landed from Malabar 
upwelling zone. The oil sardine fishery commences 
along the southwest coast soon after the outbreak 
of the southwest monsoon (June) and continues till 
April. The commercial fishery is supported by the 
0 and 1 year class fish. The average annual produc-
tion of Indian oil sardine for the period of 1991 to 
2012 was 3.14 lakh tonnes and contributed about 
42.8% to total small pegagics (7.33 lakh tonnes), 
21.8% to total pegagics (14.39 lakh tonnes) and 
11.5% to total marine fish production (27.22 lakh 
tonnes). Oil sardine stock showed remarkable re-
covery after the population crash in 1994 (from 
a lowest of 0.46 lakh tonnes in 1994 to 7.20 lakh 
tonnes in 2012), with no parallel example in the 
India itself (Fig. 1.1).

3.6. Other sardines: constitute species of rainbow 
sardines and 12 species of lesser sardines, which 
support lucrative fisheries especially along the 
southeast and Kerala coasts. The average annual 

production of other sardines for the period of 1991 
to 2012 was 1.0 lakh tonnes and contributed about 
13.64% to total small pegagics (7.33 lakh tonnes), 
6.94% to total pegagics (14.39 lakh tonnes). Dur-
ing 1991 to 2012 other sardines landings ranged 
from a low of 69129 tonnes to 149022 tonnes in 
2012 and contributed about 3.67% to total marine 
fish production of about 27.22 lakh tonnes (Fig. 
1.2). 

3.7. Anchovies and whitebaits: There are 35 spe-
cies of anchovies and whitebaits reported from 
the Indian waters. Whitebaits distributed along 
the south coast of India. The grenadier anchovy, 
Coilia dussumieri limited to the northwest and 
northeast coast. Average annual landing of ancho-
vies and whitebaits during 1991 to 2012 was 1.34 
lakh tonnes, catch ranging from 0.95 lakh tonnes in 
2006 to 1.65 lakh tonnes in 2008. Anchovies and 
whitebaits contributed about 18.28% to total small 
pegagics (7.33 lakh tonnes), 9.3% to total pegagics 
(14.39 lakh tonnes) and 4.92% to the overall marine 
fish production (27.22 lakh tonnes). The Stolepho-
rus form 44.0% (59247 tonnes), Thryssa 26.86% 
(36112 tonnes), grenadier anchovy C. dussumieri 
24.62 % (33540 tonnes) and Setipinna 4.1% (5615 
tonnes) of the anchovies and whitebaits landings 
for the period of 1991 to 2012 (Fig. 1.3 & 1.4). 

3.8. Indian mackerel: India mackerel is distributed 
along both the coasts of India, with very high con-
centrations along the southwest coast. Average an-
nual production of the Indian mackerel was 1.75 
lakh tonnes and characterized wide fluctuations as 
evident from the catch records of the past 22 years 
(1991 to 2012), the production ranged from 0.9 lakh 
tonnes in 2001 to 2.78 lakh tonnes in 2011. Contri-
bution of the mackerel was 6.42 % to the average 
annual marine fish production (27.22 lakh tonnes), 
12.6% to total pegagics (14.39 lakh tonnes) and 
23.87% to total small pegagics (7.33 lakh tonnes) 
during 1991 to 2012 (Fig. 1.5).    

3.9. Half beaks & Full beaks: Belonids and Hemir-
amphids are commonly known as half beaks & 
full beaks support a seasonal fishery along Tamil 
Nadu coast. There are eight species of fullbeaks 
belonging to four genera and 23 species of half-
beaks belonging to 7 genera are found to be dis-
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tributed in Indian waters (Table 1). 4 species of 
fullbeaks and 2 species of halfbeaks observed to 
support fishery. The average annual production of 
half beaks & full beaks for the period of 1991 to 
2012 was 4579 tonnes, contributed about 0.61% to 
total small pegagics (7.33 lakh tonnes) and catches 
ranged from 2300 tonnes in 1993 to 7316 tonnes in 
2000; since 2000 to 2012 it is showing decreasing 
trend (Fig. 1.6).  

3.10.Flying fishes: Around 17 species of flying 
fishes belonging to four genera distributed along 
Indian coast (Table 1). Seasonal flying fish fishery 
is limited to the Coramandal coast in Tamilnadu. 
The fishery commences by the middle of May and 
lasts till the middle of July. The average annual 
production of flying fishes during 1991 to 2012 
was 2518 tonnes, contributed about 0.34% to to-
tal small pegagics (7.33 lakh tonnes) and catches 
ranged from 173 in 1997 to 6236 in 2002; flying 
fishes showing decreasing trend since 2002 to 2012 
(Fig. 1.7).  

3.11. Unicorn cod: Unicorn cod forms a coastal 
fishery along the Maharashtra coast and fishery 
starts in October and closes by March. The aver-
age annual landing of unicorn cod for the period of 
1991 to 2012 was 637 tonnes. The landings have 
decreased from 6880 tonnes per year during 1950-
54 to 637 tonnes per year during 1991-2012. Over 
last 3 years unicorn cod showed increasing trend 

and production increased from 341 tonnes during 
2010 to 1081 during 2012 (Fig. 1.8).    

3.12. Production trends of small pelagics in relation 
to pelagic and total marine : Over the past twenty-
two years, marine fish production in India has been 
increasing progressively from 22.42 lakh tonnes in 
1991 to 39.48 lakh tonnes in 2012. The small pelag-
ic catches increased from 4.74 lakh tonnes in 1994 
to 11.92 lakh tonnes in 2012, registering a threefold 
increase (Fig. 2). Although the marine fish produc-
tion increased by 76% and small pelagic catches 
increased by 151%, in last 22 years, the growth 
rate in the production of pelagic fisheries has been 
conspicuously higher than that of the overall pro-
duction. The small pelagics have been the mainstay 
of the pelagic catches consistently. During 1991-
2012, the small pelagics constituted about 50.9% 
of the total pelagic catches and 26.94% of the total 
marine fish production. Although the share of the 
small pelagics in the total pelagics over the past 
22 years, showed increasing trend, from 43% in 
1994 to 55.8% during 2012. The small pelagics 
of commercial bearing are mainly the oil sardine, 
other sardines, anchovies and whitebaits and In-
dian mackerel, together contributed 99.41 % to the 
small pelagics and remaining 0.59% by half beaks 
and full beaks, flying fishes, other mackerels and 
unicorn cod. 

Fig. 2: All India landings of total marine, pelagic & small pelagic during 1991-2012

3.13. Conservation and management of small pe-
lagic: Small pelagic fishery resources of our coun-
try are dynamic and subject to fluctuations due to 
fishery dependent as well as fishery independent 
factors. The fishing vessel based stripping of ripe 
spanners of oil sardine and mackerel captured in the 

nets and releasing the eggs in the fishing grounds 
need to be implemented. Fishing for oil sardine 
and mackerel by ringseines and purseseines (8-18 
mm mesh size) has been observed to catch very 
small recruits in the inshore waters especially dur-
ing the monsoon period, causes growth over fish-
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ing (James, 1992a; Yhannan and Sivadas, 1993). 8 
mm meshed ring seine net is meant for fishing the 
whitebaits, young recruits of sardine and mackerel 
measuring 40-80 mm are also caught in large quan-
tities and hence these nets should be restricted sole-
ly to exploit whitebaits by enacting suitable policy 
regulations. Awareness creation among stakehold-
ers against non-sustainable fishing practices with 
participatory management approach has become 
inevitable in fisheries management. Hence it has 
become necessary to review the status of exploited 
small pelagic fishery resources periodically. Based 
on this, need based management measure can be 
formulated either as input controls or output con-
trol.     

4. CONCLUSION

Conclusions arrived based on present analysis are: 
At present level small pelagics almost optimally 
exploited. Small mesh size particularly ring seine 
must be regulated (should be >18 mm for mackerel 
and >15 mm for oil sardine). Certain small pelagic 
socks such as flying fish and unicorn showed de-
clining trend in it production, hence such fishery 
must be regularised. 
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ABSTRACT
As in the case of other crop plants, wild cardamom may possess genetic variability that could be used 
for the crop improvement programmes. Next generation sequencing (NGS) is one of the fundamental 
technologies currently employed for analysing the DNA/RNA diversity. Due to the presence of several 
secondary metabolites, no standard method of RNA isolation is available for all plants. Cardamom plants 
possess high levels of polysaccharides and polyphenols which critically hinder the RNA extraction pro-
tocols; hence we attempted several methods for obtaining intact mRNA and small RNA from various 
cardamom tissues. Large differences in RNA yield, quality and integrity among different protocols were 
found. Our results showed that the polysaccharides and polyphenol interference is greater in Pure link 
RNA kit and Trizol methods and the amount of RNA generated from all tissues were unsatisfactory. RNA 
isolates from modified CTAB method presents RNA with high quantity and good quality but the integrity 
of total RNA isolated was not reliable. The RNeasy plant mini kit and miRNeasy mini kit extracted RNA 
with good purity (A260/280) and high yield but the secondary metabolites present in cardamom inter-
fered greatly by lowering the A260/230 ratio. RNeasy+CTAB and miRNeasy+CTAB methods yielded 
RNA with good purity, high yield and good integrity (absence of fluorescence and degraded bands). The 
total RNA from these two methods was found amenable for transcriptome analysis and next generation 
small RNA sequencing.

Key words: RNA isolation, NGS, next generation sequencing, mRNA, miRNA

1. INTRODUCTION

Cardamom valued for its capsule is cultivated 
commonly in the hilly areas of southern India 
mainly in Kerala, Tamil Nadu and Karnataka, on 
the moist evergreen forest of the Western Ghats. It 
is also cultivated in Nepal, Sri Lanka, Guatemala, 
Mexico, Thailand and Central America (Mahmud, 
2008).

The present study was designed to determine an 
optimal protocol for RNA extraction from different 
cardamom tissues (leaf, stem, flower, flower buds, 
young fruits and root) with relatively good integ-
rity, concentration and purity without any DNA 
contamination. Low quality degraded RNA with 
insufficient quantities could not be implemented 
on molecular downstream applications viz. micro-
array, RNA next generation sequencing and qRT 
PCR. Ribonucleases or RNases are ubiquitous and 

are very stable and difficult to inactivate. To ensure 
success, it is important to maintain an RNase-free 
environment starting with RNA purification and 
continuing through analysis, wearing gloves every 
time and use of sterile techniques while handling 
the chemicals and reagents used for RNA isolation. 
RNA degradation is rapid by ribonucleases (RN-
ases) and, therefore, the extraction must be quick 
and efficient (Siju et al., 2007). RNase introduc-
tion during collection, handling and processing of 
the samples cause the degradation of large mRNA 
fragments though are more susceptible to degra-
dation. RNase contamination can either be from 
the sample itself as tissues or from cells having 
endogenous RNases. The presence of abundant 
compounds such as polysaccharides, poly pheno-
lic compounds, proteins form insoluble complexes 
with RNA and causes degradation and low yield 
of functional mRNA through poly phenolic oxi-
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dation and polysaccharide co-precipitation which 
compromises the purity of RNA by lowering the 
A260/230 and A260/280 ratio below 1.8 (Wang 
et al., 2000). Presence of DNA bands while moni-
toring the integrity of RNA bands on agarose gels 
indicates that the RNA sample is contaminated 
with genomic DNA which elicit a false positive 
results in downstream applications. DNase treat-
ment should be considered for substantial removal 
of genomic DNA contamination. The RNA isolated 
will be intact only when it satisfies some criterion 
such as devoid of degraded bands, lack of genomic 
DNA contamination, free of proteins and enzymat-
ic inhibitors, free of nucleases for long term stor-
age (Bustin and Nolan, 2004b; Pfaffl, 2005a)

Several procedures have been attempted for the 
isolation of high quality RNA from plants rich in 
polysaccharides and poly phenols(Azevedo et al., 
2003) and these reported methods that are com-
monly used for other species did not yield intact 
usable RNA from cardamom. The RNA extrac-
tion varies from tissue to tissue based on the lev-
els of secondary metabolites such as poly phenols 
and polysaccharides (Malnoy et al., 2001). It has 
been widely accepted that the RNA extraction buf-
fer composed of PVP (polyvinylpyrrolidine) and 
ethanol precipitation, phenol extraction (Kom-
janc et al., 1999), calcium precipitation (Dalcin 
et al., 2005) and cetyltrimethylammonium bro-
mide (CTAB) and β-mercaptoethanol were rou-
tinely used for obtaining high quality RNA. These 
methods make use of several compounds such as 
phenol, chloroform which separates proteins from 
RNA and guanidium thiocyanate which inhibits 
the RNase contamination (Chomczynski and Sac-
chi, 1987), (Valenzuela-Avendano et al., 2005). It 
has been reported that CTAB and Hot borate meth-
ods yielded high quality RNA from plants rich in 
polysaccharides and polyphenols (De Paula et al., 
2012). Reports shown that overnight incubation of 
strong denaturant lithium chloride at 4°C in CTAB 
method for RNA precipitation resulted highly pure 
RNA from plants rich in flavanoids. Findings sup-
ports that several CTAB, SDS and guanidium thio-
cyanate methods (Levi et al., 1992), (Hidayath Ja-
malnasir et al., 2013), (Chang et al., 1993), (Liu et 

al., 1998), (Lopez-Gomez and Gomez-Lim, 1992) , 
(Salzman et al., 1999; Kiefer et al., 2000), (Iandoli-
no et al., 2004), (Thomas and Schiefelbein, 2002), 
(Tattersall et al., 2005), (Vasanthaiah et al., 2006) 
have been successfully used to isolate intact total 
RNA from polyphenols and polysaccharides rich 
tissues. Another report on standardising RNA iso-
lation from black pepper in which polysaccharides 
and polyphenols were greatly hindered suggests 
the effect of sodium sulphite enhances RNA yield 
and quality in a modified acid guanidium thiocya-
nate–phenol–chloroform (AGPC) protocol (Siju et 
al., 2007). Similar reliable results were obtained 
from guanidinium-phenol-chloroform method for 
cotton (Schneiderbauer et al., 1991) and hot borate 
method for apple pulp (Asif et al., 2000; Yao et al., 
2005). Other recent data on RNA isolation from 
peach tissues suggest the combination CTAB and 
phenol/chloroform/isoamyl alcohol (for extraction) 
and NaCl and LiCl (for precipitation) and reported 
improved yields of RNA for real time PCR (Tong et 
al., 2012). Previous studies revealed that high pure 
and high yield total RNA can be isolated from plum 
(Xu et al., 2010) litchi (Zhang et al., 2004), mango 
(Xiao et al., 2003; Zhang et al., 2009), apricot (Li 
et al., 2010) and sisal (Zhang et al., 2010) when the 
sample powder was pre-pro cessed by washing buf-
fer before lysis in CTAB extraction buffer. Another 
report on Aegiceras corniculatum reported by. (Fu 
et al., 2004) shown that extraction buffers contain-
ing Lithium chloride could eliminate the entan-
gling polysaccharides from nucleic acids however, 
this was not suitable for the RNA extraction of A. 
germinans and L. racemosa. Another reports (Chan 
et al., 2004) shown that high Lithium Chloride 
concentrations results an increase in the amount of 
polysaccharides and polyphenols in RNA extrac-
tions of plant tissues, thus limiting the concentra-
tion and quality of RNA.

Hence this study aimed to obtain the most ideal 
RNA isolation protocol for high quality mRNA and 
small RNA from different cardamom tissues (leaf, 
stem, flower, flower buds, fruits and roots) for ob-
taining reliable results for downstream applications 
such as small RNA sequences and transcriptome 
studies using NGS.
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2. MATERIALS AND METHODS

2.1. Plant Material: The plant materials used for the 
RNA isolation were collected from the JNTBGRI 
cardamom germplasm collection. Various plant 
parts such as leaves, stem, root, flower and flower 
buds, young fruits of a wild cardamom accession 
were collected, cleaned with distilled water, cov-
ered with sterilized aluminium foil and immediate-
ly placed in liquid nitrogen; the tissues remained as 
such until processing.

The tissues were subjected to nine RNA isolation 
methods such as TRIzol method (SIGMA), TRIzol 
sodium sulphite method (Siju et al., 2007), RNeasy 
plant mini kit (QIAGEN), pure link RNA kit 
(AMBION), modified CTAB method (Smart and 
Roden, 2010 )CTAB + pure link RNA kit, RNeasy 
plant mini kit+CTAB method and miRNeasy mini 
kit+CTAB method. All of the RNA extraction 
methods were performed according to the manu-
facturer’s instructions and modifications of previ-
ously published reports

Solutions preparing for RNA isolations were treat-
ed by adding 0.01% DEPC (diethylpyrocarbonate) 
and incubating overnight at room temperature. The 
treated solutions should be autoclaved for 20 min 
to degrade any trace of DEPC. The mortar, pestle, 
metal spatula and scissors used for RNA isola-
tion were treated with 0.01% DEPC, incubated 
overnight, wrapped in aluminium foil and baked 
at 180°C for 5hrs. The workbench for RNA isola-
tion, pipettes, all plastic wares and centrifuge were 
wiped twice with RNaseZap (Ambion) to remove 
surface RNase contamination. All the reagents used 
in the protocols were prepared using DEPC treated 
autoclaved distilled water to inactivate RNases. 
Electrophoresis gel tank, gel comb and gel tray 
should be soaked in a soaking buffer (0.1M NaOH 
and 100 mM EDTA) for 2 hrs and rinsed well with 
DEPC treated water. Make sure of the components 
used for agarose gel electrophoresis be RNase free. 

2.2. RNA isolation protocols

2.2.1. TRIzol method: Ground 150mg of frozen 
plant tissue to fine powder using liquid nitrogen 
frozen mortar and pestle (prevent thawing of the 
plant tissue by maintaining the frozen condition 

prior to the addition of TRIzol). Added 1.5ml of 
TRIzol reagent (sigma) to make a fine suspension 
of the selective tissue. The pelleted RNA was dis-
sollved in 20µl of RNase free water by gently suck-
ing the liquid up and down with a pipette. Stored at 
-80°C (sigma co.)

2.2.2. TRIzol- Sodium sulphite (Modification of 
TRIZOL method): Ground 100mg of frozen plant 
tissue to fine powder on a liquid nitrogen frozen 
mortar and pestle (prevent thawing of the plant tis-
sue by maintaining the frozen condition). Added 
1.0ml of TRIZOL reagent (sigma) to the fine pow-
der. To the homogenate, added 50µl of 2M sodium 
acetate pH 4.0, 500µl of water saturated phenol 
and 100µl of chloroform: isoamyl alcohol (49:1) 
serially with intermittent mixing at each step. (Siju 
et al., 2007)

2.2.3. Qiagen RNeasy plant mini kit: According to 
manufactures instructions RNA isolation was done. 
The RNase-Free DNase Set (cat. no. 79254) pro-
vides efficient on-column digestion of DNA dur-
ing RNA purification. The degraded DNA and the 
DNase is efficiently removed in subsequent wash 
steps. The final elution was done with 30µl RNase 
free water provided within the kit.

2.2.4. Qiagen miRNeasy mini kit: Total RNA en-
riched with small RNAs was isolated according to 
manufactures protocol. The RNase-Free DNase Set 
(cat. no. 79254) provides efficient on-column di-
gestion of DNA during RNA purification. The de-
graded DNA and the DNase is efficiently removed 
by RWT and RPE wash buffers. The final elution 
was done with 30µl RNase free water provided 
within the kit.

 2.2.5. Pure link RNA kit (AMBION): Placed 
100mg tissue samples and a small amount of liquid 
nitrogen into the mortar and grind the tissue into 
a powder using the pestle. Transfered the frozen 
tissue powder into a liquid nitrogen-cooled 2ml 
microfuge tube and allowed the liquid nitrogen to 
evaporate. RNA was isolated according to manu-
factures protocol. Pure link RNA kit recommends 
the use of on column DNase treatment for complete 
removal of genomic DNA. Final elution was done 
using 50µl nuclease free water provided within the 
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kit. The eluted RNA was stored at -80°C.

2.2.6. Modified CTAB method: The CTAB-based 
RNA isolation method implemented in this study 
was a modification of the protocol originally de-
scribed by Smart and Roden (2010) with some 
modifications on incubation time and centrifuga-
tion. Ground 100 mg plant tissue to a fine powder 
in liquid nitrogen by mortar and pestle. Incubation 
of samples in extraction buffer (containing CTAB, 
NaCl, PVP, EDTA, Tris Hcl and β-mercapto etha-
nol) was modified to 30 min(for leaf and stem), 40 
min(for flower, flower buds and young fruit) with 
intermittent vortexing (6-7 times).The incubation 
period for RNA precipitation with isopropanol and 
sodium acetate was modified to 1hour at -80ᴼC. 
The precipitated RNA was pelleted by 40 min cen-
trifugation at 12000xg (4ᴼC). Dissolved the pellet 
in 20 µl DEPC treated water and stored at -800C.

2.2.7. CTAB + Pure link method: Ground 100 mg 
plant tissue to a fine powder in liquid nitrogen by 
mortar and pestle. Pre warm (65°C) the RNA ex-
traction buffer (CTAB) prior to addition of plant 
tissues. The RNA was pelleted using 8M Lithium 
chloride with the modified CTAB method.

The total RNA purification was continued with 
Pure link RNA kit. DNase treatment and elution of 
total RNA was proceeded according to Pure link 
RNA kit manufactures instructions. The eluted 
samples were stored at -80°C.

2.2.8. RNeasy plant mini kit+CTAB method: The 
tissues were subjected to RNA isolation using 
modified CTAB method. The pelleted RNA was 
subjected to Qiagen RNeasy plant mini kit isola-
tion manual.

On column DNase treatment was done. Continued 
with the Qiagen RNeasy plant mini kit wash steps. 
Eluted the total RNA with 40µl nuclease free water.

2.2.9. miRNeasy mini kit+CTAB method: Pre-
warmed the extraction buffer (CTAB) (5 ml + 100 
ul β-mercaptoethanol) in 65°C water bath. 1 ml ex-
traction buffer for each 100 mg cardamom tissues. 
Recovered the pellet and proceeded to MiRNeasy 
plant mini kit. Proceeded to on column DNase di-
gestion according to manufactures instruction. Pro-
ceeded to wash steps instructed in miRNeasy mini 

kit with RWT and RPE wash buffers. Eluted the 
total RNA enriched with small RNAs using 30µl 
nuclease free water.

The concentration and purity of RNA was deter-
mined either by Nanodrop or by biophotometer.. 
The A260/230 absorbance value ratio indicates ex-
tend of polysaccharide and polyphenol interference 
whereas the A260/280 absorbance value ratio indi-
cates the protein contamination (Logemann et al., 
1987). It was reported that value below 2 indicates 
protein contamination on A260/280 absorbance 
and value below 2 on 260/230 absorbance indicates 
the hindrance of polysaccharides and polyphenols 
in the RNA sample (Asif et al., 2000)

The integrity of total RNA isolated and the extent 
of genomic DNA contamination can be determined 
through agarose gel electrophoresis (1.2% agarose 
gel containing 0.5µg/ml ethidium bromide. The 
gel was visualized and bands were observed using 
UVP gel documentation system.

3. RESULTS AND DISCUSSION

The efficiency of each protocol was assessed 
through Biophotometer (Eppendorf, Germany) and 
Agarose gel electrophoresis. RNA yield, quality 
and integrity of the samples varied widely among 
the protocols.

By using standard UV absorbance measurements, 
the amount of RNA extracted per gram of tissue 
was determined. In the present investigation we 
found a substantial reduction in the amount of 
RNA in stem, fruit, flower and flower buds while 
comparing the methods from TRIzol to RNeasy 
plant mini kit.

The Biophotometric estimation was done by mea-
suring the absorbance level at 260nm which dis-
play the nucleic acid absorbance and the protein 
at the absorbance level of 280nm (Winfrey et al., 
1997). The values for A260/280 ratio ranging from 
1.8 to 2.0 for RNA can be used for Next genera-
tion sequencing. The RNA samples from all car-
damom tissues isolated using TRIzol method, 
TRIzol+sodium sulphite method, pure link RNA 
kit and CTAB+ pure link method exhiied the 
260/280 ratio lower than 2. In contrast the modi-
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fied CTAB method, RNeasy, miRNeasy kits and 
combined RNeasy and miRNeasy kit with CTAB 
methods produced RNA with good quality and the 
value ranged between 1.90 to 2.00. 

Different plant tissues posses polysaccharides 
and polyphenols in varying quantities binds with 
nucleic acids and challenges the determination 
of RNA yield, purity and integrity (Suzuki et al., 
2005; Zamboni et al., 2008). The TRIzol method 
and the commercially availed kits used here shown 
high levels of polysaccharide contamination. The 
polysaccharide and polyphenol contamination was 
lower in TRIzol sodium sulphite, modified CTAB, 
CTAB+pure link methods, RNeasy plant mini 
kit+CTAB and miRNeasy mini kit+CTAB meth-
ods.

 The integrity of RNA isolated from different tis-
sues was checked through agarose gels stained 
with ethidium bromide and visualized with UV 
light. The agarose gel images for TRIzol methods, 
pure link RNA kit, CTAB+pure link and modi-
fied CTAB methods were poor and could not be 
considered for our study. The RNeasy plant mini 
kit, miRNeasy plant mini kit, RNeasy+CTAB and 
miRNeasy+CTAB methods showed fine 28S and 
18S RNA bands in 2:1 ratio without any fluores-
cence or degradation in all cardamom tissues.. 

The present study reveals that the used commercial 
kits do not removes all polysaccharides from the 
sample. Hence we combined these kits with CTAB 
method which makes use of heating of extraction 
buffer with β mercaptoethanol which removes tan-
nins and polysaccharides often present in the crude 
plant extract, the addition of PVP in the extraction 
buffer forms hydrogen bonds with phenolic com-
pounds and eliminate them from the homogenate. 
Previous studies (Rubio-Piña and Vazquez-Flota, 
2008) described lithium chloride as the best sub-
stance for RNA precipitation protocols by retaining 
protein substances. The lithium chloride precipitat-
ed RNA was successfully eluted through RNeasy 
plant mini kit and miRNeasy mini kit with best 
quality, integrity and yield.

4. CONCLUSION

Our results infer that the cardamom leaf, stem, 
flower, flower buds and young fruit generated high 
quality RNA, which can be used to next generation 
sequencing for small RNA analysis through Qiagen 
miRNeasy mini kit + CTAB method (recovered 
RNA molecules smaller than 200 nucleotides and 
up to 18 nucleotides) and for transcriptome analy-
sis through RNeasy plant mini kit +CTAB methods 
(recovered RNA molecules larger than 200 nucleo-
tides). All cardamom tissues shown A260/280 ratio 
ranged from 1.99 to 2.04, A260/230 ratio ranged 
from 1.88 to 2.15 and the integrity analysis on aga-
rose gel exhibited the 28S rRNA and 18S rRNA 
without any degraded bands (Fig 1. A, B, C & D). 
For next generation sequencing of small RNA and 
mRNA from cardamom tissues we opted Qiagen 
miRNeasy mini kit + CTAB method and RNeasy 
plant mini kit+CTAB method as the comparatively 
efficient protocol.

Fig 1. Agarose gel images showing intense 28S and 
18S rRNA

A: minRNwasy mini kit + CTAB method, B: 
RNeasy plant mini kit + CTAB method, C: miR-
Neasy mini kit, D: RNeasy plant kit.
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ABSTRACT

Ecosystem Services refer to the benefits from nature that contributes towards human well-being, such as soil con-
servation, water recharge, carbon sequestration, NTFP etc. However, the existing global pattern of development 
ignores the importance of these services as more forest land gets converted toward non-forestry purposes leading 
to poor availability, quality of ecosystem services. In India this problem is even more critical with a population 
exceeding 200 million people that depend upon forests for basic survival. To counter this loss, a concept that has 
evolved in the study of ecological economics is that of Payments for Ecosystem Services (PES), which attempts 
to remunerate the forest dependent individual for the economy wide consumption of these services in monetary 
terms. This study focuses on the state of Odisha, India and uses Land Use Change data obtained from GIS, for 
Nawarangpur District (1973-2013) and Bhitarakanika Wildlife Sanctuary (1996-2010). The aim of this paper is 
to estimate the land use change and further quantify social positive and negative costs that accrue from each for-
est type using a Benefit Cost Analysis. The study further disaggregates the distribution of social costs at 3 spatial 
scales – Local, State of Odisha, and National. The study finds that for Nawarangpur, the International Community 
has a significant monetary interest in ensuring that deforestation does not continue, and if possible may even be 
reversed through the application of a project such as REDD+. For Bhitarakanika Wildlife Sanctuary, the results 
show that it is only initially (in 1999) that the international community has the largest stake, but for the following 
years, the State of Odisha and the local community have a very marginal difference in their stake, and that of the 
international community is all but negligent in comparison. The results for Bhitarakanika are surprising to say the 
least, as it was accorded the status of a Ramsar Site and is a significant biodiversity hotspot in South Asia. 

Key words: Land use change (LUC), payments for ecosystem services (PES), disaggregated benefit cost analysis 
(DBCA), GIS, forest ecosystems

1. INTRODUCTION

An Ecosystem is a dynamic complex of plant, ani-
mal, and microorganism communities, and the non-
living environment interacting as a functional unit. 
Forest Ecosystems are extremely important refuges 
for terrestrial biodiversity, a central component of 
Earth’s biogeochemical systems, and a source of 
ecosystem services (ES) essential for human well-
being. (Convention on Biological Diversity) 

Ecosystem services are the benefits people obtain 
from an ecosystem. The Millennium Ecosystem 
Assessment (2005) classifies these into: Provision-
ing Services, Regulating Services, Supporting Ser-
vices and Cultural Services. 

Land Use Change denotes the man-made process 
of changing the land use from one type to another. 
Land Use changes may be followed by distinct or 

drastic changes in the land quality, such as decreas-
es in biodiversity, increased soil condensation, loss 
of nutrients etc. these quality losses constitute the 
ecological damage from land use changes. A sim-
ple example of LUC is the clearance of forested 
land for agricultural use. Suppose, due to some ex-
ogenous changes (e.g. in policies governing land 
use, better returns from alternative uses of land) the 
owner replants the said tract of land with a mono-
culture species of trees, one which will maximize 
the carbon sequestration potential. The tract of land 
has undergone two changes in its use, first from be-
ing a forest to being a field, and second from being 
a field to being a plantation.

This study attempts to identify the ecosystem ser-
vices that are relevant and dominant for a particular 
forest type, and the impact on these services of the 
change in land use occurring due to the existing 
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natural forest land moving from one type of use to 
another. 

The United Nations, in an attempt to recognize the 
problem and assist in combating Climate Change 
and increasing levels of carbon dioxide, has de-
veloped an inventory called “Land Use, Land Use 
Change and Forestry” (LULUCF) defined as, “a 
greenhouse gas inventory sector that covers emis-
sions and removals of greenhouse gases result-
ing from direct human induced land use, land use 
change and forestry activities.”Globally the total 
carbon content of forests has been estimated at 638 
Gt for 2005, which amounts to more carbon in for-
ests than in the entire atmosphere.

Following the discussions surrounding TN Goda-
varman vs Union of India (1995), an Expert Com-
mittee was formed in 2005 which was tasked with 
formulating a practical methodology to work out 
the Net Present Value (NPV) for forest land divert-
ed for non-forest use on economic principles. The 
“Revision of Rates of NPV Applicable for Differ-
ent Class/ Category of Forests” was released by the 
IIFM in 2013 which has been extensively used in 
this dissertation. An important feature of the IIFM 
study is the recognition that some forest types may 
have dominant ecosystem services in terms of their 
economic value which may be very different from 
other forest types in which some other ecosystem 
services may dominate.

The study is based in two districts in the state of Od-
isha, India. The first is Nawarangpur (1973-2013), 
a land locked district. The population of Nawa-
rangpur is chiefly tribal has a low literacy rate and 
is one of the more underdeveloped districts in the 
country. Agriculture is the dominant occupation in 
the district with 90% of its population engaged in 
cultivation of paddy, maize, ground-nut and wheat. 
Lack of irrigation facilities indicates high monsoon 
dependence for cultivation. This district has faced 
large scale deforestation in the last 4 decades.

The second is Bhitarakanika Wildlife Sanctuary, 
Kendrapada (1996-2010), a Ramsar site, it is the 
second largest viable Mangrove Ecosystem in In-
dia and harbours more than 70 species of mangrove 
and it’s associates, is the world’s largest nesting 

ground for the endangered Olive Ridley Sea Turtles 
and is renonwned for natural crocodile breeding 

2. METHODOLOGY

2.1. Geo-Informatics Systems: GIS satellite imag-
ery is used to extract land use/land cover change 
data for Nawarangpur (1973-2013), and Bhitara-
kanika Wildlife Sanctuary (1996-2010) 

2.2. Disaggregated Benefit Cost Analysis: Using 
data on the values attributed to different land use 
types, the total economic value of the observed 
changes is calculated, and further disaggregated 
into 3 spatial scales: Local, State (Odisha), Nation-
al (India and the Global Community)

2.3. Literature Review:

In 1992, UNEP stated that conserving earth’s bio-
logical diversity and safe guarding the ecosystem 
services that existing ecosystems provide to hu-
mans are the two major objectives of nature con-
servation. The World Bank (2006) estimated that 
ecosystem services directly supported more than 1 
billion people living in relative and absolute pov-
erty across the world.

Lele et al. (2013) trace the evolution of the eco-
system services concept and discuss the problems 
associated with the concept. Being an extremely 
interdisciplinary concept, the initial version of eco-
system services focused upon ‘life-support servic-
es’ which further evolved to include all ‘indirect’ 
benefits that affect human well-being, making a 
distinction between the Ecosystem Services-relat-
ed benefits from the value of biodiversity. 

Rather than simple public good, natural resources 
are increasingly being viewed as capital assets 
(Turner and Daily, 2007). Byod and Banzhaf (2007) 
define final ecosystem services as, “components 
of nature, directly enjoyed, consumed, or used to 
yield human well-being”. The authors make a com-
pelling case, creating a uniform unit of measure-
ment of these services that is objective, and finds it 
roots in ecological and economic theory. 

Some study attempts to answer the questions on 
whether and when do the benefits of biodiversity 
conservation outweigh that of habitat conversion? 
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And if there are recognizable benefits from biodi-
versity conservation, then why does habitat conver-
sion continue? Encompassing more than 300 case 
studies, they conclude the following: (a) Asymme-
try of information leads to no value or undervalu-
ation of services provided by natural systems; (b) 
The role of market failures in driving habitat loss; 
(c) The exaggeration of private benefits of conver-
sion due to intervention. A study on Mount Camer-
oon, showed that profits from establishing planta-
tions on forested land can primarily be attributed to 
government tax incentives and subsidies.  

Rudel et al. (2004) discuss the LUC concept with 
respect to forest transitions, which can be under-
stood as a reverse land use change. As defined by 
Alexander Mather, forest transitions occur when 
declines in forest cover cease and recoveries in for-
est cover begin. The original quality of ES might 
not be achieved, because the natural growth has 
been removed in the initial stage. In the case of 
plantations, the benefits of ecosystem services will 
definitely not be at par with those from a natural 
forest. 

Sven Wunderdefines the Payment for Ecosystem 
Services (PES) principle as a voluntary transac-
tion where a well-defined ecosystem service (ES), 
or a land-use likely to secure that service, is being 
bought by a ES buyer, from an ES provider, if and 
only if the ES provider secures ES provision.

Farley (2010) further states that a PES model 
should adequately address all concerns related to 
measurement of the service, bundling, scale match-
ing, establishing property rights regimes, equitable 
distribution of the costs and benefits from PES to 
all stakeholders, sustainable funding, stakeholder 
participation in creation and implementation of 
PES, policy coherence between existing and pipe-
line policies. 

Lele and Venkatachalam (2006) discuss the trade-
offs and benefits from forest and non-forest uses 
of land in the Western Ghats, in the perspective of 
local and global benefits accrued. They state that 
benefits from carbon sequestration and biodiver-
sity conservation are globally relevant; availability 
of fuel wood, leaf manure, fodder, minor produce 

is locally relevant; hydrological regulation, timer 
production and soil conservation are nationally rel-
evant. They assessed these benefits in the context 
of forested and non-forested land.  

Areendran et al. (2013), study the dynamics of land 
use land cover (LULC), resulting from mining re-
lated activities in Singrauli district of Madhya 
Pradesh. The changes were mapped using remote-
ly-sensed multi-date satellite. Singrauli is one of 
the most important coalfields in India, in terms of 
reserves and productions. The large scale mining 
activities generated a great deal of environmental 
stress not only on LULC but also on ecosystems in 
the region.

In recent years the Benefit Cost Analysis (BCA) 
approach to environmental valuation is considered 
a “rational tool for making decisions about conser-
vation versus development” (Daily et al., 2000). 
Internal critics who still believe in the ultimate 
usefulness of these concepts have focused on the 
lacunae in the practise of valuation, particularly the 
non-specification of alternatives. Lele and Sriniva-
san (2012) have used an alternative disaggregated 
economic impact approach based on an acceptance 
of both ecological synergies and trade-offs, sensi-
tivity to distributional consequences and an under-
standing of how value emerges from the interaction 
between technology, institutions and labour and the 
ecosystem.

2.4. Calculation of Land Use Land Cover Change 
Matrix: The area of study as mentioned earlier is 
Nawarangpur District and Bhitarakanika Wildlife 
Sanctuary. The forest cover in Nawarangpur is of 
tropical dry deciduous type and that in Bhitara-
kanika Wildlife Sanctuary is mangrove type. To 
analyse the changes in spatial pattern over time, 
data in the form of remote sensing satellite scenes 
were acquired for the years 1973(Landsat MSS), 
1990(Landsat TM), 2004(IRS P6), 2010 (IRS P6) 
and 2013(Landsat TM) for both the areas. All the 
images were recorded during approximately be-
tween December and January, corresponding to the 
wet season in this region. The original images were 
resampled to the resolution of the TM raster grids. 
This resampling allowed for the identification of 
non-forest areas within forest patches. 



Perspectives on Biodiversity of India Vol. II. Part 2

192

The images so obtained were further corrected 
geometrically, radiometrically and topographical-
ly before they were used to assess changes in the 
forest cover in the form of false colour composite 
images. Further these images were classified using 
three sources: Survey of India topographic sheets 
at 1:50,000 scale using ground control points; The-
matic Map prepared under Department of Space 
and Department of Biotechnology Project and GPS 
aided ground verification. Thus the imageries were 

classified and different land use and land cover cat-
egories were delineated on the basis of tone, tex-
ture, colour, pattern etc. 

For both Nawarangpur and Bhitarakanika Wildlife 
Sanctuary, the visually interpreted maps were over-
laid on each other to find out the change in area of 
deciduous forests and mangroves respectively us-
ing ARC INFO (9.0) GIS software (Table1 & 2).

Table1: Land Use/Land Cover Change Matrix for Nawarangpur (1973-1990)

  1973 to 1990 (in Hectares)    
  Dense Forest Open Forest Scrub Barren Land
Dense Forest 100720 16700 46440 690
Open Forest 230 6570 6620 200
Scrub 1090 1980 10500 410
Barren Land 40 360 4380 6510

Source: Reddy et al. (2009), GIS Lab, TERI University

Table 2: Land Use/Land Cover Change Matrix for Bhitarakanika WS (1996-1999)

  1996-1999 (In Hecatres)    
  Dense Mangrove Open Mangrove Other Vegetation Littoral Scrub
Dense Mangrove 8347.5 1593.27 16.38 268.92
Open Mangrove 898.56 1295.46 7.65 189.81
Other Vegetation 58.23 16.2 149.67 11.97
Littoral Scrub 562.05 521.82 2.34 687.87

Source:Reddy et al. (2009), GIS Lab, TERI University

The principle axis highlighted in bold indicates the 
No-Change region, for example, in the above table 
8347.5 Ha indicates the area under the Dense Man-
grove category from 1996-1999.

2.6. Disaggregated Benefit Cost Analysis

The aim of this dissertation is to attach an econom-
ic value to the ecosystem services that are gained 
or lost during the process of land use change. For 
this purpose, the ‘net change’ in land use is cal-
culated using the Change-No-Change Matrices de-
rived from GIS (Table 3). 

Table 3: Net Change for Bhitarakanika WS (1996-
1999) (Author’s calculations)

1996-1999 Net Change 
Dense Mangrove to Open Mangrove 694.71
Dense Mangrove to Other Vegetation -41.85
Dense Mangrove to Littoral Scrub -293.13
Open Mangrove to Other Vegetation -8.55
Open Mangrove to Littoral Scrub -332.01
Other Vegetation to Littoral Scrub 9.63

Taking the example of Bhitakarkanika Wildlife 
Sanctuary 1996-1999 (Table 4.), the ‘Net Change’ 
has been calculated thus: For each type mentioned 
on the left hand side, the net change in land is cal-
culated by subtracting the shift in Open Mangroves 
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to Dense Mangroves (898.56 Ha) from Dense 
Mangroves to Open Mangroves (1593.27 Ha) 
i.e. 1593.27-898.56= 694.71 Ha which is the Net 
Change.

An assumption made here is that from an ecologi-
cal perspective, Dense Mangroves (or Forests) in 
terms of ecosystem services are more preferred 
to Open Mangroves (or Forests); similarly, Open 
Mangroves (or Forests) are more preferred to Oth-
er Vegetation (or Scrub); and Other Vegetation (or 
Scrub) is more preferred to Littoral Scrub (or Bar-
ren Land). 

The negative values in the above table indicate that 
the shift from a less preferred forest type to a more 
preferred forest type is greater than the shift from 
a more preferred type to a less preferred type. The 
value of net change for Dense Mangrove to Lit-
toral Scrub (-293.13 from Figure 4) for example, 
indicates that more littoral scrub land has changed 
into dense mangrove forest, than dense mangrove 
forest to littoral scrub land, and this change is for 
the better.

The primary source for economic valuation data is 
the IIFM Report on “Revision of NPV Rates Ap-
plicable for Different Class/Category of Forests” 
(2013). This report was commissioned by the Min-
istry of Environment and Forests and was duly ac-
cepted on its completion. As per the order of the 
Hon’ble Supreme Court of India, the values estab-
lished in this report are the basis for all monetary 
valuation relating to forestry activities. The earlier 
assumption regarding the ecological preference of 
forest type is reinforced here. From an economic 
point of view as well the values from each service 
under the dense forest type is greater than those 
from the open forest type and so on. The values 
decrease as the land use moves from higher forest 
type (eg dense forest) to a lower forest type (to open 
forests, other vegetation, scrub or barren land).

After the calculation of the net change in land use 
and net change in economic value of ecosystem 
services, the total economic value (TEV) of each 
ecosystem service per land use change was calcu-
lated for all time points. After correcting for double 

counting and simultaneous delivery of ecosystem 
services, the TEV was disaggregated at the local, 
state and national scales (Table 4), following which 
the NPV was derived for each time point and each 
spatial scale. 
Table 4: Percentage of Ecosystem Services relevant 

at each spatial scale

Goods/Service Local State (Odi-
sha)

N a -
tion-
al

NTFP 70% 30% -
Timber 50% 50% -
Bamboo 70% 30% -
Carbon Seques-
tration

- 30% 70%

Carbon Storage - 30% 70%
Soil Conserva-
tion

40% 40% 20%

Water Recharge 40% 40% 20%
Source: Revision of NPV Rates for Different Class/

Category of Forests (2013)

Since this is an ex-post analysis, the NPV is an im-
portant tool to assess the magnitude of costs that 
accrue due to land use change. It converts the time 
series of the costs incurred to a one point value. 
While the Supreme Court of India has made com-
pensatory afforestation mandatory for projects that 
involve diverting forested land, NPV is collected to 
balance the uncompensated benefits of lost forests 
ecosystem services till the compensatory afforesta-
tion area starts providing comparable benefits. In 
the case where plantations are established, these 
importance of assessing NPV rises, because plan-
tations cannot adequately compensate for natural 
forests. The NPV is calculated for a 20 year time 
period at Social Discount Rate (r) of 3%, 5% and 
10%.

3. RESULTS

The NPV result for the 3 spatial scales is shown in 
the following tables for both districts (Table 5-10). 
As expected, the NPV decreases as the social dis-
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count rate rises. Thus the first conclusion of this 
analysis is that the SDR to be considered while cal-
culating NPV should be as low as possible.

The values in red indicate negative social costs 
or social benefits that accrue to society. Conven-
tionally a negative NPV implies that the project 
is not economically profitable and should not be 
undertaken, however, in this case, the negative 
value implies that more land has shifted from a 
less preferred type of land use to a more preferred 
type of land use. This analysis, is hence in terms of 
the Social Cost that is accruing to society if a land 
use takes place, therefore the negative NPV is an 
indication that this type of land use should in fact 
occur, and will accrue benefits to the stakeholders.

For Nawarangpur: the district is bearing high so-
cial costs, and accruing very little benefits in turn 
given its land use change patterns over time. It is 
observed, that any negative social cost (or social 
benefit) that accrued in 1990 has been eroded with-
in a 14 year time period and converted into positive 
social costs. There is a marginal improvement in 
2013, with one land use change category shifting 
from positive costs to negative costs. 

The research objective was to quantify the impact 
of land use change on ecosystem services using 
a Disaggregated BCA which would help identify 
stakeholders and enhance the understanding re-
garding the actual bearers of costs and receivers 
of benefits. From the beginning of the analysis it 
is apparent that there are losers when undesirable 
land use change happens (greater shift from a more 
preferred land use type to a less preferred land use 
type), and beneficiaries when desirable land use 
change (greater shift from a less preferred land use 
type to a more preferred land use type) occurs, the 
difference lies in the distribution of both, positive 
and negative costs, i.e. which stakeholder bears the 
brunt of these and to what extent.

The importance of ecosystem services is well doc-
umented and acknowledged. However, there is a 
constant struggle between the twin objectives of 
economic development and ecological balance. 
This research attempts to combine these two di-
verse approaches in the context of land use change, 

and arrives at the conclusion, that while develop-
ment is necessary, in the long run, if the existing 
pattern of land use change continues, the benefits 
from the loss of ecosystem services are substantial-
ly lower than the costs. Moreover, looking at the 
end of the line bearer of these costs, it is apparent 
that the local community is stuck in a vicious cycle 
of poverty and loss of ecology.

In Nawarangpur, the Odisha and the international 
community have the larger stakes in ensuring the 
detrimental pattern of land use does not continue 
the economic value of ecosystem services relevant 
to the international community is nearly double 
than that of the state. Hence, it can be concluded 
that by reversing the detrimental trend of land use 
change in this district, the international community 
stands to gain significantly towards its mitigation 
goals. A case can be made for introducing REDD+ 
in this district, as a way to improve not only the 
ecological condition, but also the overall develop-
ment situation of this district.

In the case of Bhitarakanika WS, it is dishearten-
ing to note the wide occurrence of human induced 
land use change in an area which is meant to be 
protected from such influences. With the largest 
stake in maintaining a positive land use change, the 
State is best equipped to ensure detrimental clear-
ance practises do not occur. The economic value of 
Bhitarakanika Wildlife Sanctuary can be boosted 
by more effective plans of eco-tourism and setting 
up of local handicrafts industries or forest produce 
based cottage industries. The rising number of 
settlements inside the sanctuary limits should be 
discouraged by the forest authorities, and adequate 
arrangements for rehabilitation should be made.

While every researcher maintains that their analy-
sis and conclusions are all inclusive, it is hardly 
possible. Some limitations of the study are dis-
cussed below:

The conventional BCA is conducted to give addi-
tional weight to the ‘pro-development’ argument of 
projects which require forest clearance. However, 
in the current research, no development project 
has been included. In fact to the best of our knowl-
edge, there have been no infrastructure develop-
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ment projects undertaken in Nawarangpur district 
which required forest clearance. The majority of 
forested land has been cleared to undertake agri-
cultural activities as was apparent from the GIS 
results. Large-scale development projects are not 
allowed inside the Bhitarakanika WS territory due 
to its protected status. 

The estimates of this study should by no means be 
taken as a ceiling to the value of ecosystem services 
provided by forests. This is only an economic esti-

mation (and a very conservative one at that) which 
can be used as a basis for future estimation. The use 
and option values associated with ecosystem ser-
vices are beyond mortal monetary quantifications. 
The value of biodiversity, gene pool prospecting, 
pollination etc, are extremely significant ecological 
services essential to human survival, but are also 
very difficult to scientifically quantify, hence have 
not been included in this study.

Table 5: NPV of Social Cost in 1999 for Bhitarakanika WS:
NPV of Social Cost in 1999 3% 5% 10%

Cr/Year Cr/Year Cr/Year

Dense Mangrove to Open Mangrove Rs. 854.60 Rs. 715.86 Rs. 489.04
Dense Mnagrove to Other Vegetation Rs. -114.53 Rs. -95.93 Rs. -65.54

Dense Mangrove to Scrub Rs. -849.89 Rs. -711.92 Rs. -486.35

Open Mangrove to Other Vegetation Rs. -12.88 Rs. -10.79 Rs. -7.37
Open Mangrove to Scrub Rs. -554.20 Rs. -464.23 Rs. -317.14

Other Vegatation to Scrub Rs. 1.57 Rs. 1.31 Rs. 0.90

Table 6: NPV of Social Cost in 2003 for Bhitarakanika WS
NPV of Social Cost in 2003 3% 5% 10%

Cr/Year Cr/Year Cr/Year

Dense Mangrove to Open Mangrove Rs. 33.67 Rs. 28.20 Rs. 19.26
Dense Mnagrove to Other Vegetation Rs. 13.36 Rs. 11.19 Rs. 7.65

Dense Mangrove to Scrub Rs. 53.21 Rs. 44.57 Rs. 30.45

Open Mangrove to Other Vegetation Rs. 4.13 Rs. 3.46 Rs. 2.36
Open Mangrove to Scrub Rs. 151.31 Rs. 126.74 Rs. 86.59

Other Vegatation to Scrub Rs. -4.03 Rs. -3.37 Rs. -2.31
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Table 7*: NPV of Social Cost in 2006 for Bhitarakanika WS
NPV of Social Cost in 2006 3% 5% 10%

Cr/Year Cr/Year Cr/Year

Dense Mangrove to Open Mangrove Rs. -530.42 Rs. -444.31 Rs. -303.53
Dense Mnagrove to Other Vegetation Rs. 8.45 Rs. 7.08 Rs. 4.84

Dense Mangrove to Scrub Rs. -160.33 Rs. -134.30 Rs. -91.75

Open Mangrove to Other Vegetation Rs. 18.06 Rs. 15.13 Rs. 10.33
Open Mangrove to Scrub Rs. -172.70 Rs. -144.66 Rs. -98.83

Other Vegatation to Scrub Rs. -4.73 Rs. -3.96 Rs. -2.71

Table 8*: NPV of Social Cost in 1990 for Nawarangpur District
NPV of Social Cost in 1990 3% 5% 10%

Cr/Year Cr/Year Cr/Year

Dense Forest to Open Forest Rs. 4,086.96 Rs. 3,423.46 Rs. 2,338.74
Dense Forest to Scrub Rs. 12,301.28 Rs. 10,304.25 Rs. 7,039.35
Dense Forest to Barren Land Rs. 253.10 Rs. 212.01 Rs. 144.84

Open Forest to Scrub Rs. 107.21 Rs. 89.81 Rs. 61.35
Open Forest to Barren Land Rs. -22.60 Rs. -18.93 Rs. -12.93

Scrub to Barren Land Rs. -468.99 Rs. -392.86 Rs. -268.38

Table 9*: NPV of Social Cost in 2004 for Nawarangpur District
NPV of Social Cost in 2004 3% 5% 10%

Cr/Year Cr/Year Cr/Year

Dense Forest to Open Forest Rs. 93.14 Rs. 78.02 Rs. 53.30
Dense Forest to Scrub Rs. 1,624.42 Rs. 1,360.71 Rs. 929.57
Dense Forest to Barren Land Rs. 17.00 Rs. 14.24 Rs. 9.73

Open Forest to Scrub Rs. 215.82 Rs. 180.78 Rs. 123.50
Open Forest to Barren Land Rs. 6.01 Rs. 5.03 Rs. 3.44

Scrub to Barren Land Rs. 11.99 Rs. 10.05 Rs. 6.86
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Table 10*: NPV of Social Cost in 2013 for Nawarangpur District
NPV of Social Cost in 2013 3% 5% 10%

Cr/Year Cr/Year Cr/Year

Dense Forest to Open Forest Rs. 207.83 Rs. 174.09 Rs. 118.93
Dense Forest to Scrub Rs. 72.71 Rs. 60.90 Rs. 41.61
Dense Forest to Barren Land Rs. 2.04 Rs. 1.71 Rs. 1.17

Open Forest to Scrub Rs. -24.49 Rs. -20.52 Rs. -14.02
Open Forest to Barren Land Rs. 1.91 Rs. 1.60 Rs. 1.09

Scrub to Barren Land Rs. 8.33 Rs. 6.98 Rs. 4.77
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ABSTRACT

The environmental health is important for biodiversity conservation and better livelihood of the dependent people. 
The coastal zone is the place of civilization, trade, development and recreation. Tuticorin coast is one of the rich 
biological diverse areas and it has four islands. Coral reef, seagrass and mangroves are present in this coastal en-
vironment. The study of physical, chemical (temperature, salinity, pH, turbidity, total suspended solids, dissolved 
oxygen, calcium, magnesium, nitrate, nitrite and phosphate), and macro benthos density (gastropods, bivalves, 
polychaetes, crustaceans and echinoderms) were conducted in three stations in the Tuticorin coast from January 
to December 2010 to understand the seasonal variations in the coastal environmental conditions including key 
habitats like coral reef, sea grass bed and mangrove, and the anthropogenic stress factors on the coastal area and re-
sources. Here the total 56 macro benthic species were recorded, of which 25 species were gastropods, 12 bivalves, 
9 polychaetes, 5 echinoderms and 5 species were crustaceans. Thirespuram, recorded the lowest benthic popula-
tion density (295.25 ± 35.7no/m2) while other stations showed the highest faunal density (7312.7 ± 409.6no/m2 

at Vaan Island). Shannon diversity index showed that gastropods were dominant in the Vaan Island and Roche 
Park. The maximum gastropod diversity of 1.31 was found in Vaan Island and minimum of 0.76 was observed in 
Thirespuram. The study revealed that the status of environmental conditions of coral reef and mangrove areas are 
reasonably in good state with no significant much negative factors, though some coastal locations (Thirespuram) 
experiences anthropogenic threats especially due to domestic pollution. 

Key words: Physical chemical parameters, macro benthos, domestic pollution, Gulf of Mannar, 

1. INTRODUCTION

The degree of disturbances have been assessed di-
rectly by means of physical and chemical param-
eters (Jeyaraju et al., 2007; Daskalakis and Connor, 
1995) or indirectly assessed by macro benthic com-
munities in marine environment and characterize 
the ecological quality of their habitats (Pearson and 
Rosenberg, 1978; Lindegarth and Hoskin, 2001; 
Currie and Isaacs, 2005). This has also been de-
scribed by earlier researchers (Forbes and Richard-
son, 1913). The macro benthic community could 
be affected by seasonal changes such as changes 
of physical and chemical parameters. Human an-
thropogenic disturbance potentially alter marine 
assemblages at various scales. In such cases sew-
age effluent is considered as one of the most com-
mon anthropogenic disturbances on marine benthic 
communities and has been recognized as one of the 

principal causes of faunal change in near-shore 
benthic environments (Pearson and Rosenberg, 
1978). There has been more research done on the 
effects of sewage pollution on soft bottom benthic 
communities (Pearson and Rosenberg, 1978; Dauer 
and Conner, 1980; Knox and Fenwick, 1981; Aus-
ten et al., 1989) compared to assemblages that live 
on hard substrata. After 1970, some of the works 
have been done on marine soft bottom macro ben-
thos along the Indian coast (Parulekar et al., 1975; 
Ansari et al., 1977; Harkantra et al., 1980; Jayaraj 
et al., 2007). The macro benthic community of the 
three stations of Tuticorin coast, Gulf of Mannar 
was studied in the present study to obtain the basic 
information about benthic macro fauna and to as-
sess the impact of the pollution effect on its distri-
bution (Table 3).
Table 3: Species list of macro benthic community 

in study area
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Macrobenthos St 1 St 2 St 3

Drupa margatigola + + +

Umbonium vestiarium - + +

Trochus radiatus  + + +

Trochus tentorium + + +

Euchelus asper + + +

Phasianella solida - - +

Nassarius sp + - -

Harpulina lapponica + - +

Bulla ampulla + - +

Rhinoclavis sp + - +

Calliostoma sp - - +

Calyptrea sp + - +

Cyprea sp - - +

Agaronia nebulosa - - +

Babylonia sp + - +

Oliva sp - - +

Thais buffo + - +

Cerithium morus + + +

Hemifusus cochlidium + - +

Littoraria scabra + - +

Planaxis sulcatus + - +

Strombus marginatus  + - +

Turbo bruneus + - +

Turritella attenuata  + - +

Tonna dolium - - +

Bivalves

Donax spinosus + + +

Donax faba + + +

Modiolus philippinarum + - +

Epicodakia sp - - +

Tellina sp + - +

Vasticardium assimile + + +

Cardia bicolor + + +

Septifer bilocularis + - +

Anadara sp + - +

Mactra violacea + - +

Gafrarium tumidum + - +

Semele sp - - +

Polychaetes

Nereis sp + + +

Dendronereis sp + + +

Nephtys sp + + +

Prionospio sp + - +

Capitella capitata - - +

Ampharete sp + - +

Perineries cultrifera + + +

Cossura coastax + - +

Glycera alba + - +

Echinoderms

Pentaceraster regulus + - +

Peronella sp - - +

Protoreaster lincki - - +

Ophiogymna elegans + - +

Stomopneustes variolaris + - +

Crustaceans

Clibanarius clibanarius + + +

Alpheus malabaricus - - +

Amphipods + + +

Isopod + + +

Penaeus sp - - +
“+”- Present; “_” – Absent

1.1. Study area: The investigation was carried out 
at Tuticorin in the southeast coast of India for a pe-
riod of 12 months from January 2010 to December 
2010.  Station 1: Coastal area of Roche Park (08º 
46’ 593” N 78º 09’ 355” E) was fixed at 2 km dis-
tance from the outlet area of Tuticorin Thermal 
Power Station (TTPS) and is located between Tu-
ticorin Fishing Harbor and TTPS. Domestic wastes 
are also discarded and small extents of mangroves 
are present near the study site. Small salt pans are 
located near to Roche Park. Station 2: Thirespuram 
(08º 48’ 477” N 78º 09’ 493” E) is a coastal village 
near Tuticorin town and it is located near to Tuti-
corin fishing harbor. Untreated sewage is disposed 
and perennial in this coastal site. Station 3: Vaan 
Island (08º 50’ 020” N 78º 12’ 487” E) is situated 8 
km away from Tuticorin harbour. Corals and sea 
grass beds are dominant in this station. The present 
study covered three locations is given below (Fig 1)
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Fig 1: Map showing the study locations

2. MATERIALS AND METHODS

Water samples were collected using Meyer’s water 
sampler in pre cleaned plastic containers. The sam-
ples were kept in iceboxes and were immediately 
transferred to the laboratory for nutrients analysis. 
The water temperature was measured using Digi-
tal stem thermometer -50~200ºC. Salinity was de-
termined by Hand Held Refractometer (ATAGO, 
0~100%o), hydrogen ion concentration (pH) of 
water samples were measured in the laboratory us-
ing (HANNA pH 213, 0 to 14) and turbidity was 
measured using ELICO PE 138. Total suspended 
solid was estimated by filtered method (APHA 
1988). The concentrations of nutrients such as cal-
cium, magnesium, nitrates, nitrites and phosphates 
were measured by the method of Venugopalan 
and Paulpandian (1989). Soil samples were col-
lected using a Peterson grab, covering an area of 
0.04 m2 and penetration of 10 cm. The collected 
soil samples were washed through a 0.5 mm mesh 
sieve and preserved in 10% formalin and Rose 
Bengal solution for quantitative analysis (Holme 
and McIntyre 1984, Aswandy et al., 1991). The 
samples were again washed through 0.5mm mesh 
in running water in the laboratory to clean adhering 
sediments. All benthic organisms were sorted out 
into major groups and preserved in 90% alcohol 
for further identification. Subsequently specimens 

were identified and counted in group-wise. Species 
diversity was assessed using the Shannon diversity 
index (H’) in natural log. 

3. RESULT

The physicochemical parameters were seasonally 
varied during the study period of January 2010 to 
December 2010. The mean values of all the physi-
cochemical parameters were presented in tables 1 
and 2. The temperature ranged between 27.5 and 
31.5 ⁰C in all the three stations. Salinity ranged be-
tween 32 and 36 ppt, pH was between 7.74 and 8.4, 
turbidity values ranged between 4.5 and 35.6 NTU 
and Total Suspended Solids level was between 99 
and 210 mg/l. The dissolved oxygen content was 
recorded between 1.9 and 5.2 ml/l; calcium was 
ranged between 360 and 560mg/l and magnesium 
was between 1218 and 1405 mg/l; nitrate values 
ranged between 1.4 and 28.65 µg at/l; nitrite was 
between 0.64 and 6.14 µg at/l; phosphate varied 
between 0.1 and 0.74 µg at/l.

Benthic macro fauna was observed during the 
period of study is shown in figures 2 and 3. The 
major groups encountered were gastropods, bi-
valves, polychaetes, crustaceans and echinoderms. 
In total, 56 macro benthic species were recorded, 
of which 25 species were gastropods, 12 bivalves, 
9 polychaetes, 5 crustaceans and 5 species were 
echinoderms. The mean macro benthos density 
was 5884.8, 295.25 and 7312.8 no/m2 for station 
1, 2 and 3 respectively. The highest density was re-
corded in station 3 during February 2010 with 7817 
no/m2 and lowest density was recorded in station 
2 during December 2010 with 237 no/m2. Shan-
non diversity index showed that gastropods were 
dominant in the Vaan Island and Roche Park. The 
maximum gastropod diversity of 1.31 was found in 
Vaan Island and minimum of 0.76 was observed in 
Thirespuram.
4. DISCUSSION

Distribution of benthic organisms, species diver-
sity, species evenness, and species richness were 
closely accompanied by changes in the physical 
and chemical characters of water and sediment 
resulting from anthropogenic effect of the ecosys-
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Table 1: Monthly variation of physical parameters (temperature, turbidity, salinity, pH and TSS) during 
January 2010 to December 2010

Physical parameters

Water temperature (°C) J-10 F-10 M-10 A-10 M-10 J-10 J-10 A-10 S-10 O-10 N-10 D-10

St 1 28.9 29.5 30.3 31.2 31.5 31.2 30.6 30.1 29.3 28.6 28 27.5

St 2 28.8 29.4 29.8 30.5 31.2 31.5 31 30.2 29.5 29 28.2 27.8

St 3 28.2 29 29.7 30.5 31.2 31.3 30.5 30.1 29.4 28.4 27.8 28.7

Turbidity (NTU)

St 1 10.1 10.5 12.3 16.8 14.3 11.8 10.9 12.6 10.8 10.3 9 7.8

St 2 33.9 27 26.5 24.3 26.5 26 26.8 23.5 23.9 27.3 28.9 35.6

St 3 6.1 5.5 6.3 5.5 6.3 7.3 6.5 6.1 5.5 5.1 4.9 4.5

Salinity (ppt)

St 1 35 35 35 36 36 36 36 35 34 34 34 34

St 2 33 34 34 35 35 35 35 34 34 32 32 33

St 3 33 34 34 35 36 35 35 34 34 33 33 33

pH 

St 1 8 8.09 8.21 8.25 8.35 8.4 8.28 8.15 8.2 8.09 8.05 7.86

St 2 7.93 8.04 8.1 8.14 8.14 8.2 8.23 8.11 8.15 8.02 7.96 7.8

St 3 7.81 7.74 7.81 8.11 8.04 8.28 8.19 8.21 8.17 8.13 7.98 7.84

TSS (mg/l)

St 1 105 99 108 125 115 138 101 115 118 105 99 105

St 2 191 155 148 168 128 139 151 143 166 188 210 199

St 3 108 105 125 139 148 161 144 125 110 108 99 108

Table 2: Monthly variation of chemical parameters (DO, calcium, magnesium, nitrate, nitrite and phos-
phate) during January 2010 to December 2010

Chemical parameters
DO (ml/l) J-10 F-10 M-10 A-10 M-10 J-10 J-10 A-10 S-10 O-10 N-10 D-10
St 1 5.2 5 5 4.2 4.9 4.8 5.05 5.1 5.1 5 5.2 5.2
St 2 2 2.2 2.3 2.1 2.2 2.2 2.1 2.3 2.4 2.2 1.2 1.9
St 3 5 4.6 4.7 4.1 4.4 4.4 4.7 4.8 4.8 4.9 5 5.2
Calcium (mg/l) 
St 1 560 520 500 500 510 470 460 480 460 400 380 360
St 2 440 480 420 480 490 420 420 460 400 380 380 400
St 3 520 460 440 480 480 470 500 480 450 400 380 400
Magnesium (mg/l)
St 1 1358 1218 1248 1374 1405 1345 1344 1324 1312 1266 1274 1320
St 2 1310 1240 1225 1334 1344 1325 1314 1288 1301 1287 1258 1278
St 3 1320 1272 1274 1340 1244 1341 1304 1278 1276 1236 1234 1260
Nitrate (µg at/l)
St 1 5.41 5.34 5.14 4.25 3.84 3.85 4.31 4.6 5.45 5.35 5.88 6.21
St 2 25.64 23 21.7 18.4 14.98 15.32 15.45 17.25 19.6 27.4 28.65 26.85
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St 3 2.75 2.45 2.45 1.45 1.4 1.65 1.45 1.74 2.77 3.45 4.14 3.53
Nitrite (µg at/l)
St 1 2.53 2.4 2.37 2.2 1.85 1.41 2.03 2.15 2.3 2.47 2.85 2.74
St 2 5.37 4.89 4.41 4.18 3.92 4.21 4.32 4.62 4.85 5.63 6.14 5.88
St 3 1.27 1.26 1.17 0.87 0.64 0.82 0.76 0.96 1.16 1.47 1.45 1.47
Phosphate (µg at/l)
St 1 0.22 0.19 0.21 0.16 0.14 0.2 0.24 0.22 0.25 0.32 0.36 0.3
St 2 0.58 0.41 0.4 0.36 0.41 0.32 0.42 0.42 0.51 0.62 0.74 0.62
St 3 0.17 0.12 0.17 0.15 0.12 0.13 0.1 0.15 0.14 0.2 0.21 0.18
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tem (Reish, 1979). Distribution of macro benthos 
density was lower in Thirespuram coast. Untreated 
of sewage and domestic waste were disposed from 
local people that could be a reason for reduction 
of density of macro benthic community. Kailasam 
and Sivakami (2004) declared that sudden rise of 
temperature and salinity affect the distribution of 
macro benthos community in discharge of hot wa-
ter in to marine environment from TTPS of Tutico-
rin coast.

Turbidity and TSS which reacted with content of 
dissolved oxygen and reduced its content this phe-
nomenon affected the distribution of macro benthos 
communities. Sewage contaminant gives stress to 
marine environment that would be a reason for the 
decreased species diversity (Pearson and Rosen-
berg, 1978; Gray, 1989; Ros and Cardell, 1992; 
Hall et al., 1996). Elmrgen et al. (1983) stated that 
decrease of dissolved oxygen and toxification of the 
substratum may cause a massive death of benthic 
communities. Low environmental stress relatively 
increases species diversity. In areas closer to the 
source of pollution, there are few species of macro 
fauna and many species are unable to tolerate the 
high organic loading of the sediment. Areas more 
distant from the source of pollution, more species 
of macro fauna present returns to undisturbed state 
where diversity remains high due to competition 
(Pearson and Rosenberg, 1978; Bat and Raffaelli, 
1978). Heavy load of organic matter, bacterial load, 
human disturbances such as boating and turbulence 
due to attacking waves also affect the abundance 
of benthic communities. Bat et al. (2001) reported 
that benthic diversity was less at sewage outfall 
point when compared to other points. The result of 
the present study is in agreement with the above 
reports. 

Polychates was dominant in coastal water of Thire-
spuram. Biomonitoring of the species is a useful 
method to assessing the effects of environmental 
disturbance (Pearson and Rosenberg, 1978; Bat 
and Raffaelli, 1978). Biomonitor species thrives 
only under particular environmental conditions and 
therefore is an indicator of the conditions in which 
it is found (Bat and Raffaelli, 1978; Morrisey et al., 
1996; Lenihan and Oliver, 1995). The most often 

used biomonitor organisms are opportunistic and 
tolerant to high levels of stress. These species seem 
to have several characteristics in common: (a) they 
live in a protected habitat in the sediment layer 
either in mucus tubes or without any specialized 
cover, (b) they are able to utilize food, the organic 
detritus and bacteria which are plentiful due to the 
effect of the sewage outfall, (c) the species are eu-
ryhaline, so they are able to survive sudden envi-
ronmental changes in the sediment or on the rocks, 
and (d) they can tolerate low oxygen levels and a 
certain amount of hydrogen sulphide for long peri-
ods of time (Bat et al., 2001). Lenihan et al., 1990 
reported this similar result that polychaetes com-
munity dominant in pollution abandoning sites. 
Polychaetes are less sensitive than other taxa to 
organic enrichment in temperate waters also (War-
wick and Clarke, 1993).

The highest macro benthos density was recorded 
during February and March and lowest density 
during October and November. Seasonally, high-
est density was recorded during post monsoon 
and premonsoon, lowest density in monsoon. The 
highest macro benthos density was recorded dur-
ing post monsoon followed by premonsoon. Joice 
et al. (2006) reported similar trend in inshore wa-
ter of Kerala and Kailasam and Sivakami (2004) 
in Tuticorin bay. Damanhuri, (1998) pointed out 
that increasing nutrient in premonsoon attracted 
the benthic organisms in coastal region. Present 
investigation has been supported by the studies of 
Harkantra and Parulekar (1994) in Rajapur Bay 
(Central west coast of India). Sivadas et al. (2011) 
observed high macro benthos density during post 
monsoon period in Zuari estuary, west coast of In-
dia.

The result of the present study that Thirespuram 
shore line is a polluted area due to disposal of sew-
age and other waste by local people. These factors 
disturb the physical chemical characteristics partic-
ularly turbidity, TSS and DO which affects the dis-
tribution of macro benthic community. Seasonally 
changes are another reason for changing the macro 
benthos community in Gulf of Mannar. Corals and 
mangrove ecosystems were healthy with optimum 
physical, chemical, biological parameters with 
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conductive environmental conditions. Anthropo-
genic threats especially pollution is comparatively 
low in these ecosystems. Overall, the study loca-
tions which occur near shore were observed to be 
comparatively unhealthy especially, Thirespuram. 
Several anthropogenic factors, domestic pollution 
being the major factor influencing the near-shore 
regions in Tuticorin coast, Gulf of Mannar. More-
over, global climate change is expected to worsen 
in the coming years, along with the anthropogenic 
factors, it can deteriorate the already affected re-
gions. However, offshore regions of Gulf of Man-
nar are still in a healthy state providing resources to 
the dependant fishermen.
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ABSTRACT

Many air pollutants and greenhouse gases have common sources, contribute to radioactive balance, in-
teract in the atmosphere, and affect ecosystems. The impacts on forest ecosystems have been traditionally 
treated separately for air pollution and climate change. A simultaneous addressing of the air pollution and 
climate change effects on forests may result in more effective research, management and monitoring as 
well as better integration of local, national and global environmental policies.  While efforts to avert serious 
climate change seem to have run out of steam, it has become visibly apparent that the effects of climate change 
on a global scale can no longer be reverted or even controlled. This has been widely recognized in the wake 
of the United Nations Climate Change, urban development is not evenly distributed among cities, regions 
or countries and often not stable over time. Rich countries are also expected to share their knowledge and 
experience regarding sustainable urban e -governance policies and practices, development plans and techno-
logical know-how for implementing them effectively. Climate change e-governance poses difficult challenges 
for contemporary political/ administrative systems. These systems evolved to handle other sorts of problems 
and must now be adapted to handle emerging issues of climate change mitigation and adaptation. This paper 
examines long-term climate e-governance, particularly in relation to overcoming “institutional inertia” that 
hampers the development of an effective and timely response. It argues that when the influence of groups that 
fear adverse consequences of mitigation policies is combined with scientific uncertainty, the complexity of 
reaching global agreements, and long time frames, the natural tendency is for governments to delay action, 
to seek to avoid antagonizing influential groups, and to adopt less ambitious climate programs. Conflicts of 
power and interest are inevitable in relation to climate
 To address climate change means altering the way things are being done today – especially in terms of pro-
duction and consumption practices in key sectors such as energy, agriculture, and transportation. But some of 
the most powerful groups in society have done well from existing arrangements, and they are cautious about 
disturbing the status quo. Climate change governance requires governments to take an active role in bringing 
about shifts in interest perceptions so that stable societal majorities in favor of deploying an active mitigation 
and adaptation policy regime can be maintained. Measures to help effect such change include: building coali-
tions for change, buying off opponents, establishing new centers of economic power, creating new institutional 
actors, adjusting legal rights and responsibilities, and changing ideas and accepted norms and expectations.

Key words: climate change, e-governance, ecosystems, pollutants

1. INTRODUCTION

1.1. Air Pollution and Climate Change: Air pollu-
tion changes our planet’s climate, but not all types 
of air pollution have the same effect. There are many 
different types of air pollution. Some types cause 
global warming to speed up. Others cause global 
warming to slow down by creating a temporary 
cooling effect for a few days or weeks. Read on the 
learn more about the pollution that causes Earth to 

warm and the pollution that causes Earth to cool.

1.2. Some air pollutants cause more global warm-
ing: Air pollution includes greenhouse gases. One 
of these is carbon dioxide, a common part of the 
exhaust from cars and trucks. Greenhouse gas-
es cause global warming by trapping heat from 
the Sun in the Earth’s atmosphere. Greenhouse 
gases are a natural part of Earth’s atmosphere, but 
in the last 150 years or so, the amount in our at-
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mosphere has increased. The increase comes from 
car exhaust and pollutants released from smoke-
stacks at factories and power plants. The increase 
in greenhouses gases is the cause of most of the 
global warming that happened over the past centu-
ry. Scientists predict that much more warming will 
likely happen during the next century. Greenhouse 
gases stay in the atmosphere for years and cause 
warming around the world. Computer models indi-
cate that, worldwide, the tiny aerosols cause about 
half as much cooling as greenhouse gases cause 
warming.

It is well known that Pollution Control Boards 
across India assess the preparedness of industry 
and institutions to curtail pollution of Air, Wa-
ter and Hazardous Waste and Bio-medical waste. 
Based on this assessment, the Boards confer ap-
propriate No-Objection certificate (NOC/CTE – 
Consent to Establish), the Consent for Air & Water 
aspects and the authorization for Hazardous Waste. 
The concerned entities also need a similarly Hospi-
tals & Clinics need a PCB-Authorization order to 
store / treat / dispose / transport Biomedical Waste 
generated. All the Permissions/Orders have a va-
lidity date attached. Legal actions are initiated by 
the Board through a Show Cause Notice / Notice 
for Directions & Closure Orders if any stake hold-
er is found violating the permissible norms of the 
Boards. Sample results are attached to each of the 
inspection by the respective laboratories. Inspec-
tions may arise from General complaints, M.P/
MLA references, CPCB Monitoring schedule, after 
SCN, Closure Directions, On Application, Routine, 
Vigilance branch etc. These entail a significant vol-
ume of documentation passed through several of-
fices for decision making. This could include the 
applications by stake holders, noting by monitor-
ing teams, recommendation by the Regional Offi-
cer, routed to the Head Office for comments and 
then to the Unit Head onwards to Member Secre-
tary & finally to Chairman of the Board

1.3. Cars and global warming: Global warm-
ing endangers our health, jeopardizes our national 
security, and threatens other basic human needs. 
Some impacts—such as record high temperatures, 
rising seas, and severe flooding and droughts—are 

already increasingly common.

Our cars and trucks are a major cause of global 
warming. 

As oil becomes more difficult to extract, burning 
gasoline will only become dirtier. Using less oil is 
the real solution.

Global Warming Science

Global Warming Impacts

1.4. Air Pollution and Human Health: Fuel-efficient 
vehicles use less gas to travel the same distance as 
their less efficient counterparts. When we burn less 
fuel, we generate fewer emissions. When emissions 
go down, the pace of global warming slows.

Cleaner fuels produce fewer emissions when 
they’re burned. Some fuels—such as those made 
from cellulosic biofuels—can reduce emissions by 
80 percent compared to gasoline. And cleaner ex-
traction techniques can ensure that dirty fuel like 
oil doesn’t get dirtier.

Electric cars and trucks use electricity as fuel, 
producing fewer emissions than their conventional 
counterparts. When the electricity comes from 
renewable sources, all-electric vehicles produce 
zero emissions to drive.

In the field of e-Governance programme of GPCB, 
vizly. XGN (extended Green Node) was launched 
by Shri Mangubhai Patel, Hon’ble Minister, Tribal 
Development, Forest & Environment on 5th June- 
the World Environment Day, 2008. The XGN fa-
cility has also been introduced to facilitate filing 
returns under the Water Cess Act, 1977, and ob-
taining an online assessment orders. Implemen-
tation of this XGN software has been awarded a 
Silver Award by the Department of Administrative 
Reforms and Public Grievance, Government of In-
dia on 18.2.2010. The Board has been progressing 
in the field of e-Governance.

1.5. The Urban – Industry Interface for Success-
ful Implementation of Air Action Plan: The Hon-
ourable Supreme Court of India identified cities 
of India as highly polluted from the information 
provided by Central Pollution Control Board. The 
Environment Pollution (Prevention & Control) 
Authority (EPCA) was constituted by the Ministry 
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of Environment &Forests (MoEF), Government 
of India. This board regularly reviews the Action 
Plan from time to time to ascertain the progress and 
implementation of the Air Pollution Control Action 
Plan. Over a period of time through the implemen-
tation of the Air Pollution Control Action Plan, it 
has been possible to bring down air pollution in the 
city .

1.6. Specific innovative ideas / outcomes in GPCB 
due to e-Governance: Physical movement of the 
files related to such sensitive & significant permis-
sions as Bio Medical Waste Authorization, Water 
Cess Assessment order, Consent order or NOC have 
completely stopped for the first time amongst gov-
ernment institutions in the country.Applications 
by Industries/Hospitals are mandated through the 
internet. This helps scrutinize applications and pre-
payment of Fees.Online Application by Industries 
with 34 sets of information in PDFs format flows 
down to field office for scrutiny. The E-file then 
auto--flows to the Head office and the inspection 
Report is frozen.85 % of the Online Application 
for NOC/Consent is/authorizations are granted “In 
principle” clearance before actually landing at the 
field office.

All Transactions (except e-Notings), location of 
e-file details or even status of various Returns are 
preserved in e-Box for all Industries &Hospitals 
for their future reference. This is a step towards au-
dit trail – heights of transparency in a government 
department. Any e-file which has exceeded the 
stipulated days in a work-flow is auto-reflected to 
the next level for e-movement/processing. Surprise 
allotment of Visits to Monitoring team, only after 
they actually enter the Industrial estate. NGOs have 
been given access to the entire data of Inspections, 
Samplings, Analysis Results, Legal actions & tech-
nical data also. This helps compare results drawn 
by the diverse stakeholders. Online live tracking of 
transportation and disposal of hazardous waste has 
been made possible & Co-processing of wastes in 
cement plants has been promoted. e-Governance 
Conference for implementation of e-Governance 
in Re-Engineering of Business Processes Sector 
by the Department of Administrative Reforms and 
Public Grievances, Government of India.

Timely Acceptance & Disposal of Industries & 
Hospitals Applications

Monitoring & Sampling of various Industries as 
per the designated frequency specified by CPCB & 
MoEF, New Delhi

Pre-Planning of Work on weekly & Monthly basis 
by the Regional officer

Immediate access to the Efficiency/Pendency of 
Individual employees

Alert the next stage, wherever urgent action is re-
quired

Effective prioritization of in-coming visits

Reduce interference / influences from the stake-
holders
1.7. e-Governance for a paradigm shift in Environmental 
Management: G2C Service to Citizens

G2B Service to Businesses and Entrepreneurs

G2G Service to Other Government Departments

Bulk SMS to a group of end users on natural and 
other disasters 

Sector / Product wise List of Industries

Monitoring of Public Complaints, and action taken 

Specialty Hospitals for various type of contingen-
cies

PHCs/CHCs, Govt. Hospitals are a significant ben-
eficiary of the BMW Module. Local Bodies are the 
core of the MSW Module as far as monitoring of 
Municipal Solid Waste is concerned.

The Inventory of Hazardous Waste generated by 
Industries & its eventual Treatment/Disposal by 
the TSDFs forms an important data flow to the 
CPCB, MoEF

Products/Raw Material/Consent of Authorizations 
& Validity forms an important base for decisions 
by the Industries Department of Government of 
Gujarat

Analysis & Compilation of well-structured data 
leads to instant MIS related reports for Departmen-
tal Studies.

The GPCB has also extended its support and advice 
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to other State Pollution Control Boards to adopt 
eGovernance for Environmental Governance. 

2. CONCLUSION

These and other solutions are here today—but more 
can be done. Learn more about our plan to Half the 
Oil, or find out what you can do for clean vehicles. 

We  can  protect consumers, the climate, and our 
environment from the growing costs and risks of 
air pollution and climate change —but not without 
you. Your generous support helps develop science-
based solutions for a healthy, safe, and sustainable 
future with e governance .
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ABSTRACT

Biodiversity and its relationship to the underlying environmental factors represent the very basis of human exis-
tence. It is represented in different hierarchy and can also be presented at various levels of organisation, like alleles 
or genotypes within a population, species or ecosystem across a landscape or even a planet. There is a growing 
need for better understanding of the biodiversity distribution pattern vis-à-vis human interventions. Now it is 
realised that we must move from the conservation of single species to scales beyond individual sites and levels 
of organisation. Understanding landscape spatial pattern is important since it contains all levels of the biological 
hierarchy, from ecosystems to species and genes; those are targeted for biodiversity conservation. Conservation 
of biodiversity can only be achieved through protection of biological habitats that require a detailed survey and 
inventory of the existing bio resources. Remote sensing technology has potential in spatial representation of dif-
ferent types of bio resources, characterise their association and habitats. Satellite images are considered as a very 
convenient tool to measure landscape patterns since they provide a digital mosaic of the spatial arrangement of 
land covers. The new technology can be used successfully to identify the frequencies, boundaries, sizes and shapes 
of different landscape components. Using different landscape ecological parameters along with restricted ground 
observations, biologically rich areas can be identified for conservation prioritisation. India harbours very diverse 
climatic conditions and thus, fosters different types of habitats. Its biodiversity is one of the richest in the world. 
The country is divided into 11 phyto geographical regions. North East India encompasses a broad range of ecologi-
cal habitats varying from grassy meadows to dense humid evergreen forests; disturbed secondary formations to 
almost virgin and relict types as in ‘Sacred forests.’ A range of tropical, temperate and alpine forests depict their 
own characteristic biodiversity. About 50 % of total higher plant species of India occur in the region with maxi-
mum number of species. World over, the region is recognised as one of the hotspots of mega diversity. However, 
during recent years the area has received growing attention due to environmental degradation caused in the pro-
cess of short term development motives and basic life survival activities. The paper aims to analyse to strengthen 
and prioritise different landscapes for biodiversity conservation with Geospatial Techniques. The spatial database 
on habitat, disturbance, environmental factors controlling biodiversity and knowledge base are modelled in GIS. 
The spatial database along with bio rich map can be of immense value for bio prospecting, species inventory and 
monitoring in space and time.

Key words: Remote sensing, land cover, species richness, bio rich

1. INTRODUCTION 

Developmental activities and population induced 
large-scale changes in land cover / land uses have 
impacted environment greatly. The world is wit-
nessing a scenario of environmental problems like 
degraded lands, polluted air, water and soil, dry-
ing of natural water sources, increased agriculture 
intensity, loss of flora and fauna, disasters, irregu-
lar rainfall etc. Forests play a role in regulating the 
environmental processes. Loss of forests has been 
attributed to various human dimensions like defor-

estation and forest degradation. 

Species extinction is a natural process that occurs 
without the intervention of human and over geo-
logical time frame all species have finite span of 
existence. Extinction caused directly or indirectly 
by humans is occurring at a rate that far exceeds 
any reasonable estimate of background extinction 
rates. The variety of species and genes found in a 
nation, and the habitats and ecosystems in which 
they occur, are critical resources that should be uti-
lized sustainable in each country’s development. 
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About 700 plant species are facing threat for their 
survival in wild in the North eastern region of India 
(Chauhan et al., 1996).

Biodiversity is the totality of genes, species, eco-
systems and habitats in a region. Hence, the best 
way to understand biodiversity is to look at it in a 
hierarchical manner in which biological organisms 
are organized. The smallest unit starts from the di-
versity contained in the genetic material of indi-
vidual organisms and then goes on to encompass 
the biological communities in which species are 
organized and on to the ecosystems in which they 
exist. Community diversity understands the rela-
tionship of diversity with other feature of commu-
nity (Whittaketr, 1972). The dependence of species 
diversity on the structural complexity of the envi-
ronment was demonstrated (Mac Arther and Mac 
Arthur, 1961). Margalef (1957) was first to use the 
Shannon Index. Diversity has measured either by 
estimating species richness in an area, or using by 
one or more indices combining species richness.

The vegetation is one of the main landscapes eco-
logical characteristics and represents the summary 
of all plants and societies of plants and their spatial 
distribution in a certain geographical space or in a 
landscape. It is determined by and developed un-
der specific conditions such as location, soil geol-
ogy, relief, climate, water, land cover and land use. 
The vegetation is the result of the development of 
landscapes and its reaction to change of landscape 
balance resulting from anthropogenic influenced 
faster than the soil. Landscape change through 
human impact across the world is massive and at 
times unplanned experiment creating a patchwork 
of modified land types. These land mosaics may 
have similar patterns throughout the world, yet we 
have little information on whether they also impact 
on biodiversity in similar ways. 

The rise in landscape ecology over the last decade 
has driven advances in computer and satellite tech-
nology. Today, scientist can determine their posi-
tion within a meter using Global Positioning Sys-
tems (GPS), locate themselves on new acquired 
satellite images, and compare their position, for-
est boundaries and human land uses on computer-
ized maps using Geographic Information Systems 

(GIS) (Singh, 2010). These tools allow scientists 
and conservationists to conduct detailed studies 
over time and large areas to better understand how 
to save natural resources 

In landscape ecology, biodiversity is considered as 
an integral part of the broader concept of landscape 
heterogeneity for management and conservation. 
Therefore, to characterize a landscape, diversity 
plays an important role, it acts as insurance for 
the system by increasing its ability to withstand 
disaster(Singh2002).. 

1.1. Study Area: Mouling National park is situ-
ated in Upper Siang and West Siang districts of 
Arunachal Pradesh, India. Its lies approximately 
between 27º 43´ N and 29º 20´ N latitude and from 
94º 42 E to 95 35 E longitude. Jingging is the head-
quarter of this Park and its 20 km away from Yin-
kiyang (Upper Siang) and 100 km from Along head 
quarter of the District. Park was up-graded to its 
present status in 1986 covering an area of 483 km2, 
is one such region where very little is known about 
biodiversity and its flora and fauna. Though this 
national park established nearly 18 years before in 
its present form due to various geophysical reasons 
and its remoteness, it remained unexplored. The 
nearest road connection is almost 35 km away from 
the boundary of the national park. (Anon, 1996).

2. MATERIALS & METHODOLOGY

Primary data consisting of digital data of IRS 1C/1D 
LISS-III have been used for vegetation mapping. 
As mentioned earlier the study area experiences 
high rainfall and therefore getting a cloud free data 
is a problem. Ancillary data consisted of Survey of 
India Toposheets (SOI) and forest cover maps. For 
image analysis ERDAS Imagine and for geospatial 
analysis customized package named BioCAP has 
been used. 

2.1. Mapping: It was imperative that the images be 
geometrically rectified. The registration of image 
was performed using the nearest-neighbor resam-
pling algorithm. Scenes were geometrically cor-
rected using proper identification of GCPs with a 
root-mean-square (RMS) error of 0.0002 pixels.

Classification of image had been a challenging 
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task owing to its heterogeneity as well as similarity 
in spectral reflectance. The concept of vegetation 
grows is a continuum hold good. Trees are tall and 
mature, and density of the vegetation is very high. 
The ecotone zones are very wide and complex. Re-
flectance characteristics alone are not sufficient to 
differentiate various types of the forests like, tropi-
cal, subtropical and temperate broad-leaved forest 
was not sufficient for mapping. Both conventional 
methods of unsupervised and supervised methods 
failed to yield a satisfactory result in highly ho-
mogeneous regions (Singh, 2013). Pixels with in 
clusters were well widely distributed and mixing 
was very high. Even the use of NDVI in conjunc-
tion with the raw data was not very useful. After 
various experiments, it became important to con-
sider additional parameters. Since vegetation is 
governed by altitude thus it was appropriate to use 
satellite image in conjunction with digital eleva-
tion model (Singh, 2005; Singh, 2013). This ap-
proach provided additional dimension to the data 
set and better controlled on the distribution range 
of pixels within a cluster. Approach was followed 
to separate land cover classes using unsupervised 
classification method. Number of clusters was kept 
low in the beginning. However, it was observed 
that the desired level separation was not there. A 
very high number of clusters (250) were generated. 
Each cluster was carefully evaluated and attribute 
was assigned. There were however, still a few clus-
ters where intermixing was observed. Such clusters 
were masked out. Remaining data was again put to 
clustering process. The classification scheme was 
designed in accordance with Champion and Seth’s 
(1968) classification of Forest of India. The classes 
which could not be delineated were merged. 

2.2.  Field work: Fieldwork was carried out in three 
consecutive years with twin objectives. Firstly to 
obtain the ground-truth and secondly to lay sample 
plots to collect data for phytosociological analysis. 
Plot size 20×20 m was considered for enumerat-
ing tree species, 10×10 m for shrub species and 1 
×1m for herbaceous flora. Nested approach was 
followed to lay the sample points (Anon, 1999). 
About 345 plots were laid for enumerating herba-
ceous plants. Expeditions seem to be necessary to 
fully explore the biodiversity wealth of the park. 

Botanical and/or vernacular names were noted in 
the field itself. 

2.3. Analysis of vegetation: Standard procedure 
was followed for doing the primary analysis of 
vegetation. Forest type-wise species database has 
been created for primary and secondary analysis 
of vegetation. The frequency, abundance, density, 
dominance, richness, importance value index etc. 
were worked out. Importance Value Index was cal-
culated using standard procedure. Shannon-Wiener 
(1949) index, probably the most widely used index 
in community ecology, was used for the secondary 
analysis. The index represents the average degree 
of uncertainty in predicting to which particular spe-
cies, an individual chosen at random from a sample 
will belong. 
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Where, ni    = number of species 

             N  = total number of individuals 
             pi  = importance probability for each species

             ln = log base 10

2.4.  Landscape Characterization: Landscape char-
acterization deals with application of landscape 
principles and to analysis inherent properties of the 
existing vegetation like fragmentation, patchiness, 
porosity etc. which uses patch characteristics and 
have been widely applied to describe the landscape 
(Anonymous, 1999). Even though the vegetation 
occurs in a continuum the landscape can be char-
acterized based on the different size and shapes of 
the patches, therefore these can be used to express 
to quantify landscapes. Patches may natural or due 
to disturbance. The assemblage of patches may be 
natural or manmade. Size and shape of the forest 
area determines the biodiversity quality. Thus patch 
is the basic unit for analyses. High correlation has 
been proved among patch size and shape with that 
of biodiversity. It has been seen that intermixing 
of vegetation lead to high biodiversity. Therefore, 
biodiversity is governed by the other factors like 
interspersion, and juxtaposition. Land cover/ land 
use map is the basic input for the landscape analy-
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sis. Landscapes have been widely evaluated by the 
patch characteristics. The size, shape, distribution, 
association etc. have been found useful to analyze 
the landscapes. The vegetation cover map was ana-
lyzed using customized package called BioCAP.

3. RESULTS AND DISCUSSION 

3.1. Vegetation Mapping 

The land cover/land use map has been prepared us-
ing satellite data and is shown in Fig. 1. Various 
land cover and land uses delineated are described 
below. These are tropical evergreen, tropical 
semi-evergreen, sub-tropical evergreen, temper-
ate broad-leaved, temperate coniferous, temperate 
scrub, bamboo mixed, abandoned jhum, degraded 
forest, dry river bed/sand, current jhum, agricul-
ture, barren/fallow land, river/water-body,  snow/
cloud and shadow. The area estimate of various 
vegetation cover classes is shown in Table 1. Sub-
tropical evergreen forest occupies 30.7% area of 
the park followed by temperate forest i.e., 19.4%. 
tropical forest, snow, cloud and hill shadow ac-
counts for 13.7% of the study area.
Table 1: Area statistics of Land Cover/Land Use in 
the Mouling National Park

S. 
No.

Land Cover / Land Use  
Types

Area in
km2 %

1 Tropical Evergreen 7.63 1.50
2 Tropical Semi-evergreen 3.99 0.78
3 Subtropical Evergreen 252.80 49.96
4 Temperate Broad leaf 147.09 29.07
5 Temperate Conifer 3.28 0.65
6 Temperate Scrub 3.32 0.65
7 Abandoned Jhum 33.17 6.54
8 Degraded Forest 0.36 0.07
9 Bamboo 3.49 0.67
10 Agriculture 0.52 0.10
11 Sand 0.13 0.03
12 Current Jhum 3.44 0.87
13 Barren 0.63 0.12
14 Water 0.03 0.01
15 Shadow 39.59 7.82
16 Snow/Cloud 6.56 1.28

Total 506.03 100

Fig1: Land use/land cover map of Mouling Na-
tional Park

3.2.  Phytosociological analysis: About 8,000 plant 
species (i.e. about 50% of known species of vas-
cular plants in India) occur in the North eastern re-
gion of India. Primary phytosociological analysis 
for Diversity Index has been carried out based on 
the 69 samples. About 962 plant species belong-
ing to 525 genera have been enumerated during 
the sampling (Table 2 )given provides the statistics 
about the samples, number of species and genera of 
herbaceous flora, shrubs and tree species in eight 
major forest types. 
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Table 2: Showing number of species found in three habits in eight habitats

Sl. Forest Types Samples Herbs (Gen-
era/ Species)

Shrubs
(Genera/Species)

Trees
(Genera/ Species)

Total (Genera/ 
Species)

Shannon 
Index

1 Tropical Evergreen 19 142/202 28/32 71/83 221/306 7.04

2 Tropical Semi-
evergreen

4 28/31 9/11 19/22 51/57

3 Subtropical Ever-
green

16 127/234 56/61 84/110 239/386 7.58

4 Temperate Broad 
Leaved

19 146/260 49/64 65/97 224/386 7.43

5 Temperate Conifer 2 11/18 2/2 5/5 18/28 2.84
6 Temperate Scrub 2 11/17 6/11 2/6 18/34 4.80
7 Abandoned Jhum 5 57/86 4/27 30/34 105/142 6.39
8 Degraded 1 10/12 3/4 16/16 29/33

Subtropical evergreen and temperate braodleaved 
forests represent highest number of species fol-
lowed by tropical evergreen. Temperate conifer, 
temperate scrub and degraded forests have lower 
number of species. Tree-genera are more in sub-
tropical evergreen forest followed by evergreen 
forest and temperate broadleaved forest. There is 
decrease in number of taxa in temperate conifer 
and temperate scrub forests. Degraded forest have 
fewer number of shrubby species, may be due to 
frequent removal of these species.

3.3.  Landscape Characterization: Landscape eco-
logical principles like fragmentation, porosity, 
patchiness, interspersion and juxtaposition have 
been analyzed for establishment of disturbance re-
gimes in the region. The fragmentation of the for-
ests is mainly due to the shifting cultivation (Fig. 2). 
Fragmentation analysis shows that about 480 km2 
i.e. 98% of area is intact and very less area i.e. 6.62 
km2 as fragmented landscape (Table 3). Least frag-
mented area is about 337.05 km2.

Table 3: Area statistic of Fragmentation image

Level of Fragmentation Area (km2)
Least 337.05
Low 129.09
Medium 7.43
High 6.62

Fig 2: Forest Type-wise fragmentation Mouling 
National Park

Porosity analysis was performed for the all primary 
evergreen forests. More than half of the area was 
found to occur with intact evergreen type of vege-
tation. Since major part of the area is non-porous, it 
indicated that the evergreen forest type is homoge-
neous and non-fragmented. Only 1.42% area of the 
park was found to be highly porous indicating that 
the landscape has begun to a process of deforesta-
tion and shifting cultivation. Area statistics pertain-
ing to the porosity image is shown in Table 4. 

The intermixing of the habitats has obtained from 
interspersion analysis. Since vegetation is gov-
erned by the terrain and climatic conditions there 
are continuous belts of forests and interspersion 
analysis indicates more or equal interspersion lev-
els. About 60% of the area showed less, medium 
and high levels of interspersion respectively . This 
indicates that the dispersal ability is more or less 
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uniform of the various elements is governed by the 
climatic factors. The juxtaposition image obtained 
reflects higher interaction between the sub-tropical 
evergreen and tropical evergreen forest followed by 
temperate and temperate conifer forests. It clearly 
reflects the functional aspects of vegetation. It is 
proven to be an important correlate of disturbance 
index. 

3.4. Disturbance Index: hhhbThe disturbance in-
dex image obtained recorded to five levels of gra-
dients from low to highest. Low disturbance areas 
were characterized by low levels of fragmenta-
tion, patchiness, porosity, interspersion, high level 
of juxtaposition and increased distance from the 
sources of biotic disturbance (Fig. 3). The areas 
nearer to habitation were observed to have highest 
levels of disturbance. It is observed that degraded 
forest (originally tropical evergreen forest) is under 
highest disturbance followed by Bamboo. Tropical 
evergreen and tropical semi-evergreen forest have 
moderate levels of disturbance, whereas subtropi-
cal evergreen, temperate broad leaved and tem-
perate coniferous forests have more forests under 
least or low disturbance i.e. more than 80% of the 
area is protected from disturbance (Fig.3). This is a 
healthy sign. 

Fig 3: Forest type-wise disturbance in Mouling 
national p

3.5. Biodiversity Characterization: Mouling na-
tional park is relatively free from disturbance and 
the terrain, climatic conditions and location have 
played a very significant role in the evolution of the 
biodiversity. Species richness map was generated 
by extrapolating these values in vegetation cover 
map. Sub-tropical evergreen forest shows higher 
degree of species richness followed by temper-
ate broad-leaved evergreen forest. Higher weights 

were assigned to higher species richness area for 
deriving the biological richness map. Terrain com-
plexity has found high degree of terrain complex-
ity in the interior forested area and the foothill re-
gion shows very low degree of terrain complexity. 
Higher weights were assigned to highly complex 
terrain and vice versa for biological richness analy-
sis. Biological value in terms of economic and eco-
logical uses of the species was adjudged as one of 
the most important parameters in determining bio-
logical richness. The total importance value (TIV) 
calculated for each forest type was used to gener-
ate the biodiversity value map. The biodiversity 
value map shows higher value for tropical semi-
evergreen forest followed by sub-tropical ever-
green forest.  The biological richness map derived 
reflects excellently the biodiversity status of the 
Mouling National Park (Fig. 4). Area estimate of 
the biological richness map was shown in Table 4. 
Biological richness map of Mouling national park 
revel that Tropical evergreen forest fall under very 
high bio-richness, followed by subtropical ever-
green and temperate broad leaved (Fig. 4).
Table 4: Area statistics of biological richness map

Level of richness Area(km2)
Least 34.5
Low 146.7
Medium 203.91
High 56.89
Very High 36.93

Fig. 4:  Forest type-wise richness in Mouling na-
tional park.
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4. CONCLUSION

Geospatial technology with the field data input 
is a powerful technology to assess Biodiversity 
richness in the large area within the limited time 
frame. It was witnessed that Mouling National 
park, which is the harbor of high biodiversity rich-
ness area is facing medium to low disturbance. The 
maximum area of high biodiversity richness is fall 
in Tropical evergreen forest, which is also facing 
medium level of disturbance due to proximity of 
human settlement near the Park boundary. High 
level fragmentation is also noticed in tropical ever-
green forest, however, fragmentation is also occurs 
in Bamboo Brakes and Tropical Semi Evergreen 
Forest with medium level of disturbance. It has as-
sessed that not only fragmentation and disturbance, 
play an important role to govern biodiversity but 
some other factors like biodiversity value, ecosys-
tem uniqueness and terrain complexity also play a 
vital role to determine biodiversity richness zone. 
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ABSTRACT 

Marine turtle has dramatically declined in recent decades due to reckless anthropogenic impact. Turtles are caught 
in fishing activities around the world, especially in trawl nets. Trawls forcefully submerse the air-breathing turtles 
and are responsible for the drowning deaths of many; as tow duration increases so does mortality. Drowning in 
trawl nets along the Puducherry coast has been claimed to be the major cause for the decline of sea turtle popula-
tion adversely. The number of sea turtles inhabiting waters off the Puducherry coast is uncertain, as is the number 
of turtles that are caught in trawl nets. The number of deaths spiraling up every year due to the use of gillnets and 
trawls by the fishermen. It is not known how many additional turtles die subsequent to capture due to delayed 
drowning or fatal injuries. The number of turtles killed in trawl fisheries in the Puducherry coast has raised ques-
tions about the effect of trawling on sea turtle populations worldwide. The present study emphasizes the immedi-
ate conservation measures are to be taken in the entire ecosystem of Puducherry. 

Key words: Anthropogenic impact, trawl, capture, devastation, conservation

1. INTRODUCTION

The incidental capture of sea turtles in trawl fish-
eries, long line fisheries, purse seines, gill net and 
other net fisheries, hook and line fisheries occurs 
worldwide (Frazier et al., 2007). The impact of 
the incidental capture of olive ridley sea turtles 
(Lepidochelys olivacea) in fisheries has been well 
documented from some regions but not from oth-
ers. In some locations where by-catch statistics are 
unavailable from fisheries, cause and effect has 
been used to implicate a fishery in the decline of 
olive ridleys. In the western Atlantic, the signifi-
cant population decline of olive ridley is due to the 
incidental capture during the shrimp trawler opera-
tions (Godfrey and Chevalier, 2004; Frazier et al., 
2007). Gillnets and other fishing methods also cap-
ture olive ridleys incidentally, but to a lesser extent 
than shrimp trawl fishery (Frazier et al., 2007). By 
catch in trawl fisheries off Sergipe State in Brazil is 
considered the most pressing threat to that popula-
tion (Thomé et al., 2003). In the eastern Atlantic, 
the incidental capture of olive ridleys by commer-
cial fisheries is thought to be a significant threat, 
but very little systematic data is available (Frazier 
et al., 2007). As per the IUCN red list of threat-

ened species, the conservation status of olive rid-
ley turtle is categorized as vulnerable. Therefore, 
the awareness and conservation of turtles must be 
the utmost priority. The direct harvest of adults and 
eggs, incidental capture in commercial fisheries 
and loss of nesting habitat are the main threats to 
this species.

In India, olive ridleys were taken in tens of thou-
sands for the markets of West Bengal during 1970s 
and 1980s, after the advent of mechanization in the 
fishing sector. This declined after the implementa-
tion of the Indian Wildlife (Protection) Act, 1972 
enforced by the forest department and coast guard. 
As a result, they have been listed as a Schedule I 
species, thereby being offered maximum protec-
tion. Unfortunately, artisanal and commercial fish-
eries surrounding the Indian Ocean rely heavily on 
fishing nets. Net fishing by catch becomes difficult 
to estimate as records are absent or poorly kept 
(Amande et al., 2010) however, it is thought to be 
responsible for adverse ecological effects on key 
species such as turtles, sharks, rays, mammals and 
other marine organisms which are relevant to eco-
system structure and function (Garcia et al., 2003). 
The sea turtles on the coast of Puducherry are now 
being exposed to various threats from developmen-
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tal activities along the coast, shrimp farming, sand 
mining, garbage dumping, egg collection, stray an-
imal intrusions and intensive fishing activity. The 
most prevailing threats to olive ridleys are the fish-
ing activity. Hence, in an essence of these issues, 
the present investigation was undertaken to assess 
the threats of fishing nets on sea turtle population 
along the Puducherry coast.

2. MATERIAL AND METHODS

During our observation period, we observed two 
dead olive Ridley turtle entangled in the netting, 
which were severely injured on its ventral surface. 
We spotted the turtles only twice in Chinna Kala-
pet (12°01ˈ08.26ˈˈN 79°51ˈ48.12ˈˈE) and also en-
quired with local fishermen communities with rel-
evance to incidental capture of sea turtles. A survey 
was also conducted in 12 fishing villages along the 
Puducherry coast to identify the trawls and nets be-
ing used for fishing practices which contributes sea 
turtle mortality.

3. RESULTS AND DISCUSSION

The coastal area of Puducherry is under severe 
threat due to various environmental issues, among 
which turtle mortality receives very less attention. 
During the study olive ridley sea turtles were found 
dead and cut in the neck caused by trawling ny-
lon nets (Fig. 1). Local communities in the areas 
nearby have also noted dead olive ridley turtles 
as well as destructions of nesting habitats over 
the years. Sea turtle mortality occurs primarily in 
trawls by drowning. Although they are capable of 
staying submerged for half hour or more, but the 
stress of being trapped for many hours in gill and 
trawl nets usually results in drowning (Muthulin-
gam, 2013). In some cases the turtle mortality was 
also occurring due to anthropogenic activities such 
as garbage dumping, industrial sewage and open 
human excreta or predation by dogs and jackals. 
Furthermore, the consumption of eggs by the local 
people and habitat encroachment by the planting 
of beach oaks or Casuarina equisetifolia to lessen 
the impact of tsunamis and cyclones, have become 
a major threat to turtle nesting habitats in the Pu-
ducherry shores (Reddy, 2010; Padmavathy & An-

barashan, 2011). 

Incidental capture of sea turtles is a serious and 
growing threat along the coast of Pondicherry. 
Based on our investigation in 12 fishing villages 
along the Puducherry coast, there are around 316 
shrimp trawlers and 63 boat seines which are be-
ing operated for fishing activities (Fig. 2). These 
practices contribute to the olive ridleys mortality 
along this coastline. Incidental capture of olive rid-
leys was also documented in different places due 
to shrimp trawl fisheries, long line fisheries, purse 
seine fishery and gill net fisheries (Pandav 2000; 
Frazier et al., 2007).

Fig 1: Dead olive ridley turtles due to entangled by 
fishing techniques

Fig 2: Various vessels operated for fishing 
techniques threatens sea turtle at twelve villages in 

Puducherry.
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4. CONCLUSION

• The usage of gill nets and mechanized boats 
should be banned strictly at least the period of tur-
tle breeding is the only way to protect the turtles. 
Adequate on-board observer programs and patrol-
ling teams should be available around the coastline 
in order to attend and rescue the injured turtles. 
Despite the legislative efforts to protect the sea 
turtles, human impacts continue to be more signifi-
cant. Awareness is one of the powerful approaches 
to reach out the fishing community in order to con-
serve and protect sea turtles from different threats. 
Awareness can be increased through education, 
street play, drama, public rally, blogs, social media 
posts or website features.
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ABSTRACT

The Gulf of Mannar Biosphere reserve is one of the world’s richest biodiversity area located between Pampan and 
Thoothukudi.  It is declared as Marine National Park in 1986 and later declared as Marine Biosphere Reserve in 
1989. It is the first marine Biosphere Reserve in Southeast Asia. The total area of the coast is 10,500 sq km. The 
core area of Biosphere reserve is 94.2 km2. It consists of 21 Islands and 47 fishing villages situated along the coast 
of Ramanathapuram and Thoothukudi districts. Out of these 21 islands Kurusadai Island possess the most richest 
and diverse group of flora and fauna. In Gulf of Mannar there are 3600 species of flora and faunas found. It con-
sist of 117 marine coral sp, 5 marine turtle sp, 480 fish sp, 79 shellfish sp, 100 sponges sp, 760 mollusks sp, 100 
echinoderms sp, 13 sea grass sp , 12 mangrove sp. Sea cow, dolphin, seahorses and sea cucumber are categorized 
as threatened species. Another important species namely Balaonoglossus regarded as a living fossil which is found 
in large numbers in Kurusadai Island. Gulf of Mannar is considered as Biologist paradise due to its rich biological 
resource and ecosystem diversity. There are many tourism developmental activities followed in this region like 
coral watching, coral poaching, snorkelling, Kayak tourism and pilgrim activities. Trambling on the beach sand 
has changed complexion of the beaches along the coast of Gulf of Mannar. Large number of gastropods and bi-
valves are exploited for artifacts which posses very high demand among the tourist. There are so many direct and 
indirect impacts on the region due to tourism developmental activities. The ecological and economical importance 
of the marine ecosystem is seldom realized since they are submerged and seldom seen unlike the terrestrial envi-
ronment. In terrestrial environment long-term and short-term changes are easily observed whereas, it is difficult in 
the marine ecosystem. Therefore the activities and actions that affect the marine environment need to be examined 
so that the appropriate management action could be taken to prevent the further abuse of the marine environment 
and its rich splendid resources.  

Key words: Marine biosphere reserve, kurusadai island, living fossil, kayak tourism, sustainable management

1. INTRODUCTION

India is one of the world’s twelve mega diversity 
countries which together account for approximate-
ly 70% of the world’s biological diversity. There 
are about 3,600 species of plants and animals in 
the Gulf of Mannar and hence called as a marine 
biologist’s paradise in the Indian subcontinent. 
Marine capture fisheries are the major economic 
activity in Gulf of Mannar. The total area of Gulf 
of Mannar under the Indian Exclusive Zone is 
about 5,500 km2 within 50 m depth. Out of 2,200 
fish species distributed in Indian waters, 441 spe-
cies have been recorded in Gulf of Mannar. Shore 
seines, boat seines, trawl nets and hook lines are 
the principal gear operated. The Gulf of Mannar is 
endowed with three marine ecosystems, the Cor-
als, Sea grass beds and Mangroves. It covers an 
area of 10,500 sq.km along 8o35’N- 9o25’ N lati-

tude and 78o08’E- 79o30’E longitude. There are 21 
islands covering an area of 623 ha. Most of the is-
lands have luxuriant growth of mangroves on their 
shorelines and swampy regions and are surrounded 
by highly productive fringing and patch coral reefs. 
The sea bottom of the inshore area around the is-
lands are carpeted with sea grass beds which serve 
as feeding ground for some highly endangered spe-
cies like the Sea cow. There is also a great diversity 
of Marine mammals like dolphins and whales in 
the Gulf’s waters. These islands are occurring in 
4 groups namely Mandapam, Keezhakaraai, Vem-
bar and Tuticorin group. Gulf of Mannar Biosphere 
Reserve (GOMBRE) is the first Marine Biosphere 
Reserve in South and South East Asia. Kurusadai 
Islands, a marine biosphere and a famous tourist 
destination is regarded as the haven of rare and near 
extinct species of marine sphere. Balanoglossus, 
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the living fossil is found abundantly in this region. 
Dugong a vulnerable marine mammal is the most 
important inmate of the park and the park is also 
home bottle nose dolphin, finless porpoise, spinner 
dolphin & common dolphin. Another notable thing 
is that, glass bottomed boat facilities are available 
for viewing the underwater life. Kayak tourism, 
which is becoming popular recently, is introduced 
in this region for recreational activities. Snorkel-
ling is a practice of swimming on the surface of 
water with specialized equipments like diving 
mask, snorkel (L shaped tube for breathing), and 
flippers. By snorkelling, one can see the richness of 
underwater life with little effort of swimming. It is 
a popular recreational activity.

1.1. Biodiversity: Coral Reef Coral reefs are mas-
sive limestone structures built by the primitive ani-
mals of the order Scleractinia. Reefs are centres of 
high biological productivity, sites of carbon diox-
ide sink, ecosystems that help in shoreline protec-
tion and centres of scientific research. A total of 
94 coral species is present in Gulf of Mannar. The 
coral tree provides shelter to several ornamental 
fishes that are found nowhere else. Some of the 
coral families found in India include Thamnasteri-
idae, Pocilloporidae and the Acroporidae. 

1.1.1. Sea Grass Ecosystem: Sea grasses are ma-
rine plants, which are highly productive and act as 
breeding and nursery grounds for many epiphytic 
fauna and as feeding grounds for herbivores like 
green turtle and the sea cow. Sea grass binds sedi-
ments and prevents erosion. Of the 52 species of 
sea grasses recorded worldwide, 12 species are re-
corded in Gulf of Mannar. Flow of nutrients takes 
place between corals and sea grasses with the aid of 
current enhancing the primary productivity of the 
sea grass. Fishes that hide in coral reefs feed in sea 
grass beds. Sea grasses absorb sediments thereby 
protecting coral reefs during storms and cyclones.

1.1.2. Mangrove Ecosystem

Mangroves are salt tolerant forest ecosystems, 
which support fisheries and protect the coastal 
zones, thus helping the marine coastal economy 
and environment. They are commonly called as 
the breeding ground of many marine organisms. 

They are ecologically sensitive. 9 species and 7 as-
sociated species are found in Gulf of Mannar. The 
roots of mangrove plants have the unique habit of 
moving towards gravity (Geotropic). The leaf lit-
ter from plants, fall on the sea water nourish the 
water and increase its nutrient content. This excess 
nutrient is food for fish fry that hatch there. Some 
of these plants have medicinal value. The two com-
mon mangrove genera viz; Rhizopora and Avecin-
ia.

1.1.3. Sacred Chank Beds: The sacred chank, Turbi-
nellapyrum is found commonly in Gulf of Mannar. 
The chank beds are productive and form a potential 
fishery in this area. The sacred chank Turbinellapy-
rum is found in fine or soft sandy substrates. The 
industrial uses of chanks are many. For a perfect 
Valampurichanks chank of 65 mm or greater diam-
eter which have sinistral coiling fetches more than 
Rs.20,000/-. This sinistral form is used in worship 
in the Hindu Temples. The water quality in the ma-
rine environment around the coral reef areas ex-
cept those one close to the thermal power plant are 
good. Marine ecosystems which are located near to 
thermal power plants have been affected badly by 
it, which has lead to large scale depletion of sacred 
chank production. Any oil spill by ships visiting the 
port will also have its effect on the corals, chank 
and pearl oyster beds and can cause immense dam-
age to ecology and local economy.

1.1.4. Pearl Banks: The pearl banks are concen-
trated in the Pandiyantivu, Van tivu, Upputhanni-
tivu and Nallathannitivu. Normally they occur in 
depths between 10 - 20 m. The pearl culture indus-
try for artificial propagation of pearls has been es-
tablished. The other molluscs found in abundance 
are Perna viridis, Meretrix, Katelysia, Anadora, 
Donax and Dentalium.

1.1.5. Sea cucumbers: Sea cucumbers are collected 
in large numbers every day. These are boiled, salt-
ed, dried, packed and sent for export. Many people, 
including women are involved in this process and 
therefore, it is an important livelihood. Yet, studies 
are showing that too many sea cucumbers are being 
collected, with the result that this fishery could also 
become like the pearl fishery, unless some care is 
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taken to regulate harvest. Certain flagstone species 
like sea turtles that are indicators of a healthy eco-
system are still present. Dugongs though present 
in small numbers still can be found feeding in sea 
grass beds. Degradation is a natural process in a 
coral reef ecosystem where new corals are replaced 
by old ones. The corals are highly productive eco-
systems and any disturbance to them could spell 
disaster to the fishery in the whole of Bay of Ben-
gal. They act as nurseries for young fish. Migratory 
sea turtles like Olive Ridley, Hawks bill sea turtle, 
Leatherback sea turtle, Green sea turtles and log-
gerhead sea turtles are still present and these are 
protected by National and international laws.

1.1. Tourism in Gulf of Mannar

1.1.1. Pilgrimage tourism

1.1.1.1. Thiruchendur: The seashore temple of Thi-
ruchendur dedicated to Lord Muruga is the main 
centre of attraction for the pilgrims., is one of the 
six abodes of Lord Muruga called the Arupadai 
Veedu. Visiting the valli cave, taking a bath in the 
sea and bathing in Nazhikkinaru here are rituals.

1.1.1.2. Uvari: Uvari is a coastal village located 
in Tirunelveli district, has a population of around 
10,000.  Kappal matha church, with the form of a 
ship carrying an aeroplane, is a well-known pilgrim 
centre. The original form of church which was built 
earlier was damaged by sea erosion, and replaced 
by this one built in 1974. 

1.1.1.3. Erwadi: Erwadi dargah stands as a symbol 
of religious harmony in Tamil Nadu. People with 
satanic illness visit this dargah in large number and 
get cured. The main shrine (dargah) in Erwadi is 
the holiest place because it is mixed with the soil of 
Madinah. Thousands of pilgrims come here to take 
the dust of this mixture of Madinah’s soil which 
is said to cure all kinds of fatal diseases with the 
blessings of Shaheed Badusha. Ervadi santhana-
koodu urus festival is commemorated nearly 30 
days from the end of august to the first week of 
October. During this festival, around 1.5 million 
people from all over India and other countries like 
Sri Lanka, U.K., Saudi Arabia, U.A.E. and Kuwait 
take part. The crowd that gathers here for this cer-
emony is the highest than any other festival in Ra-

manathapuram District.

1.1.1.4. Kulasekarapattinam: Sri Mutharamman 
Temple is located in Kulasekharapatnam near Thi-
ruchendur in the Thoothukudi district, Tamil Nadu. 
It is 300 years old. Navarathiri festival is the grand-
est festival in this temple. This temple stands as 
unique from others as they celebrate Dusshera for 
12 days instead of 9 days. During the 10-day fes-
tival celebration, more than 3 lakh people gather 
here.

1.1.1.5. Holy Cross Church, Manapad: It was built 
in the year 1581. Fragments of the true cross was 
brought from Jerusalem and placed in the church. 
Pilgrims visit the church throughout the year and 
the church is situated on the seashore. The church 
is associated with St. Francis Xavier. It is 18 kms 
from Thiruchendur. 

1.1.1.6. Manapad Palm leaf Society: This society 
was formed to encourage traditional handicraft 
techniques in which varieties of articles have been 
produced in this society. unique of this district and 
for this state as well. Many of products are export-
ed to foreign countries. 

1.1.1.7. Panimaya Matha Church, Tuticorin Pani-
maya Matha Church (Shrine Basilia of Our Lady 
of Snow”) is a famous church   built by the Portug-
esein 1711. Every year on 5th August the church 
festival is conducted in a grand manner which at-
tracts a large number of devotees from all faiths. 
This festival is celebrated for almost 10 days, 
where lakhs of people gather here.

1.1.1.8. Sri Bagavathy amman temple, Kanyaku-
mari: The Bhagavathy Temple is located in Cape 
KanyaKumari in Tamil Nadu; the southern tip of 
main land India, there by located on the confluence 
of the Bay of Bengal, the Arabian Sea, and the In-
dian Ocean. Charity Pournima Festival: on the Full 
moon day in May.

1.1.2. Natural tourism: This provides rarest oppor-
tunities of enjoying the natural beauty of nature. 
These include the beauty of bird sanctuaries, Is-
lands, Coral reefs, estuary, and mangrove forest 
and so on. Gulf of Mannar possesses a great natu-
ral beauty wealth including larger coral reefs with 
high biodiversity.
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1.1.2.1. Kurusadi island tourism: Kurusadi Island 
is situated to the west of Pamban Bridge. It is a 
marine biosphere, a paradise for marine biologists 
and nature lovers. It is about 4 km from Manda-
pam. Kurusadi Islands is the haven of rare and near 
extinct species of marine sphere. A favourite ex-
ploration spot of marine specialists and aquatic re-
searchers, the Islands has a global recognition for 
its unique coral reefs. With proper approval of the 
fisheries department the place can be visited by gen-
eral people. It offers visual delight to tourists who 
can watch the dolphins and sea-cows diving freely 
in the Gulf of Mannar. Sea anemone, sea weeds, 
multi-hued reefs and sea grasses spread over the 
shallow bed of the sparkling water brightens up the 
entire ambience of the place. From algae, starfish 
and sponges to crabs and sea cucumbers, Kurusa-
dai Islands is known to be the dwelling place of 
many other enticing generations of aquatic species. 
Kurusadai Islands protects and encourage the vig-
orous growth of the marine species. This island is 
under the control of Tamil Nadu Forestry Depart-
ment and one needs special permission to visit this 
island.

1.1.2.2. Kayak tourism: Sandy Robson, then 
45-year-old Australian, was the first person to do 
kayaking in Gulf of Mannar region. She suggests 
“This region, rich with coral reefs and fishery re-
sources could be an ideal place for kayak tourism 
and the local fishermen could be trained in kayak-
ing. Promotion of the eco-friendly kayak tourism 
could be an alternative livelihood for the local fish-
ermen”. The main advantage of kayak is that the 
tourists will be able to observe the beauty of corals 
in shallow waters without giving any external pres-
sure upon corals.

1.1.2.3. Educational tourism: The island is of enor-
mous interest to biologists and is already well 
known as a ‘biologist’s paradise’. Close to Pamban 
Island and easy to reach by boat from Mandapam. 
Renovation of buildings relatively cheap and envi-
ronmentally sound compared to new construction.

1.3. Impacts of Tourism

1.3.1. Pilgrimage tourism

1.3.1.1. Rameswaram Case: In order to visit holy 
places like Rameswaram, tourist inflow in great 

numbers occurs particularly during the period be-
tween October and January. Construction of Pam-
ban Bridge connecting the mainland of Mandapam 
& Rameswaram Island has led to the increased in-
flow of tourist into the island. Because of increased 
tourist inflow into Rameswaram town, there is 
great pressure on the limited sanitary facilities 
available. Thousands of pilgrims take holy bath in 
the sea during important religious festivals. There 
are a number of tourist lodges and boarding houses 
which have sprung up in recent years to cater to 
the needs of the hundreds and thousands of tourists 
who visit the coastal town. As a result, large quan-
tities of sewage water and refuse are dumped into 
the sea around the town. This has not only contami-
nated the coastal waters around Rameswaram but 
also has the possibility of dissipating the same to 
nearby islands. In fact, such sewage contamination 
has killed all the rich coral beds which used to be 
there around Rameswaram in the 1970s. The coral 
kill was not only due to contamination by sewage 
waters but also due to the resultant algal growth 
which settled on coral reefs.

Ervadi santhanakoodu urus festival is commemo-
rated mainly during the peak monsoon season 
which affects the breeding habit of many aquatic 
organisms which are present in the Gulf of Mannar 
region. Due to the mass movement of people into 
these regions, sewage dumping occurs frequently 
leading to hike in the population of Escherichia 
coli. Pilgrimage tours to Muniya Swami temple 
on Nallathanni Island Pilgrims who come tend to 
sacrifice goats, which they cook there for a picnic 
meal. Fires started by such picnics in the dry sea-
sons could have devastating effects.

1.4. Natural tourism: Enjoying the natural beau-
ty even damages the nature itself. Boats used for 
boating are not well maintained which results in oil 
spillage and thus polluting the water. Use of bigger 
size boat which can carry more number of tourists 
at a time can affect the soft corals mechanically. 
Interpretation of humans into the natural environ-
ment of organisms disturbs them greatly which 
forces them to change their natural behaviours.
Reefs are degraded with only some live areas. Lo-
cals and tourists are ignorant of the potential dam-
age to coral by walking upon it. An increase in visi-
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tors could severely damage the reef.

1.5. Educational tourism: Collection of biological 
samples (trophies) from this area is already threat-
ening certain species (e.g. Balanoglossus).  Wildlife 
Protection Act enforcement or other government 
regulations could render development impossible. 
Sewage and rubbish from students and scientists 
visiting¸ if not managed properly, could pollute the 
aquifer & reefs around the island. Walking on the 
reef or grabbing at coral by inexperienced swim-
mers could severely degrade it.  An exotic species 
of seaweed with potentially invasive properties has 
been introduced to one reef area of the island. Num-
bers of visitors should bestrictly limited to avoid 
overexploitation. Trampling of trails could disturb 
wildlife and endangered plant species. Swampy ar-
eas are dangerous for walking (quicksands).

1.6. Artifacts: Large number of molluscan shells, 
puffer fishes, and porcupine fishes are collected for 
creating wonderful gift & memento like products. 
This has caused a lot of damage to many coral reef 
areas of the world. Gulf of Mannar was not alone. 
A large number of shops in Rameswaram used to 
cater to the needs of memento and souvenir lov-
ers. Although much number of these shops and 
the quantity of materials sold by them has come 
down substantially in recent years, enough dam-
age has already been done during the last few de-
cades when tens and hundreds of tonnes of these 
materials have been removed. One of the typical 
examples is the case of Umbonium shells or small 
ear stud shells. They used to be found in plenty at 
the souvenir shops in the late 1960s. They were so 
plenty that they were kept in big heaps at the shops 
and sold at cheap rates. 

1.7. Acquisition of specimens for shell collection: 
In addition to making mementos and souvenirs, a 
lot of shells of bivalve and gastropod molluscan 
species were harvested for shell collection. This 
was done not only by private individuals but also 
by students of colleges and schools for their institu-
tions. This activity for the last several decades has 
caused depletion of populations of several species 
of molluscs. A good example is the case of the sa-
cred chank which was being collected for the value 
of the milk white shell. The demand for this shell 

is also due to its religious value among the Hindus, 
particularly in the northern part of India.

1.8. Conservation Measures: There should be reg-
ulation on collection of biological samples, espe-
cially Balanoglossus, would need to be established 
and rigorously enforced. 

Rules against walking on reefs, collection of shells 
or corals and strict codes of conduct about snorkel-
ing procedures (no walking, no grabbing at corals) 
should be imposed and enforced. 

Areas where snorkeling is permitted and where it is 
banned should be defined and clearly demarcated. 

All visitors to the island should attend an obliga-
tory lecture or video on the biological importance 
of the island, all the rules about its use and the rea-
sons for imposing them. 

Punishments for violating rules should be enforced 
and involve hefty fines, especially collection of 
biological samples. 

On the island itself visitors should stick to trails 
and there should certain areas closed to any visi-
tors (including swampy areas) so that human dis-
turbance is kept to a minimum.

1.9. Sustainable Ecotourism: Sustainable ecotour-
ism is not a very easy task to attain. Given below 
are some of the measures to be followed to achieve 
sustainability in ecotourism.

1.10. Recycling: Recycling of plastic materials 
such as plastic bottles, bags, cans, covers, etc is one 
among the conservation method of nature, which 
in turn provides job opportunities for various local 
people. Recycling plants can be developed by get-
ting support from government near to Eco -tourist 
spot and can be managed locally.

1.11. Eco friendly materials production The best 
remedy against the use of plastic is developing 
other materials that are made from paper & cotton. 
Paper and cotton made materials stand a step in 
front of plastic materials in terms of cost. For this 
paper & cotton industries are required which pro-
duce necessary materials in turn providing job op-
portunities for local inhabitants. Cotton industries 
also provide job opportunities for locally available 
“tailors”. Palm basket is another alternative for 
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plastic, but the main constrain for its production is 
that the labours (especially women) have to work 
under exploitative conditions.

1.12. Bio-fertilizer production from organic wastes: 
Many of the tourists like to have their food in the 
restaurants and hotel in Banana leaves. Instead of 
providing the used banana leaves just as feed for 
stray cows, pigs & other cattles which produce 
fouling and unhygienic conditions they can be used 
as raw materials for vermiculture & biogas produc-
tion.

1.13. Bicycle rental enterprise with bicycle work-
shop: Since foreign tourists like to rent bicycles, 
opportunities exist for bicycle rental and mainte-
nance enterprises associated with places for for-
eign tourists to stay.

1.14. Ecotourism bringing development Ecotour-
ism bring forth development by bringing of a bet-
ter standard of living through improved facilities, 
such as clinics, drinkable water sources, new roads 
and electricity.

1.15. Ecotourism: a source of foreign exchange: 
Ecotourism creates a big chance of getting foreign 
money as if they are good enough to attract for-
eigners.

1.16. Ecotourism: a conservation measure: Eco-
tourism’s primaryaim is to counteract the negative 
effects of human development. People who live in 
cities often choose to visit pristine jungles, moun-
tains and beaches to enjoy their beauty. As local 
communities begin to see their natural resources 
as sources of tourist income, the communities may 
work harder to protect those resources. In many 
cases, locals find work as tour guides and discover 
that their jobs depend on local conservation efforts

2. CONCLUSION

Gulf of Mannar is a blessed gift of nature with 
many tourist attractants & high biodiversity. It is 
currently under exploitation, and if this current 
rate of exploitation continues, the total ecosystem 
and its flora & fauna will be erased. If maintained 
properly and sustainably, it possesses a huge poten-
tial for Ecotourism & other recreational activities.  
Tourism development should be sustainable and 

the benefits should be mutually shared by the local 
communities and also concerned in the conserva-
tion point of view.
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ABSTRACT

Eutrophication is one of the important constraints, leading to widespread hypoxia and anoxia, habitat degrada-
tion, alteration of food-web structure, loss of biodiversity, and increased frequency, spatial extent and duration of 
harmful algal blooms in aquatic environments. Industrial effluents, high intensity meat production wastes, agri-
cultural runoff sources are the largest source of nitrogen pollution in aquatic ecosystems. In high pollution areas, 
atmospheric deposition of nitrogen from fossil fuel combustion can also be largest and single source of nitrogen 
pollution. The technical solutions for reducing nitrogen pollution exist at reasonable cost, but implementation and 
method has not been explored that much globally (Howarth, R. W. 2008). Studying about removal of nitrogenous 
waste is one of the important phenomena in applied research. Heterotrophic nitrification-denitrification bacteria are 
one of the important factors to control nitrogenous wastes in aquatic environment. Heterotroph acts as a main and 
powerful mechanism for removal of organic matter and also for conversion of potentially toxic inorganic nitrogen 
to relatively stable organic nitrogen (Burford et al., 2003).  As the growth rate of heterotrophic bacteria is faster 
than that of autotrophic bacteria, it would be important to find and study some heterotrophic bacterial isolates that 
have high nitrification activity to remediate nitrogenous wastes (Geraats et al., 1990). These organisms utilize or-
ganic substrates and are tolerant to oxygen and are capable of simultaneous nitrification and denitrification (SND) 
processes (Third et al., 2005). By treating the wastewater with these bacteria, nitrification and denitrification occur 
concurrently and identically in overall operating condition (Schmidt et al., 2003). Use of these bacteria may lead 
to elimination of anoxic tanks and reduction in external carbon dosage in wastewater treatment plants (Guo et al., 
2009). The isolation of indigenous bacteria and their identification helps in bio-remediation studies of nitrogenous 
wastes (Jameson, 2003). Certain groups of bacteria such as Paracoccus denitrificans, Commamonas sp. and Alca-
ligenes faecalis having the capability of heterotrophic nitrification and aerobic denitrification were used in treating 
wastewater previously (Gumaelius et al., 2001; Joo et al., 2005). Many bacteria capable of SND like Pseudomonas 
stutzeri and Chryseobacterium haifense performing simultaneous heterotrophic nitrifying and aerobic denitrifying 
activity have already been reported (Zhang et al., 2011)(Kundu et al., 2014). Biological nitrification-denitrification 
is one of the most economical methods to remove nitrogen from wastewaters (Gupta and Gupta, 2001). These 
microorganisms could be utilized to reduce the costs associated with maintaining an anoxic tank or to reduce the 
size of the tank required in wastewater treatment plants. Bio-treatment is an effective and low cost technology for 
reducing the nitrogenous wastes in the aquatic environments.

Key words: Eutrophication- harmful algal blooms- of indigenous bacteria - bio-remediation water treatment plants

1. INTRODUCTION

Over the last century, increased growth in popu-
lation leads to urbanisation and industrialization 
have resulted in the impact of different ecosystem 
on which human life exists on. The primary fac-
tor in pollution in aquatic environments, caused 
due to the untreated or partially treated industrial 
and municipal wastewater. Wastewater contains 
huge amount of inorganic pollutant that can be eas-
ily biodegradable, which directly impact on eco-
system, either in Total Suspended Solids (TSS), 

Biochemical Oxygen Demand (BOD), or Chemi-
cal Oxygen Demand (COD), may be in the tens of 
thousands mg/L which results eutrophication and 
harmful algal blooms. Eutrophication is one of 
the important constraints, leading to widespread 
hypoxia and anoxia, habitat degradation, altera-
tion of food-web structure, loss of biodiversity and 
increased frequency, spatial extent and duration 
of harmful algal blooms in aquatic environments. 
Industrial effluents, high intensity meat production 
wastes, agricultural runoff sources and aquaculture 
wastes are the largest source of nitrogen pollution 
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in aquatic ecosystems. In high pollution areas, at-
mospheric deposition of nitrogen from fossil fuel 
combustion can also be largest and single source of 
nitrogen pollution. The government strictly regu-
lates the effluent discharge on water bodies through 
regulation measures to avoid pollution. Animal 
and human faecal wastes are heavily loaded in the 
wastewater which spread human contagious dis-
ease through water borne microbes. The technical 
solutions for reducing nitrogen pollution exist at 
reasonable cost, but implementation and method 
has not been explored that much globally (How-
arth, 2008). Studying about removal of nitroge-
nous waste is one of the important phenomena in 
applied research. Microbes significantly oxidize 
organic matter into carbon dioxide and water. In 
this concept, bacteria play vital role in the conver-
sion of organic matter to less complex compounds 
in wastewater treatment systems. So it has its own 
importance in treating wastewater through bio-
logical treatment method. In biological treatment 
method, heterotrophs obtain their energy from 
carbonaceous material which is enriched in waste-
water. Heterotrophic nitrification-denitrification 
bacteria are one of the important factors to control 
nitrogenous wastes in aquatic water bodies. Het-
erotroph acts as main and powerful mechanism for 
removal of organic matter and also for conversion 
of potentially toxic inorganic nitrogen to relatively 
stable organic nitrogen (Burford et al., 2003).  As 
the growth rate of heterotrophic bacteria is faster 
than that of autotrophic bacteria, it would be impor-
tant to find and study some heterotrophic bacterial 
isolates that have high nitrification activity to re-
mediate nitrogenous wastes (Geraats et al., 1990). 
These organisms utilize organic substrates and are 
tolerant to oxygen and are capable of simultaneous 
nitrification and denitrification (SND) processes 
(Third et al., 2005). By treating the wastewater 
with these bacteria, nitrification and denitrification 
occur concurrently and identically in overall oper-
ating condition (Schmidt et al., 2003). The isola-
tion of indigenous bacteria and their identification 
helps in bio-remediation studies of nitrogenous 
wastes (Jameson, 2003).The 16S rDNA one of the 
molecular methods widely used for amplifying 
bacterial DNA by using universal primers, ampli-

fied product were sequenced and identified using 
BLAST analysis. Certain groups of bacteria such 
as Paracoccus denitrificans, Commamonas sp. and 
Alcaligenes faecalis having the capability of het-
erotrophic nitrification and aerobic denitrification 
were used in treating wastewater previously (Gu-
maelius et al., 2001; Joo et al., 2005). Many bacte-
ria capable of SND like Pseudomonas stutzeri and 
Chryseobacterium haifense- performing simulta-
neous heterotrophic nitrifying and aerobic denitri-
fying activity have already been reported (Zhang et 
al., 2011)(Kundu et al., 2014).Some important bac-
teria genera that are found in wastewater treatment 
systems are Achromobacter, Alcaligenes, Arthro-
bacter, Citromonas, Flavobacterium, Pseudomonas 
and Acinetobacter (Oehmen et al., 2007).

The important criteria in wastewater treatment with 
the help of these bacteria may lead to elimination 
of anoxic tanks and reduction in external carbon 
dosage in wastewater treatment plants (Guo et al., 
2009).Biological nitrification-denitrification is one 
of the most economical methods to remove nitro-
gen from wastewaters (Gupta and Gupta, 2001). 
These microorganisms could be utilized to reduce 
the costs associated with maintaining an anoxic 
tank or to reduce the size of the tank required in 
wastewater treatment plants. Bio-treatment is an 
effective and low cost technology for reducing the 
nitrogenous wastes in the aquatic environments.
The same concept is being applied in the aquatic 
system for the removal of toxic nitrogen through 
bio-augmenting heterotrophic nitrifying bacteria. 
In this context very limited research work on bac-
terial species isolation and application as bioreme-
diator in aquatic system for nitrogen removal.

1.1. Heterotrophic Nitrification: Heterotrophic ni-
trification process is the oxidation of ammonia to 
nitrite by litho-autotrophic nitrifier, as well as the 
oxidation of inorganic or organic nitrogen com-
pounds to nitrite by chemo-organotrophic bacteria 
final product release as nitrous oxide as a by-prod-
uct by different groups of fungi and heterotrophic 
bacteria (Bock et al., 2006). The change in inor-
ganic dissolved nitrogen by nitrifying bacteria in 
wastewater treatment system and aquaculture prac-
tices and role of chemo-organotrophic (heterotro-
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phic) nitrifying bacteria was grossly ignored in the 
research (Hamer, 1997). Arthrobacter sp. isolated 
from natural environment which is having hetero-
trophic nitrification activity (Verstrae and Alexan-
der, 1972). 

Thiosphaera pantotropha (now known as Para-
coccus denitrificans) was isolated from activated 
sludge in the wastewater treatment plant (Robert-
son and Kuenen, 1983). Lue et al., (2012) charac-
terized heterotrophic nitrification bacteria which 
was named W1. The strain which was aerobic 
denitrification isolated from wastewater sludge. 
The bacteria were identified based on morphologi-
cal, biochemical and 16S rDNA gene sequencing 
analysis as Alcaligenes sp. with high ammonium 
removal capacity. Heterotrophic nitrification–aero-
bic denitrification strains were isolated and char-
acterized, such as Alcaligenes faecalis No. 4 (Joo 
et al., 2005). Yang et al., (2011) isolated and re-
ported strain A1 from ammonium rich wastewater 
and identified as Bacillus subtilis as heterotrophic 
nitrifier and aerobic denitrifier. The heterotrophic 
nitrifier and aerobic denitrifier Pseudomonas sp. 
was isolated by (Wan et al., 2011).

1.2. Heterotrophic Denitrification: Denitrification 
is the sequential dissimilatory reduction of nitrate 
(NO3) to nitrite (NO2), nitric oxide (NO), nitrous 
oxide (N2O) and dinitrogen (N2) catalysed by ni-
trate reductases (NaR or Nap), nitrite reductase 
(NiR), nitric oxide reductase (NoR) and nitrous ox-
ide reductase (N2OR), respectively (Zumft, 1997). 
The conventional nitrogen process (denitrification) 
by heterotrophs occurs under anaerobic condition. 
It is favourable under anoxic condition and pres-
ence of a nitrogen oxide (Tchobanoglous et al., 
1991).In soil the genera Bacillus, Micrococcus and 
Pseudomonas are most common while in aquatic 
environment Pseudomonas, Aeromonas and Vibrio 
are commonly involved in denitrification process. 

Many denitrifying bacteria have been isolated from 
soil (Chèneby et al., 2000). Bacteria such as Achro-
mobacter, Acetobacter, Alcaligenes, Bacillus, Bre-
vibacterium, Flavobacterium, Lactobacillus, Mi-
crococcus, Proteus, Pseudomonas, and Spirillum 
have been isolated from activated sludge (Frette 
et al., 1997).Kim et al. (2008) isolated aerobic de-

nitrifiers from soil and identified as Pseudomonas 
putida AD–21 by using biochemical and 16SrDNA 
sequencing analysis. The isolate results increased 
in nitrate removal rate while increasing C/N ratio. 
The aerobic denitrifying bacterial strains TRL and 
KJO were isolated and characterized. These two 
strains reduced nitrate to dinitrogen at the rate of 
0.9 and 0.03 micromole/litre (Kim et al., 2008). 
These bacteria can be potentially used to regulate 
N2O (nitrous oxide emission and microbial N2O 
emission in the ecosystem). The strain H11 was 
isolated from shrimp aquaculture system and iden-
tified as Acinetobacter baumanni by phylogenetic 
analysis (Cao et al., 2011). The reported strain per-
formed as denitrifier in shrimp ponds. Similarly, 
the stain F28 identified and reported as Pseudomo-
nas sp. isolated from activated sludge performed as 
aerobic denitrifier (Hao et al., 2014).

Pseudomonas stutzeri, Pseudomonas aeruginosa,T
hiosphaerapantotropha (Paracoccus denitrificans) 
and Alcaligenes faecalis are reported as aerobic 
denitrifying bacteria (Su et al., 2001; Chen et al., 
2006: Su et al., 2001; Joo et al., 2005). The Citro-
bacter was reported as aerobic denitrifying bacte-
ria (Huang et al., 2001). A study isolated fourteen 
strains heterotrophic denitrifying bacteria from 
shrimp culture pond sediment (Dineshkumar et al., 
2014). Out of these, nine were identified as Mari-
nobacter sp. and the rest belonged to Shewanella 
sp., Aquamicrobium sp., Microbulbifer sp. and 
Janibacter sp. 

1.3. Simultaneous Heterotrophic Nitrification and 
Denitrification: Heterotrophic nitrogen removal 
has usually result of simultaneous nitrification and 
denitrification the pathway of nitrogen removal of 
NH4

+ to NO2
- or NO3

- (heterotrophic nitrification) 
and simultaneous aerobic conversion of NO2

- or 
NO3

- to N2O and or N2 (aerobic denitrification) 
(Robertson et al.,1988). Heterotrophic organisms 
utilize organic substrates and are tolerant to oxy-
gen and are capable of simultaneous nitrification 
and denitrification processes (Third et al., 2005).
The Simultaneous nitrification and denitrification 
is an attractive method to treat wastewater which 
implies that nitrification and denitrification occur 
concurrently and identically in overall operating 
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condition. Schmidt et al. (2003) elaborately inves-
tigated due to its importance in elimination of an-
oxic tanks and reduction in external carbon dosage 
in wastewater treatment plants (Guo et al., 2009). 

Aerobic denitrifiers cultivated along with nitri-
fier to achieve high rates of simultaneous nitrifi-
cation and denitrification with low process costs 
(Kshirsagar et al., 1995; Third et al., 2005; Qin 
and Liu, 2006; Wang et al., 2007). The reduction 
of nitrite through simultaneous nitrification and de-
nitrification process operated under reduced aera-
tion and low external carbon dosage has been re-
ported (Chen et al., 2009; Daniel et al., 2009). The 
strain CPZ24 isolated from swine wastewater and 
identified as Rhodococcus sp. by using 16S rDNA 
sequence analysis (Chen et al., 2011). The isolate 
performed as both nitrifier and denitrifier in het-
erotrophic condition Marinobacter sp. reported as 
first member of genus Marinobacter performing si-
multaneous nitrification and denitrification activity 
(Zhang et al., 2012).

The Pseudomonas sp. one of the aerobic denitri-
fier performed simultaneous nitrification and de-
nitrification using nitrite as sole nitrogen source. 
The strain also amplified by using specific genes 
related to nirK, norB and nosZ (Wan et al., 2011). 
Pseudomonas stutzeri strain YZN-001 is able to 
remove ammonium at low temperatures (Zhang 
et al., 2011). The Chryseobacterium haifense het-
erotrophic carbon utilizing organism isolated from 
Indian slaughterhouse wastewater identified as per-
forming simultaneous heterotrophic nitrifying and 
aerobic denitrifying activity (Kundu et al., 2014).

Recent studies showed that most heterotrophic-
nitrifying bacteria are capable of aerobic denitri-
fication, including Microvirgula aerodenitrificans 
(Patureau et al., 2001), Pseudomonas stutzeri (Su 
et al., 2001), Alcaligenes faecalis (Joo et al., 2007), 
Pseudomonas putida (Kim et al., 2008) and Aci-
netobacter calcoaceticus (Zhao et al., 2010).

1.4. Studies on Denitrification rate: The strain 
Pseudomonas sp. had been identified before as 
an aerobic denitrifier to be able to degrade nitrate 
(Ridgway et al., 1990).The denitrification rate for 
Pseudomonas stutzeri, Microvirgula aerodenitri-

ficans, Comomonas testosterom, Paracoccus sp., 
Klebsiella pneumoniae and Pseudomonas putida 
was 18.14, 32.80, 20.25, 18.30, 18.80, and 16.20 
mg NO3-N/l/d respectively (Takaya et al., 2000; 
Kim et al., 2002; Takaya et al., 2003; Xiang et al., 
2006).

The denitrification rate for Pseudomonas sp. was 
18.20 mg NO3-N /l/d (Wan et al., 2007). The Pseu-
domonas stutzeri utilize nitrate at the rate of 275.08 
mg NO3–N/l/d under aerobic conditions (Zhang et 
al., 2011). The nitrate nitrogen removal reached 
up to 67% by Rhodococcus sp. CPZ24 (Chen et 
al., 2012).  Acinetobacter sp. efficiently removes 
nitrate at the rate of 60.24 mg NO3–N/l/d under 
low-temperature, in solely aerobic conditions (Yao 
et al., 2013). The isolated strain (R31) heterotro-
phic carbon utilizing bacteria Chryseobacterium 
haifense removes nitrate at the rate of 24 mg N/l/d 
(Kundu et al., 2014).Denitrifying bacteria are ex-
pected to have wider application as an alternative 
method to prevent and control nitrite accumula-
tion. No aerobic denitrifier that degrades NO2-N 
has been isolated.  

 The Ochrobactrum sp. strain has shown the highest 
nitrite removal activity at a narrow range of initial 
pH 6.5-7.0 and 25-30° C (Mahmood et al., 2009). 
The strain Acinetobacter calcoaceticus HNR has 
not reduced nitrite and nitrate under aerobic condi-
tion. The Pseudomonas stutzeri utilize nitrite at the 
rate of 171.40 mg NO2–N/l/d under aerobic condi-
tions (Zhang et al., 2011). The Bacillus methylotro-
phicus strain had shown the maximum removal of 
5.81 NO2-N mg/l/d (Zhang et al., 2011).  

The Pseudomonas sp. removes NO2-N an initial 18 
mg/l within time of 2.9 hrs. The highest removal 
rate of 140.6 mmol/l/hr was achieved with a resi-
dence time of 0.19h in an oil reservoir by a sul-
phide and acetate oxidizing mixed culture (An et 
al., 2012). Yao et al. (2013) isolated and reported 
that Acinetobacter sp. efficiently removes nitrite at 
the rate of 45.12 mg N/l/d under low-temperature, 
solely aerobic conditions. The denitrifying bacteria 
such as Bacillus sp., Paracoccus sp., Bradyrhizo-
bium sp., and Pseudomonas sp. have shown sig-
nificant removal of nitrite (Denariaz et al., 1991; 
Polcyn and Luciński, 2003; Diep et al., 2009).
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2. CONCLUSION

The ultimate motto of treating wastewater is to 
prevent pollution, which will spread harmful con-
tagious diseases and protect ecosystem. Waste-
water treatment is one of the strategies to achieve 
good water quality.Most nutrient removal studies 
are based on the presence of bacteria and their 
roles in the removal of phosphorus and nitrogen 
have been well documented. Huge number of mi-
crobes that significantly remove nutrient which is 
responsible for eutrophication and algal blooms in 
aquatic environment, therefore bioremediation re-
lated research monitoring unit in order to achieve 
unpolluted wastewater discharge into water bodies 
should be focused and explored. It will predict and 
ensuring effluent standardsand limitations as set by 
regulatory bodies gives clearer understanding and 
explanation of observed microbial life in waste-
water treatment systems. Our understanding of the 
microbial community structure in wastewater treat-
ment systems continues to advance rapidly owing 
to the on-goingdevelopment and application of mo-
lecular methods. Studies on the activities of hetero-
trophic nitrifying-denitrifying bacteria in aquatic 
systems are very limited from India. With a future 
aim of using heterotrophic nitrifying-denitrifying 
bacteria to overcome the problem of nitrogenous 
wastes in aquatic environment, lot of study should 
be carried out to understand the diversity of such 
bacteria in aquatic water bodies. Moreover detailed 
study is required to complete nitrogen budgeting of 
individual isolates.Efficient isolates can be further 
explored for using in wastewater treatment system 
and aquaculture and for the removal of excess ni-
trogenous wastes.
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ABSTRACT

Ocean acidification is roughly emerged as one of the largest threats to marine organisms and ecosystems. Average 
global surface ocean pH has already fallen from a pre-industrial value of 8.2 to 8.1, corresponding to an increase 
in acidity of about 30%. Values of 7.8–7.9 are expected by 2100, representing a doubling of acidity. The ocean has 
absorbed between 24 and 34% of anthropogenic CO2 emissions during the past 5 decades. The massive input of 
CO2 generates sweeping changes in the chemistry of seawater, especially on the carbonate system. Acidification al-
ters seawater chemical speciation and biogeochemical cycles of many elements and compounds. One well-known 
effect is the lowering of calcium carbonate saturation states, which impacts shell-forming marine organisms from 
plankton to benthic molluscs, echinoderms, and corals. Decreases in the availability of carbonate ions force marine 
organisms to spend more energy building and maintaining their shells or skeletons. For some organisms, spending 
more energy on shell formation may leave less energy for other biological processes like growing, reproducing 
or responding to other stresses. Many shell-forming marine organisms are very sensitive to changes in pH and 
carbonate ion concentrations; conditions predicted for the coming decades may prove very stressful to these cal-
cifying organisms. Corals, bivalves (such as oysters, clams, and mussels), pteropods (free-swimming snails) and 
certain phytoplankton species fall into this group. The biological impacts of ocean acidification will vary, because 
different groups of marine organisms have a wide range of sensitivities to changing seawater chemistry. Impacts 
from ocean acidification at any life stage can reduce the ability of a population to grow or to recover from losses 
due to disturbance or stress. Therefore ocean acidification will also impact various economic sectors (eg: fisheries, 
aquaculture, tourism and coastal communities) and may also have heavy indirect effects on much broader segment 
of the world economy and production. Ocean acidification represents yet another stress on marine environments 
that may endanger the flow of goods and services to marine-dependent communities. The atmospheric CO2 can 
be controlled by avoiding anthropogenic activities such as fossil fuel burning and deforestation.  The mitigation 
approach for ocean acidification includes addition of lime and iron fertilization which could neutralize the acidity 
and increase the ocean productivity.

Key words: Calcifying organisms, biogeochemical cycles, anthropogenic, vulnerable, carbonate

1. INTRODUCTION

Although coastal and surface waters make up only 
a small portion of the world’s oceans, they are fo-
cal points for ocean production and human activ-
ity; therefore, understanding pH changes in these 
areas is crucial (Wootton et al., 2008). Ocean acid-
ification refers to the ongoing decline in oceanic 
pH resulting from the uptake of atmospheric CO2 
(Albright, et. al., 2010). The rising concentration of 
CO2 in Earth’s atmosphere is changing the carbon-
ate chemistry of the ocean (Cohen, et. al., 2009). 
In the oceans, CO2 dissolved in seawater exists in 
three main inorganic forms collectively known as 
dissolved inorganic carbon (DIC). The CO2 bud-

get of the ocean comprises about 1% physically 
dissolved CO2, including H2CO3, as well as about 
91% bicarbonate (HCO3

–) and about 8% carbon-
ate (CO3

2–) (Portner, 2008). Average global surface 
ocean pH has already fallen from a pre-industrial 
value of 8.2 to 8.1, corresponding to an increase 
in acidity of about 30%. Values of 7.8–7.9 are ex-
pected by 2100, representing a doubling of acidity 
(Blackford et al., 2007). The ocean has absorbed 
between 24 and 34% of anthropogenic CO2 emis-
sions during the past 5 decades. Although it affects 
a broad range of marine species, those that build a 
shell or skeleton out of calcium carbonate appear 
especially vulnerable. Diminished CaCO3 satura-
tion state leads to a reduction of calcification rates 
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at the organism level in many species of the most 
important calcifying groups in the ocean, i.e., in 
coccolithophorids, foraminifera, and corals by up 
to 83% (Ilyina et. al., 2009). Therefore ocean acidi-
fication will also impact various economic sectors 
(eg: fisheries, aquaculture, tourism and coastal 
communities) and may also have heavy indirect 
effects on much broader segment of the world 
economy and production. Ocean acidification rep-
resents yet another stress on marine environments 
that may endanger the flow of goods and services 
to marine-dependent communities.

1.1. Mechanism of ocean acidification: Atmo-
spheric CO2 level is increased by various human 
activities such as fossil fuel burning, deforestation 
and land use change. When CO2 dissolves in the 
seawater it increases concentrations of hydrogen 
ion [H+], lowering ocean pH. The increased CO2 
diffuses from the atmosphere into ocean surface 
waters, resulting in increased partial pressure of 
CO2 and reduced carbonate ions (CO3

2–) (Kurihara, 
2008). This reduction in ocean pH has some direct 
effect on marine organisms. Furthermore, some 
of this additional [H+] reacts with carbonate ions 
[CO3

2-] to form [HCO3
-]. The decrease in carbonate 

ion decreases the saturation state of calcium car-
bonate minerals, making it more difficult for cal-
cifying marine organisms to form their shells and 
skeletons (Cao et al., 2007). The carbonate ion is 
one of the building blocks of calcium carbonate 
(CaCO3) and changes in its ambient concentration 
can thus affect the ability of calcifying organisms 
to precipitate CaCO3 (Gazeau et. al., 2007). Many 
important groups of marine organisms have a skel-
eton of calcium carbonate, which dissolves when 
it reacts with free hydrogen ions (Wootton et al., 
2008).

1.2. Factors contributing ocean acidification: At-
mospheric pCO2 controls air-sea equilibrium of 
CO2. Temperature and pressure determines the 
CO2 solubility in the oceanic surface water. Up-
welling is one of the factor which delivers CO2 rich 
deep water to the sea surface. Calcium carbonate 
dissolution is the process which will increase the 
CO2 concentration in water and also decrease the 
alkalinity of the water. Biological processes such 

as photosynthesis and respiration play a major role 
in CO2 budget regulation by removing and releas-
ing CO2 from the water. Calcification is the process 
where the excess CO2 is to be precipitated for the 
shell formation of calcifying organisms (Kleypas 
et. al., 2006).

1.3. Ocean chemistry: Ocean is considered to be 
carbon reservoir, which absorbs roughly one-third 
of the CO2 that humans release into the atmosphere 
annually. Increase in the hydrogen ion concentra-
tion will decrease the saturation state of calcium 
carbonate (Kurihara, 2008). Calcification rate de-
creased with ocean acidification (Kelly and Hof-
mann, 2013) which will decrease the deepwater 
carbon storage and may deplete the buffering ca-
pacity of the ocean (Wootton et al., 2008). Thus 
ocean acidification is changing the ocean chemis-
try by altering the carbonate system.

1.4. Biogeochemical processes: Beman et al. 
(2011) reported that ocean acidification could re-
duce nitrification rates by 3–44% within the next 
few decades, affecting oceanic nitrous oxide pro-
duction, reducing supplies of oxidized nitrogen in 
the upper layers of the ocean and fundamentally 
altering nitrogen cycling in the sea. The rate of 
nitrification drops drastically with decreasing pH 
(Liu et al., 2010).

1.5. Calcification: The carbonate concentration and 
saturation levels of calcium carbonates in seawater 
are widely reported to set calcification rates (Pört-
ner, 2008). With increasing dissolved CO2, seawa-
ter chemistry eventually crosses the threshold for 
the saturation states of aragonite and calcite (two 
mineral phases of calcium carbonate) that sup-
port biogenic calcification. These forms begin to 
dissolve in low-pH environments, leading to a net 
loss of calcareous structures exposed to seawater 
or severe reductions in calcification and growth 
rates (Anthony et al., 2008 and Fabry et al., 2008). 
CaCO3 seems to ballast faecal pellets, increas-
ing rates of sinking and so decreased calcification 
could lead to decreased rates of deep-water carbon 
storage (Kelly and Hofmann, 2013).

1.6. Calcifying organisms: The oceanic uptake of 
anthropogenic CO2 and the concomitant changes 
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in seawater chemistry have adverse consequences 
for many calcifying organisms and may result in 
changes to biodiversity, trophic interaction and 
other ecosystem processes (Kleypas et al., 2006). 
Little information is available for other important 
taxa, for processes other than calcification or for 
potential ecosystem-level consequences emerging 
from the oceanic pCO2 levels that are predicted to 
occur over the next 100 years (Fabry et al., 2008). 
Many calcifying species exhibit reduced calcifica-
tion and growth rates in laboratory experiments un-
der high-CO2 conditions (Doney et al., 2009).

Coccolithophores are unicellular algae covered in 
calcitic plates found throughout most of the world’s 
oceans. This group plays an important role in glob-
al geochemical cycles and so estimating changes 
in calcification rates is important for forecasting 
changes in future global carbon cycles Thus, if in-
creased dissolved CO2 leads to decreased calcifica-
tion, there should be a negative feedback, where 
increased atmospheric CO2 leads to decreased CO2 
production by Coccolithophores (Kelly and Hof-
mann, 2013). Foraminifera such as Orbulina uni-
versa and Globigerinoides sacculifer are showing 
reduction in their shell mass when pCO2 is about 
560–780 ppmv (Fabry et al., 2008).

1.7. Larvae of marine species: Larvae were sub-
stantially more vulnerable to elevated CO2 than ju-
venile stages (Talmage and Gobler, 2009, 2010 and 
2011). They experimented Two life history stages 
(larval, juvenile) of three species of calcifying bi-
valves (Mercenaria mercenaria, Crassostrea virgi-
nica, and Argopecten irradians) under CO2 concen-
trations (250, 390, and 750 ppm) representative of 
past, present, and future summer conditions. Larval 
brittle star, Ophiothris fragilis, showed 100% mor-
tality when pH of water goes 7.7 and 7.9 (Dupont 
et al., 2008). Larval sand dollars Dendraster ex-
centricus showed induced morphological changes 
when reared in a pCO2 concentration of 1000ppm 
and larvae had narrower bodies and smaller stom-
achs and shorter arms. Previous modeling and ex-
perimental observations have suggested that such 
changes in larval morphology are likely to alter 
swimming performance (Chan et al., 2011).

Planktonic larvae of many marine invertebrates 

also possess calcified structures, including shells 
of molluscan veligers, skeletal rods of echinoplutei 
and posterior ossicles of auricularia. These calcify-
ing larval stages are likely to be sensitive to chang-
es in ocean pH and some species are known to be 
highly sensitive.  Decreased calcification at larval 
and settlement stages is considered to affect their 
fitness and increase mortality (Kurihara, 2008).

1.8. Effect on calcified marine species to predation: 
Many marine species rely on these calcium car-
bonate shells as defense from predators. Although 
shells protect molluscs from physical stresses, in-
cluding heat, desiccation and wave forces, they 
function primarily as a defense against predators. 
A reduction in size is a common response in mol-
luscs exposed to ocean acidification. Predators 
would thus receive substantially less energy per 
mussel consumed and would need to consume 
more individuals to maintain their energetic needs. 
Likewise, the total lipid content of larval bivalves 
has been found to decrease with ocean acidifica-
tion. Increased metabolic rates could also result in 
slower growth or reduced body sizes among preda-
tors whether they were calcified or not. Many pred-
ator-prey interactions are size structured and a re-
duction in predator size could reduce the preferred 
prey size as well. In addition, reduced predator size 
could reduce the size of prey that a predator is able 
to successfully capture and consume or increase its 
handling time of prey (Kroeker et al., 2014).

1.9. Benthic invertebrates: Gazeau et al. (2007) re-
ported that calcification rates in the mussel Myti-
lus edulis and the Pacific oyster Crassostrea gigas 
decreased by 25% and 10%, respectively, when 
grown at 740 ppmv CO2. Similarly, reduced shell 
growth was observed in the gastropod Strombus 
luhuanus and two sea urchin species when grown 
at 560 ppmv CO2 over a 6-month period (Shiraya-
ma & Thorton, 2005).

1.10. Early life stages of invertebrates: CO2 is 
expected to impact the life cycles of benthic cal-
cifiers in different ways under increasing levels 
(380~2000 μatm pCO2/ pH 8.2~7.3). The effects of 
high pCO2 in seawater are anticipated to occur in 
several different life stages, including egg, cleav-
age, larva, settlement, juvenile and adult stages, 
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which are consequently likely to impact the dis-
tribution and abundance of benthic calcifiers. Im-
pacts on fertilization and reproduction can directly 
affect population size and decreas the calcification 
at larval and settlement stages is considered to af-
fect their fitness and increase mortality. Cumula-
tive effects across different life stages may lead to 
species extinctions. Although most calcifiers were 
affected at pCO2 values >1000 μatm (pH 7.9~7.7), 
copepods appear less sensitive to elevated pCO2 
conditions. The fertilization rate of Echinometra 
mathaei was observed to be more affected than that 
of Hemicentrotus pulcherrimus at the same pCO2 
level (Kurihara, 2008).

1.11. Coral : Ocean acidification may negatively 
impact the early life stages of some marine inver-
tebrates including corals. Although reduced growth 
of juvenile corals in acidified seawater has been re-
ported, coral larvae have been reported to demon-
strate some level of tolerance to reduced pH. The 
oxygen consumption of Acropora digitifera larvae 
tended to be suppressed with reduced pH. Results 
also showed that the metamorphosis rate signifi-
cantly decreased under acidified seawater condi-
tions after both short (2 h) and long (7 d) term ex-
posure at three different pH levels (8.0, 7.6, and 
7.3) suggesting that suppressed metabolism and 
metamorphosis may alter the dispersal potential 
of larvae and subsequently reduce the resilience of 
coral communities in the near future as the ocean 
pH decreases (Nakamura et al., 2011). Ocean acidi-
fication triggers the coral bleaching (expulsion of 
algal endosymbionts and subsequent loss of pro-
ductivity and/or death of the host) (Kelly and Hof-
mann, 2013). It induces loss of habitat complexity 
in coral reef ecosystems and subsequent losses in 
coral reef biodiversity (Nakamura et al., 2011).

1.12. Seagrass ecosystem: Ocean acidification may 
have dramatic effects on the diversity of seagrass 
habitats and lead to a shift in the biogeochemical 
cycling of both carbon and carbonate in coastal 
ecosystems dominated by seagrass beds. Sea-
grasses could also benefit from the exclusion of 
epibionts. Since the presence of epibionts on their 
blades can reduce their photosynthetic rate both by 
acting as a barrier to carbon uptake and by reduc-

ing light intensity (Martin et al., 2008).

1.13. Impact on host-parasite interaction: Parasite-
host interactions are a specialized form of predator-
prey interactions that might also be influenced by 
ocean acidification through energetic trade-offs. 
Coastal molluscs are host to a variety of parasites, 
from trematode flatworms to nematodes and grega-
rine protozoans. Among molluscs, phagocytosis is 
a common defense against small parasites, includ-
ing the sporocytic stage of trematodes. An initial 
study of immune responses in the blue mussel 
Mytilus edulis found a reduction in phagocytic ac-
tivity in high CO2, suggesting a suppression of the 
immune system with ocean acidification (Kroeker 
et al., 2014).

1.14. Impact on otolith of marine finfish: Ocean 
acidification has a graded effect on cobia otoliths 
(2,100 μatm partial pressure of carbon dioxide 
(pCO2) significantly increased not only otolith size 
(up to 49% greater volume and 58% greater rela-
tive mass) but also otolith density (6% higher)), 
with the potential to substantially influence the dis-
persal, survival and recruitment of a pelagic fish 
species (Bignami et al., 2013). Sound detection 
could be magnified due to an increase in otolith 
size, but it is unclear whether increased sound de-
tection improves or worsens fish’s ability to detect 
prey (or predators). This outcome may depend on 
whether fish can discriminate useful sounds from 
background noise (Kroeker et al., 2014).

1.15. Beneficial impacts: There are marine organ-
isms, mostly photosynthetic, that genuinely do 
seem to benefit from ocean acidification under ex-
perimental conditions. These include seagrasses, 
some non-calcifying phytoplankton (microalgae 
and cyanobacteria) and several other microbial 
groups. These might benefit directly, by CO2-en-
hancement of photosynthesis, or indirectly, if pred-
ators and competitors are reduced in abundance 
(Williamson and Turley, 2012). It seems that el-
evated CO2 conditions can cause an increase in the 
growth and abundance of non-calcareous algae and 
this deserves more attention (Connell and Russell, 
2010).

1.16. Mitigation approach: Although iron fertiliza-
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tion and addition of lime neutralizes the pH of the 
ocean and thus increases the overall ocean pro-
ductivity, but these two practices is not practical. 
Natural Resources Defense Council (NRDC) sug-
gesting that reducing the CO2 emissions into the at-
mosphere is the only practical way to minimize the 
future ocean acidification. There are several ways 
to reduce the CO2 emissions such as exploration 
of transportation alternatives, choosing an efficient 
vehicle, replacing incandescent bulbs with CFLs 
(utilizes only 25% energy when compared with 
other bulbs), using green gardening techniques 
(short-term solution to the progression of ocean 
acidification in some places) and Protecting man-
groves and seagrass meadows.

2. CONCLUSIONS

 Future changes in ocean acidity will poten-
tially impact the population size and dynamics, as 
well as the community structure of calcifiers, and 
will therefore have negative impacts on marine 
ecosystems (Kurihara, 2008). Ocean acidification 
leads to changes in marine carbonate chemistry that 
are predicted to cause a decline in future coral reef 
calcification (Shaw et al., 2012). There are several 
organisations working for addressing the effect of 
ocean acidification on marine finfish and shellfish. 
We have only begun to generate the data needed to 
assess CO2-driven impacts on organisms and eco-
systems in the geologic past and to anticipate the 
effects of anthropogenic ocean acidification in the 
decades and centuries ahead.
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ABSTRACT
The spatial distribution of plant diversity and biomass informs management decisions to maintain bio-
diversity and carbon stocks in tropical forests. Carbon sequestration in growing forests is known to be 
a cost-effective option for mitigation of global warming and global climatic change. However in the 
current scenario these forest ecosystems are under severe threat. Tropical forest clearing brings declines 
in biological diversity, environmental functions and forest products (Fahrig, 2003). Thus, accurate esti-
mates of the spatial distribution of plant  diversity  and  biomass  are  needed  to  support  policies  that  
are  designed  to  maintain  terrestrial biodiversity and tropical forest carbon stocks. In this context pres-
ent study was undertaken in the moist deciduous forest type of Periyar Tiger Reserve, Kerala with an aim 
of assessing the diversity, composition and carbon stocks of trees in this forest from a climate change 
perspective.

The Present study was carried out under 4 sample plots of 0.1ha (31.62m*31.62m ) in the moist decidu-
ous forest type of Periyar Tiger Reserve, Kerala during February,2011.Within each plot, species, girth at 
breast height (gbh) and height of all trees ( gbh ≥ 10 cm) were recorded. The flora were identified as per 
Gamble and Fischer (1915 – 1936), Sasidharan (1998).The important quantitative analysis of tree species 
were determined as per Curtis and McIntosh (1950). ).The aboveground biomass (AGB) was calculated 
as per Ravindranath and Ostwald (2008). The carbon storage was computed as per Schlesinger (1991).
The generated knowledge from the study regarding tree diversity and carbon stock is indispensable for 
the sustainable management and conservation of forest through decision making process.

Key words: Forest ecosystem, carbon sequestration, above ground biomass, carbon stock, climate change.
1. INTRODUCTION

The role of Biodiversity in ecosystem functioning 
has become a central issue in ecology (Loreau et 
al., 2001, Diaz et al., 2009). In particular, in the 
context of biodiversity conservation and the miti-
gation of global warming, the relationship be-
tween biodiversity and carbon(C) sequestration 
has become more and more a focal point.Species 
can affect the long-term balance of carbon gains 
and losses in ecosystems through different com-
ponents of the carbon cycle, including the magni-
tude, turnover and longevity of carbon stocks in 

soils and vegetation (Díaz et al., 2009; Barantal et 
al., 2011; Maestre et al., 2012). There is an ever-
increasing body of evidence demonstrating that the 
distribution, composition, structure and function of 
ecosystems are starting to respond to changes in 
temperature, precipitation and increased CO2levels 
(Campbell et al., 2009). While we are quite cer-
tain of the changes already being observed, there 
is still a significant level of uncertainty regarding 
how exactly ecosystems will react to projected cli-
mate change. Natural variability makes it difficult 
to predict how biodiversity will be affected both on 
the whole as well as at the individual species level.
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 Forests play a key role in tackling climate change.  
Emissions  from  land  use  change,  primarily de-
forestation,  are  estimated  to  contribute  up  to  
17%  of  global  greenhouse  gas  (GHG)  emissions 
(IPCC, 2007) – the third largest source of anthro-
pogenic GHG emissions after energy supply and 
industrial activity.1Forests  also  play  a  key  role  
in  the  provision  of  biodiversity  (as  well  as  
other  non-carbon ecosystem  services),  harboring  
at  least  50%  of  the  global  terrestrial  richness  in 
species,  mainly  in  the tropics  (MEA,2005).The 
United Nations programme for Reducing Emis-
sions from Deforestation and Forest Degradation 
(UN–REDD) is focused on maintaining carbon 
storage within tropical forests in developing coun-
tries (Gibbs et al., 2007). As  REDD  discussions  
under  the  UNFCCC  have  evolved,  the  biodi-
versity community  has  shown  increasing  inter-
est  in  the  potential  for  REDD  to  contribute  
to  biodiversity conservation and sustainable use.
The REDD+ programme (Reducing Emissions 
from Deforestation and forest Degradation) seeks 
to encourage sustainable forest management, thus 
maintaining ecosystem services, increasing resil-
ience to climate change and conserving forest car-
bon stocks. To optimize carbon and non-carbon 
ecosystem services from tropical forests in the face 
of global change we must improve our understand-
ing of the relationships between biodiversity and 
the socio-ecological processes through which we 
respond and adapt to change .In order for REDD+ 
to be effectively implemented, accurate estimates 
of forest carbon stocks and diversity of species are 
required (Miles and Dickson, 2010; Maniatis et al., 
2011).In this context present study was undertaken 
in the moist deciduous forest type of Periyar Tiger 
Reserve, Kerala with an aim of assessing the diver-
sity, composition and biomass and carbon stocks of 
trees in this forest.

2. MATERIALS AND METHODS

The Present study was carried out under 4 sample 
plots of 0.1ha (31.62m*31.62m) in the moist de-
ciduous forest type of Periyar Tiger Reserve, Ker-
ala during February, 2011. The 0.1 ha square plots 
were laid out by determining the plot centre (Fig 

1). After laying out the plot, measurements were 
done on individual tree basis. Within each plot, 
species, girth at breast height (gbh) and height of 
all trees (gbh ≥ 10 cm) were recorded. The flora 
were identified as per Gamble and Fischer (1915 
– 1936), Sasidharan (1998).The important quanti-
tative analysis of tree species (density, abundance, 
frequency and Important Value Index-IVI) were 
determined as per Curtis and McIntosh (1950). 
The aboveground biomass (AGB) was calculated 
multiplying volume of tree with its specific grav-
ity (Ravindranath and Ostwald 2008). Biomass has 
direct relationship with amount of carbon present 
in that biomass. Based on the results of different 
studies related to estimation of carbon in wood, it 
was observed that carbon varies between 45% to 
50% of biomass for different ecosystems and thus 
considering 47% carbon in the woody biomass is 
quite reasonable for regional level carbon pool es-
timations (Schlesinger, 1991).

Fig.1: Study area (map source: http://www.periyar-
tigerreserve.org.)

3. RESULTS AND DISCUSSION

About 41 tree species from 22 families with 642 
individuals were enumerated from the 4 sample 
study plots in the area (Table.1).From the study 18 
species were found to be endemic of which Acti-
nodaphne wightiana (Kuntze) Noltie and Tarenna 
monosperma (Wight &Arn.) D.C.S.Raju were cat-
egorized as vulnerable and endangered according 
to Nayer (1997).The endemic species in the flora 
of geographical region represent biogeography of 
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the area, centre of speciation and adaptive evolu-
tion (Nayer, 1996 and 1997).Among the estimated 
4,679 species of flowering plants in Kerala, 1637 
are endemic to Southern Western Ghats of which 
263 are reported to occur only in Kerala (Sasid-
haran, 2006).Melicope lunu-ankenda (Gaertn.) 
T.G. Hartley showed maximum frequency (100%), 
abundance (30) and density (30) followed by Tre-

ma orientalis (L.) Blume, Chionanthus mala-elengi 
(Dennst.) P.S.Green L. and  Diospyros candolle-
anaWight.(Fig 2).Maximum Important Value In-
dex (IVI) was found for Ficus sp.(Fig 3).The spe-
cies having the highest IVI were considered as the 
leading dominants of the community and are best 
adapted to  Table-1: List of Tree Species

Sl No Botanical Name Family Status

1 Actinodaphne wightiana (Kuntze) Noltie Lauraceae Southern Western 
Ghats(Vulnerable)

2 Artocarpus hirsutus Lam. Moraceae Southern Western Ghats
3 Bombax ceiba L. Malvaceae
4 Clausena anisata (Willd.) Hook.f. ex Benth. Rutaceae
5 Diospyros candolleanaWight Ebenaceae Peninsular India
6 Gnidia glauca(Fresen.) Gilg Thymelaeaceae
7 Gordonia obtusaWall. ex Wight Theaceae Western Ghats
8 Knema attenuataWarb. Myristicaceae Western Ghats
9 Murraya paniculata(L.) Jack Rutaceae
10 Neolitsea scrobiculataGamble Lauraceae Western Ghats
11 Olea dioicaRoxb. Oleaceae India
12 Actinodaphne bourdilloniiGamble Lauraceae Southern Western Ghats
13 Aphanamixis polystachya (Wall.) R.Parker Meliaceae
14 Callicarpa tomentosa (L.) L. Lamiaceae

15 Chionanthus mala-elengi (Dennst.) 
P.S.Green L. Oleaceae Peninsular India

16 Chukrasia tabularisA.Juss. Meliaceae
17 Cinnamomum malabatrum(Burm.f.) J.Presl Lauraceae Southern Western Ghats
18 Clausena indica (Dalzell) Oliv. Rutaceae
19 Cordia dichotomaG.Forst. Boraginaceae Peninsular India
20 Diospyros nilagiricaBedd. Ebenaceae Southern Western Ghats
21 Dysoxylum malabaricumBedd. ex C.DC. Meliaceae Southern Western Ghats
22 Dysoxylum sp. Meliaceae
23 Ficus sp. Moraceae

24 Hydnocarpus   pentandrus (Buch.-Ham.) 
Oken Achariaceae  Western Ghats

25 Lagerstroemia microcarpaWight Lythraceae  Western Ghats
26 Macaranga peltata(Roxb.) Müll.Arg. Euphorbiaceae
27 Mallotus   philippensis(Lam.) Müll.Arg. Euphorbiaceae
28 Mallotus resinosus (Blanco) Merr. Euphorbiaceae Peninsular India

29 Melicope lunu-ankenda(Gaertn.) T.G. 
Hartley Rutaceae
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30 Mesua ferrea L. Calophyllaceae
31 Persea macrantha (Nees) Kosterm. Lauraceae
32 Phyllanthus acidus (L.) Skeels Phyllanthaceae
33 Syzygium cumini(L.) Skeels Myrtaceae

34 Tarenna monosperma (Wight &Arn.) 
D.C.S.Raju Rubiaceae Southern Western 

Ghats(Endangered)
35 Trema orientalis(L.) Blume Cannabaceae
36 Unknown tree -1(Periyar TR)
37 Unknown tree -2(Periyar TR)
38 Unknown tree -3(Periyar TR)

39 Vateria indicaL. Dipterocar-
paceae  Western Ghats

40 Viburnum punctatumBuch.-Ham. ex D. 
Don Adoxaceae

41 Vitex leucoxylonL.f. Lamiaceae

the environmental conditions in the area.(Man-
sour Jahantigh and RecepEfe 2010).Above ground 
biomass and carbon stock of the tress in the for-
est ecosystem (Moist deciduous) was estimated to 
be 327.36t/ha and 155.49t-C/ha (Table 2).Tropical 
forests are an important component in the global 
carboncycle; these forests represent 30–40% of 
the terrestrial net primary production (Clark et al., 
2001).Average girth at brest height (gbh) of the 
plots in the site varies from 32.68 cm to 50.58cm 
whereas average height ranges from 6.6 m to 8.5 
m. Among trees Ficus sp. showed greater carbon 
storage (15.7%) followed by Dysoxylum malabari-
cum Bedd. ex C.DC. (13.1%), Syzygium cumini 
(L.) Skeels (9.7%) (Fig 4).This might be due to the 
huge size (gbh and Height) of the trees in the area. 

Traditionally, the C cycle has been addressed inde-
pendently from the species involved, but recently 
several studies have shown that both plant species 
diversity and composition can have important im-
pacts on C dynamics (Fornara and Tilman, 2008; 
Steinbeiss et al., 2008; Dias et al., 2010).Compari-
son of the results of the present study with other 
related studies in the field of carbon sequestration 
indicated that the aboveground biomass of the pres-
ent study are well within the limits of other tropical 
forests in India and elsewhere (Devagiri et al., 2013; 
Sharma et al.,2010; IPCC, 1996)(Table 3).India is 
sequestrating more than 116 million tones of CO2 
per year which is equal to 32 millions of carbon 
sequestration, contributes to reduce atmospheric 
carbon of the globe (Jasmin and Birundha, 2011).

Fig.2: Density, Abundance, Frequency of Tree Species
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Fig.3: Important Value Index of Trees

Table.2: Trees biomass and carbon stock of the forest ecosystem

Variables Plot-1 Plot-2 Plot-3 Plot-4
Number of Species 25 22 25 22

Tree density (Number of trees/0.1ha) 186 168 182 106
Average GBH of the Plot (cm) 32.94 32.68 37 50.58
Average Height of the Plot (m) 6.6 7.0 8.5 7.7

Above Ground Biomass of the Plot 
(t/0.ha)          

27.25 15.76 28.97 58.94

Above Ground Biomass of the Plot (t/
ha)                          

272.53 157.67 289.78 589.43

Above Ground Carbon of the Plot(t/
ha)                            

129.45 74.89 137.64 279.98

Above Ground Biomass of the site (t/
ha)        -Average     of 4 plots             

327.36

Above Ground Carbon of the     site(t/
ha)        -Average  of 4 plots

155.49
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Fig.4: Species wise contribution of carbon stock

Table.3: Comparison of the results of the present study with other studies

Study Region and Forest AGB (t/ha)
G. M. DevagirI et al. (2013) Forest  of Karnataka 20.48-286.1
C.M Sharma  et al. (2010) Forest of Garhwal, North-West 

Himalaya, India
101.42–434.43

Mohanraj R et al. (2010) Forest of Eastern Ghats 15.61-597
M P. Kale et al. (2009) Forest of Western 

Ghats(Radhanagari 
WLS)

114-209

IPCC(1996) Asian Forest 277-366
Rai(1984) Tropical Rain Forest of Western 

Ghats
458.2

Present study Mixed moist deciduous 327.36

4. CONCLUSIONS

Climate change and biodiversity are closely linked: 
climate change affects biodiversity, and changes in 
biodiversity and ecosystem functioning affect cli-
mate change. The carbon and water cycles, two im-
portant large-scale processes for life both depend 
on biodiversity — at genetic, species and ecosystem 
levels. There is currently a  no clear global relation-
ship between biodiversity and carbon sequestration 

is apparent at the global level—improving it would 
help to assess how large the effect of projected 
reductions in species richness due to climate and 
habitat change will be on the carbon cycle. Under-
standing of the relationships among climate and the 
different components of biodiversity provides the 
base for land management planning that can help 
to reduce atmospheric carbon dioxide concentra-
tions, while preserving and restoring biodiversity 
more effectively in both developed and developing 
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countries across wide range of scales. The present 
study is an attempt in this regard which helps to 
comprehend the tree diversity and terrestrial car-
bon dynamics of forests ecosystem of Kerala from 
a climate change backdrop. 
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ABSTRACT

Climate change has been an intensifying phenomenon in recent years and the prime factors include a rise in tem-
perature, sea level rise and glacier melt. This paper has reviewed literature and considers the ecological perspec-
tive of climate change and its impact on coral reef biodiversity. Sea surface temperatures in many tropical regions 
have increased by almost 1°C over the past 100 years, and are currently increasing at ~1.2°C per century. Climate 
change also aggravates local stresses from declining water quality and over-development of key species push-
ing reefs increasingly toward the tipping level for functional collapse. Coral reef, a unique tropical environment, 
harbours a high variety of species ranging from shrimps, crabs, turtles, variety of fishes, smaller to larger, and 
other marine organisms. Coral reefs are considered as one of the high biodiverse ecosystems existing on the earth, 
habituating around 25% of all marine life. It also acts as a massive breeding site for almost all marine species. 
Coral bleaching occurs when the thermal tolerance of corals and their photosynthetic symbionts (zooxanthellae) 
is exceeded. Meanwhile, hawksbill (a variety of sea turtle) that lives in coral reefs plays a vital role in coral reef 
survival. Hawksbill feeds on the sea sponges that grow in between the reefs. Some of these sponges are highly 
toxic and lethal to other organisms and can also out-compete reef-building corals. As a result, just by eating sea 
sponges and keeping their populations in check, the hawksbill plays a critical role in maintaining healthy coral 
reefs. However, hawksbill population is coming down due to various reasons; one among those is ocean acidifica-
tion. Around India, coral reefs are found in the Gulf of Mannar, the Andaman and Nicobar Islands, and Lakshad-
weep islands. Biodiversity on coral reefs reduces as only certain varieties of coral reefs are able to survive in the 
conditions of temperature rise and ocean acidification. This paper presents the increasingly serious consequences 
that coral reefs face and their impact towards associated aquatic organisms, coastal protection and people. 

Key words: Zooxanthellae, sea surface temperature, hawksbill, ocean acidification

1. INTRODUCTION 

Following an industrial revolution that began 
around 1750, the amount of greenhouse gases 
(GHG) emitted to the atmosphere was increased 
due to the burning of fossil fuels. The increase in 
the GHGs rises the temperature resulting in global 
warming. And global warming has a significant im-
pact on the world’s climate, i.e. leading to acceler-
ated climate change. 

Carbon dioxide, methane and nitrous oxide, the 
most potent GHGs, have recorded a significant 
increase between pre-industrial period and now. 
Eleven of the last twelve years rank among the 12 
warmest years with increased surface temperature. 
This unprecedented rise in temperature is estimat-
ed to have severe impact on global hydrological 
systems, ecosystems, crop production and related 

processes. Probable impacts would be reflected on 
tropical areas which mainly consist of developing 
nations, including India.

Globally, average sea level rose at an average rate 
of 1.8 mm per year over 1961 to 2003. The rate was 
higher over 1993 to 2003, which is over 3.1 mm 
per year. The projected sea level rise by the end of 
this century is likely to be 0.18 to 0.59 metres. Gla-
cier melt and thermal expansion is the best possible 
reason (IPCC 2013). 

1.1. Coral reefs: Corals are marine organisms hav-
ing the characteristics of both plants and animals. 
Along with other corals, they form colonies called 
‘coral reefs’ which take millions of years to be gen-
erated. They are an indispensable component in an 
eco-system as they act as carbon sinks just like the 
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rainforest and hence they are termed as ‘rainforests 
of the sea.’ Coral reefs are considered as one of the 
high biodiverse ecosystems existing on the earth, 
habituating around 25% of all marine life. It also 
acts as a massive breeding site for almost all ma-
rine species.

Corals are the first life forms to emerge in the 
oceans millions of years, and they have survived 
three periods of major extinctions of life forms on 
the earth. Over three-fourth of corals of the world 
are already lost.

Coral reefs are created by thousands of tiny ani-
mals called, polyps. Polyps can live individually 
or in large colonies. The polyps uses calcium and 
bicarbonate ions from seawater to build itself a 
hard, cup-shaped skeleton made of calcium car-
bonate (limestone). This limestone skeleton pro-
tects the soft, delicate body of the polyp. Generally, 
their brilliant colour comes from the zooxanthel-
lae, kind of tiny algae that live inside their tissues. 
Several million zooxanthellae live and produce 
pigment in just one square inch of coral. These 
pigments are visible through the clear body of the 
polyp and are what gives coral its beautiful colour. 
Complex structure, variety, colour and activity are 
indicators of a healthy coral reef. 

1.2. Coral reefs in India: Coral reefs are generally 
classified into three (atoll, fringing and barrier), al-
though it varies enormously with respect to colour 
and structure. All the three major reef types occur 
in India. Within these habitats are some of the most 
diverse, extensive and least disturbed reefs in the 
Indian Ocean. The mainland coast of India has two 
widely separated areas containing reefs: the Gulf 
of Kachchh in the northwest and the Gulf of Man-
nar in the southeast. In addition to these, Andaman 
and Nicobar islands have fringing reefs along the 
east coast and a long barrier reef on the west coast. 
The Lashadweep Islands also have widespread 
reefs, mainly atoll, spread across their islands. A 
huge part of these coral reefs have been declared 
national marine parks. 

The condition of the reefs in India is generally poor 
and declining near shore waters and areas of high 
population. They are destroyed and damaged at an 

increasing rate as well as facing a serious problem 
due to stress from human pressures and interfer-
ence. The reefs near shore are damaged due to sedi-
mentation, dredging and coral mining, whereas the 
offshore reefs are damaged due to use of explosives 
and bottom nets in fishing. 

The Gulf of Kachchh is said to posses fringing type 
and are said to consist of some of the most north-
erly reefs in the world. Compared to the other In-
dian reefs, these are relatively less developed and 
harbour a low biodiversity because of the extreme 
conditions like large range in temperature and sa-
linity. In addition, being a highly developed indus-
trial region, the mortality rate of the coral reefs is 
large.

In Lakshadweep Islands, the coral formation has 
10 atolls with 36 islands, of which 10 are inhabited. 
The atolls cover areas ranging from 30 to 300 km². 
But the islands range from less than a km to about 
nine km in length. The maximum width does not 
exceed two km. The health of the reefs is good, 
especially in the uninhabited atolls. But in areas 
of human interventions corals have bleached, and 
even the tuna fish population has reduced affecting 
the livelihood of the people.

In the Gulf of Mannar, fringing reefs occur around 
a chain of 20 islands from Rameswaram in the 
north to Tuticorin in the south. Barrier reef is found 
across the Mannar stretch, which are 140 km long 
and 25 km wide between Pamban and Tuticorin. 
The reefs at the northern and southern ends of the 
chain are partially degraded due to human activi-
ties (mining, fishing and industrial development) 
whereas those in the middle, because of their loca-
tion away from human settlements, are in a rela-
tively better condition.

The Andaman and Nicobar Islands in the Bay of 
Bengal number around 500 and all of them have 
fringing reefs (Venkataraman & Satyanarayana 
2012). Most of them, like those at Nicobar, have 
healthy reefs with a large biodiversity. But there 
is a noticeable impact due to human settlements in 
near places such as Port Blair. 
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2. METHODOLOGY

This article reviews literature on climate change 
and its impacts on coral reef biodiversity in India. 
It reviews the available scientific evidence about 
coral bleaching which is a sign of climate change. 
The present understanding of coral bleaching sug-
gests that corals are not keeping up with the rate 
of warming and that they may be the single larg-
est victim of lethargic greenhouse policies. It as 
well presents the symbiotic relationship between 
hawksbill sea turtle and tropical coral reefs. And 
it deals with the impact faced by the hawksbill sea 
turtle due to climate change. The implications are 
measured by the plant and animal diversity living 
across coral reefs. 

2.1. Coral bleaching: Coral bleaching occurs as 
coral tissue expels zooxanthellae, tiny algae, which 
is essential for coral’s survival. Usually, corals 
recover from this bleaching process except when 
high ocean temperatures persist for a long period 
or become too warm to permit recovery.

Due to stress-induced expulsion or death of sym-
biotic unicellular algae or due to the loss of pig-
mentation within the algae, the whitening or de-
colouring of corals happen, which is called coral 
bleaching. ‘Acidification of the sea’ results from 
decrease in pH level of the ocean due to absorption 
of atmospheric CO2 by the oceans. Thus, the abil-
ity of corals to secrete calcium carbonate and the 
production of shells made of calcium carbonate by 
the shelled creatures, such as turtles and shrimps, 
are reducing due to the fall in the ocean alkalinity 
(Hoegh-Guldberg et al., 2007) 

Coral bleaching is mainly induced by high water 
temperatures. Coral bleaching in the Indian Ocean 
during 1998 was unique, which killed more than 
90% of total corals. The 1997-1998 El Nino South-
ern Oscillation (ENSO) events, which elevated Sea 
Surface Temperatures of tropical oceans by more 
than 3°C, was one of the most extreme ENSO 
events in recent history. Such increases in sea sur-
face temperature above the seasonal average can 
cause widespread bleaching in coral reefs. Unlike 
most previous bleaching events in which severe 
impacts were limited to the water depth of less than 

15 metre, the 1998 bleaching affected corals at up 
to 50 metre. This in turn affected wide range of cor-
als resulting in an adverse impact on the plants and 
animal diversity. 

Bleaching has been reported in the Indian Ocean 
reefs of Seychelles, Kenya, Reunion, Mauritius, 
Somalia, Madagascar, Maldives, Indonesia, Sri 
Lanka, Gulf of Thailand (Siam), Malaysia, Oman, 
Cambodia, and Andaman Islands (and elsewhere in 
India).

Warming of tropical seas has been happening for 
the past 100 years. Increase of 1.2°C in sea tem-
perature is anticipated by 2100 in response to in-
creased concentrations of atmospheric greenhouse 
gases. Global climate change is likely to increase 
the frequency and intensity of bleaching in coming 
years.

An important factor to be addressed here is the 
increase in sea surface temperatures in the trop-
ics and its impact towards coral in the future. We 
can infer this fact from various scientific evidenc-
es which analyses the behaviour of corals during 
bleaching events over the past 20 years. Corals 
have the tendency to adapt or acclimate to the in-
crease in sea surface temperature, if not it leads to 
bleaching events. Corals have adaptation abilities 
in many circumstances (Gates & Edmunds 1999), 
but evidence from the past 20 years suggests that 
corals and their zooxanthellae are not able to adapt 
fast enough to the thermal events typical of recent 
bleaching episodes. Although reef building corals 
are not likely to become extinct in the long term, 
but their health and distribution will be severely al-
tered unless warming is mitigated. 

2.2. Coral reef and marine turtle hawksbill Adult 
hawksbill sea turtles (eretmochelys imbricata) are 
primarily found in tropical coral reefs.  They are usu-
ally seen resting in caves and ridges in and around 
these reefs throughout the day. They are a highly 
migratory species and inhabit in a wide range of 
habitats, be it an ocean, lagoons or even mangrove 
swamps in estuaries. Its movement is particularly 
noted across Caribbean coral reefs. Not much re-
search has been conducted about their habitat pref-
erences during early onset stages, yet it is assumed 
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to remain at sea until they mature. Hawksbill sea 
turtles are one of the marine vertebrate species 
that feed exclusively on sponges, relying on tropi-
cal coral reefs and their associated biodiversity for 
foraging grounds and shelter. Like herbivorous 
green turtles, hawksbill turtles may play a key role 
in maintaining habitat health by grazing on coral 
competitors (Hill 1998, Leon & Bjorndal 2002), 
thereby maintaining reef biodiversity. Some of the 
sponges have toxic effects over the corals affecting 
their livelihood; hence, hawksbill plays a vital role 
in maintaining the healthy reef system by feeding 
on sponges. 

However, hawksbill sea turtles are listed as criti-
cally endangered by the International Union for 
Conservation of Nature (IUCN), with global popu-
lations demonstrating a decline of more than 80% 
over the past century. Global warming poses a po-
tential threat for the survival of these beautiful spe-
cies. Increase in sea surface temperature impacts 
hawksbill’s sex ratios, thereby affecting their pop-
ulation dynamics. Small changes in temperature 
close to the pivotal temperature (~29°C) can result 
in large changes in the sex ratio of hatchlings.

2.3. Coral reef biodiversity in India: Coral reefs are 
shallow water, tropical marine ecosystems. Diver-
sity is unequalled by any other habitat. Coral reef 
supports a variety of sea life. They are nursery of 
4,000 species of fish. Young fish find safety in this 
environment. 

Shoals of tiny vibrant and colourfully patterned 
fishes scuttle in and out of coral branches. A signif-
icant proportion of coral reef fishes live very close 
to reef substrates and strongly associate with habi-
tat structure (biological and/or physical) provided 
by scleractinian corals. Around 75% of coral reef 
fishes rely on live corals for food, shelter or set-
tlement (Jones 2004). Accordingly, there is often 
a strong positive relationship between coral cover 
versus abundance and diversity of coral reef fishes. 
Some of these fish feed on algae, keeping corals 
from being suffocated by them. Because most of 
the algae that grows in corals are toxic, in turn af-
fecting their livelihood. Sharks, manta rays, sting 
rays and other predatory fishes keep populations of 
smaller fishes and other organisms in check. There 

is one such fish that feeds upon the reef by itself, 
that is parrotfish. They feed upon the tiny algae, 
zooxanthellae, living inside the coral polyp, then 
grind up the coral skeleton and excrete it as sand. 
This results in the formation of the beautiful sand 
beaches. Shrimps keep other fishes healthy by free-
ing them of parasites, while crabs and sea cucum-
bers crawl about, scavenging and cleaning up detri-
tus on the reef and ocean floor.

Even marine worms and snails play a vital role 
in the reef ecosystem. Worms filter organic mat-
ter in the water and sediments and the snails graze 
on algae. Sea anemones used to maintain a healthy 
symbiotic relationship with fishes and crab as the 
sea anemones hide and protect the fish and crabs, 
while the fish and crabs in turn return the favour by 
protecting them. Sea anemones are related to corals 
and are also predatory animals; they do not pro-
duce calcareous skeletons and are usually alone. 
Sea squirts and salps are other such organisms 
present across coral reefs, take the role of filtering 
water and consume phytoplanktons. 

2.4. Implications on coral reef biodiversity: Cli-
mate change has caused a significant impact on the 
coral reef ecosystem. The effects of coral loss and 
its relationship to decline in fishes have been sig-
nificantly correlated with various research studies. 
This relationship may vary depending upon three 
different factors i.e. absolute levels of coral cover, 
changes in coral composition, and corresponding 
changes in structural complexity. 

Coral bleaching cause severe and extensive deple-
tion of corals and creates a wide range of impact on 
plants and animal species. The extensive bleach-
ing event has been reported across the Caribbean 
islands (Baird et al., 1998). This leads to marked 
reductions in local diversity. Sometimes moderate 
declines in coral cover may actually lead to short-
term increases in the local diversity of fishes. 

The reduction of fish species across coral reef is 
more or less pronounced as it depends on the asso-
ciated changes in the biological and physical struc-
ture of reef habitats. Most importantly, the effects 
of coral loss on coral reef fishes are expected to 
be much more pronounced when coral loss is com-



Perspectives on Biodiversity of India Vol. II. Part 2

254

bined with declines in structural complexity of reef 
habitats. 

Further, a predictive framework to assess extinc-
tion risk of coral reef fish to coral loss and fishing, 
estimated that approximately one third of species 
are vulnerable to local extinction (Graham 2011). 
To date, the species that have gone locally extinct 
tend to be highly coral dependent species. The rel-
evance of these losses to ecosystem function is 
equivocal, as there is limited evidence of their role 
within the wider ecosystem. However, changes in 
species abundances and biomass can have profound 
impacts on ecosystem functioning long before the 
last individual disappears. Perhaps the best way to 
conceptualize the impacts of large declines in spe-
cies abundance is through ecological extinction. 
Ecological extinction occurs when a species is un-
able to maintain key functions because the species 
has become too rare or too widely dispersed. This 
concept is particularly useful because it is often 
the most abundant species within a community or 
functional group that perform the greatest roles in 
terms of ecosystem function. Identifying large fluc-
tuations in the abundance of species, and the loss 
of key functions, may therefore be a far more use-
ful exercise in assessing ecosystem impacts than 
identifying how many rare species have been lost.

3. DISCUSSION

Several authors have argued about loss of biodi-
versity with the present global extinction rate. With 
the advent of the industrial revolution and other hu-
man-induced activity, a large number of plants and 
animals, including birds, mammals, amphibians, 
reptiles and arthropods are nearing extinction. This 
is termed as sixth extinction. However, very sparse 
evidence for global extinctions among coral reef 
fishes is reported. The local extinction of reef fishes 
following coral mortality events has been docu-
mented from several Indo-Pacific locations, the 
Great Barrier Reef (Australia) and the Seychelles. 

Coral bleaching and other related events are ex-
pected to happen in an even more severe note by 
2050 as predicted by various researchers and scien-
tists. With climate change getting worse, the mass 
bleaching incident may result at regular intervals, 

giving less time for corals (populations and com-
munities) to recover. Aside from contributing to 
habitat degradation, climate change may also have 
direct effects on the distribution, abundance and 
fitness of coral reef fishes. Climate-induced coral 
bleaching is already having significant effects on 
habitat structure, with secondary effects on reef 
fishes. Research should be carried out on climate 
change and its impact on coral reef biodiversity. 

4. CONCLUSION

Climate change has been an emerging global phe-
nomenon and its impact towards the environment 
is potent. Here in this paper, we discussed about 
climate change and its implication on coral reef 
biodiversity. Increased sea surface temperature pre-
vents corals from forming a strong crust for their 
protection and hence resulting in their death. This 
has affected the fish diversity living across coral 
reefs. Global warming poses a large-scale threat 
to hawksbill sea turtle that has utmost potential, in 
maintaining the healthy reef. Thermally activated 
coral bleaching events will increase in rapid rate in 
the coming decades.

Human impacts on coral biodiversity have not 
been given much of importance, as not much study 
has been carried out in that area. Many plant vari-
eties living across the corals have been affected as 
a result of severe coral depletion, but due to lack 
of taxonomic expertise in India, those areas remain 
unexplored. As a consequence, either a handful of 
taxonomic groups (especially corals and fishes) 
currently stand as proxies for species biodiver-
sity broadly, or biodiversity is evaluated at coarser 
taxonomic levels. Perhaps, the published studies 
which considered the human interference in the 
coral reef ecosystem are done on already affected 
reefs. Some reported the difference in fish diversity 
and somewhat smaller difference in coral generic 
richness between protected and unprotected areas.

A Stanford University study found that the genes 
of the heat sensitive corals acted faster to kill cells 
as a response to increased temperature, whereas 
the heat tolerant coral species did not kill cells, but 
grew in the same temperatures (Daniel et al.,2013; 
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Doblado 2013). Coral reef provides nurseries for 
many species of commercially important fish, pro-
tects coastal areas from storm waves, and is a sig-
nificant attraction for the tourism industry.

Climate change has to be addressed at the poli-
cy level with strong policies in turn reducing the 
greenhouse emissions. Human impacts should be 
minimised thereby reducing the marine pollution.
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ABSTRACT

Globally, mangrove ecosystems are considered as one of the most productive ecosystems. But still mangrove habi-
tats are shrinking around the globe, including India and Kerala, and this can be mainly attributed to anthropogenic 
pressures like disregard for this living and dynamic system, cutting down of mangroves for firewood, fodder for 
cattle etc, reclamation for other development purposes etc. Globally, nationally and locally we have realized the 
value of mangrove ecosystems because of its varied values, functions and services including supporting liveli-
hood options in the Sundarbans like wax, honey collection etc. In this regard, much effort is on at various levels 
to protect the last remnants of these precious ecosystems. In this background, it was decided to carry out a study 
to understand the capacity of mangroves in carbon sequestration and highlight the role of a natural system like 
mangroves in mitigating global warming and climate change. In the global scenario of carbon credits and trading, 
the carbon sequestered by the mangroves can be converted into monetary terms to further stress the need to protect 
them. Kerala once used to have very good extent of continuous mangrove ecosystem. But development processes 
having taken its toll, mangroves are now reduced to small fragmented patches in few districts of the State. Kannur 
district in Kerala has the maximum extent of mangroves and it has got a good diversity of true mangroves includ-
ing Avicennia sp., Rhizophora sp., Sonneratia sp. and many mangrove associates also. The mangrove trees which 
varied in their girth at breast height (GBH) were enumerated by measuring the GBH and height using tape. Phyto-
sociological analysis were carried out by quadrat method in six sites i.e. Valapattanam – Madakkara, Akkarakkad 
Thazhekkavu, Dal region, Pappinisseri and Kavvayi. Fifteen quadrats of 5*5m size were laid.  On the basis of 
data obtained from the quadrats, the structural parameters like density, relative density, abundance, percentage of 
frequency, relative frequency, basal area, relative basal area, importance value index (IVI) and relative IVI were 
arrived at using standard formula and the various indices like Shannon Weiner Index, Simpson’s Index calculated. 
Results indicate that Pappinisseri has the highest and Kavvayi registered the lowest Shannon Weiner Index and 
equitability and the highest Simpson’s Index is along Valapattanam – Madakkara. Further to this, field studies 
were conducted in mangrove areas of Kannur between February to June. Sample plots were taken randomly from 
natural and undisturbed mangrove forest patches. Stratified average tree technique (Madgwick, 1971) was em-
ployed for biomass estimation. The biomass production was estimated at all levels i.e. above surface, surface and 
sub-surface. The nutrient dynamics, mainly Carbon, Hydrogen, Nitrogen and Sulphur was estimated for all species 
and also component wise i.e. bole, branch, leaf and twig. Based on the species wise carbon sequestration, floristic 
composition and structural analysis, the C sequestered is estimated as 436.2 ton/ha and considering that the extent 
of mangroves in Kannur is now 688 ha, total C sequestered by the standing biomass of the mangrove ecosystem 
of Kannur has been estimated at 3 lakh ton.  

Key words: Mangroves, carbon sequestration, climate change, kerala

1. INTRODUCTION

Mangroves are trees and shrubs that grow in sa-
line coastal habitats in the tropics and subtropics 
mainly between latitudes 25° N and 25° S. The spe-
cific regions where these plants occur are termed 
as ‘mangrove ecosystem’. The ecosystem is highly 
productive but extremely sensitive and fragile.  

Mangroves have many peculiar features than the 
other terrestrial plants. The most important among 
them is the ability to survive in salt water where 
continuous flushing of fresh water takes place, and 
in “soil” which is unstable and anaerobic. Another 
feature is that they develop aerial or air-breathing 
roots called pneumatophore. Mangroves provide 
their seedlings with a good store of food and floa-
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tation devices.  In some, the fruit does not fall away 
when it ripens. In mangrove species, the seed with-
in the fruit starts to germinate while it is still on the 
mother tree, and the mother tree channels nutrients 
to the growing of the seedling. This biological pro-
cess is called ‘vivipary’. Mangroves provide good 
habitat for birds, crustaceans, molluscans, croco-
diles, snakes and varieties of fish. In addition, man-
grove plays a vital role in satisfying various human 
needs such as food, fodder, wood, honey, fiber, oil, 
wax, dye, etc.

The mangrove ecosystem covers only 0.037 per 
cent of the world’s surface or 0.12 per cent of the 
Earth’s land area (Ong, 2004). Coming to the In-
dian scenario, mangroves occur in two groups, the 
mangroves of the east coast and the west coast. 
Mangroves in India account for about 5 percent of 
the world’s mangrove vegetation and are spread 
over an area of about 4,500 km2 along the coast-
al states/ UTs of the country. Sunderbans in West 
Bengal accounts for a little less than half of the to-
tal area under mangroves in India. 

Kerala was once blessed with this amazing ecosys-
tem but is now going in a declining state. Certain 
reports on Kerala mangroves state that Kerala once 
had 700 km2 of Mangrove forests. However, it has 
declined to 17 km2. A recent study by Radhakrish-
nan et al. (2006) showed that mangrove vegetation 
in four northern districts of Kerala i.e. Kasargod, 
Kannur, Kozhikode and Malappuram are approxi-
mately 3,500 ha, which represents about 83 per-
cent of mangrove cover in the State. Out of this, 
major portion is in the hands of private landhold-
ers. In Kerala, only Kannur has good natural forest 
patches than the other districts. There was approxi-
mately 755 hectare of mangrove forests in Kannur.

Many ecosystems have natural mitigation pro-
cesses, such as carbon sequestration and storage. 
Carbon sinks are ecosystems (the main ones being 
soil, oceans and forests) that store carbon dioxide 
in water, sediment, wood, roots, leaves and the 
soil. For mitigating climate change, conservation 
management to enhance natural sequestration pro-
cesses is being explored. There is a large and grow-
ing interest in carbon sequestration as a method of 
combating climate change. Mangroves convert 

energy from the sun into organic matter, which is 
stored in the leaves and branches. When they fall 
to the ground, they provide to a wide variety of 
aquatic animals such as molluscs, crabs and worms 
with a primary source of food. These energy flows 
from the primary level consumers to the third level 
consumers. Mangrove ecosystems have the ability 
to produce large quantities of litter, ranging from 
10,000 to 14,000 kg dry weight/ha/year (Hamilton 
and Snedaker, 1984).

Scientific community has adopted different tech-
niques for estimating carbon sequestration of for-
ests and other ecosystems. Many of the studies have 
been concentrating on soil organic matter study and 
tree biomass of forests ecosystem. Other research 
has concentrated on the use of standing biomass 
as a guide to productivity. Biomass is the amount 
of living matter that is present within an ecosys-
tem at a given time. Studies have shown that the 
above-ground biomass of mangrove communities 
can range from 5.4 to 18.4 kg m-2 (Hutchings and 
Saenger, 1987). However, there has been very little 
research on estimating the potential of mangroves 
in the Indian swamps particularly in the west coast. 
All this peculiarity leads to the study of this amaz-
ing ecosystem of Kannur district of Kerala with the 
following objectives:
1. To conduct a comprehensive survey on the 

extent and inventory of mangroves in Kannur 
district. 

2. To study related parameters like phyto-
sociology and species wise distribution of 
mangroves in Kannur

3. To estimate species wise carbon sequestration 
capability and eventually to carry out 
quantification of total carbon sequestrated by 
mangrove ecosystem in Kannur region.

 
1.1. Review of Literature: Review of literature has 
been carried out extensively covering Mangrove 
ecosystem, Climate, Salinity, Tidal fluctuation, 
Sediment and wave energy, Ecological Signifi-
cance,  Distribution of Mangroves such as World, 
Indian and Kerala scenario, Vegetation analysis, 
Carbon sequestration and  Biomass production.

1.2. Study Site: Kannur District lies between lati-
tudes 11° 40’ to 12° 48’ North and longitudes 74° 
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52’ to 76° 07’ East and covers an area of 2,996 km². 
Kannur can be geographically divided into high-
land, midland and lowland regions. Kannur district 
is endowed with a fine river system, the Valapatta-
nam river, Kuppam river, Mahe (54  kms.), Anjara-
kandi (48 kms.), Thalassery (28 kms), Ramapuram 
(19 kms.) and Perumba (51 kms). 

2. METHODOLOGY

Phytosociology :It is a part of plant ecology that 
describes the co-occurrence of plant species in 
communities. Phytosociology indicates the domi-
nance of species which determines the structure of 
that system. All trees of mangroves which varied in 
their girth at breast height (GBH) were enumerated 
by measuring the GBH and height using tape.  Phy-
tosociological analysis in six sites was carried out 
by quadrat method (species area curve method). 
The different sites were Valapattanam - Madak-
kara, Akkarakkad, Thazhekkavu, Dal region, Pap-
pinisseri and Kavvayi. Fifteen quadrats of 5 x 5m 
size were laid in six mangrove sites. On the  basis 
of data obtained from quadrats, the structural pa-
rameters like density, relative density, abundance, 
percentage of frequency, relative frequency, basal 
area, relative basal area, importance value index 
(IVI), relative IVI etc. were calculated by using 
standard formula (Curtis and Mc Lntosh, 1950). 
Diversity indices like Simpson’s index, Equita-
bility and Shannon-wiener’s index function were 
found out.

2.1. Carbon sequestration: Dry matter production 
of sample trees - Field studies were conducted 
in mangrove areas of Kannur between February 
to June 2009. Sample plots were taken randomly 
from natural and undisturbed mangrove forest 

patches. Stratified average tree technique (Madg-
wick, 1971) was employed for biomass estimation. 
Quadrats of size 5 x 5m were laid out in each site 
and diameter at breast height (dbh) of each tree in 
the sample plot was recorded. The whole diame-
ter range was grouped into three to four diameter 
classes by frequency distribution method and an 
average mean tree of each diameter class was se-
lected for sampling. In accordance with diameter 
variation 1 to 4 trees were felled from outside the 
sample plot. 

Total Organic Carbon - For the estimation of total 
organic carbon, dried and powdered tissue samples 
were analyzed along with nitrogen, sulphur and hy-
drogen by using a Elementar Vario EL 111 CHN 
analyzer. The biomass of various components of 12 
mangrove species was multiplied with the respec-
tive concentration of various elements to obtain the 
nutrient accumulation in the standing crop on unit 
area basis.

3. RESULTS AND DISCUSSION

Floristic composition - Mangrove forests are char-
acterized by low floristic diversity. Floristic diver-
sity indicates that the study area constitutes of 12 
species under 9 genera belonging to 7 families. 
Rhizophoraceae is the family which comprised of 
3 genera in which Rhizophora is the major genera 
with 2 species. It is also found that, out of 12 spe-
cies, 6 species are viviparous in origin whereas 
6 are grouped under non-viviparous. Similarly, 4 
species have stilt/ prop roots and in 4 species, roots 
are modified to pneumatophores (breathing roots) 
(Table 1).

Table 1: Floristic composition of mangroves at 

Kannur

No. Botanical name Family Habit
Aerial/ air root 
pattern of the 
mangrove

Germination 
/ seedling 
development

1 Acanthus ilicifolius L. Acanthaceae Shrub Stilt roots Incipient 
viviparous

2 Aegiceras  corniculatum (L) Blanco Myrcinaceae Tree No aerial roots ,,

3 Avicennia marina (Forsk) viesh Avicenniaceae ,, Pneumatophore Crypto 
viviparous
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4 Avicennia officinalis L ,, ,, ,, ,,

5 Brugueira cylindrica (L) Bl Rhizophoraceae ,, Knee roots 
&Broom like

Viviparous 
germination

6 Excoecaria agallocha L Euphorbiaceae ,, Gall on trunk Non viviparous

7 Kandelia candel (L) Druce Rhizophoraceae ,, Stilt roots Viviparous 
germination

8 Lumnitzera racemosa Willd Combretaceae ,, Looping aerial Non viviparous

9 Rhizophora apiculata Blume Rhizophoraceae ,, Prop roots & stilt 
roots

Viviparous 
germination

10 Rhizophora mucronata Lamk ,, ,, ,, ,,

11 Sonneratia alba J. Smith Sonneratiaceae ,, Pneumatophore Non viviparous

12 Sonneratia caseolaris (L) Engler ,, ,, ,, ,,

3.1. Distribution : Distribution of true mangroves at various sites indicates that, Acanthus ilicifolius, Avi-
cennia marina, Avicennia officinalis were invariably noticed in all the study sites. However Lumnitzera 
racemosa is found to be a rare species as it is confined to Kavvayi only (refer Table 2). 

Table 2 : Distribution of mangroves at various localities of Kannur district

Name of the species
Name of the locality

Madakkara Akkarakkad Dal Thazhekkavu Pappinisseri Kavvayi

Acanthus ilicifolius * * * * * *
Aegiceras corniculatum * * * - - -
Avicennia marina * * * * * *
Avicennia officinalis * * * * * *

Bruguiera cylindrica - - * * * *

Excoecaria agallocha - - - * - *

Kandelia candel * * - - - -

Lumnitzera racemosa - - - - - *

Rhizophora apiculata * - * - - -

Rhizophora mucronata * - * * * -

Sonneratia alba * - * - * -

Sonneratia caseolaris * - * * - -
* present-  absent

3.2. Structural analysis of mangroves at various 
sites: Structural parameters of various estuarine 
formations were studied in detail to collect infor-
mation on floristic composition and vegetation 
dynamics. Six different sites were identified and 
studied for density, frequency, dominance and Im-

portance Value Index. The study on mangroves of 
Madakkara area revealed that Sonneratia caseolaris 
dominated the site with highest IVI due to highest 
density, frequency and basal area. Structural analy-
sis of Akkarakkad site revealed that the highest IVI 
and RIVI were for A. officinalis, with maximum 
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relative basal area. Also the same species showed 
maximum relative density and relative frequency. 

Mangroves at Dal unveiled a dense community in 
which micro climatic conditions and soil organiza-
tion was most suitable for the thick growth of Rhi-
zophora mucronata. The IVI recorded was highest 
for Rhizophora mucronata due to its gregarious 
occurrence in the study area. Vegetation dynamics 
of Kavvayi ecosystem revealed that Acanthus ilici-
folius registered as the most dominant community 
as shown by its highest IVI and RIVI. Though the 
relative frequency and relative dominance were 
registered highest for Avicennia officinalis, the rel-
ative density alone showed highest IVI and RIVI 
to Acanthus ilicifolius. The most peculiar charac-
teristic of this ecosystem is the occurrence of Lum-
nitzera racemosa which is found to be distributed 
only in the Kavvayi area. Structural features of 
Thazhekkavu mangrove community indicated the 
dominance of Brugueira cylindrica due to its maxi-
mum value for relative density and relative fre-
quency. Though highest basal area was represented 
by Sonneratia caseolaris, this species registered 
highest IVI and RIVI. In Pappinnissery mangroves, 
Acanthus ilicifolius was seen distributed densely in 
most of the areas, especially in the proximal zone. 
Though highest basal area was shown by Avicen-
nia officinalis, due to highest relative density and 
relative frequency, Acanthus ilicifolius constituted 
highest IVI and RIVI. Structural analysis of the en-
tire mangroves of Kannur unveiled the domination 
of Acanthus ilicifolius among the 12 mangroves 
distributed all over. Though this species constitut-
ed lowest basal area, it registered highest IVI and 
RIVI due to its gregarious occurrence in the most 
of the study sites. 

3.3. Diversity Indices : Diversity indices for 6 man-
grove sites and whole of Kannur indicate that man-
groves at Pappinisseri constituted highest Shannon 
Weiner Index and Equitability (H’ 9.706, 3.75). 
Highest Simpson’s Index was reported for Madak-
kara (0.847) and Kavvayi registered lowest value 
for Shannon Weiner Index and H max (H’ 5.72, 
2.585).

3.4. Biomass production: It was observed that, 
among the species, variation in mean diameter be-

tween smallest and biggest trees had variation to an 
extent of 7 times. Acanthus ilicifolius (5 cm) con-
tributed lowest mean diameter when compared to 
Avicennia officinalis which registered highest (36 
cm). Maximum agb is registered in Avicennia of-
ficinalis where as Acanthus ilicifolius has contrib-
uted very low biomass. Among biomass of various 
components studied, wood contributed maximum 
biomass in all species. Similarly, branch contribut-
ed higher biomass when compared to leaf except in 
Aegiceras corniculatum, Sonneratia caseolaris and 
Sonneratia alba. Avicennia officinalis registered 
maximum biomass for all components.

Among the different components, bole biomass 
constituted maximum percentage and twigs, the 
minimum. Percentage of bole biomass ranged from 
60% (Bruguiera cylindrica) to 91% (Excoecaria 
agallocha). It is further observed that, in Sonnera-
tia caseolaris, the leaf biomass (14%) recorded was 
higher than branch (10%) and twig biomass (1%). 
Percentage distribution of various components to 
the total agb was in the order: Bole > Branch > 
Leaf > Twig. It is also observed that agb recorded 
was highest in Avicennia officinalis (499836.7 kg/
ha) followed by Rhizophora apiculata (212922.7 
kg/ha), Sonneratia caseolaris (55956.2 kg/ha) and 
Bruguiera cylindrica (54785.8 kg/ha). The low-
est agb was represented by Acanthus ilicifolius 
(4265.4 kg/ha).

3.5. Nutrient Dynamics: It is observed that N con-
stituted maximum concentration in all the species 
except in Lumnitzera racemosa and Rhizophora 
mucronata. The concentration of N was highest in 
the wood, but twig constituted highest in Bruguiera 
cylindrica. Similarly the lowest N in the wood was 
noticed in Aegiceras corniculatum and Rhizophora 
apiculata, whereas in the branch, it was for Avi-
cennia officianlis, Excoecaria agallocha and Son-
neratia alba. Concentration of N was highest in the 
leaf of Excoecaria agallocha. The concentration of 
carbon was highest in the wood in all the species 
and lowest in the leaf except in Avicennia officna-
lis where lowest is noticed in the branch. Highest 
carbon concentration was reported in the wood of 
Bruguiera cylindrica (90.2%) whereas lowest was 
in the leaf of Avicennia marina (35.04%). Among 
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the four elements studied, carbon constituted high-
est percent in all the components among the spe-
cies followed by hydrogen, nitrogen and sulphur. 

With regard to nutrient accumulation among the 
components, wood constituted maximum of all el-
ements in all the species studied. The lowest ac-
cumulation of all elements in all the species was 
recorded in the twig. The sequence in the content 
was highest in wood followed by branch, leaf and 
twig (Wood > Branch > Leaf > Twig). Study on 
accumulation of various nutrients in the agb of 
different mangrove species, indicated that among 
the elements, carbon (208944.1 kg/ha) and nitro-
gen (1787.8 kg/ha) accumulation was maximum in 
Avicennia officinalis whereas maximum sulphur 
(447.1 kg/ha) was in Bruguiera cylindrica. Sonner-
atia caseolaris stored maximum hydrogen (5024.8 
kg/ha) in the biomass. Lowest carbon (223.6 kg/
ha), nitrogen (3.9 kg/ha) and hydrogen (29.1 kg/
ha) was reported in Lumnitzera racemosa. Low-
est accumulation of sulphur (2.2 kg/ha) was seen 
in Sonneratia alba. Among the elements, carbon 
accumulation was maximum in the agb followed 
by hydrogen, nitrogen and sulphur. The above se-
quence is not followed in Aegiceras corniculatum, 
Bruguiera cylindrica and Sonneratia caseolaris as 
the sequence changed to carbon followed by hy-
drogen, sulphur and nitrogen. 

3.6. Carbon Sequestration: It indicates that Avi-
cennia officinalis produced maximum agb 
(499936.7 kg/ha) followed by Rhizophora mu-
cronata (212922.0 kg/ha) and Avicennia marina 
(110414.60 kg/ha). Consecutively, the same trend 
was followed in carbon sequestration also. High-
est carbon (208944.1 kg/ha) was sequestered by 
Avicennia officinalis (208944.1 kg/ha) followed 
by Rhizophora mucronata (92554.8 kg/ha) and 
Avicennia marina (41473.9 kg/ha). Lowest agb 
(550.67 kg/ha) and lowest carbon (223.6 kg/ha) 
were shown by Lumnitzera racemosa. The total 
above ground biomass of true mangrove species in 
Kannur has been worked out to be 1041271 kg/ha 
(1041.3 ton/ha) and the total carbon sequestered in 
the agb as 436167.81 kg/ha (436.2 ton/ha).

4. CONCLUSION

The extent of mangroves in Kannur has been esti-
mated in the present study as 688 ha which is spread 
over in various landforms such as deltas, islands, 
and backwater fringes etc. The carbon sequestered 
in Kannur is estimated as 436.2 ton/ha. Therefore, 
the total carbon sequestered in the standing bio-
mass of mangroves in Kannur has been worked out 
as 300105.6 ton (0.300106 million-ton).  
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ABSTRACT 

Criteria for the selection of sampling sites were based on the probability of the occurrence of methylotrophs and 
PPFMs, especially in the ecologically fragile and environmentally polluted areas namely Ennore, Royapuram, 
Marina, Foreshore and IIT Madras. Nearly 10% of total methylotrophs were identified as PPFMs, exhibiting vary-
ing colony morphology and pigmentation in the MMS medium. The occurrence of methylotrophs and PPFMs in 
all water samples during four seasons in the period of investigation was in the range of 8-160 and 1-19 CFU/mL x 
103 respectively. Methylotrophs and PPFMs were enumerated and the populations were in the range of 7–96 and 
1–7 CFU/g x 103 respectively in marine soil samples. Methylotrophs and PPFMs were in the range of 25– 116 and 
1–9 CFU/g x 104 in terrestrial samples.

Key words: coastal, methanol, population, seasons, methylotrophs, PPFMs.

1. INTRODUCTION

1.1. Methylotrophs and Methylobacterium: Meth-
ylotrophic bacteria that utilize reduced C1 com-
pounds for growth occupy a borderline position 
between autotrophs and heterotrophs. Microbes 
utilize single carbon (C1) compounds for energy 
and assimilation and are an important component 
of the global carbon cycle (Reeburgh et al., 1993; 
Lidstrom, 2006). They are found growing in pol-
luted environments and convert substances that are 
otherwise toxic to other living forms into less toxic 
or neutral or beneficial compounds (Strong and 
Burgess, 2008) that make these bacteria one of the 
key pollution indicators (Green, 2006). Methylo-
bacteria (Patt et al., 1976) are often pink to red, ow-
ing to the presence of carotenoids and are referred 
to as pink pigmented facultative methylotrophs 
(PPFMs). Presence of PPFMs could be noted by its 
specific colony growth characteristics, morphology 
and pink pigment production. The pink pigment 
of PPFMs is considered as a defense mechanism 
against DNA damage by the UV radiation of the 
sun that could affect organisms with a small cell 
size. Methylobacterium species are strictly aero-
bic, Gram-negative and rod shaped and widely dis-

tributed in soil, air, dust, fresh and marine water 
and lake sediments, water supplies, bathrooms, 
air-conditioning systems, masonry etc., (Green 
and Bousfield, 1981, 1983; Corpe, 1985). PPFMs 
are slow growers but are capable of thriving under 
minimal carbon resources in the environment (Hi-
raishi et al., 1995). Methanol mineral salts (MMS) 
media were used for the isolation of methylotrophs 
and PPFMs (Green, 2006). The biotechnological 
potential of PPFMs was vast as they were known 
for their competence in synthesizing useful com-
pounds under minimal nutrient requirements.

1.2. Chennai: The Chennai coastal zone cov-
ers a stretch of approximately 30 km length from 
Adyar River in the south to Ennore creek in the 
north. The majority of wastewater is disposed of 
in Adyar River, Cooum River and Buckingham ca-
nal outlets. Apart from these major disposal sites, a 
number of domestic and industrial wastewater sites 
were prevalent along the coastal zone of the north 
Chennai. A number of refineries, thermal power 
plant (TPP), chemical rubber and fertilizer indus-
tries are located along the Chennai coastal zone. 
The wastewaters from all these industries and resi-
dential zones were finally directed to the coastal 
waters of Chennai. PPFMs were omnipresent in 
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almost all habitats but it was under explored for 
its inherent potential applications (Lee, 2007). In 
order to investigate these aspects, soil and water 
samples were collected from the areas prone to 
industrial as well as domestic pollution in Chen-
nai. Therefore, Ennore, Royapuram, Marina Beach 
and Foreshore have been identified as the sampling 
sites. Based on the above background informa-
tion, a research work has been carried out to study 
the population of methylotrophs and PPFMs from 
coastal, river water and terrestrial regions in Chen-
nai, TamilNadu, India.

2. MATERIALS AND METHODS

To enumerate the methylotrophs and pink pig-
mented facultative methylotrophs (PPFMs), sam-
ples were collected from four sampling spots. They 
were Ennore (MEW, MES), Royapuram (MYW, 
MYS), Marina beach (MBW, MBS) and Foreshore 
(MFW). Fluctuations in the methylotrophic popu-
lation over the period of study, was assessed by 
sampling in monthly basis from June 2007 to May 
2008. Apart from this, soil samples (MSI) were col-
lected at once from Indian Institute of Technology 
Madras (IITM), Chennai, because of its interesting 
ecological characteristics (Fig 1).

Fig 1:Map showing the sampling sites in 
Chennai, Tamil Nadu

Magnified image of the geographical area was shown the 
sampling sites (which were pinned yellow) along the 

coastal belt of Bay of Bengal and IIT madras in Chennai, 
TamilNadu, India.

2.1.  Sample preparation: One mL of water or 1 g 
of soil sample was added to 99 mL or 100 mL of 
sterile distilled water respectively were kept on a 
shaker for 1h to make a homogenized suspension. 
The suspension was then subjected to 10 fold serial 
dilutions (10-2 to10-7) under aseptic conditions.

2.2.  Preparation of methanol mineral salts (MMS) 
media: To enumerate the methylotrophs and PPFMs 
from the water and soil samples, MMS media was 
used (Green, 2006) and the composition of media 
is given in Table 1. Stock solutions of each min-
eral salt was prepared and sterilized separately. The 
required amount of minerals solutions were com-
bined together, made up the volume with water ad-
justs the pH to 6.8±0.2 and sterilized. 0.5% (v/v) of 
filter sterilized methanol was added to the media at 
bearable warmth and the medium was poured into 
sterile petri plates.

Table 1: Composition of MMS medium
Composition Units

Potassium nitrate (KNO3) 1.0 g/L

Magnesium sulphate (MgSO4.7H2O) 0.2 g/L

Calcium chloride (CaCl2.2H2O) 0.02 g/L

di-Sodium hydrogen phosphate (Na2HPO4)0.23 g/L

Sodium dihydrogen phosphate (NaH2PO4) 0.07 g/L

Ferrous sulphate (FeSO4.7H2O) 1.0 mg

Copper sulphate (CuSO4.5H2O) 0.005 mg

Boric acid (H3BO3) 0.01 mg

Mangneous sluphate (MnSO4.5H2O) 0.01 mg

Zinc sulphate (ZnSO4.7H2O) 0.07 mg

Molybedate (MoO3) 0.01 mg
Agar 20 g
pH 6.8±0.2

 2.3. Enumeration: 100 µL aliquots of each sample 
(10-2 to 10-7) were plated on to MMS medium and 
the plates were incubated at 30±2°C for 14 days. 
The MMS plates without methanol were also main-
tained as control plates. Results were expressed in 
terms of colony forming units per mL of water/g 
of soil (CFU/mL or CFU/g). The total numbers of 
colonies were enumerated in the MMS medium 
after 14 days of incubation which represents the 
methylotrophs as well as the PPFMs.
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3. RESULTS

3.1. Population dynamics of methylotrophs and 
PPFMs in water sample: Serially diluted samples 
plated on MMS media resulted in the growth of 
pigmented and non pigmented colonies (Plate 1). 
Among the pigmented methylotrophs, PPFMs 
are easily identifiable with its characteristic pink 
pigmentation. The PPFMs when observed under 
microscope showed the following characteristics 
pink pigment, irregular and raised. These organ-
isms are known to utilize trace amounts of carbon 
and are known to survive even in hostile environ-
ments. Methylotrophs and PPFMs were enumer-
ated (CFU/mL x 103) in water samples at various 
sites (MEW, MYW, MBW and MFW) and seasons 
(SWM, NEM, WTR and SMR). The correspond-
ing data is represented as a bar graph (Fig 2). The 

population of methylotrophs and PPFMs in MEW 
sample varied during SWM (58–28 and 6–4); 
NEM (27–42 and 5–7); WTR (35–15 and 5–5) and 
SMR (16–72 and 5–6) respectively. The population 
of methylotrophs and PPFMs in MYW sample var-
ied during SWM (25–8 and 4–1); NEM (8–16 and 
1– 3); WTR (17–16 and 2–1) and SMR (11–39 and 
1–5). The population of methylotrophs and PPFMs 
in MBW sample were varied during SWM (31–19 
and 3–6); NEM (23–69 and 3–3); WTR (24–9 and 
2–1) and SMR (10–28 and 1–3). The population of 
methylotrophs and PPFMs in MFW sample varied 
during SWM (160–74 and 16–10); NEM (59–48 
and 19–9); WTR (71–18 and 3–2) and SMR (15–
87 and 5–11).

Plate 1: Methylotrophs and PPFMs in MMS media.
A. The microscopic image showing the diverse colonies with and without pigmentation; PPFMs–pink pigmented 

facultative methylotrophs
MMS – Methanol mineral salts

B. Isolated  and  purified pigmented methylotrophs in plate (grid)

3.2. Population dynamics of methylotrophs and 
PPFMs in soil sample

Methylotrophs and PPFMs were enumerated in 
marine soil samples at various sites (MEW, MYW, 
MBW and MFW) and seasons (SWM, NEM, WTR 
and SMR). Methylotrophs and PPFMs was enu-
merated and expressed as CFU/g x 103. The cor-
responding data is represented as a bar graph (Fig 
3). The population of methylotrophs and PPFMs in 
MES sample were varied during SWM (37-87 and 

2-3); NEM (96-75 and 3-3); WTR (7-69 and 2-1) 
and SMR (10-17 and 1-1). The population of meth-
ylotrophs and PPFMs in MYS sample varied dur-
ing SWM (47-28 and 5-1); NEM (19-18 and 4-7); 
WTR (17-8 and 3-1) and SMR (9-26 and 1-2). In 
MBS, the population of methylotrophs and PPFMs 
varied during SWM (92-72 and 4-2); NEM (60-46 
and 2-3); WTR (33-9 and 2-1) and SMR (12-21 
and 1-2).
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Fig 2: Population dynamics of methylotrophs and PPFMs in water sample

Ennore (MEW); Royapuram beach (MYW); Marina beach(MBW); Foreshore (MFW)
Southwest monsoon (SWM)–June to August’07; northeast monsoon (NEM)–September to November’07; winter 

(WTR)–December’07 to February’08; summer (SMR)–March to May’08

3.3.  Enumeration of methylotrophs and PPFMs 
from terrestrial samples

Soil samples collected from four different loca-
tions in IIT Madras showed the presence of methy-
lotrophs (25-116) and PPFMs (1-9) was enumer-

ated and expressed as CFU/g x 104 (Fig 4). Among 
the samples two (MSIB, MSIC) were shown to 
have a high occurrence of methylotrophic popula-
tion (96±3.8, 116±3.6), whereas three were shown 
to have a good number of PPFMs (9±0.3, 7±0.3).
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Fig 3: Population dynamics of methylotrophs 
and PPFMs in marine soil samples

Ennore (MEW); Royapuram beach (MYW); 
Marina beach (MBW); Foreshore (MFW) 

Southwest monsoon (SWM) – June to 
August’07; northeast monsoon (NEM) – 

September to November’07; winter (WTR) – 
December’07 to February’08; summer (SMR) 

– March to May’08

CFU – Colony Forming Units

Iyer, 2009) in Chennai, TamilNadu, India; Methy-
lotrophs are facultative, aerobes depends on C1 
substrates (methane, methanol, methylated amines, 
methyl halides and methylated sulfur compounds) 
for their growth and multiplication and relevance 
to the marine environment (Kiene, 1993). Methy-
lotrophs are strict aerobes and can be isolated from 
almost any fresh water environment where there is 
high amount of dissolved oxygen. Microbial flora 
of the extremely polluted environment (marine 
systems, near barmouth and terrestrial ecosystem) 
in and around Chennai were studied with empha-
size on methylotrophs. These microbes have been 
isolated from extreme environments (Trotsenko et 
al., 2001). Several studies were made on the occur-
rence of different class of microbes in these pol-
luted waters. Water and soil samples of Royapuram 
have shown the presence of Actinomycetes which 
was explored for its secondary metabolites hav-
ing antimicrobial properties. Also, samples from 
Royapuram have the highest population of E. coli, 
Vibrio, Pseudomonas and Salmonella among the 
samples were collected from the southeast coast of 
Chennai (Valli et al., 2012). Santhiya et al., (2011) 
studied the occurrence of heavy metal resistance 
bacteria of Chennai beaches along the coast of Bay 
of Bengal. Studies on the presence of methylo-
trophs in estuarine samples and offshore sediment 
samples were conducted by researchers. The pres-
ence of methylotrophs was reported even in com-
paratively less polluted coastal lines of Goa, the 
southwestern coast of India (Faria and Bharathi, 
2006).

4.1. Population of methylotrophs and PPFMs in 
marine water: Work was focused on total methylo-
trophs and PPFMs was estimated in water samples 
and expressed as CFU/mL x 103. After initial en-
richment culture in MMS media, pink methylo-
trophic population were easily distinguished from 
other methanol utilizing methylotrophs In all water 
samples irrespective of the sites, seasonal fluctua-
tions were observed in the methylotrophic popula-
tion and there was consistency in the fluctuations. 
One more interesting observation was that one 
tenth of the methylotrophic population consists of 
the PPFMs in the all water samples. While study-

Fig 4. Population dynamics of methylotrophs 
and PPFMs in IITM.

IITM – Indian Institute of Technology Madras 
Site 1, 2, 3 and 4 (MSIA, MSIB, MSIC and 
MSID) CFU – Colony Forming Units

4. DISCUSSION

Water samples were collected from the above 
mentioned sites and physico-chemical proper-
ties were analyzed (Vadivukkarasi et al., 2014). 
PPFMs were isolated from Adyar and Cooum riv-
ers, Chetpet lake and forest soil samples (Jayashree 
et al., 2011a, b) and Marina beach (Ashwini and 
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ing the population dynamics of methylotrophic 
communities, it was observed that even though 
the temperature is high all through the seasons, the 
methylotrophs survives in these conditions (Fig 
2). This might be due to an adaptation by these 
organisms to thrive on this atmosphere. This was 
evidenced by the maximum population during the 
SMR, gradually declined with SWM, NEM and the 
minimum in WTR of the year of study. In Ennore 
site, both external (climate) and internal factors 
(coolant water from TPP) influenced the mean tem-
perature of the water and the PPFMs population in 
this site was more or less similar throughout the 
year with a maximum during NEM.

Salient feature of Royapuram (MYW) sampling 
site is the huge depositions of battery waste which 
has been leaching in to the nearby waters creat-
ing havoc in the existing eco system. Generally in 
this site, it is found that the population of methy-
lotrophs was high during SMR, decreased during 
NEM and WTR. Comparatively high population of 
methylotrophs was observed by the beginning of 
SWM which gradually reduced down by the end of 
the season. Later, during NEM, the population was 
shown to increase gradually until the beginning of 
winter. By the end of winter, the population started 
to decline and was the minimum methylotrophic 
population at the end of the WTR and by the begin-
ning of SMR. The summer season again triggered 
the growth of methylotrophs.

The exponential population of methylotrophs dur-
ing NEM may be due to the sudden influx of water 
in to the system resulting in huge availability of 
organic compounds favoring dynamic growth rate. 
The PPFMs population pattern was observed more 
or less synchronized with methylotrophic popula-
tion. With the end of the SMR and beginning of 
the SWM, PPFMs were observed high. The fluc-
tuations in

the PPFMs population were having correlation with 
the presence of total methylotrophs. Highest popu-
lation was observed at end of SWM with a slight 
reduction during NEM but maintained throughout 
the season. In Marina beach (MBW), the methy-
lotrophic and PPFMs population were high during 
NEM and less during WTR.

In contrast to Royapuram (MYW) site, the meth-
ylotrophic population in Foreshore (MFW) was 
maximum during SWM and minimum in the initial 
period of SMR. Comparing the all water sampling 
sites, this site is unique because it is a river eco 
system near to the river mouth of the Adyar River. 
PPFMs population in this site was maximum dur-
ing SWM and NEM and shown to decrease gradu-
ally. During the months of monsoon, PPFMs popu-
lation observed to be high.

In MEW, the PPFMs population was more or less 
same all throughout the year. When comparing 
all the sites, the PPFMs population was higher in 
MEW site. In all other sites, there was fluctua-
tion in the PPMFs population during the year and 
very less during WTR. This may be due to the 
non availability of preferred water temperature. 
Interestingly, the pattern of PPFMs population in 
MYW was similar to that the pattern of MBW. 
The observed results were similar to the results of 
Faria and Bharathi, (2006) who reported that the 
methylotrophic population was maximum during 
SMR and less in WTR in the estuarine and marine 
water samples. When the population of PPFMs 
was compared between the sites, it is seen that the 
population was higher in MFW followed by MEW, 
MBW and MYW respectively. Neufeld et al., 2008 
reported that the estuarine water was having more 
methylotrophic population than the offshore water 
samples. Likewise, it is observed in this study that 
the PPFMs population was higher in the Foreshore 
which is an estuarine site.

4.2.  Population of methylotrophs and PPFMs in 
marine soil sample: In the soil samples, only 5% of 
the total methylotrophic population was found to 
be PPFMs. It is important to note that there is an in-
verse relation between methylotrophs and PPFMs 
while considering water and soil habitats. Methy-
lotrophic population was high in the soil samples 
than water samples CFU/g x103 (Fig 3).

Transient nature of the soil in the heat conduc-
tion restricted the population of methylotrophs 
and PPFMs in SMR, whereas the water samples 
were shown a maximum population during this pe-
riod. In soil, the occurrence of methylotrophs and 
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PPFMs were influenced by the monsoons, espe-
cially NEM. From the beginning of sampling peri-
od till WTR, the methylotrophic populations were 
decreasing. After WTR, the population started to 
increase and was high at the end of the SMR. Even 
though there are fluctuations over the period of tri-
mester of the different seasons, PPFMs population 
was high during the period of both monsoons and 
highest occurrence recorded at end of NEM. This 
pattern of distribution of population was seen in 
MYS. The total population of methylotrophs and 
PPFMs were similar in both sites MES and MBS. 
MYS has shown a different pattern for the popula-
tion of methylotrophs and PPFMs due to the slight-
ly high alkaline pH.

4.3.  Population of methylotrophs and PPFMs in 
IITM: There was no correlation between the pres-
ence of methylotrophs and PPFMs in the soil sam-
ples collected in IITM. Both methylotrophic and 
PPFMs populations were found high in the for-
est soil samples, so the results were expressed as 
CFU/g x104 (Fig 4). In one soil sample, nearly one 
fifth of the methylotrophic population was PPFMs. 
This was shown that PPFMs having a symbiotic 
growth metabolism with other methylotrophic 
communities. The environmental factors which 
favored the methylotrophs in general support the 
growth of PPFMs also.

5.  CONCLUSION

The climatic conditions and sampling site directly 
affect the population of methylotrophs and PPFMs. 
Marine microorganisms that utilize single to multi 
carbon (C1) compounds are poorly described, de-
spite their impact on global climate via an influ-
ence on aquatic and atmospheric chemistry. This 
study investigated marine bacterial communities 
involved in the metabolism of C1 compounds. 
This study expands the known diversity of marine 
methylotrophs in surface sea water and provides 
a comprehensive data for focused cultivation and 
metagenomic analyses in the future.
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ABSTRACT

It is now commonly agreed that Intellectual Property Rights are part of the economic and policy landscape in 
which the conservation of genetic resources takes place. The interplay between IPRs and the conservation of 
genetic resources occurs at every level - local, national, regional and global. It involves an array of actors which 
are legal, political, economic and scientific with a complex form of challenges.  There are several international 
instruments and institutions that deal with intellectual property rights and the conservation of genetic resources.  
In most cases the general parameters are laid out in the text of applicable treaties, however, debate on the further 
development of these regimes, and on how they should be interpreted and applied, is ongoing.  An attempt is also 
made here to examine the positive linkages between IPRs and the conservation of genetic resources and to analyze 
the ways in which IPRs can be supportive of the objectives of the Conservation and also to assesses the potential 
positive impacts of IPRs on sustainable use and conservation of genetic resources. There are also some negative 
impacts of IPRs on conservation. This is a desk study based on readily available scientific and policy literature.

Key words: Biodiversity laws, conservation, genetic resources

1. INTRODUCTION

Biodiversity is the variability of all living organ-
isms - including animal and plant species - of the 
genes of all these organisms, and of the terrestri-
al, aquatic and marine ecosystems of which they 
are part. Biodiversity makes up the structure of 
the ecosystems and habitats that support essential 
living resources, including wildlife, fisheries and 
forests. It helps provide for basic human needs 
such as food, shelter, and medicine. It composes 
ecosystems that maintain oxygen in the air, enrich 
the soil, purify the water, protect against flood and 
storm damage and regulate climate. Biodiversity 
also has recreational, cultural, spiritual and aes-
thetic values. Growing consumption of resources 
and increasing populations have led to a rapid loss 
of biodiversity, eroding the capacity of ecosystems 
systems to provide the essential goods and services 
on which mankind depends. Human activities have 
raised the rate of extinction to 1,000 times its usual 
rate. If this continues, Earth will experience the 
sixth great wave of extinctions in billions of years 
of history. Already, an estimated two of every three 

bird species are in decline, one in every eight plant 
species, one-quarter of mammals, one-quarter of 
amphibians and one-fifth of reptiles are endan-
gered or vulnerable. Forests and fisheries which are 
essential biological resources and integral parts of 
the earth’s living ecosystems are also facing crisis.

It is now commonly agreed that Intellectual Proper-
ty Rights are part of the economic and policy land-
scape in which the conservation of genetic resourc-
es takes place.  An attempt is made here to assess 
the linkages between IPRs and the conservation 
of genetic resources. The interplay between IPRs 
and the conservation of genetic resources occurs 
at every level - local, national, regional and glob-
al. It involves an array of actors which are legal, 
political, economic and scientific with a complex 
form of challenges.  To be effective, the responses 
to these challenges must be integrated at the same 
time differentiated as to address the various needs 
and stakeholders. So far only a string of competing 
policy perspectives has emerged having numerous 
initiatives.  The focus has been on benefit sharing, 
technology transfer and conditions of access, rath-
er than on ensuring that intellectual property rights 
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act as an effective incentive for the conservation of 
genetic resources.

Creating the most appropriate balance between 
conservation of genetic resources and intellectual 
property protection primarily revolves around two 
main questions: (i) whether, and to what extent, the 
conservation of biological diversity provides a jus-
tification for IPRs, or their limitations, which goes 
beyond their classic economic justifications; and 
(ii) whether, and to what extent, it is necessary to 
create a sui generis right for traditional ecological 
knowledge. 

This paper examines the interactions between in-
tellectual property rights and the conservation of 
genetic resources at a general level.  This is a desk 
study based on readily available scientific and oth-
er academic literature.

1. Intellectual property rights and the conservation 
of genetic resources in international law and pol-
icy: an overview: There are several international 
instruments and institutions that deal with Intellec-
tual Property Rights and the conservation of genet-
ic resources.  In most cases the general parameters 
are laid out in the text of applicable treaties, how-
ever, debate on the further development of these re-
gimes, and on how they should be interpreted and 
applied, is still ongoing.

1.1. Convention on Biological Diversity (CBD): 
The Convention on Biological Diversity seeks to 
create a holistic legal regime for the genetic, spe-
cies and ecosystem levels of biodiversity with the 
following objectives: 

“The conservation of biological diversity, the sus-
tainable use of its components and the fair and 
equitable sharing of the benefits arising out of the 
utilization of genetic resources, including appro-
priate access to genetic resources and by appropri-
ate transfer of relevant technologies, taking into 
account all rights over those resources and to tech-
nologies, and by appropriate funding”

Achieving these objectives has several implications 
for IPRs and the conservation of genetic resources. 
Among the provisions most relevant to IPRs is the 
general regime on access to genetic resources and 
benefit sharing. In this regime, a framework for 
bilateral negotiations between provider and user 

countries is set forth.  The elements include:

An affirmation of the sovereign rights of States 
over their genetic resources;

The obligation to endeavour to create conditions to 
facilitate access to genetic resources for environ-
mentally sound uses by other Parties;

Where a Party agrees to allow access to its genetic 
resources, this access shall be on mutually agreed 
terms and subject to its prior informed consent 
(PIC).

The only provision of the Convention that relates 
directly to intellectual property rights is stated in 
Article 16, whose title is “Access to and transfer of 
technology”. Article 16(5) states as follows:

The Contracting Parties, recognising that patents 
and other intellectual property rights may have an 
influence on the implementation of this Conven-
tion, shall co-operate in this regard subject to na-
tional legislation and international law in order to 
ensure that such rights are supportive of and do not 
run counter to its objectives.

Notwithstanding this title, the provision itself ap-
pears to apply more generally than only to tech-
nology.  While it suggests that intellectual property 
rights will not be created by the CBD itself, the 
provision does appear to emphasise the need for 
positive action in developing positive synergies be-
tween IPRs and the objectives of the CBD.

CBD Article 8(j), which relates to traditional 
knowledge calls for Parties to respect, preserve and 
maintain knowledge, innovations and practices of 
indigenous and local communities embodying tra-
ditional lifestyles relevant for the conservation and 
sustainable use of biological diversity and promote 
their wider application with the approval and in-
volvement of the holders of such knowledge, inno-
vations and practices and encourage the equitable 
sharing of the benefits arising from the utilization 
of such knowledge innovations and practices. 

Article 11 calls for Parties to adopt economically 
and socially sound measures that act as incentives 
for conservation and sustainable use.  This provi-
sion is linked to the very heart of the relationship 
between IPRs and genetic resources: whether IPRs 
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are a positive or negative incentive for the conser-
vation of genetic resources.

Finally, Article 22(1) is relevant in defining the 
CBD’s relationship to other treaties, including 
those that relate to IPRs.  It provides that the CBD 
does not affect the rights and obligations of any 
Party “except where the exercise of those rights 
and obligations would cause a serious damage or 
threat to biological diversity.”

1.1.1. Key decisions of the CBD COP: The CBD 
COP has taken a number of decisions relating to 
IPRs.  Decision III/17 on Intellectual Property 
Rights called for case studies to be developed on 
the impacts of IPRs on achieving the CBD objec-
tives, including the relationship between IPRs and 
traditional knowledge relevant for the conservation 
and sustainable use of biological diversity.  In par-
ticular, these case studies are to consider the de-
velopment of intellectual property rights, including 
sui generis systems or alternative forms of protec-
tion, consistent with international law that will help 
promote the achievement of the Convention’s ob-
jectives.  Furthermore, the decision called for fur-
ther work to develop a common appreciation of the 
relationship between IPRs, the TRIPS Agreement, 
and the CBD.  

At CBD COP-6, Decision VI/24 on Access and 
Benefit Sharing as Related to Genetic Resources 
was adopted.  It includes the Bonn Guidelines on 
Access to Genetic Resources and Fair and Equi-
table Sharing of the Benefits arising out of their 
utilization and also includes a section on the role of 
intellectual property rights in the implementation 
of access and benefit-sharing arrangements.  

The Decision also lists a number of issues that are 
to be further examined:

Impact of intellectual property regimes on access 
to and use of genetic resources and scientific re-
search; 

Role of customary laws and practices in relation to 
the protection of genetic resources and traditional 
knowledge, innovations and practices, and their re-
lationship with intellectual property rights; 

Consistency and applicability of requirements for 

disclosure of country of origin and prior informed 
consent in the context of international legal obliga-
tions; 

Efficacy of country of origin and prior informed 
consent disclosures in assisting the examination of 
intellectual property rights applications and the re-
examination of intellectual property rights granted; 

Efficacy of country of origin and prior informed 
consent disclosures in monitoring compliance with 
access provisions; 

Feasibility of an internationally recognised certifi-
cate of origin system as evidence of prior informed 
consent and mutually agreed terms; and 

Role of oral evidence of prior art in the exami-
nation, granting and maintenance of intellectual 
property rights.

 1.2. WTO Agreement on the Trade Related As-
pects of Intellectual Property Rights (TRIPS)

The WTO TRIPS Agreement is a global agreement 
that establishes minimum requirements for IPRs.  
It is powerful not only because of its substance, but 
because disputes under it are resolved by the effec-
tive WTO dispute settlement body.

The objectives of the Agreement are to contribute 
to the promotion of technological innovation and to 
the transfer and dissemination of technology, to the 
mutual advantage of producers and users of tech-
nological knowledge and in a manner conducive to 
social and economic welfare, and to a balance of 
rights and obligations.

The agreement establishes several forms of IPRs 
including copyright, trademarks, geographical in-
dications, patents and trade secrets. Of these, pat-
enting is likely to be the most relevant to the con-
servation of genetic resources, although some of 
the other forms of protecting industrial property, 
such as trademarks, geographic indications, and 
trade secrets, could also be relevant. These rights 
are to be enforced by civil penalties and in some 
cases, by criminal penalties.

1.2.1. Other important instruments and institutions 
that deal with IPR’s and the conservation of genetic 
resources:
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i. World Intellectual Property Organisation 

ii. International treaty for Plant Genetic Resources  
    for Food and Agriculture 

iii.Consultative Group on International Agricul             

     tural Research 

2. Negative Linkages between IPR’s and Con-
servation of Genetic Resources: Most papers on 
IPRs and biodiversity focus on claims of nega-
tive impacts of IPRs.  Intellectual property rights 
on biotechnological inventions are meant to be the 
primary incentive for research initiatives based 
on genetic resources. Biotechnological firms use 
various forms of intellectual property protection to 
protect their investments. Whereas pharmaceutical 
firms rely mainly on patents once the drug is dis-
covered, in the case of agricultural varieties, plant 
variety protection and patents are used. To the ex-
tent that they promote biotechnological research, 
intellectual property rights can be linked to the ef-
fects, positive or negative, that the R & D process-
es, as well as the products themselves, have on sus-
tainable use and conservation of genetic resources. 
The responsibility to ensure that the granting of 
intellectual property rights takes into account these 
effects is further compounded by the fact that intel-
lectual property rights are one of the main sets of 
property rights being defined on genetic resources.

A section of the arguments appearing in the liter-
ature focuses on IPRs in the agricultural context, 
while the other emphasises the inability of IPRs to 
adequately protect traditional knowledge against 
misappropriation, mainly in the agricultural and 
pharmaceutical sectors.

It is argued that
i. IPRs promote harmful agro-chemical use
ii. IPRs are an incentive to develop genetically 

modified crops, which may be harmful to bio-
diversity.  

iii. causes the displacement of local varieties and 
land races.

iv. IPRs stifle research and innovation
v. Conventional IPRs do not allow traditional 

communities sufficient protection for products 
based on their knowledge.  

vi. IPR rules do not support placing safeguards 
that would ensure that the access and benefit-
sharing arrangements under the CBD are being 
properly implemented.  

vii. IPRs harm wild ecosystems through harmful 
bio prospecting techniques and encouraging 
the over-harvesting of species.

These arguments suggest that there is valid reason 
for concern about the harmful impacts IPRs may 
have on biodiversity.  

3. Positive Linkages between IPR’s and Conserva-
tion of Genetic Resources
i. IPRs can help attain the objectives set forth in 

Article 1 of the CBD as IPRs can  facilitate the 
transfer of knowledge and technology

ii. IPRs create value in genetic resources and, thus, 
an incentive for conservation

iii. IPRs can promote research in areas of impor-
tance to developing countries, such as their 
medical priorities

iv. IPRs promote biotechnological research which 
will help conserve biodiversity better

Whatever may the arguments be, the fact is that 
there is no data that clearly links IPRs to improved 
conservation of genetic resources.  There is not 
even clear data that places IPRs into an effective 
policy environment to conserve genetic resources.

2. CONCLUSION

Intellectual property rights are private rights. As 
an incentive for innovation, they grant their holder 
the ability to exclude others from certain activities, 
such as using a product or process, for a defined 
period of time. The control afforded by IPR pro-
tection thus enables right holders to limit who can 
use the resource, and so claim the benefits of com-
mercialisation with little competition. The patent 
system contemplated by the TRIPS Agreement, for 
example, allows the holder of a product patent to 
prevent third parties from making, using, offering 
for sale, selling or importing the product.

The scope of the exclusive rights created by IPRs 
defines who can use the information contained in 
genetic resources and so influences the distribu-
tion of the benefits flowing from this use.  In these 
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ways, and others, IPRs will affect who shares in 
the benefits arising from genetic resources, and 
the type of technology developed from genetic re-
sources, with implications for the conservation and 
use of biological diversity. As a result of the value 
associated with IPRs, there is increasing pressure 
by commercial interests to gain intellectual proper-
ty rights over genetic resources. This pressure, and 
the resulting IPR systems, is raising challenges for 
policy-makers who seek to give effect to the objec-
tives of the CBD.

Whether the knowledge, innovations and practic-
es of indigenous and local communities can and 
should be protected by IPR systems remains a con-
troversial issue. What is clear, however, is that to 
remain consistent with the CBD, IPRs should not 
be used to undermine efforts to protect the equi-
table sharing of benefits, and the preservation and 
respect for the knowledge, innovations and prac-
tices of indigenous and local communities.
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ABSTRACT

Bio-security is a set of precautions or an approach that encompasses the policy and regulatory frameworks to 
prevent the introduction and spread of harmful organism (insect pests, pathogen or invasive alien species). It 
analyse relevant risks to human, animal, plant life/health and to the environment. In general “Bio-security is the 
safeguarding of resources from biological threats”. Bio-security advocates a strategic and integrated approach, to 
meet the consumer expectations in relation to the food safety, preventing and controlling relevant risk and zoonotic 
aspects of public health, safeguarding the resources and protecting environment and biodiversity. Globalization 
in the world, ever increasing requirement of food production, adoption of new technologies, legal obligations for 
signatories of relevant international agreements, movement of people across borders increase the incidence of pest 
and disease across the world. Bio-security is a strategic and integrated approach require collaboration, high level 
support across different agencies, their agreement on purpose, scope and process, profile the biosecurity context 
at the country level, assess existing bio-security capacity, describe the desired future situation of bio security, 
identify capacity needed to reach desired future and generate options to address identified needs are the essential 
components for bio security. Changing human ecology and behaviour also contribute to the greater incidence and 
spread of hazards. Due to which public awareness is increasing towards impact of adverse bio-security events and 
interventions. India has a plethora of laws which deal with Bio-security but it needs to be noted that they do not 
stem from an understanding of the term. The pieces of legislation have been enacted with differing objectives and 
public concerns in mind. Plant Protection has significant importance in plant health management and sustainable 
agriculture. Plant protection aims to minimize crop losses or to manage the incidence of insect pests, diseases, 
weeds, nematodes, rodents etc. Enforcement of Destructive Insects and Pests Act (DIP Act, 1914), promotion of 
Integrated Pest Management, implementation of Insecticide Act, 1968, monitoring and control of desert locust in 
the Scheduled Desert Area, providing the information through different trainings are the key role in Plant Protec-
tion. Recently “The Agricultural Biosecurity Bill, 2013” was introduced in Lok Sabha, on March 11, 2013. It con-
tains different chapters related to agricultural bio- security authority, liabilities, powers and functions to regulate 
the Bio-security obligations under international agreements etc. The Bill aims to establish an integrated national 
bio-security system covering plant, animal and marine issues to combat threats of bioterrorism from pests and 
weeds. Developing countries, focusing on to maximum food production to meet the requirement of large number 
of population and to gain maximum profit, in this context if the bio-security program continues to receive inad-
equate attention across people then unaffordable loss to global environment, agriculture and biodiversity would 
take place. Investment of resources and approaches in a systematic manner to establish bio-security program is the 
most effective option to achieve food security goals.

Key words: Biosecurity, invasive alien species, biodiversity, plant protection, phytosanitary.

1. INTRODUCTION

In today’s scenario main focus on to gain maxi-
mum food production by modifying different agri-
cultural practices or by adopting new technologies, 
the introduction and release of living modified or-
ganisms (LMOs) and their products (e.g. genetical-
ly modified organisms or GMOs) as are resulting 
in greater incidence of diseases, spread of insect 

pests and hazards to public, animal, plant health, 
economy and food security. To prevent or manage 
the risks to plant health and to protect the environ-
ment, there is requirement for the development of 
a tool to manage this risk. In doing so, bio-security 
is an essential element to overcome this problem 
and direct relevance to sustainable agricultural de-
velopment. In other words, bio security is a set of 
precautions or an approach that encompasses the 
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policy and regulatory frameworks to prevent the 
introduction and spread of harmful organisms have 
relevant risks to human, animal, plant life/health 
and environment. The strategic and integrated ap-
proach of bio security provides a regulatory frame-
work in association with higher authorities and 
policies to provide safety of food supply, prevent 
the zoonotic aspects of public health, ensure the 
sustainability of agriculture, and safeguard the ter-
restrial, freshwater and marine environments and 
biodiversity. 

Globalization in the world, ever increasing require-
ment of food production, adoption of new technol-
ogies, legal obligations for signatories of relevant 
international agreements, movement of people 
across borders increase the incidence of pest and 
disease across the world. Thus, biosecurity is a ho-
listic concept of direct relevance to the sustainabil-
ity of agriculture, food safety, and the protection of 
the environment, including biodiversity. It encom-
passes the concept of biosafety which is the term 
used to describe policies and procedures adopted 
to ensure the environmentally safe application of 
modern biotechnology. The recent advancements 
in biotechnological products derived from the use 
of recombinant DNA technology has led to global 
concern on biosafety issues. 

1.1. Need for Biosecurity in Trade and Exchange 
Programmes: The introduction of pests into a new 
locality is brought about in various ways namely: 
(a) the host may be the carrier; (b) inert materials 
such as packing material may carry resting stages 
of the organism; (c) insect vectors and birds may 
transport it; (d) air currents may carry the pest over 
long distances; or (e) there may be deliberate, il-
legal introductions to use them as bioweapons. The 
first two modes of distribution lend themselves to 
curtailment by quarantine measures. The next two 
are by and large beyond human control and are a 
major limitation in the control of pest by exclusion. 
A different degree of alertness and preparedness is 
required for the last category. 

The global trade in agricultural commodities and 
transboundary movement of genetic resources of 
plants and animals has led to situations in the past 
which warranted legislative measures to regulate 

such trade/ exchange. Plant quarantine is the gov-
ernment endeavour enforced through legislative 
measures to regulate the introduction of planting 
materials, plant products, soil, living organisms, 
etc. in order to prevent inadvertent introduction 
of pests (including fungi, bacteria, viruses, nema-
todes, insects and weeds) harmful to the agricul-
ture of a country/ state/ region, and if introduced, 
prevent their establishment and further spread. The 
devastating effects resulting from diseases and 
pests introduced along with international move-
ment of planting material, agricultural produce and 
products are well documented.

The historical Irish famine of 1845, caused by late 
blight of potato introduced from Central America; 
coffee rust introduced in Sri Lanka in 1875 and its 
subsequent introduction in India in 1876; fluted 
scale on citrus introduced from Sri Lanka in 1928; 
San Jose scale in apple introduced into India in 
1930s; bunchy top of banana introduced from Sri 
Lanka in 1943; the dreaded Golden nematode in-
festing potatoes introduced in 1960s from the UK 
and the noxious weed Lantana camara introduced 
in 1809 from Central America are glaring exam-
ples that clearly demonstrate that introduction and 
establishment of quarantine pests including weeds 
into new areas can severely damage the crop pro-
duction and economy of a region/country. 

After the Second World War, FAO convened an 
International Plant Protection Convention (IPPC) 
in 1951, to which India became a party in 1956 
along with Australia, Sri Lanka, UK, the Nether-
lands, Indonesia, Portugal and Vietnam. At present, 
there are more than 160 signatory members of the 
IPPC. The IPPC aims to develop international co-
operation among various countries to prevent the 
introduction and spread of regulated pests that may 
accompany international movement of plants and 
planting material (http://www.ippc.org). The IPPC 
requires that each country establish a national plant 
protection organization to discharge the functions 
specified by it.

1.2. Ensuring Biosecurity during Trade and Ex-
change: National Scenario: The Government of 
India legislated the Destructive Insects and Pests 
(DIP) Act in 1914. This Act has been amended 
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through various notifications issued from time to 
time and also has provision for domestic quaran-
tine to restrict the movement of certain planting 
material from one state to another state. In 1984, 
a notification was issued under this Act, namely 
Plants, Fruits and Seeds (Regulation of Import into 
India) Order popularly known as the PFS Order 
which was revised in 1989 after the announce-
ment of the New Policy on Seed Development by 
the Government of India in 1988, proposing major 
modifications for smooth quarantine functioning. 
This order has now superceded by the Plant Quar-
antine (Regulation for Import into India) Order 
2003 as there was an urgent need to fill the gaps in 
the existing PFS order regarding import of germ-
plasm/ genetically modified organisms (GMO’s)/ 
transgenic plant material/ biocontrol agents, etc. to 
fulfill India’s legal obligations under the interna-
tional Agreements.

Under this order, the need for incorporation of ad-
ditional/ special declarations for freedom of import 
commodities from quarantine and invasive alien 
species (IAS), on the basis of standardized pest 
risk analysis(PRA), particularly for seed/ planting 
materials is also taken care of.The other salient fea-
tures of the order include, prohibition on import of 
commodities with weed/ alien species contamina-
tion as per Schedule VIII; and restriction on im-
port of packaging material of plant origin unless 
treated. Besides, the agricultural imports have been 
classified as: (a) prohibited plant species (Sched-
ule IV); (b) restricted species where import is per-
mitted only by authorized institutions (Schedule 
V); (c) restricted species permitted only with ad-
ditional declarations of freedom from quarantine/ 
regulated pests and subject to specified treatment 
certifications (Schedule VI); and (d) plant material 
imported for consumption/ industrial processing 
permitted with normal Phytosanitary Certificate 
(Schedule VII). So far, i.e., till February 2007, ten 
amendments of the Plant Quarantine (PQ) Order 
2003 have been notified to the WTO, with revised 
requirements for crops under the Schedules V, VI 
and VII, of which Schedule VI and VII now include 
411 and 284 crops/ commodities, respectively. Is-
sues related to IAS and GMOs are covered under 
the Environment Protection Act (EPA) 1986 but it 

does not state in clear terms the modality for re-
striction and prohibition of their potential threats to 
the environment.

1.3. Background Analysis of the Agricultural Bi-
osecuirty Bill, 2013: The Agricultural Biosecurity 
Bill, 2013 was introduced in the Lok Sabha on 11 
March, 2013. Over the years, systems have been 
developed and put in place for protection of plant, 
animal and marine health. The Directorate of Plant 
Protection, Quarantine and Storage (DPPQ&S) in 
the Department of Agriculture and Cooperation 
(DAC), through its 35 plant quarantine stations, en-
forces plant quarantine regulations stipulated in the 
Plant Quarantine (Regulation of Import into India) 
Order, 2003 issued under the Destructive Insects 
and Pests Act, 1914. The Directorate has also been 
implementing Integrated Pest Management (IPM) 
as the main strategy for plant protection since 1985 
through 31 Central Integrated Pest Management 
Centres (CIPMCs). Under the Livestock Importa-
tion Act, 1898, the import of livestock and livestock 
products is regulated through international ports 
at Delhi, Mumbai, Kolkata and Chennai. Land-
border check-post at Petrapole (West Bengal) and 
sea-ports at Kochi and Vishakhapattinam under 
the Department of Animal Husbandry, Dairying 
and Fisheries (DAHD&F) regulate the import of 
aquatic animals. 

The Core Group constituted by Department of Ag-
riculture and Cooperation in 2008 pointed out that 
the Destructive Insects and Pests Act, 1914 and the 
Livestock Importation Act, 1898 are age old legis-
lations and are subsidiary to the Customs Act, 1962 
which does not give direct powers to the quaran-
tine officers to deport or destroy or confiscate the 
consignment or lodge complaints under the Indian 
Penal Code. Inadequate or obsolete definitions in 
these Acts need to be updated. Adequate provisions 
for regulating plants, livestock and aquatics and 
powers for inspecting transport vehicles and sei-
zure and destruction of infested or infected plants 
and livestock or their products have to be incorpo-
rated. Punishment or penalty on the importers or 
custom house clearing agents or other defaulters 
for violation of provisions of the legislation has 
to be provided. Provisions for effective domestic 
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quarantine have to be incorporated. The enabling 
legislation for the proposed biosecurity authority 
would have to be enacted. 

The existing systems of the country need major 
changes to meet the emerging challenges of agri-
cultural biosecurity through policies and techno-
logical capabilities to prevent, detect, and respond 
to threats of pests & diseases. An integrated ap-
proach towards agricultural biosecurity would not 
only increase the national capacity to protect hu-
man health, agricultural production and livelihoods 
and safeguard the environment, but also equip the 
country to meet obligations under international 
trade and sanitary and phytosanitary agreements in 
food and agricultural products. Agricultural bios-
ecurity is an essential element of sustainable ag-
ricultural development. The National Commission 
on Farmers (NCF) has recommended developing a 
National Agricultural Biosecurity System charac-
terized by high professional, public, and political 
credibility through integration of plant, animal and 
fish management systems on biosecurity based on 
risk analysis and management. It has also recom-
mended establishment of synergies in requirements 
of international agreements and national regula-
tions across these sectors to avoid duplication of 
resources. 

The National Policy for Farmers (2007) has iden-
tified strengthening the biosecurity of crops, farm 
animals, fish, and forest trees for safeguarding the 
livelihood and income security of farmer families 
and the health and trade security of the nation as a 
major policy goal.In a harmonized and integrated 
system, various authorities would work together 
towards the common goal of agricultural biosecu-
rity utilizing expertise from various organizations 
under the Ministries of Agriculture, Commerce 
and Industry, Defence, Environment and Forests, 
Health and Family Welfare, Home Affairs, Rural 
Development and Science and Technology. 

1.4. Highlights of the Bill: The Bill establishes the 
Agricultural Biosecurity Authority of India (ABAI) 
to protect plants, animals and related products from 
pests and diseases to ensure agricultural biosecu-
rity.

ABAI will regulate imports and exports of plants 
and animals, as well as their inter-state movement. 
Imports and exports of plants and animals shall 
only be allowed if they are issued permits by the 
respective authority in the originating country or 
by ABAI, respectively.

ABAI will also conduct surveillance of pests and 
diseases in the country, undertake pest risk analy-
sis, and interact with research institutes and state 
governments on plant and animal protection.

ABAI may notify quarantine pests. It may also de-
clare an area as a controlled area if it is suspected 
of being infested with pests. It shall communicate 
the measures to be taken by the state government.

If a state government fails to take the required mea-
sures, ABAI can take necessary steps to eradicate 
or contain a quarantine pest in a controlled area. 
The state government shall reimburse ABAI with 
the costs incurred for such purposes.

The central government may declare a biosecurity 
emergency on the recommendation of ABAI in 
case of a pest or disease outbreak.

ABAI shall discharge international obligations un-
der various international trade, sanitary and phyto-
sanitary agreements.

1.5. Key Issues and Analysis: 

Currently, import, export, quarantine, and the in-
ter-state spread of plant and animal diseases are 
regulated by various entities under different laws. 
These functions will be subsumed under the pro-
posed ABAI.

Other countries have established biosecurity sys-
tems similar to the one proposed under the Bill. 
Most of them have established national authorities 
that regulate imports, exports, quarantine and inter-
state movement of plants and animals.

The Standing Committee examining the Bill rec-
ommended a higher representation of states in 
ABAI. It also recommended removing the require-
ment for states to reimburse ABAI for measures 
taken by it to contain a quarantine pest or disease.

1.6. Key Features :  The Bill establishes the Agri-
cultural Biosecurity Authority of India (ABAI) to 
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regulate plant health, animal health, marine protec-
tion, and agriculturally important micro-organisms. 
ABAI seeks to safeguard the country’s agricultural 
biosecurity by regulating the movement of plants 
and animals into, from and within the country. 

1.7. Functions of Agricultural Biosecurity Author-
ity of India : 

The functions of ABAI include: (i) regulating the 
import and export of plants, animals and related 
products to prevent the introduction of quaran-
tine pests; (ii) implementing post-entry quarantine 
measures; (iii) regulating the inter-state spread of 
pests and diseases relating to plants and animals, 
(iv) undertaking surveillance of pests and diseases, 
and (v) regulating the import of transgenic materi-
als for biosecurity issues. 

ABAI will act as the national organisation to dis-
charge obligations to ensure plant and animal health 
under the International Plant Protection Conven-
tion and the Office International des Epizooties. 
These agreements require each member country to 
establish national organisations to conduct surveil-
lance of plants and animals; prevent the outbreak 
of diseases; and coordinate with other countries to 
prevent outbreaks. 

1.8. Composition of ABAI :  ABAI shall be head-
ed by a Director General, appointed by the central 
government, and comprise 20 members. The mem-
bers shall be a mix of experts in plant and animal 
protection from organisations such as the Indian 
Council of Agricultural Research and the Food 
Safety and Standards Authority of India, and repre-
sentatives from various ministries such as agricul-
ture, forestry, and biotechnology.

ABAI shall appoint technically qualified persons 
as Designated Officers to implement the Act. They 
shall be empowered to search and seize goods, stop 
distribution, and order the treatment of plant or ani-
mal diseases. 

1.9. Imports and exports : Imports of plants, ani-
mals, and plant or animal products shall only be 
allowed if they have been issued permits by ABAI. 
They shall also require sanitary or phytosanitary 
(relating to the health of animals and plants, re-
spectively) certificates from the respective author-

ity in the countries of origin and re-export. 

Exports of the above products shall only be al-
lowed in cases where an officer of ABAI has is-
sued a sanitary or phytosanitary certificate. Such a 
certificate will be necessary only if the country of 
destination requires it. 

The Customs Act, 1962 will also apply to plant and 
animal imports, which are prohibited and require 
permits from ABAI. 

An officer may require an owner to remove a prod-
uct from India within 30 days, if it was imported 
in contravention of the Act. If the owner fails to do 
so, the officer may seize the product and destroy it. 

1.10. Procedure to manage diseases and quarantine 
pests : 

A person may not possess or move plants or ani-
mals if he believes them to be carrying a quarantine 
pest. 

 If a person becomes aware of the existence of quar-
antine pests or plant or animal diseases in an area, 
he is required to provide information immediately.

 ABAI may notify any pest to be a quarantine pest. 
It can also notify an area to be a controlled area if 
it suspects that the area is infested or infected with 
a quarantine pest.

 ABAI shall communicate the quarantine measures 
that the state government shall implement in a con-
trolled area. Such measures include the treatment, 
disposal of plants, animals, and ways to control 
their spread.

 ABAI can take necessary steps for the eradication 
or containment of a quarantine pest in a controlled 
area, if a state government fails to take the required 
measures. The state government shall reimburse 
ABAI with the costs incurred for such purposes. 

1.11. Biosecurity emergencies : 

ABAI may recommend to the central government 
to declare a biosecurity emergency in an area in 
case of an outbreak of a pest or organism, which 
has the potential to cause a significant loss to bios-
ecurity. The declaration shall cease to have effect 
after six months unless revoked earlier. 
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During the biosecurity emergency, the central 
government may direct ABAI to implement mea-
sures to manage or eradicate the harmful organism. 
ABAI may notify a scheme for the management or 
eradication of such an organism, with the prior ap-
proval of the central government. 

1.12. Grievance redressal and penalties: 

Persons aggrieved by any order of the Designat-
ed Officer, may appeal to the central government 
within a period of 30 days of the order. The centre 
may revise the order within the specified time pe-
riod. 

 ABAI may award a reasonable compensation to a 
person for loss or damage to non-infested plants, 
animals or related products incurred by him as a 
result of any sanitary or phytosanitary measures.

 Penalties have been specified for interfering with 
seized items, providing false information, ob-
structing Designated Officers, and contraventions 
in relation to imports and exports. The penalty for 
these offences is imprisonment ranging from three 
months to two years and a fine between Rs 1 to 2 
lakh. The punishment for subsequent offences has 
also been specified.

In addition to the above activities, ABAI will also 
hold other responsibilities. These include: (i) regu-
lating the introduction of new or beneficial organ-
isms; (ii) undertaking surveillance of plant and 
animal pests and diseases and pest risk analysis; 
(iii) interacting with research institutes and state 
governments on plant and animal quarantine; and 
(v) regulating the import of transgenic materials. 

1.13. Comparison of biosecurity systems across 
countries: Other countries have implemented bios-
ecurity systems similar to the one proposed under 
this Bill. Australia, the United States, China and 
New Zealand have established national authori-
ties that function under the oversight of central 
government departments.4 As is with ABAI, these 
authorities manage biosecurity issues through an 
integrated system, regulating the import and export 
of plants and animals, their inter-state movement, 
and quarantine measures in the country. In addi-
tion, the Australian authority also provides for the 
quarantine of human beings to prevent the spread 

of infectious diseases. 

1.14. Recommendations of the Standing Commit-
tee 

The Standing Committee examining the Bill made 
some recommendations: 

Representation of states in the Authority: ABAI 
should have at least one representative from states 
in each region of the country rather than only three 
state representatives. Provisions should also be 
made to include a member from a state where there 
has been an outbreak of a pest or disease. 

Costs recovered from state governments: ABAI 
can recover costs for measures taken by it, from 
states that fail to take measures in a controlled 
area. The Committee recommended deleting this 
provision because it may dis-incentivise state gov-
ernments from proactively reporting outbreaks of 
pests to ABAI. 

Duty to inform ABAI regarding existence of pests: 
The Committee recommended that the Bill specify 
that ABAI is the authority that individuals should 
inform once they become aware of the existence of 
a quarantine pest/disease of a plant or animal. 

Bar on jurisdiction of civil courts: Under the Bill, 
civil courts do not have jurisdiction on matters 
under the purview of ABAI or the central govern-
ment. The Committee noted that this provision may 
be unconstitutional in its current form and recom-
mended amending the Bill to allow for courts to 
intervene on all matters except technical decisions 
of ABAI. 

1.15. Developing a Comprehensive Strategy:  De-
veloping countries, focusing on to maximum food 
production to meet the requirement of large num-
ber of population and to gain maximum profit, in 
this context if the bio-security program continues 
to receive inadequate attention across people then 
unaffordable loss to global environment, agricul-
ture and biodiversity would take place. Investment 
of resources and approaches in a systematic man-
ner to establish bio-security program is the most 
effective option to achieve food security goals.

In the light of various issues as highlighted above, 
a holistic concept to address the issue of biosecu-
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rity needs to be evolved. Internationally, the Agree-
ment on the Application of Sanitary and Phytosani-
tary Measures of the WTO, governs SPS measures 
in relation to international trade. The Codex Ali-
mentarius Commission (Codex), the IPPC and the 
Office International des Epizooties (OIE) provide 
international standard for food safety, plant health, 
and animal health, respectively. Further, the Carta-
gena Protocol of the Convention on Biological Di-
versity (CBD applies to the transboundary move-
ment, transit, handling and use of Living Modified 
Organisms (LMOs). 

Guidelines on the management of invasive alien 
species have been developed under the SBSTTA 
(Subsidiary Body on Scientific, Technical and Tech-
nological Advice) of CBD. This group of interna-
tional agreements, organizations and programmes 
are part of a loose international framework for bi-
osecurity, and reflect the sectorial approach to reg-
ulate this area. It is also clear that under the present 
international scenario, the plant protection special-
ists have a major role to play not only in promoting 
and facilitating export and import in the interest of 
the irrespective nations but also in protecting the 
environment from the onslaughts of invasive alien 
pests and unforeseen ill-effects of the introduction 
and trading in GMOs.

Besides, the threat to national biosecurity from the 
use of such instruments as bioweapons to create 
agro-terrorism is a possibility that requires pre-
paredness. It is because of these reasons that the 
FAO has    recognized the growing importance of 
biosecurity, and has included it as one of its six-
teen Priority Areas for Inter-disciplinary Action. 
Biosecurity was also included in the Medium Term 
Plan which aims at “promoting, developing and 
reinforcing policy and regulatory frameworks for 
food, agriculture, fisheries and forestry” (http://
www.fao.org.COAG/2003/9.htm). At the national 
level efforts are being made for the development 
of a coherent biosecurity strategy for the country. 
The holistic approach to ensure biosecurity seeks 
to use the synergies of various existing sectors at 
the national level, without necessarily creating new 
structures. It further recognizes the need for inte-
gration of various aspects of biosecurity and the in-
stitutions involved. For a biosecure India, what we 

need is a synergy of expertise from various orga-
nizations under the Ministries of agriculture, envi-
ronment and forests, food, science and technology, 
home affairs, commerce and industry and defence. 
More so, we need the political will.

2. REFERENCES

56th report presented by committee on agricul-
ture (2013-2014) to 15th Lok Sabha available 
on http://www.prsindia.org/uploads/media/
Agricultural%20Biosecurity/SCR%20Agricul-
tral%20Biosecurity%20Bill%202013.pdf

FAO. (2007). FAO Biosecurity tool kit. FAO Rome 
(available at: www.fao.org/docrep/010/a1140e/
a1140e00.htm) 

Gupta, Kavita. and Khetarpal, R.K. (2004). Con-
cept of Regulated Pests, their Risk Analysis and 
the Indian Scenario, Annual Review of Plant 
Pathology, 3: 409-441.

Gupta, Kavita. and Khetarpal, R.K. (2004). Con-
cept of Regulated Pests, their Risk Analysis and 
the Indian Scenario, Annual Review of Plant 
Pathology, 3: 409-441.

Gupta, Kavita, Ashok Gaur. and Khetarpal, R.K. 
(2005). “Role of Regulatory Measures in Con-
trolling Spread of Plant Pests,” in Amerika Singh, 
O. P. Sharma and D. K. Garg (eds.): Integrated 
Pest Management: Principles and Application. 
New Delhi: CBS Publishers and Distributors. I: 
48-69

Khetarpal, R.K. and Gupta, K. (2005). Status of 
Plant Protection in India in the wake of Interna-
tional Agreements, Indian Journal of Plant Pro-
tection. 33: 153-163.

Khetarpal, R.K., Gupta, Kavita., Dev, Usha. and 
Joshi, Nidhi. (2006). “Plant Biosecurity in In-
dia- Status and Strategy”. Discussion meeting 
on Setting up a National Agenda for Biosecurity 
during November 23-24, by Ministry of Agri-
culture, at NIAS, Bangalore.

The Agricultural Biosecurity Bill. (2013). Bill No. 
31. Loksabha,http://www.prsindia.org/uploads/
media/Agricultural%20Biosecurity/Agricul-
tural%20Biosecurity%20Bill,%202013.pdf



Perspectives on Biodiversity of India Vol. II. Part 2

282

INDIAN LEGISLATION ON BIODIVERSITY AND ISSUES RELATED TO PLANT 
GENETIC RESOURCES FOR FOOD AND AGRICULTURE

VandanaTyagi*, Pratibha Brahmi and Anitha Pedapati
National Bureau of Plant Genetic Resources (NBPGR), New Delhi-110012

*Email: vtyagi@nbpgr.eret.in

ABSTRACT

Biological resources offer enormous opportunity for better food and nutritional security, apart from economic 
growth, potential stability, health and sustainable environment. These resources were freely exchanged amongst 
countries as they were regarded as a common heritage of mankind. However the concept changed with the ad-
vent of Convention on Biological Diversity (CBD) which entered into force in 1993 and sovereign rights over 
the biological resources were highlighted.  Though sovereign rights regulate the flow of biological resources but 
perceived as restricted exchange or limited exchange. Plant Genetic Resources (PGRs)  a significant part of our 
biological wealth which are essential for food and nutritional security  for the ever-growing world population are 
continually exchanged for utilization in various crop improvement programs amongst countries as every nation 
is interdependent on other for sources of PGR. Accessing diverse germplasm hence plays a very important role in 
international collection and exchange of germplasm.  India in response to CBD enacted national legislation as Bio-
logical Diversity Act (BDA), 2002 and established the National Biodiversity Authority (NBA) in 2003. Accessing 
plant genetic resources is thus regulated by the provisions of BDA, 2002. BDA however does not differentiate 
between biological resources and plant genetic resources which are of utmost importance for food and nutritional 
security and sustainable agriculture.   

India has also ratified the International Treaty on Plant Genetic Resources for Food and Agriculture (ITPGRFA), 
2001 and obliged to provide facilitated access to plant genetic resources for food and agriculture (PGRFA) to all 
member countries for the crops mentioned in Annex 1 of ITPGRFA for the purpose of utilization and conserva-
tion for research, breeding and training. Many issues are therefore raised on accessing PGRFA from India. Hence, 
BDA needs to be implemented in synergy with ITPGRFA. Specific provisions may be included/ revised/amended 
for accessing PGRFA which are beyond their origin/sovereignty (In trust material, collections with CG Centres)   
and very much essential for food security and sustainable agriculture. Such PGRFA should be offered special 
treatment. India has also ratified Nagoya Protocol (NP) on Access and Benefit Sharing (ABS) and is one of the 
countries already having domestic measures in place on ABS. NP recalls and recognises the Multilateral System 
of Access and Benefit-sharing established under the ITPGRFA in the context of poverty alleviation and climate 
change and acknowledges the fundamental role of Treaty and FAO Commission on Genetic Resources for Food 
and Agriculture in harmony with the Convention Implementation of NP can be undertaken through BDA and no 
amendment to the Act is necessarily required. However, some issues in the Protocol are not covered by BDA such 
as user country measures. The protocol provides for a strong basis for greater legal certainty and transparency for 
both providers and users of genetic resources. 

Key words: Access, biological diversity act, ITPGRFA, nagoya protocol, PGRFA
1. INTRODUCTION

Genetic resources have undeniable interdepen-
dence between countries and continents. Even 
biodiversity rich regions depend for more than 
30% of their food production on crops originat-
ing from other countries and this interdependence 
plays a very important role in international collec-
tion and exchange of germplasm (Cooper, 1994). 
Access to diverse and superior germplasm is thus 

an important concern among all nations. Access 
to exotic germplasm has enriched the Indian ag-
riculture since times immemorial. It is, therefore, 
clear that the plant wealth of various nations is, to 
a large extent, the result of plant introductions for 
several centuries. Travelers, settlers, traders, invad-
ers, explorers, pilgrimists and naturalists played 
an important role in accessing the germplasm re-
garded as introduced germplasm. The National Bu-
reau of Plant Genetic Resources (NBPGR) is the 
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nodal institution at national level for management 
of Plant Genetic Resources (PGR) in India under 
the umbrella of the Indian Council of Agricultural 
Research (ICAR), New Delhi. The Bureau after its 
creation in 1976 developed a very strong Indian 
Plant Germplasm Management System which op-
erates in a collaborative and partnership mode with 
other organizations. The system has contributed 
immensely towards safeguarding the indigenous 
crop genetic resources and introducing the useful 
PGR from other countries for enhancing the agri-
cultural production and productivity in the coun-
try. India being one of the gene-rich countries of 
the world faces a unique challenge of protecting 
its natural heritage and evolving suitable mutu-
ally beneficial strategies for germplasm exchange 
with other countries.  The unrestricted availability 
of germplasm especially from ex situ collection of 
CGIAR centres has helped most countries includ-
ing India to strengthen their crop improvement 
programmes. India has benefited tremendously by 
importing germplasm varieties and even new crop 
species from other countries, which have improved 
our agricultural productivity and led to diversifica-
tion of crop species and other countries too have 
benefitted from such access.
In India, the quest for new genes was proposed by 
the noted scientist late Dr. B.P. Pal in his paper on 
“Search for New Genes” (Pal, 1937). He clearly 
stated that plant introductions and explorations 
for new genes are the important features of agri-
cultural research. This should be followed by the 
proper characterization and evaluation of germ-
plasm for useful characters. Any neglect in these 
activities may mean greater human dependence on 
a few plant species that may result in further loss of 
diversity. The concerns regarding acquisition and 
management of diverse germplasm have assumed 
greater significance in the present times. The genes 
found in the cultivated species and even in largely 
untapped wealth of undomesticated plants, pro-
vide the very basis of food and nutritional security. 
Contribution of dwarfing and other genes in wheat 
and rice is well known. There are several examples 
where epidemics/epiphytotics in crops have been 
successfully tackled by using genes from wild and 
other related germplasm. 

Over the years, India has developed sound and sci-
entific management regimes for ex situ conserva-
tion and access to its genetic resources (Dhillon 
and Saxena, 2003). Groups of institutions, scien-
tific societies, non-governmental organizations are 
addressing the task with NBPGR, New Delhi, as 
the nodal agency for its coordination. It aims at ef-
ficient management of plant genetic resources by 
providing convenience of access to the various crop 
improvement programmes. It also encompasses the 
National Genebank Network.

The National Genebank Network consists of the 
National Genebank at NBPGR, New Delhi, pri-
marily responsible for conservation of germplasm 
on long-term basis. The 10 regional stations of NB-
PGR and facilities, in different agro-climatic zones 
of the country and the 57 National Active Germ-
plasm Sites (NAGS) are the integral component of 
the network.  The NAGS are based at the premier 
institutes for specific crops or crop groups and are 
entrusted with the responsibility of multiplication, 
evaluation, conservation of active collections and 
their distribution to users both at national and in-
ternational levels. Various other National institutes, 
All India Coordinated Crop Research Projects, 
State Agricultural Universities, International Agri-
cultural Research Centres involved in conservation 
and use of PGR and other stakeholders are also ef-
fectively linked to the network.

The major components of the National Genebank 
include the seed genebank, field genebank, cryo 
genebank and the in vitro genebank. The ex situ 
seed genebank at NBPGR comprises 12 long-term 
modules (total capacity: 1 million accessions) 
maintained at -180C for housing the base collec-
tions. The active collections are distributed in 22 
medium-term modules maintained at 40C for stor-
ing germplasm at active sites.  At present, the 
genebank holds over 4.2 lakhs accessions. The 
accessions held in the long-term storage for 10 or 
more years are monitored for their viability, seed 
quantity etc. as per the genebank standards. Ac-
cording to the monitoring results the samples/lots 
registering viability below the specified standards 
are sent for regeneration at the NAGS. The cryo 
bank facility in the National Genebank has acces-
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sions of varied germplasm of orthodox, intermedi-
ate and recalcitrant seed species and also of pollen 
of samples. The in vitro gene bank conserves crops 
of importance that cannot be stored as seeds. These 
are maintained under short- to medium-term stor-
age periods. These include tuberous and bulbous 
crops, tropical fruits species, spices and industrial 
crops, medicinal and aromatic plants species. The 
cultures are maintained at standardized tempera-
tures and day legths and are sub-cultured after 4 to 
24 months’ intervals. 

In view of the ever increasing need for germplasm 
exchange, there is a need to collaborate at local, 
regional and international levels for the acquisi-
tion and conservation of the germplasm. In the last 
decade of the 20thcentury with the advent of Con-
vention on Biological Diversity (CBD), paradigm 
policy shift was witnessed when these biological 
resources shifted from “Heritage of Mankind” to 
“Sovereign rights to Nation”. CBD entered into 
force in 1993, adopted during the Rio Earth Sum-
mit of the United Nations. It was the first legally 
binding institutional mechanism, providing for 
conservation and sustainable use of all biological 
diversity and intends to establish the process of the 
equitable sharing of benefits arising out of the use 
of biodiversity. 194 countries are party to the Con-
vention. The CBD reaffirms national sovereignty 
over genetic resources and stressed access to bio-
logical resources rests with the national govern-
ments and is subject to National legislation.

1.1. Convention on Biological Diversity (CBD):  
Convention on Biological Diversity (CBD) is 
widely adopted UN agreement in the background of 
increased threat to genetic resources by the devel-
opments in biotechnology. Accordingly, patents on 
genetic material needto be consistent with the CBD 
and resources are acquired legally. Thus country of 
origin and proof of PIC together known as disclo-
sure issues are needed to be indicated in patent ap-
plications.  CBD has therefore, regulated the flow 
of germplasm between the nations. The objectives 
of CBD are to conserve biological diversity; to use 
biological diversity in a sustainable manner and to 
share the benefits of biological diversity fairly and 
equitably.  CBD recognizes national sovereignty 

over genetic resources and stipulates that access 
to genetic resources be subject to “prior informed 
consent” (PIC) and carried out on “mutually agreed 
terms” (MAT). Prior Informed Consent (PIC) is an 
instrument that user has received informed con-
sent from provider prior to accessing a particular 
resource. MAT is an element that needs to be ne-
gotiated between users and providers of genetic re-
sources and associated traditional knowledge.

1.2. Provision of the Biological Diversity Act 
2002 and Implication on Access: Under the provi-
sions of the Convention on Biological Diversity 
(CBD), Government of India enacted legislation 
called Biological Diversity Act (BDA), 2002 and 
also notified the Biological Diversity Rules, 2004. 
The objectives of the Biological Diversity Act are 
to provide for conservation of biological diversity, 
sustainable use of its components and fair and eq-
uitable sharing of benefits arising out of the use of 
biological resources, knowledge and for matters 
connected therewith or incidental there to. It also 
confirms that it is considered necessary to provide 
for conservation, sustainable utilization and equi-
table sharing of benefits to give effect to the CBD. 
For the purpose of the Act, National Biodiversity 
Authority is established and the Authority regu-
lates conservation and access to biological diversi-
ty for sustainable utilization and equitable sharing 
of benefits arising out of the utilization of biologi-
cal resources.

As per section 3 of the Act, no person from out-
side India or a body corporate, association, orga-
nization incorporated or registered in India hav-
ing non -Indian participation in its share capital or 
management, can access any biological resources 
or knowledge associated, for research, commer-
cial utilization, bio-prospecting or bio-utilization, 
without prior  approval of National Biodiversity 
Authority (NBA).As per section 5 of BDA, 2002, 
exchange of germplasm for research under the 
bilateral agreements/ Collaborative projects are 
however exempted which confirm to the policy 
guidelines  issued by the Central Government or 
approved by the Central Government.

The person  who shall be required to take the ap-
proval of the National Biodiversity Authority are 
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the following, namely: (a) a person who is not a 
citizen of India;(b) a citizen of India, who is a non-
resident as defined   in clause   (30) of section 2 
of the Income tax Act, 1961; (c) a body corporate, 
association or organization- (i) not incorporated 
or registered in India; or (ii) incorporated or reg-
istered in India under any law for the time  being  
in force which has any non Indian participation in 
its share capital or management All such persons 
or organizations seeking approval of the Authority 
(NBA, India) for access to biological resources and 
associated knowledge for research or for commer-
cial utilization shall  apply in the prescribed form.

As per the exemption provided for collaborative 
research projects in Section 5 of the Biological Di-
versity Act, access to biological resources or plant 
genetic resources is recommended by the com-
mittee constituted for the purpose at NBPGR and 
with the approval of Department of Agricultural 
Research and Education which functions under the 
Ministry of Agriculture. For access by non –Indian 
entity as defined in section above prior approval of 
National Biodiversity Authority is mandatory.

CBD though aimed at protecting and conserving 
biological resources, did not categorized the nature 
of biological resources and  does not differentiate 
between biological resources and plant genetic re-
sources which are of utmost importance for food 
and nutritional security and sustainable agriculture.  
The special nature of Plant Genetic Resources for 
Food and Agriculture (PGRFA) and interdepen-
dency of countries on PGRFA is well recognized.  
These PGRFA are very important for food secu-
rity and no country is self-sufficient in terms of 
PGRFA.

PGRFA are dependent on human interventions for 
constant development. A large number of resources 
contribute to a single commercial variety. These 
resources generally originate at different locations 
across nations. Access to a wide range of PGRFA 
and related information is crucial for sustainable 
agriculture and food security. A need was thus felt 
to have a special treatment for these PGRFA which 
are very essential and crucial for the sustainable 
utilization and food security and on the universal 
principle of PGR being the heritage of mankind. 

These need to be consequently available without 
restriction. The FAO in 1983 adopted a non-bind-
ing International Undertaking on Plant Genetic Re-
sources (IUPGR) with the objective to ensure that 
PGR are of economic and / or social interest partic-
ularly for agriculture, shall be explored, preserved, 
evaluated and made available for plant breeding 
and research purposes.  FAO Commission on Ge-
netic Resources for Food & Agriculture (CGRFA) 
monitored the implementation of IUPGR. The 
IUPGR was later adopted as legally binding In-
ternational Treaty on Plant Genetic Resources for 
Food and Agriculture (ITPGRFA) which was  ne-
gotiated as a direct response to CBD in 200. The 
Treaty entered into force in 2004 to facilitate ac-
cess to PGRFA in harmony with CBD, through an 
efficient mutually agreed multilateral system of ac-
cess and benefit sharing. Access under the Treaty is 
only for research, breeding and training and not for 
chemical, pharmaceutical, nonfood/feed industrial 
use. No Intellectual Property rights can be claimed 
on the material received from the multilateral sys-
tem that limits the facilitated access to PGRFA/ge-
netic parts or components.

1.3. International Treaty of Plant Genetic Re-
sources for Food and Agriculture (ITPGRFA): 
The Treaty was adopted by the FAO Conference 
on 3rd Nov. 2001 and entered into force on June 
29, 2003. This is a comprehensive international le-
gally binding agreement and   aims to guarantee the 
future availability of the diversity of plant genetic 
resources for food and agriculture (PGRFA).  India 
ratified the Treaty on 10 June 2002 and 133 coun-
tries are signatories to the Treaty as on December 
2014. Objectives of the Treaty are Conservation 
and sustainable use of PGRFA and fair and equi-
table sharing of benefits arising out of their use in 
harmony with CBD for sustainable agriculture and 
food security. The Treaty establishes a multilateral 
system (MLS) of access to PGRFA and 35 food 
crops and 29 forage crops placed in the MLS of the 
Treaty are agreed on the basis of interdependence 
and food security. The access to PGRFA is only 
for the purpose of research, breeding and training, 
and under the terms and conditions of Standard 
Material Transfer Agreement (SMTA) adopted by 
the Governing Body of the Treaty. 4, 87,793 ac-
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cessions are  included in the MLS by 33 contract-
ing parties (countries)  namely Armenia, Austria, 
Belgium, Brazil, Canada, Cyprus, Czech Republic, 
Egypt, Estonia, France, Germany, Italy, Jordan, 
Kenya, Lebanon, Madagascar, Malawi, Morocco, 
Namibia, Netherlands, Poland, Portugal, Romania, 
Rwanda, Senegal, Spain, Sudan, Sweden, Switzer-
land, Tanzania , UK, Uruguay and Zambia. 

India being signatory to the legally binding Treaty 
has  an obligation as a Contracting Party,  however 
as per BDA prior approval of NBA is required for 
accessing biological resources, thus ICAR/NBPGR 
is working towards the harmonization  which may 
be done by issuing notifications under the provi-
sions of exemptions in the Act. Indian government 
has thus identified accessions for notification in the 
MLS. Very recently Government of India issued 
Gazette Notification where a step towards harmo-
nization of national legislation and international 
agreement is being taken up. The clarification on 
exemption of approval from NBA or SBB is pro-
vided for access to biological resources for conven-
tional plant breeding, traditional practices in use in 
any agriculture, horticulture, poultry, dairy farm-
ing, animal husbandry or bee keeping in India.  In 
the present scenario, there is a need that Acts, trea-
ties, conventions, organizations are to be in tandem 
and specific provisions may be included/ revised/
amended for accessing PGRFA which are beyond 
their origin/sovereignty. Accessions which are pre 
CBD collections and referred to as “in trust” acces-
sions may be offered special treatment. 

India has also ratified Nagoya Protocol (NP) on 
Access and Benefit Sharing (ABS) and is one of 
the countries already having domestic measures 
in place on ABS.  NP recalls and recognises the 

Multilateral System of Access and Benefit-sharing 
established under the ITPGRFA in the context of 
poverty alleviation and climate change and ac-
knowledges the fundamental role of Treaty and 
FAO Commission on Genetic Resources for Food 
and Agriculture in harmony with the Convention.  
The protocol provides for a strong basis for greater 
legal certainty and transparency for both providers 
and users of genetic resources.  However, some is-
sues in the Protocol are not covered by BDA such 
as user country measures. 
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ABSTRACT 

The indigenous Kaani people live in 48 tribal settlements in the deep jungles, hills and forests of Kanyakumari 
district at the tail end of the Western Ghats. They live in consonance with nature and heavily dependent on for-
est resources for their livelihood. A survey was administered in 10 settlements of the Kaani tribal people and 
it is revealed that they maintain their traditional culture in housing architecture, food, harvesting, agricultural 
practices, hunting practices, sustainable resource use and diversity of adoptions through evolutionary technology 
which have immense relevance to bio-diversity conservation. They have a rich knowledge in ethno-botany and 
have medicines for snake bite, skin diseases and for a host of other diseases. The living consciousness of spirits 
in nature makes them have a different perspective from those of other communities. They believe in the invisible 
spirit or supernatural powers and call the spirits as deities having names for them. Animals, ponds, trees rivers, 
stones, cliffs or mountains are abodes of spirits. The tribe lives constantly under the watchful eyes of spirits. The 
veneration of ancestors finds a very vital place in the tribal religious belief and strongly believes in Malevolent 
and Benevolent spirits. They vigorously believe in the ethics of conservation against the ethics of destruction, 
disruption and devastation. They maintain certain taboos, as consuming cow’s milk would incur the wrath of God 
as cow is revered as a sacred animal.

Any people’s language is influenced by the people’s physical environment. Conservation biology needs to be 
paralleled by conservation linguistics. The Kanni community has a dialect called Malam-pasha or Kaani-pasha.
Many of the names of places bear references to  biodiversity as Keeri- Paarai (Mountain of Mongoose), Pura- villai 
(Garden of Dove)  and the proverbs also bear relevance to biodiversity as Pannipolaurangatha (Do not sleep like 
a boar) , Ninna Pilipidichinathu (Behave properly, or the tiger will attack you).

The Kaani people tenaciously cling to environmental ethics and ecological prudence amidst the current environ-
mental stress to save the rich environmental heritage and bio-diversity of Western Ghats.

Key Words: environment, tradition, ecology, folk, ethno-botany

1. INTRODUCTION

 The indigenous Kaani people live in 48 tribal set-
tlements in the deep jungles, hills and forests of 
Kanyakumari district at the tail end of the Western 
Ghats. They live in consonance with nature and 
depend on forest resources for their livelihood. A 
survey was administered in 10 settlements of the 
Kaani tribal people (Table 1). It was revealed that 
they maintain their traditional culture in housing 
architecture, food, harvesting, agricultural prac-
tices, hunting practices, sustainable resource use 
and diversity of adoptions through evolutionary 
technology which have immense relevance to bio-
diversity conservation.

Table-1: Settlements of Kaani tribal people.

No.  Name of Tribal Settlement No. of persons 
interviewed

1 Vellambi 12
2 Koovai-kaadu 15
3 Mookarai-kal 12
4 Kol-inchi-madam 14
5 Padu-paarai 15
6 Thotta-malai 12
7 Maara-malai 14
8 Mothira-malai 15
9 Kala-parai 12
10 Punna-mootu-theirie 12
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The traditional knowledge of the Kaani tribe is en-
shrined in ritual, ceremony and magic underlining 
how culture, language, religion, psychology and 
spiritual beliefs cannot often be separated from 
their understanding of the natural world.

1.1. Cultural Linkages

1.1.1. Housing architecture: The Kaani tribe lives 
in small air-cooled bamboo huts in the deep forests. 
They raise a stone foundation for two feet and use 
flattened bamboo for walls and partition. A hut con-
sists of two rooms only with no ventilation and cow 
dung is smeared on the floor. They firmly believe 
that bamboo and other forest wood should be cut 
during the waxing of the moon or the wood would 
disintegrate soon. For roofing they use a kind of 
wild grass, Tharp  (Desmostachyabipinnata),and 
reed leaves (Bamboo leaves). They derive every 
material for hut construction from forests and nev-
er resort to any mechanized industrial output from 
the consumer market.

1.1.2. Food: Tapioca, elephant yam, sweet potato, 
colocasia and other tubers form part of the staple 
food of the Kaani tribe. They hunt wild honey and 
mushrooms. Owing to the restrictions by the Forest 
Department and realizing the loss of bio-diversity 
while hunting honey, they domesticate honey bees 
and culture mushrooms for their consumption, with 
the ethics to conserve the wild bees and mushroom 
species. They hunt minor animals as bandicoot, rat, 
squirrel,mountain bat, rabbit, dove, mouse deerand 
tortoise and consume snails, white ants, crabs and 
hill stream fresh water fishes. 

1.1.3. Agricultural Practices: When sowing seeds 
or when they launch their agricultural operations 
the clan physician-priest-magician, Pilathi per-
forms magical rituals with magical chanting of 
songs with a Koduthi called Meea-koduthi dur-
ing Malayalm month of Meenam (Mid-March to 
Mid-April). Earlier to harvesting the produce, the 
Pilathiperforms a ritual called Poo-Koduthi in the 
Malayalam  month of Kannie ( Mid-September to 
Mid-October) and then the people start the harvest-
ing. After harvesting, they give a portion of the 
produce to theMootuKaani( Clan Headman) and 
the Pilathi.

1.1.4. Hunting Practices: When they go for hunting 
they propitiate the Spirits by performing rituals of-
ficiated by the Pilathi, that the spirits should safely 
guard them from wild animals and should secure 
some animals while hunting for food. They invoke 
the Spirit Puli-chavu for protection from tigers and 
leopards. They go in groups of 6 to 8 persons, who 
use innovative tools of traditional knowledge for 
hunting as stone bow, noose, traps and nets. They 
share the hunt among all the clan people in the Set-
tlement.

1.1.5. Sustainable use of resources: When the gov-
ernment strictly implemented the forest laws for 
bio-diversity conservation from the 1980s, the trib-
al community refrained from hunting wild honey 
and mushrooms and domesticated them. When en-
try into the jungle and dense forest is banned, they 
abstained from venturing into the forests to harvest 
ulathi (Caryotaurens) and cycus (Cycuscircinalis) 
inflorescence and its leaves to supply for the flo-
riculture market for decorative purposes in town 
and cities. Instead they practice in situ cultivation 
of ulathi and cycus and market them. They are re-
fraining from their hunting practices and domesti-
cate country hens, rabbits and goats for meat pur-
pose. Instead of collecting tubers and fruits from 
the wild they are cultivating them in their allotted 
sites in the Settlements.

1.1.6. Adoption of evolutionary technology: As 
there is a ban in the forest to cut and collect wood 
for no-renewable fuel energy, some of the tribal 
people have resorted to using Liquefied Petroleum 
Gas (LPG), thus reducing the dependence of forest 
wood. 

The Forest Department has severely restricted the 
resource dependence on forests for housing as for-
est timber, bamboo and wild grass. So as a mea-
sure of bio-diversity conservation, the indigenous 
people have begun to construct their houses with 
concrete structures, avoiding the dependence on 
forest based materials. 

Instead of collecting herbs for their uses and to 
administer indigenous treatment for others, they 
practice in situ culture of the required herbs.

1.1.7. Knowledge on ethno-botany: The Kaani 
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people are a rich repository of ethno-botany hav-
ing knowledge of more than 300 herbal medicinal 
plants with application for snake bite, asthma, skin 
diseases and other ailments. They adhere to the en-
nobling concept of the ethics of conservation and 
not of destruction by extracting the necessary herbs 
in the forests which cannot be cultured in in situ 
cultivation.

1.2. Spiritual Linkages : The existence of nature-
man and spirit continuum is highly reflected in the 
life of the Kaani tribe. The living consciousness of 
spirits in nature makes them have a different per-
spective from those of other communities and they 
are Animists. They believe in the invisible spirit or 
supernatural powers and call the spirits as deities 
having names for them. Animals, ponds, trees, riv-
ers, stones, cliffs or mountains are abodes of spirits.  
It is their firm belief that the tribe lives constantly 
under the watchful eyes of spirits. The divine is im-
minent: it is in anything and everything, and can 
spring up at any moment (Harper, 1957).  This 
concept of animism developed from the associa-
tion of specific trees, plants, animals, stones, and 
other objects with local divinities (Elmore 1913; 
Whitehead, 1921).  

The veneration of ancestors finds a very vital place 
in the tribal religious belief and they strongly be-
lieve in Malevolent and Benevolent spirits. The 
world of the tribe is linked with sacredness, religi-
osity and reverence for nature. Nature  lives in cos-
mos, earth, land and all that are in it are perceived 
as sacred and that they live in harmony with nature. 
The history, stories, legends, myths and rituals are 
like a sacred scripture around which their life re-
volves.

The kaani tribal people plant a tree at the grave of 
the buried person. They provide tender coconut, tu-
bers, betel leaves with areca nut, banana, tapioca, 
toddy, wild chili (Capsicum frutescens) at the head 
and toe to appease the Spirit of the deceased per-
son.

The tribal community worships the spirits as kalat-
tuthampuran, kala-pei, vadakka–pei, ellaikal-samy, 
kalli-kutty, auyirravalli, karumpaandi, mallan-ka-
rung-kaali, thampuran, sathanpottyie, puli-chaavu, 

aray-illa etc. They periodically conduct ‘Koduthi’ 
which is a ritual to appease the spirits by offer-
ing  banana, flattened rice, betal with areca nut, 
tobacco, turmeric and the toddy of a wild palm ( 
Arengawightii), during the Tamil month Karthigai, 
that usually falls from mid-November to mid-De-
cember.

They plant trees at the sacred groves, where the de-
ities are placed and worshipped. Usually they grow 
coconut, turmeric, white plumeria (common name-
Frangipani, Hindi-Gulchin), Micheliachampaca 
(Tamil-Chenpakam, Hindi-Champa) and colocasia 
species. There is a staunch belief that these plants 
provide shelter to spirits, ghosts and demons. Sa-
cred groves are storehouses of valuable medicinal 
and other plants having high economic value, and 
serve as a refuge to threatened species. 

The tribal people grow some specific plants as sa-
cred in the vicinity of their houses and temples as 
Aeglemarmelos, Aervalanata, Azadirachtaindica, 
Cassia auriculata, Cynodondactylon, Ficusben-
galensis, Ficusreligiosa, Gomphrenacelosioides, 
Limoniaacidissima, Mangiferaindica, Mimusopse-
lengi, Ocimumtenuiflorum, Pongamiapinnata, 
Syzygiumcumini and Vitexnegundo. 

It is their traditional staunch belief that diseases are 
caused by the Malevolent spirits and to ward off 
diseases they should appease the spirits. The tradi-
tional practice is the priest-magician conducts a rit-
ual singing performance called Chaatu-paatu, from 
dusk to dawn chanting songs with the accompani-
ment of five or six accompanists who repeat the 
chant. The ritual isperformed with the accompani-
ment of music using a sacred musical instrument 
called kokkarae, which can be handled only by the 
priest- magician. It is operated to rid the spell of the 
Malevolent spirit from the person, who possesses 
the spirit.

1.2.1. Fertility rituals: As a symbol of fertility 
cult to procreate their generation, the indigenous 
people symbolically display cycus leaves, bunches 
of ulathi inflorescence, tender coconut, areca nut 
bunches and banana trees with matured bunches at 
the entrance of the place of the wedding ceremony. 
As these plants bear lot of fruits, it is their firm 
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belief that the married couple will also have off-
spring. The activity is a symbol of procreation and 
developing the next generation.

1.2.2. Taboos: They observe some taboos as not 
consuming cow’s milk as the act of consuming it 
would incur the wrath of God as cow is worshipped 
as a holy animal. They shun beef as it is the meat of 
God. Sharing the medicinal knowledge with non-
tribal communities would negate the efficacy of the 
medicine, is a taboo existing among them. While 
performing any ritual, a person assisting the priest 
with ritual impurity by death in his house should 
not participate in the ritual,which  is another taboo.

1.3. Linguistic Linkages: Any people’s language is 
influenced by the people’s physical environment. 
Conservation biology needs to be paralleled by 
conservation linguistics. Researchers are explor-
ing not just the parallels, but the links between the 
world’s biodiversity and linguistic and cultural di-
versity, and the causes and consequences of diver-
sity loss at all levels. This connection is significant 
in itself, because it suggests that the diversity of 
life is made up of diversity in nature, culture and 
language. 

Ethnobotanists and ethnobiologists recognize the 
importance of indigenous names, folk taxonomies 
and oral traditions to the success of initiatives re-
lated to endangered species recovery and restora-
tion activities. The fact that linguistic diversity and 
biodiversity are correlated and has been known for 
quite some time, and the term biocultural diversi-
ty has gained currency in some circles.

This ethno-linguistic group of the Kaani tribe has 
accumulated rich ecological knowledge in their 
history of living in the forest environment. The 
dialectical language of the tribe embodies unique 
cultural and ecological knowledge. Recent studies 
suggest that language loss, in its turn, has a nega-
tive impact on biodiversity conservation.

A host of Kaani sayings exist that compare hu-
man behavior to forest elements and processes. As 
their dialectical Kaani-pasha is inevitably linked to 
plant knowledge as parts of an organic whole, that 
should be treasured, documented, and nurtured. As 
biodiversity is healthy for the forests, cultural di-

versity is valuable in human societies.

Consciously-used language elements include say-
ings, expressions, proverbs, stories, and songs 
which are spoken, chanted, and sung, in both in-
formal and ceremonial contexts as people collect, 
cultivate, process, and administer plant medicines. 
Cultivating these linguistic cultural resources 
alongside the botanical resources could increase 
the benefit to both resources. 

The Kanni community has a dialect called Malam-
pasha or Kaani-pasha. Many of the names of plac-
es bear references to  biodiversity as Keeri- Paarai 
(Mountain of Mongoose), Pura- villai      ( Garden 
of Dove)  and the proverbs also bear relevance to 
biodiversity as Pannipolaurangatha ( Do not sleep 
like a wild boar) , NinnaPilipidichinathu ( Behave 
properly, or the tiger will attack you) and  Pennae 
! Mila polachadatheye(  Girl! Do not pounce like a 
Sambar).

The folk stories of oral tradition also carry immense 
reference to their forest ecology and bio-diversity. 
In a folk story tilted Kunni-muthu (Abrusprecato-
rius), there are references to betel leaf, areca nut, 
wooden mortar and pestle, white coral bead with 
its ethno-botanical usage, mud pot for cooking, tra-
ditional strain of wild paddy, utility of fish tail palm 
and washing clothes in a pond signify the rich tap-
estry of forest bio-diversity of the Western Ghats. 
The culture of tenaciously clinging to mystical as-
pects, resorting to clan magician for social advice 
and direction, the highlight of a taboo of refusing 
to marry a brother denotes the traditional culture 
of the tribal community forms the highlights of the 
story. The story thread revolves round the forest 
ecology and the dependence of the tribal people on 
bio-diversity for their livelihood sustenance.

If the dialect would disappear, so would much of 
the worldview that provides the foundation for the 
knowledge on ethno-botany which in turn could 
lead to the devitalization and eventual disappear-
ance of the knowledge of the forest flora and fauna 
and ultimately biodiversity.

2. CONCLUSION

This non-industrialized traditional culture of the 
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forest dwelling Kaani community, totally insulated 
from the towns, has a lesser ecological footprint on 
the forest ecology than people in urban towns and 
cities. They maintain community-based conserva-
tion with location-specific rules on resource ex-
traction limits, specifying the harvesting areas, and 
appropriate behaviors for the use and management 
of natural resources. Not only this indigenous com-
munity interacts with biological diversity daily, but 
their ever-evolving values, indigenous knowledge 
and hoary perceptions strongly revolve round the 
vital hub of nature. The Kaani people tenaciously 
cling to environmental ethics and ecological pru-
dence amidst the current accelerating environmen-
tal stress to conserve the rich environmental heri-
tage and bio-diversity of the Western Ghats.

3. ACKNOWLEDGEMENT

 The authors place on record the permission grant-
ed by the Tamil Nadu Forest Department to visit 
the Kaani tribal people residing in the forests for 
the survey. We thank the Kaani tribal community 
leaders for sharing their precious traditional, in-
digenous knowledge to us. We thank the staff of 
the Forest Department and the Kaani guides, es-
corts and informants, who escorted us safely in the 
dense jungles, while meeting and interacting with 
the tribal people in various Settlements.

4. REFERENCES

Biodiversity and linguistic diversity. Maintaining 
indigenous languages, conserving biodiversity, 
http://www.unesco.org/new/en/culture/themes/
endangered-languages/biodiversity-and-lin-
guistic-diversity/

Davidson  Sargunam S., Johnsy, G., Samuel, A. 
and Selvin , Kaviyarasan, V. nopr.niscair.res.in, 
IJTK. 11(1).

Education reaches the unreached in Kaani hamlets 
- www.thehindu.com/todays-paper/tp-nation-
al/.../article3478825.ece

Elmore, W. T. 1984 (1913). Dravidian Gods in 
Modern Hinduism. New Delhi: Asian Educa-
tional Services.

Empowering indigenous voices through oral nar-
rative –The Hindu - www.thehindu.com/todays-
paper/tp-national/tp.../article3749059.ece

Food culture of Kani tribe studied - The Hindu 
- www.thehindu.com/todays-paper/tp...kani-
tribe.../article3600839.ece

Food Fest Report.cdr - Save the Western Ghats - 
www.savethewesternghats.org/pdfs/food_festi-
val_report.pdf

G. Johnsy, S., Davidson Sargunam., Dinesh, M.G. 
and Kaviyarasan, V. (2011). Nutritive Value of 
Edible Wild Mushrooms Collected from the 
Western Ghats of Kanyakumari District, Botany 
Research International 4 (4): 69-74, 2011ISSN 
2221-3635, © IDOSI Publications.

Globalization Threat to World’s Cultural, Linguis-
tic and Biological Diversity- http://www.unep.
org/Documents.Multilingual/Default.asp?Docu
mentID=192&ArticleID=2765

Harper, Edward. (1957). “Shamanism in South In-
dia.” - Southwestern Journal of Anthropology. 
13: 267-87

Indigenous Peoples and Environmental Ethics : 
The Kaani - www.ecowalkthetalk.com/.../or-
ganic-living-culture-of-the-hill-kani-tribe/

Plants used for non-medicinal purposes by the 
tribal people in KalakadMundanthurai Tiger 
Reserve, Sothern India -http://www.niscair.res.
in/sciencecommunication/ResearchJournals/
rejour/ijtk/Fulltextsearch/2010/July%202010/
IJTK-Vol%209(3)-July%202010-pp%20515-
518.htm

Should linguistic diversity be conserved like biodi-
versity?- http://dlc.hypotheses.org/195

The Culture Area, South India - www.storytellin-
gandvideoconferencing.com/34.html

Tribal people switch over to LPG - The Hindu - 
www.thehindu.com/todays-paper/tp.../tp.../trib-
al...lpg/article5144094.ece

Whitehead, Henry. (1921). The Village Gods of 
South India, Delhi: Sumit Publications.

World Indigenous Peoples Day celebrated by 
Kaani tribal people in the West Ghats: Trib-
al Foundation – Tamil Nadu, Posted on 
17/08/2014, http://www.indiantribalheritage.
org/?s=S+S+Davidson



Perspectives on Biodiversity of India Vol. II. Part 2

292

CONSERVATION STRATEGY FOR THE SACRED GROVES LOCATED IN THE 
SEMI URBAN LANDSCAPE OF PALAKKAD.

Sreevidya. E.A1*, Rajasri Ray2 and Pattabhi. S3

1Dept. of Environmental Science, Bharathiar University, Coimbatore,
2Energy and Wetland Research group, Centre for Ecological Sciences, Indian Institute of Science, Ban-

galore-12, 
3Dept. of Environmental Science, PSG College of Arts and Science, Coimbatore

*Email: hariharansreevidya@yahoo.in

ABSTRACT
Sacred Groves are patches of forest situated close to the human settlements which usually will have a local deity 
as the focal point. There are 2000 such groves in the state of Kerala alone. Though these groves could withstand 
the pressure of increasing population and changes in land use pattern in the course of time, it is important to know 
how far they could preserve their originality in this fight for survival. This again demands a thorough analysis of 
the cause and impact of disturbances from within as well as outside the grove, their social, cultural and ecological 
dimensions - which will not get confined to the boundary wall of the grove. The present paper focuses on identify-
ing various disturbances and their role in chalking out conservation measures, and extending the implementation 
of these ideas to the surrounding landscape of the grove.  Eight kavus located in the semi urban landscape of Palak-
kad were chosen as samples. These kavus have different pattern of ownership, rituals, deities and festivals which 
make them perfect representatives. The floristic and functional diversity details of these groves were recorded 
using standard ecological sampling methods. The threats were recorded by field observation and interview with 
the stakeholders.   The study revealed that, in spite of a rich floristic diversity in these groves, the disturbances 
pose moderate to high threat to the very survival of Sacred Groves. Moreover as these disturbances are originating 
from the closest neighbourhood of the groves in majority of cases, designing a mitigation strategy for the grove in 
isolation will not be proper and the inclusion of disturbances to the surrounding landscape also is necessary. The 
paper is an attempt to suggest a holistic, inclusive, conservation strategy mainly based on the cause and impact of 
threats or disturbances. This will help us to conserve these treasure houses which are perceived as mere links that 
connect a fast developing society and seemingly slow nature.

Key words:  Kavus, conservation, sacred groves, land scape 

1. INTRODUCTION

The south of Western Ghats inhabits ancient vege-
tation with all its richness and diversity and the sa-
cred groves located in this region serve a lot more 
than that of connecting links between civilization, 
culture, society and nature. Kerala deserves a spe-
cial recognition here mainly due to the fast chang-
ing politico social environment and the rich bio-
diversity which withstands this sweeping change. 
In Kerala the sacred groves are known as Kavus 
and are either located very close to human settle-
ments or even within the boundaries of the home-
steads. Balasubramanyan and Induchoodan (1996) 
estimated 761 important sacred groves in Kerala 
with floristic wealth of over 722 species belonging 
to 474 genera and 217 families. They also noted 
that structurally the vegetation of the sacred groves 

is typically of tropical evergreen forests in general 
(there were instances of semi-evergreen species be-
coming dominant also) with several tiers of trees, 
climbers, shrubs, and undergrowth.  Increasing 
conversion of natural forests into agriculture lands 
and urban development has lead to forest fragmen-
tation and habitat decline according to a study con-
ducted by Rajora et al. (2001). The sacred groves 
with their natural vegetation have thrived most of 
these threats posed by time, mainly due to the be-
liefs and taboos attached. Jayarajan (2004) docu-
mented the role played by these kavus as refugee of 
animals and plants and supported Janzen’s (1988) 
argument that these small patches of wilderness act 
as bio diversity centre amidst the man-modified 
tropical landscapes. The decline and deterioration 
of these groves in terms of both ecosystem services 
and biodiversity are the major concerns of the state 
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and stake holders at present. Studying the threats to 
these sacred patches of forest has become the need 
under this scenario.

In Western Ghats, sacred grove system is often per-
turbed by local socio-economic conditions. Numer-
ous studies have pointed out that changing land use 
pattern, religious practices and lack of awareness 
on sacred groves’ importance are the major factors 
for deteriorating the system (Singh, 2006; Rao et 
al., 2011; Gunaga et al., 2013). Studies conducted 
in Uttara Kannada have shown that anthropogenic 
factors (e.g. land conversion, changing religious 
practices etc.) play important role in proliferation 
of invasive species, change in microclimate and re-
duction of grove area which have adverse effects 
on the overall grove ecosystem (Ray et al.,2014).  
Similarly, in the banas of Dakshina Kannada, the 
decline in belief systems and fragmentation of joint 
families are the major threats for sacred grove sys-
tem (Bhandari and Chandrashekara, 2005). Chan-
drashekhara (2011) in his study pointed out that 
‘encroachment’ is posing a major threat in Aruvik-
kal kavu, Deviot kavu and Kammadam kavu. He 
also identified trespassing, trampling of understory 
vegetation and illegal biomass harvesting as seri-
ous threats to the sacred groves.According to this 
study, the poor regeneration of trees, growth of un-
derstory vegetation with light tolerance and excess 
growth of invasive species were said to be the im-
pact of the above threats. Malhotra et al. (2001) en-
listed a number of  threats faced by various groves 
after a thorough and detailed analysis of problems, 
affecting Sacred Groves all over the country. The 
studies conducted so far show that the significance 
of threats on the ecosystem is grove specific like 
the threats themselves. At the same time these stud-
ies also point out the survival of these groves in 
spite of these stresses, indicate that the institution 
can be strengthened. Under this context it becomes 
very important to understand the grove ecosystem 
with respect to its relation with the surrounding 
landscape, locality and the pulse of the local com-
munity before attempting to chalk out the mitiga-
tion measures. 

This paper is an initiative taken to understand the 
biodiversity, the threats posed on, and the most 

suitable management plans for the sacred groves 
located in the semi urban tract of Palakkad district-
Kerala.

Palakkad is the addition to the state from the erst-
while Madras Presidency. Palakkad plain is the 
east west tending plain with a 30 km gap known as 
the Plakkad gap in the Western Ghats. The Palak-
kad Gap- the lowest mountain pass in the Western 
Ghats, is the chief corridor connecting Kerala to 
Tamil Nadu and other parts of India, which histori-
cally played a crucial role in cultural, political, lin-
guistic and commercial integration of south India. 
Due to the peculiar geographic location, the district 
shows the climate of the humid Kerala state as well 
as the arid climate of Tamil Nadu (Raj et al., 2010). 
The rapid urbanization of the district has lead to 
decrease in forest cover and climate change, espe-
cially less rain fall. Under these circumstances the 
need to analyse the conservation measures of forest 
fragments becomes important.

The sacred groves selected for the present study 
are located in the semi urban landscape of the dis-
trict. Though a large number of studies have been 
done on Sacred groves, the groves in semi urban 
tracts, the threats they face to survive in this unique 
landscape, the origin of these threats and designing 
an inclusive remedial strategy are the areas which 
require special attention. The study tries to satis-
fy these demands and gives a new insight to this 
unique situation.

2. OBJECTIVES

1) Assessment of the biological and functional di 
versity of the area.

2) Enlist the threats faced by the groves from with-
in and from the surroundings and analyse the origin 
and interrelationship of the threats.

3) Understand the surrounding landscape and chalk 
out an integrated or holistic mitigation strategies 
which include the surrounding landscape. 

3. METHODOLOGY

3.1. Study Area

The study area is Palakkad district of Kerala. 



Perspectives on Biodiversity of India Vol. II. Part 2

294

We selected eight groves located in the semi ur-
ban landscape of the district. Out of these, six are 
owned by private families or groups and two are by 
the Devaswom Board. The deities, rituals, festivals 
and locations of these groves vary, making them 
perfect representative samples. The details of the 
kavus are given in table (1).

Table 1: Details of Kavus

S.no Name of the Kavu A r e a 
(ha)

Presiding 
deity

1 Parukkancherry 3.3 Devi
2 Athippattamana 1.6 Serpent

3 Hariharakkunnu 2.4 Shiva, 
vishnu

4 Kavassery kavu 11 Devi
5 Ayyarmala 1 Ayyappan

6 Pat h i r i k k u n nu 
mana 1.6 Serpent

7 Mokshathu 2.02 Shiva

8 K a r a k k u r i s s i 
kudumba kavu 0.64 Serpent

3.2. Understanding the biological and functional 
spectra

Transect and quadrate method was used to measure 
biological diversity of the groves. Five quadrates 
of 20mX20m nested with 5mX5m and 1mX1m of 
trees, shrubs and herbs respectively were used for 
sampling to understand the biological diversity. 
Field observation at different times and literature 
review were done to document the functional de-
tails of the plants in the groves. 

3.3. Enlisting the threats

The list of threats was made by field observation 
and interviewing the stakeholders. 

The threats were grouped under 5 Categories-1) 
Pollution 2) Area and construction work

3) Religious activities 4) socio legal issues 5) Bio-
logical factors.

The disturbances were assigned values based on 
the scale of 3. Severity is categorised as light=1, 
moderate=2 and severe=3. 

Pollution - only water body/land/air is getting pol-
luted due to motor vehicles/public use=1, both wa-
ter body and air/soil is polluted=2, all the three ele-
ments under consideration i.e. air, water and land 
is polluted=3. Distance from the motorable road 
or any factory is considered to assess air pollution. 
If the distance is ≤ 1km from the motorable road 
or factory, it is assumed that the air pollution is in 
considerable measure. As all the groves are in semi 
urban tract distance to the motorable road or fac-
tory, more than this, is ignored though there will be 
air pollution.

3.3.1. Area and  construction work- 

a) Grove area was categorised in a scale of 1-3: 1= 
> 2 ha.; 2= ≤ 2 ha. ; And 3= ≤ 1 ha.

b) Encroachment was given values as follows. 1= 
no encroachment, 2=<25% of          encroachment 
and 3=>25% encroachment

c) The presence of temple or any other permanent 
structure (living facility, parking, resting place etc.) 
was categorised in 3 point scale: 1= no permanent 
structure, 

2= only temple, and 3 = temple and other associ-
ated facilities. 

d) Unrestricted access was codified into 1= pres-
ence of good fencing/gate facility, 2 = fencing/gate 
is in deactivated form and 3= no fencing/gate facil-
ity.

3.3.2. Religious Activities-

a) Number of festivals per year- The pattern of 
worship has moulted from age old nature worship 
which was simple and a kind of armour for the sur-
rounding kavu, due to the taboos attached, to more 
colourful and noisy gatherings. At present the num-
ber of festivals is showing a direct linear relation-
ship with the amount of disturbance which cannot 
be ignored due to its contribution to the pollution 
and the changes they cause to the vegetation. As 
the festivals require clearing of some part of the 
area, cooking and allied activities which lead to 
over utilization of bio fuels from the kavus.

So if the number of festivals is>1 it is given a value 
3, if it is=1 the assigned value is 2 and if there are 
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no festivals it is given a value 1.

b) Access to the temple based on religion- 

If the access is denied to a particular group in fact 
we lose the support from them to protect the grove 
.So these religious taboos take their toll in conser-
vation activities.

If the access is only to the men/upper class of any 
one religion the assigned value=3.

Only to a particular gender or class of any reli-
gion=2. Access irrespective of class and gender=1.

3.3.3. Socio legal issues-

a) Legal issues with regard to ownership or bound-
ary will hamper any conservation initiatives. If 
any such issues are present the value assigned =2. 
If there are no such problems the value will be 1. 
Based on discussion with stakeholders at various 
level, awareness or recognition of grove’s impor-
tance was quantified as 1=peoples involvement in 
grove conservation and maintenance (protection/
biodiversity maintenance) like ‘kavu samrakshana 
samithies’ etc 2=management board/development/
government recognition and 3= no such initiatives 
from local stakeholders

3.3.4. Biological Factors-

a) Presence of invasive species was categorised as 
1= no invasive species, 2= invasive species around 
grove, and 3= invasive species within the grove. 

b) Plantation in and around grove area was docu-
mented as 1=no plantation, 2=plantation around 
the grove and 3=plantation inside the grove.

c) Cultivation of crops in and around the kavu is 
codified as 1= No cultivation. 2=cultivation around 
the grove and 3= cultivation inside the grove.

d) Killing grove animals for game meat. If killing is 
present we assign 2, or it is not present the value=1 

3.4. Understanding the surrounding Landscape

The surroundings of the groves were observed per-
sonally and mapping software of Google was also 
used for further confirmation. These being the con-
tinuation of the buffer areas of the groves, while 
chalking out the mitigation strategies adopting an 
eco friendly mode of land use pattern here was giv-

en due significance. 

1.5. Data analysis

Shannon Weiner index was used to calculate the 
woody species diversity. Each threat factor (which 
has been quantified by scaling method) for indi-
vidual groves has been added to find out the total 
disturbance. The total disturbance value was di-
vided by the sum of maximum value for each dis-
turbance to calculate the relative disturbance and 
groves were categorised according to the relative 
disturbance score. 

4. RESULT AND DISCUSSION

The kavus under study are located in the semi ur-
ban landscape of Palakkad. Being a hub of com-
mercial activities due to its proximity to the neigh-
bouring state, urbanisation is occurring in a higher 
pace in the district. These changes do have an im-
pact in the biological diversity of the district. The 
groves under study make a perfect representative 
set of samples in which urbanisation has played an 
important role in biodiversity decline over a period 
of time.

The Shannon-Weiner values of the studied groves 
range from 1.32 to 3.02 which are comparable with 
other studies (Chandran et al., 2010; Gunaga et al., 
2013). Mokshathu Kavu showed the highest value 
of 3.02 followed by Karakkurissi kudumba kavu 
(2.9). The least value was for Parukancherry kavu 
(1.3) (Fig 1).  

The Disturbance calculation revealed a range of 
48.64% to 67.56%. The maximum disturbance was 
shown by Parukkancherry kavu (67.56%) whereas, 
minimum disturbance was reported from Moksha-
thu kavu (48.64%). 

We could observe an inverse relationship between 
the S-W index and the percentage of disturbance 
though Karakkurissi shows 2.9 s-w index,  inspite 
of 62.16% of disturbance (Fig 1). Athippatta mana, 
Pathirikkunnu and Kavassery show same amount 
of disturbance though there is a slight variation in 
diversity index values. These changes can be at-
tributed to the inclusion of plantation  and com-
mercial crops in the grove .



Perspectives on Biodiversity of India Vol. II. Part 2

296

Field visits at definite intervals showed that the 
grove system is having at least any two tree spe-
cies under flowering or fruiting mode throughout 
the year. The pollinators are mostly insects. Seed 
dispersal is mostly endozoochory with small mam-
mals.This will make sure that the system is active 
and ensures the visit by seed dispersers and polli-
nators which in turn will have a positive impact on 
the neighbouring fields.

Most of these groves have many Ficus sp which 
are identified as key stone species by Terborgh 
(1986). These trees play an important role in the 
conservation of many insects, birds and mammals. 
Similarly, reptiles and mammals residing in sacred 
groves play important role as biological controllers 
in nearby agroecosystems (Venkitachalam et al., 
2005). 

Parukkancherry Kavu is close to the industrial park 
of the district and roads. Human settlements and 
small cultivation plots are  also surrounding the 
grove. Ayyar mala, Kavassery and Karakkurissi  are 
surrounded by plantations, where plant protection 
activities are very common leading to higher level 
of pollution. Hariharakkunnu and Pathirikkunnu 
mana are having houses and rice fields around it.  
Hariharakkunnu kavu also neighbours the “Kop-
pam KSEB substation.Invasive species, exotic 
species and encroachment pose major threats here. 
Mokshathu kavu is also surrounded by homsteads 
with vegetable and plantation crops. All these 
groves except Pathirikkunnu mana face problems 

due to grazing and bio mass collection- though in 
a minor scale.

In case of Hariharakkunnu and Mokshathu con-
cious effort from the stake holders to replant the 
trees felled is happening. But mostly commercially 
important crops like Sweitenia Mahagony, Tectona 
grandis etc are planted. Where as in Mokshathu 
kavu, the locals  are keen to replant with endemic 
species like Artocarpus hirsutus. So certainly an 
effective management strategy can be expected at 
least in the near future.

Gokhale (2005) pointed out that coppicing shoots 
from the cut stems and the abundance of mul-
tishoot individuals of evergreen species of tropics 
which do not branch at breast height unless injured 
or cut, as the parameters to understand the extend 
of human interferance. These were very common 
in the groves under study,  indicating constant an-
thropogenic disturbances. Hunting of small birds 
and animals for game meat is common in Ayyar-
mala though it is not predominant in other kavus.

The concentration on deity and rituals is becoming 
one of the major threats in most of these groves. 
Festivals are increasing the dumping of solid 
wastes and also add to the pollution. 

A keen analysis indicates that all these disturbanc-
es are interrelated and affect the total disturbance 
directly or indirectly.

These disturbances though present a darker future, 
the very survival of these groves indicates the pos-

Fig1: Shannon diversity and disturbance values of the studied sacred groves
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sibility of a revival if proper remediation is adopt-
ed. 

5. CONCLUSION

The study is in its initial stage and aims at devel-
oping a holistic  conservation strategy keeping in 
view of the surroundings.It will include people 
from all walks of life and also all social, political, 
religious and ecological factors connected directly 
or indirectly to the grove ecosystem. It will start 
from creating awareness about organic farming in 
the fields next to the grove, to learning to respect 
the system for its services as pools of wild and re-
sistant genes, and an answer  to the increasing food 
security issues of developing countries.
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ABSTRACT

Flying fishes form a good seasonal fishery from May to July. Assessment of Diversity and trace metals in fishes 
has become necessary, enabling us to draw certain baseline information for monitoring. The present investiga-
tion was conducted to study the diversity and heavy metal analysis of Flying fishes in Parangipettai coastal areas. 
The periodical Survey was conducted in Annangkovil and Mudasalodai landing centres in Parangipettai from 
May 2014 to July 2014. The survey revealed the presence of five different species of flying fishes belonging 
to two genus was recorded. Cypselurus callopterus, Cypselurus oligolepis,Cypselurus spilopterus, Cypselurus 
furcetus,Hirundichythys coromandelensis are the five different species recorded in the Parangipettai coastal area 
during the study period . The concentration of heavy metals was in order of, Fe > Zn > Cu > Pb > Cd. Concentra-
tions of toxic metals such as Pb and Cd were well below the permissible limits proposed by the World Health Or-
ganization. Cd showed the lowest concentrations in all fish samples followed by Pb. The Present study on diversity 
and heavy metal analysis in flying fishes would serve as frame of reference for future initiatives in studying about 
fish diversity in Parangipettai coastal areas.

Key words: Flying fishes, heavy metals, diversity, parangipettai, annangkovil, mudasalodai.

1. INTRODUCTION

Biodiversity is the quantity, variety and distribution 
across biological scales ranging through genetics 
and life forms of populations, species, communities 
and ecosystems (Mace et al., 2005). Biodiversity 
affects the capacity of living systems to respond to 
changes in the environment, underpins ecosystem 
function and provides the ecosystem goods and 
services that support human well-being (e.g., nu-
trient cycling, clean water; Costanza et al., 1997; 
Hooper et al., 2005; Diaz et al., 2006). Ichthodi-
versity refers to variety of fish species; depend-
ing on context and scale, it could refer to alleles 
or genotypes within piscian population, to species 
or life forms within a fish community, and to spe-
cies or life forms across aquaregimes (Burton et al., 
1992). Biodiversity is also essential for stabiliza-
tion of ecosystems, protection of overall environ-
mental quality, for understanding intrinsic worth of 
all species on the earth (Elhrich & Wilson, 1991) 
Over the last century, marine ecosystems have suf-
fered from intense human intervention resulting in 
habitat loss and degradation and as a consequence, 
many fish species have become highly endangered, 

particular in rivers where heavy demand is placed 
on marine waters. The main causes are habitat de-
struction and defragmentation, water abstraction, 
industries and private use (Szollosi-Nagy, 2004; 
Ricciardi and Rasmussen, 1999; Gibbs, 2000; 
Dawson et al., 2003) exotic species introduction 
(Copp and others 2005), pollution (Lima-Junior 
et al.,2006) and global climate change impacts 
(Leveque et al.,2005; Mas-Marti et al.,2010). 

 Metals are non-biodegradable and are considered 
as major environmental pollutants causing cytotox-
ic, carcinogenic and mutagenic effects in animals 
(More et al., 2003). The pollution of the aquatic en-
vironment with heavy metals has become a world-
wide problem during recent years, because they are 
indestructible and most of them have toxic effects 
on organisms (Mac Farlane and Burchett, 2000). 

 Heavy metals can be accumulated by marine or-
ganisms through a variety of pathways, including 
respiration, adsorption and ingestion (Zhou et al., 
2001; Turkmen et al., 2008). Seafood especially 
marine fish are vulnerable to the effects of chemical 
contaminants including heavy metals which bioac-
cumulate and biomagnifies along the aquatic food 
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chain (Kennish, 1998; Agusa et al., 2007). These 
toxic elemental contaminants cause unhealthy ef-
fects to the fish and are transferred into human me-
tabolism through consumption of contaminated fish 
that leads to serious deterioration of human health 
status (Virtanen, 2007; Raja et al., 2009; Alinnor 
and Obiji, 2010). Fishes have been widely used as 
bio-indicators of pollution by metals. Muscle tis-
sue of fish is most frequently used for analysis be-
cause it is a major target tissue for metal storage 
and is the main edible part of the fish (Bhupander 
Kumar et al., 2011). Comparative study regarding 
the metal accumulation in fishes along Southeast 
coast region of India is limited. Hence, the present 
study is taken up to find out the diversity of flying 
fishes in Parangipettai coastal areas and assess the 
metal concentrations (Fe, Zn, Cu, Pb and Cd) from 
two species of flying fishes collected from Paran-
gipettai.

2. MATERIALS AND METHODS

2.1. Diversity

The periodical survey of the Flying fihes at An-
nangkovil and Mudasalodi landing centres(Fig. 1), 
Parangipettai coastal region, was conducted for a 
period of three months (May to July 2014). Fishes 
were collected from the fish landing sites and fish 
markets of Annangkovil and Mudasalodi landing 
centres in Parangipettai. 

Once the fishes were collected they were taken 
to the laboratory with utmost care. The fishes 
were Sorted out and preserved in 6-10% forma-
lin and identified (Misra, 1962; Talwar, P.K and 
A.Jhingran, 1991). Further, Experts available in 
the Centre for Advanced Study in Marine Biology, 
Annamalai University were consulted for the iden-
tification of fishes.

Fig.1: Study area

2.2. Heavy metal analysis

Flying fish Cypselurus spilopterus (240 mm - 280 
mm), Cypselurus callopterus (220 mm - 240 mm), 
Cypselurus oligolepis (210 mm - 250 mm), Cypse-
lurus furcetus (240 mm - 260 mm), and Hirundi-
chythys coromandelensis (160 mm - 220 mm) 
were collected from Mudasalodai (Lat 11o46’03’N; 
Long 79o49’45’E) and Annangkovil (Lat 11º42΄ 
N; Long 74º 46΄E) landing centres, Parangipettai, 
Southeast coast of India (Fig. 1) and were imme-
diately transported to the laboratory in an ice box. 
The specimens were thawed at room temperature 
and their total length and weight were recorded. 
The muscles (below the dorsal fin) were removed 
and analyzed for the concentration of iron, copper, 
zinc, lead and cadmium. Metal concentrations from 
the fish tissues were determined by following the 
method of Dhaneesh et al.,(2012a, b). Muscle tis-
sues were dissected using stainless steel knife and 
dried in hot air oven at 70ºC for 14 h. A porcelain 
mortar and pestle were employed to grind and ho-
mogenize the dry tissue and weighed to 1 g (±0.01 
g) using an electronic weighing balance (Denver, 
USA). The weighed samples were digested in 100 
ml glass beaker with concentrated nitric acid (20 
mL) overnight. It is then mixed with 10ml of con-
centrated nitric acid and perchloric acid (4:1) solu-
tion followed by hotplate heating at 120ºC up to 
complete dryness. The residue was then dissolved 
and diluted with 20 ml of a solution of de-ionised 
water and conc. Nitric acid (4:1) (v:v) and then 
this solution is filtered through No. 1 Whatman 
filter paper. Concentrations of metals were deter-
mined by using Inductively Coupled Plasma Opti-
cal Emission Spectrometer (Perkin Elmer, Optima 
2100DV).

3. 1. RESULTS

3.1. Diversity

The data obtained in the number of species of Fly-
ing fishes, their composition and diversity at Pa-
rangipettai coastal areas have been presented in 
(Tables.1). The periodical survey of the Flying 
fishes at Parangipettai coastal areas revealed the 
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occurrence of five flying fish species belonging to 
two genera. 

Table.1: Shows the Diversity of Flying Fishes in 
Parangipettai

Genus Species

Cypselurus

C. Callopterus
C. Spilopterus
C. Oligolepis

C. furcetus

Hirundichythys H. coromandelensis

3.2. Heavy metals

In the present study, concentrations of Iron, Zinc, 

Copper, Lead and Cadmium (μg g-1 d.w.) were de-
termined in the tissues of C. callopterus, C. oligole-
pis, C. furcetus, H. coromandelensis and C. spilop-
terus collected from Annangkovil and Mudasalodai 
landing centers along Parangipettai coast of India 
(Table. 2). Concentration of iron, zinc, copper, cad-
mium and lead in muscle tissue of these fishes were 
presented in Table 1. The order of metal accumula-
tion in fishes was as: Fe > Zn > Cu > Pb > Cd. The 
level of metals in the flying fishes are in the range 
of, Fe (7.80 ± 2.26 μg g-1); Zn (3.30 ± 2.55 μg g-1); 
Cu (0.33 ± 0.06 μg g-1); Pb (0.24 ± 0.10 μg g-1) and 
Cd (0.05 ± 0.02 μg g-1). There were no any signifi-
cant differences between the concentration of Fe, 
Zn, Cu, Pb and Cd in fishes from two stations.

Table.2: Shows the level of Heavy metal concentration in Flying fishes in Parangipettai coastal areas

Species Length

(cm)

T o t a l 
Weight

(g)

Concentration of metals (μg g-1)

Annangkovil Mudasalodai
Fe  Zn  Cu  Pb   Cd Fe Zn Cu Pb Cd

C. callopterus 16-20 45-110 5 . 1 0 
±2.25

2 . 2 0 
±1.32

0 . 2 4 
±0.07 

0 . 2 0 
±0.03

0 . 0 2 
±0.00

6 . 2 0 
±1.81

3 . 2 6 
±2.32

0 . 3 0 
±0.05

0 . 2 0 
±0.01

0.04 ±0.03

C. oligolepis 18-22 50-125 5 . 0 5 
±2.20

2 . 1 8 
±1.46 

0 . 2 2 
±0.09

0 . 2 2 
±0.05 

0 . 0 4 
±0.00 

6 . 3 0 
±1.61

3 . 2 8 
±2.28

0 . 2 9 
±0.07

0 . 1 8 
±0.03

0.05 ±0.01

C. furcetus 16-20 50-110 5 . 0 2 
±2.01

2 . 1 6 
±1.18

0 . 2 0 
±0.09

0 . 1 9 
±0.08 

0 . 0 4 
±0.00 

6 . 1 4 
±1.51

3 . 2 4 
±2.02

0 . 3 2 
±0.04

0 . 1 9 
±0.05

0.05 ±0.02

H. coromandelen-
sis

16-22 50-120 5 . 4 1 
±1.48 

3 . 0 0 
±0.32 

0 . 2 6 
±0.05 

0 . 2 0 
±0.05 

0 . 0 2 
±0.00 

7 . 8 0 
±0.81

3 . 2 8 
±2.55

0 . 2 8 
±0.05

0 . 2 4 
±0.01

0.02 ±0.00

C. spilopterus 24-28 160-210 5 . 0 7 
±2.26. 

2 . 1 5 
±1.01

0 . 2 6 
±0.05

0 . 1 9 
±0.10

0 . 0 2 
±0.00

5 . 8 8 
±1.35 

3 . 3 0 
±1.98

0 . 3 3 
±0.06

0 . 1 7 
±0.05

0.05 ±0.02

4. DISCUSSION AND CONCLUSION 

Fishes form the most diverse and protean group of 
vertebrates; fishes are a treasured source both in 
terms of utility as food and as material for scien-
tific study (Marshell, 2000). In my present study 
identify the presents of five different species of fly-
ing fishes in parangipettai coastal ares, the same is 
recorded in cuddalore coasts area (Srinivasan and 
Balasubrahmanyan, 1992) and Pondicherry coasts 
(Jayaprabha, et al., 2014).

The study of heavy metal concentrations in fishes 
was important with respect to human consump-
tion of fish. Several studies shows heavy metal 

concentrations in tissue of coastal fishes may vary 
considerably among the different species. This 
was possibly due to differences in metabolism and 
feeding patterns of the fishes. Fish is among the 
dominant bio indicator species used for acute tox-
icity assay of pollutants such as heavy metals since 
much attention has been drawn due to the wide 
occurrence of metal pollution in aquatic system. 
The rapid development of industries and agricul-
tures have promoted the increase of environmental 
pollution although heavy metals in aquatic system 
can be naturally produced by slow leaching from 
rocks and soil into water which occur at low lev-
els. Cd and Pb are among the aquatic metal pol-
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lutants which usually present at significant level in 
water system which may pose high toxicities on the 
aquatic organisms (Zhou et al., 2008). According 
to Vijayakumar et al. (2011), the metal accumula-
tion of Cu, Cd and Zn was 0.42 ± 0.09, 0.35 ± 0.06 
and 20.1 ± 0.13, respectively in Rastrelliger kana-
gurta, 0.43 ± 0.12, 0.43 ± 0.18 and 25.4 ± 0.09, re-
spectively in Kathala axillaris and 0.61 ± 0.15, 0.42 
± 0.11 and 26.2 ± 0.16, respectively in Sardinella 
longiceps. These levels were higher than the metal 
level present in the flying fishes. This investigation 
showed that different fish species contained dif-
ferent metal levels in their tissues. The levels of 
metals found in tissues of the C. spilopterus were 
generally higher than those found in H. coromad-
elensis. This may be due to variations in feeding 
habits, habitats, size, age and behavior of these 
species. A number of studies have shown that vari-
ous factors such as season (Kargın, 1996), length 
and weight, physical and chemical status of water 
(Jezierska and Witeska, 2001) can play a role in the 
tissue accumulation of metals. The observed vari-
ability of heavy metal levels in different species 
depends on feeding habits (Romeoa et al., 1999), 
ecological needs, metabolism (Canli and Furness, 
1993), age, size and length of the fish (Linde et 
al., 1998) and their habitats (Canli and Atli, 2003). 
Bioaccumulation of metal within an organism re-
sults from interactions between physiological fac-
tors (growth, weight loss, absorption and accu-
mulation), chemical factors (metal concentration, 
speciation and bioavailability) and environmental 
factors (temperature and food concentration) (Ca-
sas et al., 2006). Species differences in heavy metal 
bioaccumulation could be ascribed to differences 
in feeding habits and behaviour of the species (Ko-
tze et al., 1999; Ibrahim et al., 1999 a,b; Mormede 
and Davies, 2001; Coetzee et al., 2002; Canli and 
Atli, 2003; Ali and Abdel-Satar, 2005; Canbek et 
al., 2007). The mean concentrations of heavy met-
als analysed in the muscle of the flying fishes were 
well below the maximum permitted concentrations 
proposed by FAO (1983). Food and Agricultural 
Organization limits, 0.5 mg/kg for Cd and Pb, 30 
mg/kg for Cu and Zn (FAO, 1983 and for Fe 100 
μg/g (WHO, 1989). For an average adult (60 kg 
body weight), the provisional tolerable daily intake 

(PTDI) for Pb, Fe, Cu and Zn are 214 μg, 48, 3 and 
60 mg, respectively (Joint FAO/WHO 2000).

Iron was found to be most abundant metal in mus-
cle tissue of both species studied. Fish is the major 
source for iron in adults and children and deficien-
cy of it causes anemia. The concentration of Fe in 
fish muscles from this study varies between 7.80 
± 2.26 μg g-1. Zinc, an essential micronutrient for 
both animals and humans, has been a cofactor for 
nearly 300 enzymes in all marine organisms. As a 
constituent of many enzymes, Zn is responsible for 
certain biological functions, for which a relatively 
high level is required to maintain them (Heath, 
2000). A deficiency of zinc is marked by retarded 
growth, loss of taste and hypogonadism, leading to 
decreased fertility. In the present study, Zn concen-
tration was higher in fish collected from Cuddalore 
(3.28 ± 1.98 μg g-1) than in Pondicherry (3.00 ± 
0.32 μg g-1), but it is below the maximum permis-
sible limit. Although zinc is an important dietary 
supplement for humans, excessive zinc intake can 
cause a broad spectrum of physiological problems 
(Fosmire, 1990). Excessive intakes of zinc occur 
only with the inappropriate intake of supplements 
(Solai et al., 2010). As copper is an essential part 
of several enzymes and necessary for the synthe-
sis of haemoglobin, most marine organisms have 
evolved mechanisms to regulate concentrations of 
this metal in their tissues. High concentration of Cu 
was in Cuddalore (0.28 ± 0.06 μg g-1). The level of 
copper in both the fishes was within the permis-
sible limits. The copper contents in the samples 
were much less than the FAO-permitted level of 30 
μg/g (FAO, 1983). Excessive intake of copper may 
lead to liver cirrhosis, dermatitis and neurological 
disorders (Fairweather-Tait, 1988).

Cadmium is a serious contaminant, a highly toxic 
element transported in the air. The proposed limit 
values for human consumption of fish reach ap-
proximately 0.5 mg/kg (FAO, 1983). In the pres-
ent study, the highest value of cadmium was docu-
mented from Cuddalore (0.05 ± 0.02 μg g-1) and it 
was below the permissible limit. Cadmium injures 
kidneys and cause symptoms of chronic toxicity, 
including impairment of kidney function, poor re-
productive capacity, hypertension, tumours and he-
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patic dysfunction (Waalkes, 2000). Although Cd is 
a toxic element that would deposit in human body 
and is danger to human health (Pourang, 1995). 
Lead is a non-essential toxic metal that can affect 
humans when ingested or inhaled in high doses. In 
fish, it can cause deficits or decreases in survival, 
growth rates, development and metabolism, in ad-
dition to increased mucus formation (Burger et al., 
2002). In the present study, the maximum level of 
lead was 0.24 ± 0.01 μg g-1. It is well below the 
maximum permissible limit of FAO, 1983 (0.5 mg/
kg).

The present study indicated five different species of 
flying fishes and that most of the metal concentra-
tions found in the muscles of these five fish species 
were below the prescribed limit values for human 
consumption. Further investigation is recommend-
ed on spatial and seasonal variability of essential 
and toxic metals in other consumable fish species 
for safeguarding human health. Among the two 
areas selected for study, parangipettai was highly 
polluted with Fe, Zn, Cu, Pb and Cd. This may be 
due to the industrial activities in Cuddalore areas 
and anthropogenic introduction of pollution also 
resulted from local people. This study has enlight-
ened the fact the persistent pollutants like metals 
should be regularly monitored and any variation 
from the normal distributional pattern can furnish 
an idea about the proper management of the coast-
al area. A competent monitoring programme is an 
essential adjunct to any attempt of managing the 
coastal areas in an ecologically sound and sustain-
able manner.
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ABSTRACT 
Biodiversity is the variety of life. It is the result of several billion years of evolution.  It supports many ecosystem 
services. In addition, it offers several provisioning and regulating services. Human beings are one among the mil-
lions of species. The survival of human beings is dependent on the biological diversity in the nature. Most biolo-
gists agree however that the period since human emergence is part of a new mass extinction, caused primarily by 
the anthropogenic activities on the environment. IUCN has classified several species as rare, endangered, extinct 
etc. Moreover, scientists have estimated that millions more species are at risk which has not been formally rec-
ognized.  Several reports revealed that the present rate of extinction is sufficient to eliminate most species on the 
Earth within 100 years. Under these circumstances, the discipline, Conservation biology started emerging in the 
middle of 20th century as scientists began to address issues pertaining to global biodiversity. Terrestrial biodiver-
sity is entirely different from aquatic biodiversity. Our understanding of the role and regulation of aquatic biodi-
versity lies far behind that of terrestrial biodiversity. This is because we do not have sufficient scientific knowledge 
or information about issues relevant to sustainable utilization and conservation of various aquatic resources. The 
biodiversity should be assessed properly for the sustainable utilization and conservation of these aquatic resources. 
Accurate measurement of aquatic biodiversity can be difficult. Nowadays, several computer software packages 
have been developed globally to overcome several issues. This paper discusses the features of various computer 
softwares available for the assessment of aquatic biodiversity for education, research, conservation etc.

Key words: Computer packages, biodiversity, assessment, conservation. 

1. INTRODUCTION

Biodiversity is the variety of life. Biodiversity is 
a relatively recent term that has now become fa-
miliar because it has entered into the political area, 
especially through its use in the Biodiversity Con-
vention that was much debated and agreed on by 
the United Nations Conference on Environment 
and Development held in Rio de Janeiro in 1992. 
The word “biodiversity”, was coined by Walter and 
Rosen in 1985 for the National Forum of Biodiver-
sity held in Washington. D.C. in 1986. In simple 
term biodiversity may be defined as the sum total 
of species richness i.e. the number of species of 
plants, animals and microorganisms inhabiting in 
a given habitat. 

Biodiversity is the result of several billion years of 
evolution.  It supports many ecosystem services. In 
addition, it offers several provisioning and regulat-

ing services. Human beings are one among the mil-
lions of species. The survival of human beings is 
dependent on the biological diversity in the nature. 
Most biologists agree however that the period since 
human emergence is part of a new mass extinction, 
caused primarily by the anthropogenic activities on 
the environment. IUCN has classified several spe-
cies as rare, endangered, extinct etc. Moreover, sci-
entists have estimated that millions more species 
are at risk which has not been formally recognized.  
Several reports revealed that the present rate of 
extinction is sufficient to eliminate most species 
on the Earth within 100 years. Under this circum-
stances, the discipline, Conservation biology start-
ed emerging in the middle of 20th century as sci-
entists began to address issues pertaining to global 
biodiversity. Terrestrial biodiversity is entirely dif-
ferent from aquatic biodiversity. Our understand-
ing of the role and regulation of aquatic biodiver-
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sity lies far behind that of terrestrial biodiversity. 
This is because we do not have sufficient scientific 
knowledge or information about issues relevant to 
sustainable utilization and conservation of various 
aquatic resources. The biodiversity should be as-
sessed properly for the sustainable utilization and 
conservation of these aquatic resources. 

Species do not occur evenly around the world, and 
therefore conservation planners need to know about 
the distribution and density of species in different 
countries.  Some habitats are much more species 
diverse than others, and coral reefs or tropical rain 
forests are in first place for the quantity of species. 
Species diversity by itself as an attribute of biotic 
community does not say much, unless in compari-
son with another community species diversity, like 
other ecological parameters, needs to be properly 
quantified if it has to serve as a comparative index. 
Unfortunately various diversity measures in vogue 
are being used so indiscriminately and carelessly, 
even by professional ecologists that they fail to 
serve their intended purpose.  The importance of 
measuring the species diversity, how to compute 
them and understand their shortcomings and limi-
tations should be known.

1.1. Biodiversity Indices: Diversity measures are 
selected based on their ability to discriminate be-
tween sites, dependence on sample size, diversity 
component to be measured and extent of usage and 
understanding about the index (Magurran, 1988).  
Performance of various indices need to be evalu-
ated on a range of data and the best one should be 
selected (Ajmalkhan, 2008).

1.1.1. Log series (a) index:  It is a parametric index. 
It is used to calculate diversity for a normally dis-
tributed population.

1.1.2. Q statistic: It is also a parametric index. It 
takes in to consideration the distribution of species 
only. It provides an indication of the diversity of 
the community.

1.1.3. Species richness: A diversity measure rou-
tinely used, particularly by ‘paraecologistics’, is 
simply the total number of species in a community. 
This measure, called ‘Species Richness’ (S) may 
be good enough for a  general picture, but because 

of certain shortcomings, does not have much to 
commend itself as a comparative index. The most 
important of these shortcomings is that species 
richness is almost invariably related to the sample 
size. Ecologists familiar with the species – area 
relationship know that the larger the area sampled 
(and consequently the larger the sample size) larger 
is the number of species likely to be recorded. It is 
obvious that species richness, without sample size 
standardization, is unrealistic and misleading as a 
comparative index of diversity.  One such method, 
used for sample size standardization is called ‘Rar-
efaction”.  

1.1.4. Simpson’s Index: This index gives the prob-
ability that two individuals drawn at random from 
a sample belong to the same species.  Simpson In-
dex, the value of which ranges between 0 and 1, 
calculated as 1/l (the reciprocal of l is taken so 
that the index value increases with increasing spe-
cies diversity).

1.1.5. Shannon – Wiener Index: This index, proba-
bly the most widely used, in ecological studies, has 
its origin in Information Theory, where it was de-
veloped as a measure of uncertainly.  Subsequently 
it was introduced into Ecology by Margalef as a 
measure of diversity.  As in Information Theory, 
the uncertainly of predicting to what species an 
individual drawn from a random collection of N 
individuals comprising S number of species would 
belong.  This uncertainly would obviously distri-
bution of individuals among them becomes more 
even. 

Which of the two popular indices- Simpson’s In-
dex and Shannon-Wiener Index, should be pre-
ferred is a question that has to be decided based 
on the emphasize to be made in the analysis.  The 
Simpson Index is more sensitive to changes in the 
more abundant species and Shannon-Wiener Index 
to changes in the rarer species in the community.  
Thus, for the rarer species Shannon-Wiener Index 
is the better choice. Although computer programs 
are available to calculate these two indices, manual 
calculations are not too difficult either.

1.1.6. Brillouin Index: Shannon-Wiener Index is 
used only for random samples drawn from a large 
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community whose total species richness is known. 
But Brillouin Index is used, when such is not the 
situation.  

1.1.7. Evenness or Equitability: The relative abun-
dance of species, that is, the number of individuals 
among the species, is an important component of 
the diversity indices.  It would be useful to measure 
this component independently, to assess its contri-
bution to the diversity index value. A measure of 
the relative abundance of species in a community 
is called Evenness or Equitability. Evenness can be 
estimated by a ratio of the observed heterogeneity 
to maximum possible heterogeneity. The hetero-
geneity is obviously maximum when all species 
have the same number of individuals. The value of 
the index should lie between 0 and 1 (maximum 
evenness).  One index of equitability or evenness is 
Pielou’s J’. Ideally, an evenness index should be in-
dependent of the number of species in the sample.  
Pielou’s J’ however, is strongly affected by species 
richness.  An evenness index, relatively insensi-
tive to species richness, is the modified Hill’s Ratio 
(H.R).  

Marine ecologists have observed that evenness 
measures are sensitive enough to use in water qual-
ity monitoring studies.  For instance, in temperature 
streams the evenness value is found to decrease to-
wards zero as the level of pollution increases and a 
few pollution tolerant species become more abun-
dant while sensitive species decline in numbers.  
However, it is noted that in general, all measures 
are biased upwards, and therefore, caution is nec-
essary while interpreting the measures calculated 
for the community which is under study.

1.1.8. Relative Abundance Patterns: When large-
scale ecosystem or biosphere-level ecological stud-
ies are undertaken, a wealth of data is accumulated 
on species and their abundances.  A quick, if gross, 
picture of the patterns of community structure can 
be obtained by plotting species-abundance curves. 
The resulting curves can then be compared to cer-
tain in theoretical distribution models to gain more 
insights into the community structure.

There are essentially two methods of plotting spe-
cies- abundance data (i) a frequency distribution 

showing the number of species represented by 1 
individual, 2 individuals, 3....r number of individu-
als and (ii) a plot of the abundance of each species 
in order of its rank, from the most abundant to the 
least abundant. 

1.1.9. Taxonomic Diversity (Δ): It is related to the 
Shannon’s species diversity H’. It has an added 
component of taxonomic separation. It is defined 
simply as the average (weighted) path length be-
tween every pair of individuals.

1.1.10. Taxonomic distinctness (Δ*): It is defined 
as Taxonomic diversity divided by the value it 
takes when the hierarchical

tree has the simplest possible structure, that of all 
species belonging to the same genus.

1.1.11. Average taxonomic distinctness (Δ+): It is 
the average taxonomic distance apart of all its pairs 
of species.

1.1.12. Total taxonomic distinctness (sDelta+):  It 
is the average taxonomic distance from species i to 
every other species, summed over all species.

1.1.13. Phylogenetic diversity (sPhi+): It is simply 
a cumulative branch length of the full tree.

1.1.14. Average phylogenetic diversity index 
(Phi+): It is the total tree length divided by the total 
number of species.

1.2. Computer Software Packages for Biodiver-
sity Assessment: Accurate measurement of aquatic 
biodiversity can be difficult. Nowadays, several 
computer software packages have been developed 
globally to overcome several issues. Special fea-
tures of various computer software available for 
the assessment of aquatic biodiversity for educa-
tion, research, conservation etc. are discussed here.

1.2.1. EcoStat: It is an Ecological Analysis Pro-
gram.  It is one of the oldest programmes. Eco-
Stat has many of the commonly used statistical 
tests for analyzing ecological data, including: 

• Population Estimation using:

a. One-time Mark/Recapture 
b. Jolly/Seber Mark/Recapture 
c. Schnabel Mark/Recapture 
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• Density/Cover Analysis

• Population Dispersion Analysis by Spatial 
   Analysis for Transect, Quadrat Sampling, 
   or Spatial Analysis for Plotless Sampling. 
• Importance Value Computation 
• Species Diversity Analysis 
• Community Similarity Analysis 
• Niche breath/overlap 
• Life Table Analysis 
• Descriptive Statistics

Requirements: This program was written for Win-
dows XP. On Windows 7 and 8 it needs to be run 
using an emulator such as Microsoft’s Virtual PC 
feature (this is a free add-on from Microsoft). 
http://www.microsoft.com/windows/virtual-pc/
download.aspx. You can also use the VirtualBox 
software available at https://www.virtualbox.org. 
This software is available for free but requires that 
you already have a copy an older 32-bit version of 
Windows that you can install to run this older soft-
ware.

1.2.2. BD Pro (Biodiversity Professionals): Bio-
Diversity Pro software is a statistical package pro-
gram for Windows PC enabling many measures of 
diversity to be calculated for a dataset of taxa by 
samples. Graphics plots are possible such as rar-
efaction, principle components, correspondence 
and cluster analyses as well as descriptive statis-
tics, Kulczynski, Mann-Whitney, Rank correlation, 
variance-covariance and others. It is useful for the 
calculation of alpha diversity, beta diversity and 
multivariate analysis and as a tool for comparison.

Biodiversity professional ver 1 and 2 are available.

1.2.3. EstimateS: EstimateS is a free software ap-
plication for Windows and Macintosh operating 
systems that computes a variety of biodiversity 
statistics, estimators, and indices based on biotic 
sampling data. Some features require species rela-
tive abundance data, others only species presence/
absence data.

Major Features of EstimateS 9 

Nonparametric rarefaction and extrapolation of 
species accumulation curves

Species richness estimators and diversity indices

Shared species estimation and biotic similarity in-
dices, with estimators

Importing data and exporting results

Platforms

Two versions of EstimateS are currently offered. 

EstimateS 9.00 runs under Windows 8 and Mac OS 
10.8 and earlier operating systems and has many 
new features. 

EstimateS 8.20 runs under Windows 7 and MacOS 
10.6 and earlier operating systems and maintains 
the traditional interface and tools that EstimateS 
has offered since 2005.

EstimateS is used in conservation biology, biotic 
inventories, natural area assesssment and monitor-
ing, biogeography, macroecology, microbial ecol-
ogy, molecular biology, ethnobotany, archaeology 
and many other fields.

1.2.4. PRIMER v6 (Plymouth Routines in Mul-
tivariate Ecological Research): This stand-alone 
user friendly software product consists of a range 
of univaritae, multivariate and graphical routines 
for analyzing data matrices of species by samples 
(abundances, biomass, presence/absence, %, ...). 

This was developed by Plymouth Marine Labora-
tory, UK

This software is widely used all over the world for 
the assessment of biodiversity.

It is used for the assessment of impact of oil explo-
ration, industrial and agricultural discharge, min-
ing, trawling, aquaculture etc.

This package is having the routines: BIO-ENV, 
ANOSIM, SIMPER, RELATE, MVDISP AND 
BVSTEP, Taxonomic Diversity Index, Taxonomic 
Distinctness Index, Average Taxonomic Distinct-
ness Index, Variation in Taxonomic Distinctness 
Index,  Total Phylogenetic Index and Average phy-
logenetic diversity index.

This package is useful in calculating a range of  
biodiversity indices and measures

Current version is Primer v6.

Website: www.primer-e.com
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1.2.5. Past: Past is free software for scientific data 
analysis, with functions for data manipulation, 
plotting, univariate and multivariate statistics, eco-
logical analysis, time series and spatial analysis, 
morphometrics and stratigraphy. 

Current version (November 2014): 3.04 

This program is designed as a follow-up to PAL-
STAT, an extensive package written by P.D.

Ryan, D.A.T. Harper and J.S. Whalley (Ryan et al.  
1995). It includes many of the functions 

Which are commonly used in palaeontology and 
palaeoecology. 

PAST is free.

PAST is tailor made for palaeontology. This means 
that it includes functions which are not found in 
of the-shelf programs and that it does not include 
functions which are of little use to palaeontologists 
and that only make the user interface more confus-
ing.

PAST is easy to use, and therefore well suited for 
introductory courses in quantitative palaeontology

PAST comes with a number of example data sets, 
case studies and exercises, making

It is a complete educational package. 

1.3. Studies Using these biodiversity Software:  Aj-
malkhan et al. (2004) assessed and compared the 
diversity of brachyuran crabs in natural mangrove 
in Pitchavaram and artificially developed man-
grove in Vellar estuary using the conventional and 
the new indices. Gowthaman (2011) assessed the 

biodiversity of elasmobranchs in Gulf of Mannar 
and Pavinkumar (2014) studied the fish diversity in 
selected estuaries of South Tamil Nadu.

2. CONCLUSION

With advent of computer software packages as-
sessment of biodiversity has become simple and 
easy to some extent. However one should under-
stand the features of these software and decide the 
type of software based on the ecosystem for which 
biodiversity need to be assessed. 
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ABSTRACT

The Amrita University campus is located at the foothills of Western Ghats, 25 kms away from Coimbatore city 
on Palakkad main road. The 450 acres lush green campus is surrounded by a part of Western Ghats in the north, 
rain-fed cultivated plains in the south and west and open scrub jungle in the east. The campus has rich floral and 
faunal diversity. The present paper describes the faunal diversity (Birds, butterflies, mammals and reptiles) of the 
campus which was studied systematically involving our students and experts from Salim Ali Centre for Ornitholgy 
and Natural History.

A total of 114 species of birds belonging to 42 families, 91 species of butterflies belonging to 61 genera and 
spreading over 5 families, 21 species of mammals and 17 species of reptiles were recorded in the campus and 
peripheral region. Shannon Wiener diversity index for avifaunal community in the study area is 2.2617, and Simp-
sons index is 0.91.

The study results are also used to develop modules on bird, butterfly and other faunal diversity in the campus for 
educational purpose. Based on the baseline data on butterflies collected from the campus a butterfly garden is be-
ing developed with the participation of students. An interpretation centre on biodiversity of Western Ghats and the 
campus is being developed involving student community and with the help of the experts. Students are encouraged 
to conduct research projects on campus biodiversity, urban biodiversity, human animal conflict, agro-biodiversity, 
organic farming etc. Awareness programs and events on biodiversity conservation have been conducted to sensi-
tize student community towards conservation of biodiversity. Expert lectures on biodiversity, negative impacts of 
genetically modified crops etc are being webcasted through our e-learning lab for other colleges and Universities. 
This unique biodiversity conservation education model of Amrita campus can be replicated in other college/uni-
versity or school campuses. 

Key words: Faunal biodiversity, western ghats, campus biodiversity, education modules, interpretation centre.

1. INTRODUCTION

The Amrita University campus is located at the 
foothills of Western Ghats, 25 kms away from 
Coimbatore city on Palakkad main road. The 450 
acres lush green campus is surrounded by a part 
of Western Ghats in the north, rain-fed cultivated 
plains in the south and west and open scrub jungle 
in the east. The campus has rich floral and faunal 
diversity. 

The campus has large number of fruiting and flow-
ering trees and shrubs that provide habitat to the 
diverse fauna including varieties of insects, butter-
flies, birds, mammals and reptiles. The major fruit-
ing trees found here include Ficus benghalensis, 

F. religiosa, F. tsjakela, Bridelia crenulata, Syzy-
gium cumini, Santalum album, Azadirachta indica 
etc.  These trees attract large number of frugivo-
rous birds. The major flowering trees found in the 
campus such as Butea monosperma, Tecoma stans 
attract different species of nectarivorous birds. Al-
though the flora of the campus is well document-
ed by Dr Aravindakshan and his team, the faunal 
wealth of the campus is not studied systematically. 
Hence, a present study on the faunal diversity of 
the Amrita University campus has been carried out 
involving student community.

Many well-known educators across the globe be-
lieve that without an experience, there can be no 
true learning or real understanding of a concept or 
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situation. Hence instead of giving theoretical les-
sons on biodiversity of the campus, students were 
involved in actual survey and biodiversity docu-
mentation study in the campus. Fourty students 
from the nature club actively participated in this 
study.

2. METHODOLOGY

In order to document the fauna (including birds, 
butterflies, mammals and reptiles) in the campus, 
detailed intensive and extensive field surveys were 
conducted from November 2013 to January 2014 
in the entire campus covering different landscapes 
and peripheral area involving students and experts 
(Fig 2).

Initially a reconnaissance survey was conducted 
in the entire campus and its periphery for under-
standing the vegetation types and land use pattern 
of the campus. The entire area was tracked and the 
boundaries were marked using GPS etrex-20. For 
the convenience, the area was also divided into few 
blocks and marked as a, b, c and so on, for sam-
pling all the areas in the campus with the same fre-
quency (Fig 1). The Google earth imagery map was 
prepared by marking different vegetation types and 
landscapes

Fig 1: Google earth imagery map of the Amrita Uni-
versity campus and its environs.

Quantum and the permanent survey points were 
marked in the map (Fig 2) to make sure that sam-
pling is done uniformly without missing any area.

Fig 2: Map of the campus with permanent survey 
points.

After marking the area, the area has been stratified 
in to the following categories viz.,

 Plantation 
1. Garden areas 

2. Built up areas  

3. Open area (with grassland) and barren lands

4. Forest areas 

5. Coconut farms 

6. Agriculture areas occurring inside the cam-
pus and the peripheries. 
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Table 1. Sampling techniques used for the present survey

Sl. No. Taxa Sampling method
1 Butterflies Random walk, opportunistic observations, transect walk and time 

constrained Point count method 
2 Reptiles Visual encounter survey (VES) search
3 Avifauna Random walks, opportunistic observations, Mackinnon’s list tech-

nique, transect method and Time constrained Point count method. 
4 Mammals Pug marks, calls, tracks and signs, Identification of faeces, dead ani-

mal body parts such as horns, teeth etc. Visual Encounter Survey 
(VES) and Information from local public.

3. RESULTS AND DISCUSSIONS

Around fourty nature and wildlife lover students 
from the Nature Club of Amrita University gath-
ered together on all the weekends of the month of 
November and December to observe the birds re-
siding in the university campus. While taking great 
pleasure in spotting them, they were also involved 
in conducting scientific study on them with the 
help of experts.

This drill helped them expand their knowledge 
about the types of birds, their characteristics, their 
habitats, their food habits etc. 
A total of 114 species of birds belonging to 42 
families, 91 species of butterflies belonging to 61 
genera and spreading over 5 families, 21 species of 
mammals and 17 species of reptiles were record-
ed in the campus and peripheral region. Shannon 
Wiener’s diversity index for avifaunal community 
in the study area is 2.2617, and Simpsons index is 
0.91.

Of the 114 bird species recorded in the campus, 
birds such as Purple-rumped Sunbird , Purple Sun-
bird, Common Tailor Bird, Tickell’s Flowerpecker, 
Asian Palm-Swift, Small Green Bee-eater , Asian 
Koel, Common Hoopoe, Common Myna, Red-
vented Bulbul, Spotted Dove, Eurasian Golden 
Oriole , Black-headed Cuckoo Shrike, Copper-
smith Barbet, White-headed Babbler , Rose-ringed 
Parakeet, Blue Rock Pigeon,  Pied Buschat, Indian 
Robin, Grey Francolin, Black Drongo and Indian 
Tree pie were commonly seen in the study area 
(Fig 3-10). 

Birds like Blue-winged Parakeet, Asian Brown 
Flycatcher, Eurasian Collared-Dove, Blue-beard-
ed Bee-eater, Jungle Myna, Verditer Flycatcher, 
Jungle Babbler, Common Kestrel, Plum-headed 
Parakeet, Little Cormorant, Indian Grey Hornbill, 
Spotted Owlet, Gold-fronted Chloropsis, Brown-
headed Barbet and Black-shouldered Kite were 
sighted rarely with 3-5 sightings during the survey 
period.  

Mammals such as Wild Boar, Spotted Deer, Black-
napped Hare, Three-striped Palm Squirrel, Indian 
Flying Fox, Short-nosed Fruit Bat, House Rat and 
Greater Bandicoot Rat are commonly seen in and 
around the campus. Apart from these, Elephant is 
one of the frequent visitors of the campus.

Out of total 17 reptiles recorded in the Universi-
ty campus  Common Rat Snake, Monitor Lizard, 
Green forest Lizard, Indian Garden Lizard, Spec-
tacled Cobra, Common Vine Snake and Common 
skink are frequently seen in the campus. On the 
other hand, three species viz., Saw-Scaled Viper, 
Russell’s Viper and Common Krait are seen very 
rarely in the campus with 1-2 sightings only. Indian 
Rock Python also rarely visit the campus

3.1. Further action

The study results are being used to develop mod-
ules, informative booklets and field guides on bird, 
butterfly and other faunal diversity in the campus 
for educational purpose. Based on the baseline data 
on butterflies collected from the campus a butterfly 
garden is being developed with the participation of 
students. An interpretation centre on biodiversity 
of Western Ghats and the campus is being devel-
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Of The 91 Butterfly Species Recorded In The Campus, Species Such As Crimson Rose, Common Rose, 
Blue Tiger, Lemon Pansy, Tawny Caster, Chocolate Pansy, Common Cerulean, Common Emigrant, 
Common Leopard, Common Jezebel, Common Pierrot, Common Mormon, Common Banded Peacock, 
Tiny Grass Blue, Plain Tiger, Common Crow, Danaid Eggfly, Small Grass Yellow And Lime Butterfly 
Are Commonly Seen In The Campus. The Butterflies Viz., Blue Mormon, Southern Birdwing, Common 
Bluebottle, Common Baron, Common Mime, Tailed Jay, Small Salmon Arab, Common Sergeant, Joker, 
Indian Sunbeam And Paris Peacock Are Rarely Seen In The Campus (Fig 12-19).

Fig 3: Small Green be eater

Fig 6:  Purple Sunbird

  Fig 4: Indian Tree pie 

Fig 7: Golden Oriole

Fig 10: Blue-winged Parakeet e 3

Fig 5: White headed Babbler 

Fig 8: Common Hoopoe

Figure 11: Indian Peafowl
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Fig 12: Crimson Rose

Fig 14: Common Jezebeal

Fig 16: Danaid Eggfly

Fig 13: Common Leopard

Fig 15: Lime butterfly

Fig 17: Common Emigrant



Perspectives on Biodiversity of India Vol. II. Part 2

315

Fig 19: Indian sunbeam Fig 18: Southern birdwing

oped involving students. These facilities would be 
open for public and will be utilized for generating 
awareness at Society at the large. 

Students are encouraged to conduct various proj-
ects on campus biodiversity, urban biodiversity, 
human animal conflict, agro-biodiversity, organic 
farming etc. Awareness programs and events on 
biodiversity conservation have been conducted to 
sensitize student community towards conserva-
tion of biodiversity. Expert lectures on biodiversity 
conservation and other environmental aspects are 
being webcasted through E-learning lab for other 
colleges and universities across the country. This 
Biodiversity conservation experiential learning 
model adopted by Amrita University can be rep-
licated in other college/university or school cam-
puses in India to motivate student community to 
take actions to conserve biodiversity in India. 
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ABSTRACT

“Thindu” is man-made compound walls of soil and mud usually seen in Kannur district of Kerala.  Though man 
has an intention to mark the boundary of his land from other intrusions of animals and people, they serve as excel-
lent sites for conservation of pteridophytes. Since most other plants cannot survive on the perpendicularly made 
substratum, the ferns and fern allies flourish and outcompete all other types of plants in this manmade habitat. In 
the present study, about ten species of pteridophytes have been found and about three among them to be abundant 
on “thindu”. Unfortunately people have started to remove “thindu” and make compound walls of brick and stones 
with plastering of cement. 

Key words: Thindu, pteridophytes, biodiversity, conservation.

1. INTRODUCTION

Pteridophytes are an assemblage of flowerless, 
seed-free, and spore bearing vascular plants, which 
originated in the Silurian of Paleozoic era. These 
are the second largest group of vascular plants with 
more than 10,000 extant species. India is consid-
ered as one of the mega biodiversity centres in the 
world and in which, Eastern Himalaya and West-
ern Ghats possess most of their floristic wealth. 
India has a rich and diverse pteridophytic flora 
and estimated to contain ca. 1000 species (Chan-
dra et al., 2008). South India has about 250 taxa 
of pteridophytes (Manickam & Irudayaraj, 1992). 
Man started to make compound walls to mark the 
boundaries of his land from very ancient times. He 
used several methods to make boundaries on land. 
Using mud for making tall boundaries is a system 
prevalent in the lowlands of Kannur District of 
Kerala. Such boundaries or compound walls vary-
ing in height from 1 - 3 meters and width of 0.5 – 1 
meter are called as “Thindu” in local Malayalam 
slang. They are constructed by piling up mud in 
such a way that the mud is forcefully thrown to ac-
cumulate in the marked area using a basket called 
“Kootta”. After the mud has been piled to reach 
the anticipated height and width, beating process 
starts. The mud is beaten strongly using wooden 
structures resembling a cricket bat, called as “Nil-
ampathikka or Nilavathikka”. Such beaten bound-

aries of land can persist decades of rain and other 
climates. “Thindu” is the most eco-friendly way 
of creating tall boundary for land, which itself can 
save as a habitat for a lot of plants. Interestingly, 
pteridophytes including ferns and fern allies domi-
nate among the flora found on “thindu”. Unfor-
tunately, man has started to remove these natural 
boundaries and make new compound walls using 
stone and brick, eventually plastering them with 
cement and sand in such a way that no flora can be 
seen on the wall. The present study was conducted 
to identify the pteridophyte flora of “thindu”, in se-
lected lowlands of Kannur.

2. MATERIALS AND METHODS

The present study is based on the pteridophytes 
collected from “thindu” type of habitat of Kannur 
district, Kerala (Plate 1A & B). The selected places 
include Villages such as Mokeri, Patyam, Mangat-
tidam and Kathiroor and localities coming under 
Municipalities of Thalassery and Koothuparamba. 
Hilly areas and sea shore are not included in the 
present study. Study was conducted from January 
2014 to November 2014, accommodating mon-
soon and winter seasons. 

Morphological characters, habit and habitats were 
observed in the field itself and fresh specimens 
were brought in to the laboratories for further anal-
ysis. Micro-morphological features were observed 
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with the help of Leica HD4 Stereo zoom micro-
scope. Plants were identified with the help of rel-
evant literatures and consulting experts in the field. 
Photographs were taken using Canon EOS 1200D 
and Nikon Coolpix L25 cameras. Herbaria were 
prepared using standard techniques and deposited 
at Sri Syasa NSS College herbarium, Wadakkanch-
ery. The classification of Christenhusz et al. (2011) was 
used for arranging the taxa in the present study.

3. RESULTS

The present study recorded 12 taxa of pteridophytes 
including 10 species of ferns (monilophytes) and 
two species of lycophytes. The largest family ob-
served was Pteridaceae with five genera (Table-1). 
The description of the pteridophytes observed on 
“thindu” is provided below (in alphabetical order). 
Table 1: List of Pteridophytes found on “thindu” 

habitats

Sl. 
No

Name of species Family

Adiantum latifolium Pteridaceae
Adiantum philippense Pteridaceae
Athyrium hohenackera-
num

Athyriaceae 

Blechnum occidentale Blechnaceae 
Cheilanthes tenuifolia Pteridaceae 
Christella dentata Thelypter ida-

ceae
Lindsaea ensifolia Lindsaeaceae

Lycopodiella cernua Lycopodiaceae
Lygodium flexuosum Lygodiaceae 
Pityrogramma calo-
melanos

Pteridaceae 

Pteris confusa Pteridaceae 
Selaginella delicatula Selaginellaceae

3.1. Adiantum latifolium Lam., Enc. 1: 43. 1753. 
[Plate-1C]: Rhizome long creeping, often branched, 
up to 0.3 cm thick, densely scaly all over; scales 
pale brown, lanceolate. Stipes arranged in two al-
ternate rows, up to 1 cm apart, about 20× 0.2 cm, 
abaxially rounded, adaxially grooved, black, stiff, 
glossy, glabrous below, gradually become pubes-

cent above, Lamina broadly ovate, about 18-20×2-
4 cm , bipinnate, alternate,pinnules up to 12 pairs 
in primary pinna, pinnae dark green, glabrous 
above Pinnules up to 12 pairs. 3-3.5×1-1.5 cm ob-
long, apex acute, pale brown hairs are distributed 
all over the rachis. Veins slightly distinct above and 
below the pinnules, free and dichotomous, spread 
in a fan like manner lower margin of the sterile pin-
nules finely serrulate. Sori oblong or reniform dis-
tributed all along the upper margins.

3.2.  Adiantum philippens L., Sp. Pl. 2: 1094. 1753. 
[Plate-1D]: Syn: Adiantum lunulatum Burm., Fl. 
Ind. 235. 1768. 

Terrestrial herbs, 20-26 cm height. Rhizome sub-
erect, covered by scales ovate-lanceolate, apex 
acuminate, margin entire, pale brown. Stipes tuft-
ed 6-11 × 0.1 cm, dark brown, glabrous. Lamina 
lanceolate, up to 15-17 ×3-5 cm, simply pinnate; 
pale green pinnae up to 15 pairs, up to 3 × 1.5 cm, 
glabrous, texture herbaceous, margin entirein ster-
ile pinnae, pinnae fan shaped, upper margin lobed; 
veins distinct above and below. Sori continuous 
along the edge of the lobe, crescent shaped. Spores 
triangular. 

3.3. Athyrium hohenackerianum (Kunze) T. 
Moore, Ind. Fil. 49. 1857. [Plate-1E]: Rhizome 
erect, densely scaly at the apex; scales linear-
lanceolate, apex hair pointed.  Stipes tufted, pale 
or grey-brown, covered by scales densely below, 
sparsely above.  Lamina elliptic or lanceolate, sim-
ply pinnate, gradually narrowed from the middle 
portion both towards apex and base; pinnae up to 
20 pairs, few basal most pinnae shortly stalked, op-
posite, deflexed and widely spaced, other sessile 
or subsessile, alternate; largest pinna oblong, apex 
acute or sub acute or rounded, acroscopic base 
truncate, basiscopic base broadly cuneate; margin 
irregularly dentate-serrate or lobed shallowly or up 
to the costa; lobes about six pairs, ascending, ob-
long or deltoid, basal acroscopic lobe larger than 
the other, apex acute or subacute, margin serrate; 
veins slightly distinct above and below, usually 
simple, reaching the margin; pinnae pale green, 
glabrous above and below; filiform scales sparse-
ly distributed on rachis; texture herbaceous.  Sori 
median or sub- median on the veins; indusia pale 
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brown, entire, spores globose or ellipsoid.

3.4. Blechnum occidentale L., Sp. Pl. 2: 1077. 
1753. [Plate-1F]: Rhizome sub erect, 1 - 6 cm thick, 
densely scaly at the apex; scales lanceolate, pale 
brown stipes tufted up to 34 × 0.2 cm dark brown 
at the very base, pale or grey brown above sparsely 
scaly at the base glabrous above. Lamina up to 25 
- 32 × 11 - 16 cm, apex acuminate, base truncate, 
pinnae up to 15 pairs, margin apparently entire but 
bearing very minute pale brown spinules.  Pinnae 
dark green glabrous above and below; texture co-
riaceous. Sori linear along the costa not reaching 
the base and apex, indusiate.

3.5. Cheilanthes tenuifolia (Burm. f) Sw., Syn. Fil. 
129: 332. 1806. [Plate-1G]: Rhizome short creeping, 
about 0.8 cm thick, densely scaly at the apex. Stipes 
crowded, up to 35×0.2 cm, dark brown or reddish- 
brown, rounded below, grooved above, glabrous, 
glossy. Lamina ovate- lanceolate, up to 25-9 cm, 
quadripinnate below, tripinnatified or tripinnate at 
the middle, bipinnatified or bipinnate above, veins 
slightly distinct, pinnae dark green, glabrous above 
and below; texture thin herbaceous. Sori marginal 
on each ultimate lobe; protected by reflexed margin.

Plate 1: A. Thindu; B. Luxurient growth of ferns 
on Thindu; C. Adiantum latifolium; D. Adiantum 

philippense; E. Athryrium hohenackeranum; F. 
Blechnum occidentale; G. Cheilanthes tenuifolia.

3.6. Christella dentata (Forsk.) Brownsey & Jer-
my, Brit. Fern Gaz. 10: 338. 1973. [Plate-2A]

Terrestrial herbs, 40-70 cm height. Rhizome short 
creeping, 6-9 ×1-2cm broad, cylindrical, scaly 
with tufts of long roots. Scales, linear, pale brown 
and broad towards base. Stipe 11-32 ×03cm, pale 
brown, glabrous, scaly at the base. Lamina 38-
69×10-14cm, green, pinnate and ob-lanceolate. 
Pinnae 7-10×1-2cm, in 13-16 pairs, green, margin 
lobed, rachis covered with numerous small hairs. 
Sori median on veins, brownish black when ma-
ture, indusiate and spores are brown, reniform

3.7. Lindsaea ensifolia Sw., Schard. J. Bot., 2: 77. 
1801. [Plate-2B]

Rhizome up to 0.3 cm thick, branched densely, 
covered by scales. Stipes scattered up to 24×0.2 
cm more or less tetragonal with a shallow groove 
on all sides except on the abaxial side, dark or pur-
plish brown below, glossy and glabrous all over. 
Lamina obovate, up to 18×14 cm, simply pinnate 
with a terminal pinna similar to the lateral ones. 
Pinnae one to six pairs, subopposite, oblong, lan-
ceolate, margin entire in fertile pinnae, finely ser-
rate or wavy or entire in sterile ones, costa raised 
and rounded below. Sori linear, continuous or in-
terrupted all along the margin except at the very 
base, indusiate.

3.8. Lycopodiella cernua (L.) Pic. Serm., Webbia, 
23: 166. 1968. [Plate-2C]

Main stem erect, up to 100-110×0.6-0.7 cm, terete, 
bearing branched roots at the base. Main branches 
subopposite, deccusate about 6-7 cm apart, forked 
two to three times into secondary branches which 
bear up to 5 times forked. Leaves sparse on main 
stem dense on the rest, spreading slightly ascend-
ing, adnate, linear up to 2×0.1 mm acuminate, 
entire, pale green, stiff, herbaceous. Cones termi-
nal on the ultimate branches, ependunculate, pen-
dant, cylindrical, sporophylls yellowish green thin 
broadly ovate. Sporangia reniform. Spores trilete.

3.9. Lygodium flexuosum (L.) Sw., Schard. J. Bot. 
1800 (2): 7, 106. 1801. [Plate-2D]
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Rhizome short creeping, up to 0.2-0.3 cm thick, 
densely covered by dark brown, multicellular, 
uniseriate, tubular hairs all over. Stipes closely 
arranged, about 40-48 cm long, dark brown and 
densely hairy at base stramineous and glabrous 
above, abaxially rounded and adaxially flattened: 
fronds oblong - lanceolate: about 65 cm wide, tri-
pinnate; primary pinnae alternate, about 15 cm 
apart with about 3 mm long common stalk forked 
once and bearing a dormant bud on the forking 
axis; each forked branch bears two to three pairs 
simple or forked pinnules alternately; pinnules 
about 9×2.3 cm, oblong-lanceolate, margin regu-
larly or irregularly serrulate in sterile pinnules: 
veins distinct above and below, pinnae pale green; 
texture herbaceous. Sporangia arranged adaxially, 
finger like spikes along the margin of the pinnules; 
sporangia about 5 pairs, alternate, indusiate.

3.10. Pityrogramma calomelanos (L.) Link., 
Handb. Grew. 3: 20. 1833. [Plate-2E]

Rhizome erect, about 3.2 cm thick, densely scaly 
at the apex; scales lanceolate. Stipes tufted, about 
20-24×3cm, dark brown or black, scaly at the 
very base, glabrous and glossy above, abaxially 
rounded, shallowly grooved above. Lamina lan-
ceolate, about 30×7.5-8.5 cm, bipinnate, apex or 
acuminate, base broadly cuneate; pinnae about 12 
pairs progressively reduced towards apex, pinnules 
about 10 pairs, margin entire, pinnae dark green, 
glabrous and glossy above, covered by silver co-
loured waxy powder below, texture thin or thick 
herbaceous. Sori along veins covered by entire sur-
face when mature; spores trilete.

3.11. Pteris confusa T.G. Walker, Kew Bull. 14: 
329. 1960. [Plate-2F]

Terrestrial herbs, 20-32 cm heigh. Rhizome erect, 
1-3× 1-1.1 cm, densely covered by scales; scales lin-
ear - lanceolate, pale brown. Stipes 12-19×0.1-0.2 
cm, dark brown at the base, glabrous above. Lam-
ina bipinnate, 25-32×11-12 cm, ovate, green; pin-
nae 7-12 pairs,  ascending, opposite, green; pin-
nule 23-24 pairs, linear - oblong, costa and costule 
raised above and below, sub-coriaceous. Sori all 
along the margin except at the apex of the pinnule, 
dark brown; Spores dark brown.

3.12. Selaginella delicatula (Desv.) Alston, Journ. 
Bot. 70: 282.1932. [Plate-2G]

Terrestrial herbs, 9-18 cm height.  Stem densely 
tufted, slender, solaniferous a base, erect above, 
green, copiously branched from the base, branch-
es short.  Rhizophores brownish, confined to the 
basal on fourth. Leaves simple, 0.1-0.2 × 0.1-0.2 
cm, opposite, sessile, thin, green, margin smooth 
with midrib. Cones borne on the tip of the ultimate 
branchlets, green; sporophylls simple, acuminate, 
entire and two types; microsporphyll bear micro-
sporangia and megasporophyll bear megasporan-
gia; spores brown coloured. 

Plate 2: A. Christella dentate; B. Lindaea ensifo-
lia; C. Lycopodiella cernua; D. Lygodium flex-

uosum; E. Pityrogramma calomelanos; F. Pteris 
confuse; G. Selaginella delicatula
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4. DISCUSSION

The forests of Southern and Central India are very 
fragile ecologically and are under a greater degree 
of threat from human activities than almost any 
other part of India. Despite some of the most im-
portant localities now being under strict conserva-
tion regulations, large areas of natural environment 
have already been lost, especially during the last 
50 years. Almost all forest areas in South India are 
considered to be under some degree of threat along 
with their natural fauna and flora, and this also ap-
plies to many of the ferns and fern-allies (Sreenivas 
et al., 2013). The present study on pteridophytes 
on “thindu” of selected regions of Kannur showed 
the importance of conservation of mudwalls or “th-
indu” called. Out of 12 species found on this type 
of habitat are important component of our indig-
enous flora and most of them showed symbiotic 
associations with each other such as Blechnum oc-
cidentale, Lycopodiella cernua, etc. Adiantum lati-
folium is a common species present on almost all 
“thindu” under the present study and this showed 
the capacity of this species to thrive any adverse 
environments. The diversity of the pteridophytes 
is continued to be degraded due to fragmentation, 
increasing human population pressure and habitat 
loss (Ranil et al., 2009). The invasive species like 

Mikania micrantha Kunth has a fatal threat to the 
indigenous pteridophytes growing on the “thindu”. 
Efforts should be done to conserve the remaining 
“thindu” habitats of Kannur, since pteridophytes 
are facing habitat loss in low lands of Kannur.
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