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Message from the Hon, Minister of Environment and Renewable Energy
Sri Lanka's biodiversity is significantly important both in a regional and global scale with the country
designated as a one of 34 hiodiversity hotspots in the world. Sri Lanka's high biodiversity includes a
diverse array of ecosystems and species that provide a wide range of ecosystem services.
According to the 1978 Constitution of the Democratic Socialist Republic of Sri Lanka, it is the duty of
the State and every person in Sri Lanka to protect, preserve and improve the environment for the
henefit of the community. The Ministry of Environment has taken the responsihility of implementing
the constitution by making development more sustainable.
Biodiversity conservation is not a new phenomenon to Sri Lanka. From ancient times Sri Lankans have
had close relations with flora and fauna and were very much concerned about their conservation and
protection for the benefit of future generations. Sri Lanka has adopted a positive approach in
formulating new policies and strategies towards conserving its biological wealth. We have signed and
ratified the Convention on Biological Diversity (CBD) and are already in the process of implementing
relevant provisions. Further, Sri Lanka is one of the very first countries that prepared a Biodiversity
Conservation Strategy and Action Plan.
Human societies rely on the vast diversity of benefits provided by nature, such as food, fibers,
construction materials, clean water, clean air and climate regulation. Land soil degradation, land use
management, climate change, chemical pollution, genetically modified organisms (GMOs) and invasive
species have been identified as current threats to biodiversity.
The Mahtnda Chtntana - Vision for the Future, gives the highest priority to all aspects of environmental
protection, caring for nature in the move towards sustainable development in all aspects of social and
economic, progress. It has clearly mentioned that "the development of natural resources and
environment would be in line with sustainable development principles which avoid costly remediation
measures".
As the national manifesto, Mahinda Chint/lUna-Vision for the Future, identified forest, wildlife and
biodiversity, mineral and land resources as key areas of environment section. It has included
biodiverSity, soil and water conservation programmes and policy and legislation as priority
programmes and areas_ Among the identified issues in Mahinda Chinthana, lack of understanding of
scientific management, undervaluation of blOdiversity and absence of inter-institutional coordination
with regulation to biodiversity have been clearly stated. Improved land preparation and efficient
irrigation and plant nutrient management practices have to be put into effect. With finding sustainable
mechanisms to the utilization component of soil biodiversity, it is of paramount importance to take
necessaty measures for the conservation of soil biodiversity in Sri Lanka.
I hope this document will be taken as an important tool in future development activities, in Sri Lanka
becoming the immerging Wonder of Asia in a sustainable manner while conserving soil biodiversity of
country for the generations to come.

,,,iii

As the national focal point for the CBD, my Ministry fervently hopes that this endeavor
bring about
the forum and knowledge dissemination for the conservation and sustainable use of soil biodiversity
in Sri Lanka.

Susil Premajayantha
Hon. Minister of Environment and Renewable Energy
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Message from the Secretary of Environment and Renewable Energy
Sri Lanka has a ri ch diversity of flora and fauna, owing to the varied climate, topography and soils. The
high diversity of ecosystems has provided habitats for rich species diversity, and edaphic and climatic
variants of individual species.
As the policy makers of the country it is very important to identify and prioritize the species for
conservation activities. The Convention on Biological Diversity (CBD) is a welcome move to arrest the
erosion of biodiversity world-wide. Indeed, Sri Lanka, being proactive to the needs, was one of the
early countries to ratify the CBD in 1994.
As steps in implementing the CBD, Sri Lanka has prepared a framework for action for the conservation
of biodiversity (BCAP) and subsequent addendums to the framework. With achieving mandates of the
CBD and fulfilm ent of the recommendations of the BCAP, updated information on soil biodiversity will
be originated and disseminated among responsible institutions and stakeholders in this subject.
The objective of this publication is to review the state of knowledge of soil biodiversity, its function s,
contribution to ecosystem services and relevance for the sustainability of human society. The
ecosystem services provided by soil biota are driving nutrient cycling and regulation of water flow, soil
sediment movement and biological regulation, maintenance and detoxification of pollutants and
regulation of atmospheric composition.
Haritha Lanka Programme, the national action plan prepared for implementation of environment
strategies and activities of Mahinda Chinthana, has also identified saving flora, fauna and ecosystems
under its missions.

One of the basic problems is lack of adequate scientifi c information. More research is needed to
estimate the impacts on soil organisms and function s. Individual studies focused on local soil
ecosystems will be indispensable to develop a comprehensive view and to measure the effects on soil
biodiversity appropriately.
The approach of this symposium to disseminate the knowledge and experience in soil biodiversity
conservation, prepare a data base on soil biodiversity and promote research in much needed areas.
Considering the field of soil biodiversity and conservation, it is rare to find a specific awareness
creation programme and identify work related to the area at national level. It is of utmost importance
that we bring various experts and researchers of the soil biodiversity and policy makers to be present
in a forum to identify and make aware of various aspects of sustainable use of soil biodiversity and
conselvation. National symposium on Soil Biodiversity is expected to set the act in that direction.
This important symposium will focus in creating outputs for promoting research on subjects relevant
to the soil biodiversity, establishing and maintaining an adequate data base and knowledge
dissemination by making available subject information for use by stakeholders, researchers,
education sector personnel and other interested people.
I wish to thank all who contributed for the preparation of this publication.
B.M.U.D.Basnayake
Secretary, Ministry of Environment and Renewable Energy
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Message from the Director, Biodiversity Secretariat
Soil is an essential part of the terrestrial ecosystem. It is a critical resource not only to agricultural
production and food security but also to the maintenance of most life processes. Soil biodiversity
reflects the variability among living organisms ranging from micro-organisms and larger meso-fauna,
as well as the more familiar macro-fauna. Plant roots can also be considered as soil organisms in view
of their symbiotic relationships and interactions with other soil components. Environmental factors
and climate
scenarios, as well as anthropogenic
such as temperature, moisture and
actions, in particular, agricultural and forestry management practices affect, to different extents, the
soil biodiverSity.
Considering the above importance of the
Convention on Biological DiverSity (CBD) has identified
conservation and sustainable use of soil biodiversity as an area requiring particular attention under
the several work programmes. Mainly, it has been identified under the agricultural biodiversity of the
Conference of the Parties (COP) to the CBD. The COP at its 6th meeting in Hague, Netherlands April
decided "to establish an International initiative for the
2002 (COP decision VIIS, paragraph
Conservation and Sustainable Use of Soil Biodiversity as a cross-cutting initiative within the
programme of work on agricultural biodiversity, and invites its' all parties, and other relevant
organizations, to facilitate and coordinate this initiative". Taking this in to account as the national focal
point to the CBD, Biodiversity Secretariat (BDS) of the Ministry of Environment and Renewable Energy
(MoE&.RE) well recognized the need to conserve and sustainably use soil biodiversity and decided to
set priorities for national level needs to integrate soil biodiversity conservation into our national
strategies &. action plans and put in place multisectoral programmes.
In this context, we organized the "National Symposium on Soil Biodiversity" as the first national
symposium regarding conservation and sustainable utilization of soil biodiversity in Sri Lanka.
Assessing present status of soil biodiversity in Sri Lanka, identifying gaps in areas of awareness,
information,
poliCies and conservation. collecting necessary information to develop a
research data base as sources to develop a plan of action for conservation & sustainable use of soil
organisms, and establishing a national network among SCientists who work on
organisms and
policy makers who are involving on soil biodiversity are the priority expectations of this symposium.
All presentations of the symposium is included in this document and It will provide valuable
information to the scientists, academics, policy makers and other interested parties in understanding
various aspects of Soil Biodiversity in Sri Lanka.
It is our fervent hope that this publication will provide practical information to all those who are
proactively taking part in the country's
to conserve the
Biodiversity and its components. I
take this opportunity to
all who have contributed for the success of this symposium and
publication. I wish the symposium all success.

R. H. M. P. Abeykoon

Director, Biodiversity Secretariat
Ministry of Environment and Renewable Energy.
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Programme ofthe Symposium
The 1st National Symposium on Soil Biodiversity 2013
10th -11th December 2013
Sri Lanka Institute of Development Administration (SLIDA}, Colombo 07.
Inauguration on 10th December 2013
8.30 am- 9.00 am

Registration of Participants

9.00 am- 9.10 am

Ughting of the Traditional Oil Lamp
National Anthem

9.10 am- 9.25 am

Welcomes address and objectives of the programme by Mr. B. M. U. D.
Basnayake.
Ministry of EnVlronmenl and Renewable Energy.

9.25 am- 9.30 am

Presenting book on '"Proceedings of National Symposium on Soil
Biodiversity-20 13'" 10 Hon. Minister by Mr. B. M. U. ·D. Basnayake,
Secretary. Ministry of Environment and Renewable Energy.

9.35 am- 9.55 am

Keynote Address: "Soils of Sri Lanka and Biodiversity'" Dr. W. M. D. B.
Widrramasinghe, Director, Natura! Resource Management Centre
(NRMC), Peradeniya.

9.55 am- 10.10 am

Address by the Chief Guest, Hon. Susil Premajayantha, Minister of
Environmeot & Renewable Energy.

10.10 am- 10.40 am

Guest Speech: "Soil Microbial Diversity and Its Use In Crop
Prodnction" Prof. S. A. Kulasooriya, Visiting Research Professor.
Institute of Fundamental Studies (!FS), Kandy.

10.40 am- 10.50 am

Vote of Thanks, Mrs. R. H. M. P. Abeykoon, Director, Biodiversity
Secretariat, Ministry of Environment and Renewable Energy

10.50 am-11.1S am

Ref,.eshments

11.20 am

Commencement ofTechnkal Sessjons

xi
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Session Theme 01: Present Statlls on Soli Species Diversity-Part A
Chaired by Prof. S. Widanapathirana
Paper
Title
Time
Number
1-01
Keynote speech: "Soil Biodiversity and Ecosystem Services" Devaka Weerakoon
11.25 am
11.40 am
"Information on Soil-inhabiting Nematodes in Sri Lanka" Dammini Premachandra
1-02
"Soil Preferences of Tiger Beetles (Coleoptera, Cicindelidae) of Sri Lanka"
1-03
11.55 am
Chandima Dangalle, Nirmalie Pallewatta & Nimal K. Dangalle
12.10 pm
1-04
"Ground Dwelling Ants of Sri Lanka" R. K. Sriyani Dias
"Present Status of Annelida: Oligo chaeta (Earthworms) Diversity in Sri Lanka"
12.25 pm
1-05
Janaka W. K. Samaranayake
1-06
12.40 pm
Present Status on Termites Diversity in Sri Lanka" N. C. Kumarasinghe
"Studies on Soil Macro Fauna in laffna, Sri Lanka - Present Status and Future Plans"
1-07
12.55 pm
R. Gnaneswaran
12.551'10-1.15 pm
Panel Discussion
1.20 pm- 2.20 pm
Lillich Break
Session Theme 01: Present Status; on Soil Species Diversity-Part B
Chaired bv Prof. Devaka Weerakoon
Invited Address: "Nematode Parasites and their Naturally Occurring Bio Control Agents in Tea Soils of Sri
2.25 pm
1-08
Lanka" K. M. Mahotti
2.40 pm
1-09
Invited Speech: " Status quo: A Sri Lankan Perspective of Soil Biodiversity" S. Somaratne
"Present Status on Land Snail Diversity in Sri Lanka"
2.55 pm
1-10
K. B. Ranawana & Ironie Nagasena
f
"Some Notes on Ground Dwelling Mygalomorph (Araneae) Spiders of Sri Lanka"
3.10 pm
1-11
Ranil P. Nanayakkara & Nilantha Vishvanath
"Distribution of Three Scorpion Species (Scorpiones: Arachnida) in Jaflna Peninsula"
3.25 pm
1-12
Thampoe
Eswaramohan, K. Veronika & A. Murugananthan
f-
"Diversity and Species Composition of Earthworms in Kalutara District of Sri Lanka"
3.40 pm
1-13
M. W. D. Wickramaratne & S. R. Krishnarajah
3.55 om-4.15 pm
Panel Discussion
4.15 om" 4.30pm
End of tile 1" d<ly.~.es..!'J(llls & Tea

Day 01: 10 th December 2013

SCHEDULE OF THE TECHNICAL SESSIONS
1" National Symposium on Soil Biodiversity -2013
Biodiversity Secretariat-Ministry of Environment & Renewable Energy
10 U'-11 u. December 2013 at Sri Lanka Institute of Development Administration [SLlDA)
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2·04

"Macrobenthic Composition and DiVersity in Unawatuna, Ahangama and Madiha, Southern Coast of Sri
Lanka" K. H. Hashan Niroshana & p, B. Terney Pradeep Kumara

12.30 pm-12,45 pm
12.4oS pm· 1,30 pm

12015 pm

12.00 am

11.45 am

1L30am

9.45 am

- -------

"Relationship Between Grain Yield and Soil Bacterial Population as Influenced by SoH Organic Matter
content in Rain-Fed Rice" D. Po Po )ayakody, W, K Hirimburegama & D. So De Zo Abeysiriwardena

"Evaluating the Ability of Rice to EUectively Suppress the Activity of Soil Nitrifiers"
3-05
Warshi So Dandeniya
"Soil Biodiversity Loss and Its Reversal by Using Developed Microbial Biofilms in Agroecosystems"
3-06
Aruni Buddhika, Go Senevirtne & c. L. Abayasekara
"Effects of Two Herbicide Formulations on Avoidance Behaviour of Earthworm (Eisen;a
,ij ill T;";;;
3·07
Different Soil Types" Cham ila
Ro LAsha & Po Mo C. So De Silva
Panel Discussion
Lunch Break

3-04

2·05

"Plant Growth Promoting Bacteria in the Root Environment of Selected Rice Varieties Grown in Sri Lanka"
Warshi S. Dandeniya & R Mo C, Po Rajapaksha
-------10.00 am-l0.1S am
Panel Discussion
10.20 am-10.45 am
Tea Break
03,
.tI... ".! Importance of Soil (l.n, ,'c,,'<
Session
Chaired by Prof. S. A. Knlasooriva
lQ.45am
3-01
Invited Speech: "Soil Microbial Diversity for Bio Prospecting" So C. Wijnyaratne
"Prospects in Exploring and Promoting Potential Soil Organisms Towards OrganiC Agriculture and to
11.00 am
3-02
Preserve Soil Biodiversity in Northern Province of Sri Lanka" Go Mikunthan
"Enhanced Soil Biodiversity in Organic and Biodynamic Tea Cultivation Systems III Comparison To
11.15 am
3-03
Conventional System" A. Jo Mohott; & K M. Mohotti
--------

9.30 am

Session Tlleme 02: Distribution ofSoil
_. amollg mUerelit
inSr! Lanka
-,
bY Dr.N. P'lUe'Watta
. Paper
Time
Title
Number
.. Potentail use of Bacterial Communities as Indicators olSoil Quality in Selective Ecosystems 01' Sri Lanka"
9.45 am
2-01
R M. Chand i Rajapakse
------- "Soil Biodiversity of Natural Grasslands in Sri Lanka; A General Review"
9.00 am
2-02
G. G. C. Premalal & G. A D. Perera
"Isolation, Identification & Characterization of Microorganisms from Selected Hot Springs of Sri Lanka"
9.15am
2-03
Sabriya Ashraf & S. C. Wiiovoro"nP

Day 02: 11 t" December 2013
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in Sri Lanka

1.30 pm

4-01

Oya,

Keynote address: "Pesticide Effects on Tropical Earthworms: Current ""uus, I renas and Future"
p, Mangala C. $, De Silva
011 Soil Biodiversity" Senaka Bandara
"Impact of
4-02
1.45 pm
"Properties of Soil and Plant Biodiversity in the Landslide Prone Area of Nikola
Rattota"
4-03
2.00 pm
Jinadasa Katupotha & c"'l1anajith
"Microbial Activity in Different Tea Soils in Sri Lanka as Affected by Soil Pesticides"
2.15 pm
4·04
K. M, MohoW & p, G. D. $,A _o"o"~no
"The Influence of Anthropogenic Activities on Soil Characteristics: A Case Study from Bellanwila-Attidiya
2,30pm
4-05
Wetland"
Deepthi Wickramasinghe ,W,D, Chethika Gunasiri, Pubudu Wewalwala,&J'ilnlana Pivadasa
"Preliminary Study on the Impacts of Land Use Changes Through Some Soil Properties"
4-06
2.45pm
T, K Weerasinghe, E, A, D, N, Edirisinghe & F, N ,Nazar
Concept Paper: "Earthworms are Paid for Their Ecosystem Services: Case of Introducing Novel
Livelihoods in to Rural Economy"
3.00 pm
4-07
Leel Randeni & P. M, C, S De Silva
- - --------------3.15 pm-3.30 pm
Panel Discussion
,4"~
Tea Break
to Soil
cuny
Coordination & Information
Session Theme 05: Communication, Capacity
bv Mr. Gamini Gamage & Ms. R. H. M. P. Abeykoon
Keynote Address:" A Communication Strategy for the Soil Biodiversity"
3,45 pm
$-01
Devaka Wecrakool1
Invited Address: "National Science Foundation's role for Soil Biodiversity Researches in Sri Lanka"
4,00 pm
5-02
Geethika Yapa & Inoka Sandanavake
"Evaluation of the Export Trade in Mineral Resources of Sri Lanka; Comparison with the Environmental
4,15 pm
Impacts on Soil n,
5-03
uy
Samantha Gunasekara
4.30 pm
5-04
"Phytosanitary Significance of Soil and Soil Biodiversity" Jayani Nimanthika
,_ M\,
4.45
Panel Discussion
End of the Symposium

, ~ by Prof. G. Miknnthan
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1.
SOILS OF SRI LANKA~ AND BIODIVERSITY
W. M. A. D. B. Wickramasinghe
Natural Resources Management Centre
Department of Agriculture, Peradeniya.
Wickey56@ymail"com

INTRODUCTION
Formation of soils depends on factors such as parent material, environmental conditions, topography (slope),
organisms, time and management practices, Biological activity is a primary factor in the physical and
chemical processes of soil formation, Biological activities in a soil mainly depend on environmental
conditions and drainage conditions which ultimately decide the types of flora and fauna living in the soil and
types of soil formed, Hence, soils and Biodiversity are strongly linked as the soil is the medium for a large
variety of flora and fauna living in soils and biosphere, and they interacts closely with the wider biosphere,
Soil provides a vital habitat for large plants to microbes including bacteria and fungi; for microfauna such as
aprotozoa and nematodes; mesofauna such as microarthropods and enchtraeids; and macrofauna such as
earthworms,
and millipedes (Bardgett, 2005), Regarding the preferred living enviromnent, above
ground and below ground specialists can be distinguished,
Soil is one of the most diverse habitats on earth and contains the most diverse assemblages of living
organisms, Generally, biological activity in soils is largcly concentTated in the topsoiL The biological
components occupy a tiny fraction «0,5%) oftbe total soil volume and make less than 10% ofthe total soil
organic matter. This living component consists of plant roots and soil organisms. Soil microorganisms are
responsible for a large part of biological activity (60·80%) which is associated with processes regulating
nutrient cycles and decomposition of organic residues, Earthwonns often form a major part of the soil fauna
hiomass and can represent up to 50% of the soil fauna biomass in some temperate grasslands, and up to 60%
in some temperate forests, High levels of biodiversity, particularly at the microbial scale accompany fhe huge
numbers of soil organisms and about a hundred different bacterial species in g" soil is not an extreme
number. Ofher than bacteria, hundreds other species are present in soiL
The primary role of soil biota is to recycle organic matter that is primarily derived from the above ground
plant biomass, Soil is in close cooperation with thc wider biosphere and maintenance of soil fertility is one
oflhe most vital ecological services the living world performs, The mineral and organic contents of soil must
be replenished constantly as plants consume soil elements and pass them up the food chain (Baskin, 1997).
example, both natural and agricultural
The correlation of soil and biodiversity can be observed spatially,
vegetation boundaries correspond closely to soil boundaries, even at continental and global scales [i oung &
Young, 2001), A study, published in Vadose Zone Journal, found that the number of soil types in an area
(called the "pedodiversity") and the biodiversity of that area ie, the number of species of vascular plants,
amphibians, reptiles, birds, and mammals are strongly correlated on a global scale, Additionally, the fmdings
show that pedodiversity could be used as an indicator of biodiversity, which can often be difficult to
measure.

ROLE Ai'W FUNCTIONS OF SOIL ORGANISMS
Soil organisms interact in a soil food web, where each trophic layer is food for the next trophic layer, In
general a soil food web is based on the degradation of roots and dead organic material. The stability of the
performance of an ecological fimction is dependent on the stability of the soil food web, The soil food web
stability increases with an increasing number of interactions between the organisms, When predators have an
increasing choice in their food, the chance that they will predate on a specific species until its extinction,
decreases, This is an important interest of biodiversity of soil organisms, Earthworms can improve the
incorporation of organic matter below the soil surface, increase the numbers of water stable soil aggregates,
improve water infiltration, aeration and root penetration and increase microbial activity, Soil microorganisms
also degrade toxic residues, form symbiotic associations with plant roots, act as antagonists to pafhogens,
influence the weathering and solubilisation of minerals and contribute to soil structure and aggregation.
Majority of vascular plants is associated with arbuscuiar mycchorizal or ectomycchoriz-al fungi and benefits
from an increased capacity to extract phosphorus and other nutrients from the soil. MycchQnzal fungi thus
have an important role in plant community development, nutrient cycling and the maintenance of soil
structure,
1
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SOILS OF SRI LANKA AND BIODIVERSITY
Sri Lanka has a total land extent of 6.5 million hectares distributed in diverse ecological conditions such as
highland, mangroves, marshlands, vilius, semi desert. The mountain mass in Sri Lankan land known as
central highlands which is located towards south central part of the country aud the arca surrounded by the
cenlral highlands is a plain mass. The country has a great diversity in topography, climate, soils and
vegetation which is represented by seven climatic regions and 46 agro ecological regions. The topographic
classes include flat to undulating (0 - 8 %), rolling to hilly (8 - 30 %), hilly to mountainous (30 - 60 %) and
extremely steep
60 %) and therefore varying soils via short distance can be found. There are 12 soil
orders in the world, of which 7 soil orders have been identified in Sri Lanka, and this is mainly due to the
variation of the agro ecologlcal conditions of the country. At the local level, these soils arc further classified
into 14 Great Soil Groups (Panabokke and Alwis, 1963). The natural vegetation exists covering !bese soils
as ecosystems, namely forest, grasslands, coastal and marine vegetations, and inland wetlands. All !bese
ecological faetors collectively crcate a greater soil biodiversity in Sri Lanka.
Ten out of the 14 Great Soil Groups are located in !be dry aud semi dry areas in the country, They are the
Reddish Bro\,ln
Low Humic Glcy Soils, Non- Calcic Browu soils, Red-Yellow Latosols , Alluvial
Soils, Solodized
Soils on Old Alluvium, Grumusols, lmmature Brown Loams. In the
wet and semi wet areas in the COlilltry, 5 Great Soil Groups have been identified. These soils are Red-Yellow
PodzoJic Soils, Reddish Brown Latosolic Soils, Immature Brown Loams,
Half Bog Soils and
Latosols and Regosols on Old Red and Yellow sands, In addition, some other
Soil Groups and
miscellaneous land units occur scattered in !be country which arc considered as minor with respect to extent
The Great Soil Groups of minor extent are Rendzinas, Meadow Podzolic Soils, Wet Mountain Regosols and
LithosoL The miscellaneous land units include rock knob plains and eroded lands, erosional remnants, and
Steep Rockland and Lithosols.
Low Humic Gley·~S6ils, Alluvial Soils, Gnnnusols, Bog and Half Bog Soils occur in the flat and lower
aspect of undulating landscape, Solodized Solonetz Soils on Old Alluviumare afe located in the coastal plain
of the country aud have unique ecosystems for those conditions. In this group of soils, rice is cultivated in
human influenced lands and the biodiversity of these lands is narrow due to mono crop cultivation and
control of other species of plants. Soil flora and fauna are also greatly affected by intensive cultivation and
application of various kinds of agro chemicals. Aquatic plants spp. dominate on virgin lands in viI/us,
mangroves, salt marshes, mudflats, sea grass beds, flood plains, and swamp forests and the flora and fauna
found in these ecosystems are unique to those systems. Soils in the flood plaills in major rivers consist of
viiius. Basieally Bog and Half bog soils are inundated with either fresh water or brackish water and the
ecosystem change accordingly.
of undulating landscape in dry and semi dry areas include Reddish Brown
The soils occur on higher
Earths, Non-Calcic Brown soils, Red-Yellow Latosols and Immature Brown Loams. The soils have a fairly a
good drainage condition and aeration. Therefore, soil micro organisms are completely different to those of
poorly drained
In this group of soils, other field crops, vegetables, seasonal
sugarcane, tobacco,
planted forest etc. are grown, Soils on virgin lands provide support for tropical dry mixed evergreen forests,
tropical thorn
savannas and dry patal1as.
The soils oocur on rolling, hilly and mountainous topographic land classes in wet and semi we! areas arC Red
-Yellow
Soils, Reddish Brown Latosolic Soils, Immature Brown Loams. In this group of soils,
plantation crops such as tea, rubber, coconut, spIces, tree fruits, tobacco and exotic vegetables are grown On
humau influenced lands. Soils on virgin lands provide support for tropical wet evergreen forests, tropical
moist semi evergreen forests, tropical lower montane forests, tropical upper montane forests and wet
patanas. High soil organic matter content in top soils of these virgin soils is a common factor and therefore,
greater soil biodiversity can be found in these soils than in the soils in the dry zone,
The soils and miscellaneous land units occutring in other topographic positions scattered in tlle country are
Regosols, Latosols, Regosols on Old Red and Yellow sands, Rendzinas, Meadow Podzolic Soils, Wet
Monntain Regosols, Lithosols, rock knob plains, eroded lands, erosional renmants, aud steep rockland.
Regosols in human encroached lands are used to grow seasonal vegetables, fruits, coconut etc. Lands having
other soils in this group are not fully utilized for human uses and are occupied by grasses, shmbs and trees in
different sDecies under virgin situation.
2
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2.
SOIL MICROBIAL DIVERSITY AND ITS USE IN CROP PRODUCTION

S. A. Kulasooriya' and Gamini Seneviratne
Institute of Fundamental Studies, Hantane Road, Kandy.
ABSTRACT
Soil is the outermost layer of the Earth's surface that provides anchorage to plants and most of their nutrients.
The microorganisms in soil represent a very small fraction of this ecosystem. Nevertheless they perform a
vital function in the maintenance of soil health and providing nutrients to plants in a sustainable manner. This
paper reviews the species diversity of microorganisms and their distribution in soil, the general methods
employed to study them and the roles they play in this ecosystem. It also briefly describes the research
studies conducted by the authors and their teams to utilize beneficial microbes for environmentally benign
crop production. In conclusion the paper suggests that the widespread use of the technologies developed
utilizing natural microbial biodiversity could revolutionize agriculture to a low cost, eco-friendly activity
with long term sustainability. Having noted the dearth of knowledge on soil biodiversity of Sri Lanka, it is
recommended to establish a task force to prepare a comprehensive document of the diverse organisms
present in Sri Lankan soils and to draw up an action plan for their conservation and sustainable utilization.

Key words: soil microbes, Rhizobiology, biojertilizers,
agriculture.

biofilm biojertilizers, eco-fi-iendly

INTRODUCTION
Soil is the outermost layer of Earth's crust formed largely by the weathering of the underlying bedrock
together with deposition and transfer through water and wind erosion. It is composed of the mineral fraction,
water, air and the organic fraction (living and non-living) and functions mainly as a substrate for the
anchorage of plants and provides most of their nutrients. The organic fraction of a normal soil is around 5%
and of this less than 1% consists of the living component which represents soil biodiversity. However, this
small component ensures soil health and plays a critical role in the maintenance of soil fertility that is
essential for sustainable crop production. Within this living component the diversity extends from
microscopic organisms through semi-macro species like earthworms, millipedes, centipedes, termites and
other arthropods to macro types such as snails, amphibians, reptiles, rodents etc. This paper reviews the
diversity among microorganisms, the roles they play in this ecosystem and how they can be used to improve
and sustain soil fertility in an environmentally benign manner.

PRESENT STATUS
Compared to documentations on terrestrial above ground biodiversity, reports on soil biodiversity are sparse.
There is no comprehensive document on the overall diversity of soil organisms of Sri Lanka. This National
Symposium should therefore be regarded as the gateway to initiate a project to bring together different
research groups working on soil biodiversity and appoint a task force to prepare a proposal and a plan. That
document should not only review the present knowledge on the diversity of soil organisms in Sri Lanka but
also prepare a strategy for their conservation and utilization for the improvement of soil fertility and develop
technologies for their application for low cost, eco-friendly and sustainable agriculture.

SOIL MICROBIAL DIVERSITY
Soil microbial diversity refers to the different microorganisms in soil and their study comes under the
discipline of Soil Microbiology. Soil microorganisms faU into two major categories: the micro-fauna that
includes amoebae, protozoa, ciliates and microscopic nematodes and the micro,fiora under which bacteria,
fungi, actinobacteria, cyanobacteria and certain micro-algae are included. Species diversity among the micro
flora falls into both prokaryotic and eukaryotic groups .
. Corresponding author: ananda@kulasooriya.com
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The prokaryotes are largely represented by bacteria that include arcbeobacteria, eubacteria and
actinobacteria with a smaller representation of cyanobacteria. Among them the eubacteria are largest and the
most diversely distributed group, but occasionally, as in the wetland rice fields, the cynaobacteria could also
become a sil,'1lificant population.
The cyanobacteria are entirely aerobic and photo-autotrophic (photosynthetic) and hence are confined
largely to the photic and sub-photic layers of the soil. Certain cyanobacteria fix atmospheric nitrogen and
such species are therefore completely independent in their carbon and oitrogen nutrit.ion. A few species live
symbiotically with all the other major groups of plants. They exhibit a wide mnge of morphological diversity
(Figure 1). For unicellular forms this diversity extends from single cells such as Anacystis and
0}nechococcus, loose colonies like Microcystis, compact colonies like Gloeocapsa, to colomes of defmite
shape such as Merislllopeida (Agmenellum) and Eucapsis. The filamentous cyanobacteria are represented by
unbranched, undifferentiated types like Oscil/aloria and Lyngbya, differentiated filaments like NoSloc and
Ananbaena, tapering filaments like Calothrix and Gloeotrichia, filaments with false branching like
Tolypothrix and Scytonema and filaments with true branching like 1l1astigocladus (both erect and prostrate
systems being uni-seriate), Fristcherella (prostrate system multi-seriate and erect system um-seriate) and
Sligonema (both systems multi-seriate).
In comparison the morphological diversity among t.he bacteria is very narrow, being confined to three basic
shapes of cells viz: cocci (spherical), bacilli (oval or rod shaped) and spirillum (spiral). They exist mostly as
unicells e.g. Pseudomonas and Azotobacter, but occasionally fOTIn colomes that are either filamentous e.g.
Streptococcus and Streptobacillus or clumps of irregular shape e.g. Staphylococcus or with cells arranged in
a cuboidal manner e.g. Sarcina. On the other hand bacteria exhibit a wider range of nutritional types (Figure
2) which range from photo-autotrophy, chemo-autotrophy and heterotrophy, associative, symbiotic to
parasitic (facultative and obligate) forms. They also exist in soil and other environments as aerobes, nllcro
aerobes, facultative aerobes/anaerobes and obligate anaerobes.
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Therefore the distribution of bacteria io soil is far more diverse than all the other groups. While most of them
occur in the surface and sub-surface layers of soil into which plant roots grow, they have been found even io
deeper layers, rarely down to 10m depths where they perem1ate as resistant spores and other reproductive
units. However, beiog almost entirely heterotrophic bacterial distribution io any eco-system will depend
upon the distribution of suitable substrates. Therefore bacterial species are never Or rarely distributed in soil
homogenously. "''here there are suitable substrates Ilke a rottiog part of a dead organism or their excretory
products the bacterial population could be billious of cells, but even a few centimeters away wbere there are
no substrates it could be almost zero. Such a distribution (called a log nonnal distribution) has an implication
in sampling for soil bacteria. In taking soil samples for estirnatiog microbial populations it is necessary to
take a large number of small samples (at least 20 or more) from a site, pool and mix them thoroughly and
then take replicates from the pooled samples for evaluation, rather than take random replicates from the site
itself.
The other major prokaryotic group the actinobacteria (fonnerly known as actinomycetes) is not as well
represented in soil as the bacteria. They are however noteworthy inhabitants of certain niches like
thennophilic compost heaps, decomposing recalcitrant substrates and certain species fonn symbiotic,
nitrogen fiXing, root nodules with nou-legumInous plants like Casuarina. A number of their species also
produce antibiotics.
Eukaryotic microorganisms in soil are fungi and allied organisms. Wbile a few of tbem such as the slime
molds are acellular and certaio species of the Chytridiales and yeasts are unicellular, the vast majority of soil
fungi are multicellular and filamentous and these filaments are called hyphae. Colonies of these hyphae exist
as multi-filamentous mycelia. Thougb not so numerous as the bactcria fungal mycelia extends to great
lengths and in extreme cases certaio specialized rhizomorphs could grow to lengtbs of six meters or mOre.
They are by far the bighest biomass producers among all soil microorganisms. Among the soil fungt are
found members of the Pltyeomycota, Ascomycota and Basidiomyeota. Most of them live as free living
hcterotrophs decomposing organic matter mostly of plant origin. Some of them are closely associated with
plaut roots and a few are symbiotic fomning mycorrhizae which could be eitber eeto (outside) or endo
(within the root cells).

METHODS OF STUDY
Basic microbiological tcchniques can be applied for the study of soil microorganisms sometimes with certain
modifications. As a!ready mentioned it is necessary to pool a large number of sub-samples from a site to
overcome the natural log nonnal distribution of substrate dependent beterotropbic bacteria. For the isolation
and characterization of soil bacteria the common techniques of soil plating and dilution plating are often
applied. However, the culture media used depend upon the aims of the study. If it is for the determination of
total microbial populations, wide spectrum nutritional media like Nntrient Agar (NA) and Meat Extract Agar
(MEA) are commonly used. If it is the study of a specialized group selective media are used. For example,
to isolate nitrogen fIxiog bacteria nitrogen free culture media are used. For rhizobia Yeast Mannitol Agar
(YMA) with Congo red is often used initially to distinguisb Rhizobia from contaminants like Agrobacterium.
Tbe latter will absorb the red pigment while rhiz.obia will remain wbite and gelatioous. If it is necessary to
detect coli fann bacteria then specialized differential media such as Eosio-Methylene-Blue Agar (EMBA)
may be employed. While Escherichia coli will appear as purple colonies with a greenisb sbeen on such
media, Aerobacter aerogenes will grow as pink colonies with brown spots io the center. It is tberefore
necessary to employ several different media if a comprehensive picture of the diversity of soil bacteria is to
be obtained. For the study of root associated bacteria direct plating of cut root pieces of a targeted plant is
used. Such associative bacteria are often categorized as rhizosphere (the zone of root inl1uence), rbizoplane
(on tbe root surface) and histospbere (inside the root) organisms. Basic microbial techniques are sligbtly
modifIed for such studies. After wasbing off the loose particles of soil and other debris attached to a
collected sample, cut root pieces are bead beaten
sbaking tbem witb sterile glass beads contaioed inside a
sterile container. This is expected to dislodge the bacterial cells growing in close proximity to the roots. The
suspension so obtained is plated eitber directly or after dilution on suitable media to obtain rhizospbere
organisms. The root pieees are then washed in several changes of sterile water and cut pieces are directly
plated on to solidified media to culture rbizoplane organisms. Finally these root pieces arc tboroughly
sumee sterilized usiog snitable sterilant solutions and macerated. Samples from tbe macerated material are
7
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plated with or without dilution to obtain histosphere organisms. Initial isolations applying such different
teclmiques usually result in the growth of several different colonies on a culture plate. These are separated
by successive sub-culturing until pure cultures of different bacteria are obtained. Such axenic isolates are
then subjected to a series of morphological, physiological and biochemical tests to enable their
characterization and eventual identification.
For the study of photosynthetic cyanobacteria purely mineral media without any combined source of carbon,
are used. In the case of nitrogen fixing cyanobacteria the media used are devoid of both combined carbon
and nitrogen and the cultures are kept exposed to light either natural Or artificial.
Several different methods can be adopted for tlle isolation of soil fungi depending upon the group under
study. For water molds baiting with suitable substrate seeds is commonly employed. A few small seeds like
bird seeds or lotus seeds are boiled in distilled water in a corncal flask until the seeds just split and allowed
to cool to room temperature. A few specks of the soil sample is added to this and left in the dark. The flask is
observed daily and if the baiting has been successful fluffy colonies of water molds could be observed
growing out of the split seeds. Sub-culturing from such colonies which are often highly contaminated with
bacteria is a tedious process, The entire seed with its associated microbial growth is observed under either a
dissecting microscope or the low power of a compound microscope on a sterile slide. Fungal hyphae from
such a culture can be cut and either transferred to suitable liquid media or plated onto agar media for
subsequent growth and isolation. If the fungus has produced spores they can be used for the snb-culture. The
other common method is to do direct soil plating or dilntion plating of soil suspensions. Very often
antibiotics are incorporated into the culture media used for the initial isolation of fungi in order to minimize
bacterial growth. Subsequent sub-culturing is then continued in antibiotic free
Dilution plating is
associated with the drawback that it selectively promotes the growth of spore forming and conidia producing
fungi because these tiny propagules get easily dispersed in the suspension solution and eventually overgrow
all the other mycelial types. Such methods therefore predominantly result in the isolation of Aspergillus,
Penicilium, lI'ichodenna, Ascogonium and similar species. Among the different groups of fungi,
Basidomycetes are the most difficult to isolate and culhlrC and requires special media and techniques. To get
an accurate view of soil fungi sterile slides are either buried in targeted locations Or soil samples are
sprinkled on to sterile slides and kept under a moist chamber to encourage the initial growth of mycelia.
Certain soil substrates such as animal dung, leaf litter, cut
of decomposing plant parts, fruits and seeds
are often incubated inside moist chambers and different fungi are observed and isolated as they appear in a
the stages of
exploitation
retrogressive succession. In such a succession which passes
and exhaustion of the substrate the initial colonizers are the simple sugar fermenting fungi, followed by
conidia producing Ascomycetes ending up with certain Basidiomycetes that are able to digest lignified
tissues.
\Vbat is described above is a generalized, bricf outline of the methods used in soil microbiology and the
readers are advised to refer specific research papers or specialized text books for details of the methods used
for the isolation and characterization specific soil microorganisms,
ROLE OF MICROBIAL mODIVERSITY IN SOIL FERTILITY
In the broadest seose soil fertility is tho overall ability of a soil to support and sustain healthy growth of
plants and this is far more than simply providing nuhients for plant growth. \Vbile the micro-fauua is
important primarily in rel~tion to the natural ecological balance of a soil, it is the micro-flora that plays a
crucial role in the sustenance of soil fertility. They are the organisms capable of decomposing organic matter
and
its energy and nutrients to the soiL This ensures the cycling of nutrients and continuation of
life in nature. Among the soil microbes are the nitrogen
forms and this is a process confmed to
prokaryotic microorganisms like certain eubacteria, cyanobacteria and actinobacteria. A number of them
form symbiotic associations with roots of higher plants and in this manner converts a significant amount of
inert atmospheric uitrogen to combined forms (Kulasooriya 2008), These ecosystem services of microbial
decomposition, nitrogen fixatiou etc. and their contributions to nutrient cycling have been estimated to be
equivalent to 33 billion US$ annually (Constauza et aL, 1997). The role of microorganisms in organic matter
decomposition and nutrient availability in natural forests and cultivated lands in Sri Lanka was reported by
8
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Ratnayake et al., (2013). While organic matter production and its further breakdown is largely due to
microorganisms, the semi-macro fauna like certain insects contribute by way of maceration of material such
as plant leaf litter and twigs and earth worms contribute by burrowing through the organic matrix improving
soil mixing and aeration and adding secretions that helps in soil aggregation. The combined effects of this
biota converts the top layers of the soil into a moisture retaining, nutrient rich, healthy mass of spongy
substrate through which roots can grow well, breathe and function actively. This is the status in a natural,
undisturbed forest soil that ex.ists in dynamic equilibrium and supports the long term sustenance of its
vegetation.
The moment man interferes with this naturally balanced ecosystem to produce crops, its equilibrium breaks
down and the system becomes unstable and unsustainable. With the clearance of the natural vegetation the
soil gets exposed to both wet and dry erosion resulting in the loss of the top soil together with all its
nutrients. To replenish such losses particularly for the cultivation of high yielding, annual crops chemical
fertilizer applications become mandatory. Today chemical fertilizer application has become a routine
practice in conventional crop production that most of our farmers identify soil fertility with fertilizer
additions. Addition of fertilizers and other agro-chemicals to control weeds and pests destroys most the
soil's natural micro-flora (Seneviratne 2009). To sustain crop productivity on such deteriorated soils
application of chemical fertilizers is essential. However, such unhealthy soils cannot retain most of the
chemical nutrients added to them and crop uptake is seldom beyond 30% of the applied amount. A large part
of the balance 70% is lost and washed down leading to pollution that causes several environmentally related
ailments like chronic kidney diseases (Jayatilleke el al., 2013), blue baby syndrome and certain cancers
(Jeyakumaran 2013).
While most of the soil organisms are either beneficial or harmless to plants and animals that occupy these
lands, a few are pathogens and pests and under certain circumstances could cause devastating damages to
crops, livestock and even humans. Preventive and destructive methods are necessary to control such
infestations reaching epidemic proportions. A major thrust by all breeders of crops and domestic animals is
to develop cultivars and breeds resistant to pests and pathogens. As the pathogenic organisms themselves
undergo genetic changes, breeding programs have to continue but with the advent of modem techniques of
molecular biology and genetic engineering the breeder's tasks have been made less cumbersome. On the
other hand in undisturbed natural ecosystems disease causing organisms are under the bio-control of other
organislDs and predators. This is why epidemic diseases are seldom observed in natural vegetations. The
other reason is the mixed vegetations in natural ecosystems compared to mono culture crop cultivations that
allow the rapid spread of a disease to become an epidemic.
UTILIZATION OF SOIL MlCROORGAL'<ISMS IN CROP PRODUCTION

One of the earliest beneficial effects of microorganisms to be recognized by lDan is biological nitrogen
fixati on. This process by which inert dinitrogen gas which constitutes 78% by volume of air is converted to
combined nitrogen is reported to make a 60% contribution to the global nitrogen cycle (Kulasooriya 2008).
The eubacteria, cyanobacteria and actinobacteria which are exclusively capable of this function both under
free living and symbiotic existence are widely distributed in most soils. Rhizobia wbich are free living, gram
negative, non-spore producing soil bacteria form nitrogen fixing nodules in symbiosis with roots of certain
leguminous plants.
RHIZOBIAL INOCULANTS

Research studies on this symbiosis over several years led to the technology of isolating, screening and
artificial culturing of selected rhizobia and producing rhizobial inoculants that could be used with targeted
legume crops
1....~

A number of legumes commonly known as pulse crops such as Glycine max (soybean), Vigna unguiculata
(cowpea), Vigna radiata (mung bean), Vigna mungo (black gram), Arachys hypogea (groundnut) and
Phaseolus vulgariS (vegetable beans) represent an important component of our food that provide nutrition
particularly to the poor sectors of our society. All these plant species are capable of nitrogen fixation.
Rhizobial inoculants for legume food and pasture crops have been used quite successfully in many countries
for several decades but in Sri Lanka this technology is not yet applied on a large scale and addition of
9
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nitrogen fertilizers like urea is recommended for these crops. Having developed a low cost locally available
carrier material (Seneviratne et al., 1999) an inoculant for soybean (Glycine max) was field tested
(Kulasooriya et al., 2007) and found to be capable of replacing the entire requirement of urea fertilizer for
this crop (Fig. 3) and produced a luxuriant crop in a fanner's field (Fig. 4). It is also evident from this photo
that there is hardly any weed growth among the crop plants. This is partly because of :he effective shading of
weeds by the soybean plants and partly due to the nitrogen being available to the host plants through their
root nodules unlike urea fertilizer which will provide nitrogen indiscriminately to all plants. The fanner will
therefore not only save on fertilizer but could reduce the application of weedicides saving cost and labor and
also minimize environmental pollution.
3.' , - - - - - - - - - - - - - - - - - - ,
y=O.0091x+1.0S
R2

.
~

=0.9S··
/'

>5

2

~

0;
)::1.6

0.'
o

50

100

'50

200

2"

Urea (kg/ha)

Fig. 3 : Yield response to urea fertilizer, yellow line shows response to the inoculants
This technology was successfully transferred to soybean cultivators from the year 2006 (Kulasooriya and
Seneviratne 2012) and during the Yala season of2013 nearly 10,000 acres of soybean was cultivated using
this inoculant without the application of any urea fertilizer.

Fig. 4: An inoculated soybean field at Madatugama. Note the complete absence of weeds.
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Table 1: Response of Mung bean (MIS) to inoculation with rhizobia
Rhizobial strain

% yield increase
over the control

Seed yield
kglha*

M2

3726'

25

MIl

3128 b

16

MI4

4370'

36

Tal420

4278'

34

Control

2806 b

CV%-9.85

MSD-1070

* Values superscripted with the same letters are not significantly different at 5% probability level.
Following similar procedures rhizobial inoculants for mung bean, cowpea, groundnut and vegetable beans
have been produced. These are being field evaluated in farmers' fields in different parts of the country. The
results of a field trial done with mung bean (Vigna radiata) which shows that inoculation with different
rhizobia I strains has significantly increased grain yields over the control without inoculation are presented in
Table 1.
Very encouraging results have also been obtained with inoculation of vegetable beans (Phaseolus vulgaris)
in the Hanguranketha area (Fig. 5) and it is expected to release such inoculants for farmers' use in a few
months.
Bean Yield
5

kgfm2

I

4.8
4.'
4.'

'.2

•

3.8

3.'
3.'

'.2
3
FP

]/2 FP+BF

RHI

Fig. 5: Effect of inoculation on beans (Phaseolus vulgaris) FP: Farmers' practice, BF: Biofilm
inoculant, RHI: Rhizobium inoculant

BlOFILMED-BIOFERTILIZER
Rhizobial inoculants are exclusive for legume crops and they provide only nitrogen to the host plants. There
is still a need for a novel biofertilizer that could supply all lhe major NPK nutrients and also cater to a wider
range of plants including cereals and plantation crops. Years of laboratory studies that investigated the
preparation of inoculants using several different microorganisms including rhizobia, other nitrogen fixing
bacteria, fungi and cyanobacteria resulted in the development of a novel group of biofertilizer called
biofilmed-biofertilizer (BFBF) introduced to science for the first time by Seneviratne et al., (2008a & b). In
biofilm formation the component microorganisms not only associate themselves intimately and get
embedded in a common polysaccharide matrix but the biofilms also develop properties unique to them.
11
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BFBFs for tea were fi eld tested during the past eight years with the participation of the Tea Research
Institute of Sri Lanka. Tbe results have clearly shown that N, P & K fertilizers applied during nursery, young
and mature stages of tea can be reduced by 50% when combined with BFBFs (Fig. 6, Seneviratne et
al.,20ll).

Fig, 6: A tea nursery and an estate applied with biofIlmed biofertilizers.
Similarly BFBF inoculants for rice, maize and certain vegetable crops bave confumed tbe possibi lity of
reducing chemical fertilizer additions by 50% or more, sometimes witb increases in yields (Figures 7a, b, c
and d).
Riu jleld atRRDI. Satal.goda Vala2010
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Fig, 7b: Effect on Maize BFl & BF2:
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Cabbage yield - kg/plant

Tomato Yield kg/plant
3
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.
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2.5
2
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FP

Fig .7c: Effect on Cabbage (BFBF: Biofilm
Biofertilizer, CF: Chemical Fertilizer)

BFBF

Fig .7d: Effect on Tomato (FP: Farmer's
Practice, BFBF: BiofIlm BiofertiUzer)

These field trials have been conducted in several locations in Sri Lanka (Fig 8) in collaboration with the Rice
Research and Development Institute of the Department of Agriculture for rice, Plenty Foods (Private)
Limited at Mahiyangana for maize and Community Based Organizations at Hanguranketha for vegetables.
It has also been demonstrated that the soi l application of biofertilizers in biofilm mode increases microhial
diversity in agroecosystems through the breaking of dormancy of microbial seed banks (Seneviratne and
Kulasooriya 20 13). This contributes to strengthen the biodiversity--ecosystem functioning relationship,
which leads to agro ecosystem sustainability.

•

Maize

•

Rice

•

Mung bean

Soya bean

•

Ground nut

•

Cowpea

•

Bean

•

Cabbage

0

Tomato

•

Chili

.

Big onion

I!.

Tea

+

SARD (Vegetables)

Fig. 8: Locations where field trials have been conducted on biofertilizers
In the preparation of BFBFs a large number of diverse bacteria, fungi and cyanobactria are initially isolated
from the soil in which the targeted crop plants are grown. Tbey are then subjected to a thorough scrutiny and
tbe beneficial isolates are used to prepare biofilms. These biofilms are then screened for nitrogen flXation ,
production of growth promoting substances, secretion of beneficial products etc. and the most promising
combinations are utilized to prepare BFBFs. After a series of laboratory and greenhouse testing tbe best se
lections are subj ected to field trials in locations where the targeted crops are widely grown.
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It is evident from these results that soil microbial biodiversity can be utilized for low cost, environmentally
benign crop production. Adoption of these biofertilizer technologies can not only revolutionize agriculture in
Sri Lanka as a non polluting, eeo-friendly sustainable activity but also minimize environmentally related
human and animal ailments significantly reducing the economic burden on the country's health services.

A WORD OF CAUTION ON BIOFERTILIZER PRODUCTS
At present there are a few private enterp~ises engaged in the preparation and marketing of microbial
inoculants for use in Sri Lanka working in partnership with foreign countries. However there is hardly any
regulatory mechanism to effectively monitor the quality of these products and the effects of their
applications to our crops and soils. It is of paramount importance that Sri Lanka should have a finn conh'ol
over the types of microorganisms that are being introduced to our soils and the effects of those introductions
on our indigenous soil biodiversity. It is proposed to take immediate steps either to establish a regulatory
body or to strengthen and expand the scope and powers of relevant authorities such as the Quarantine
Department and/or the Sri Lanka Standards Institute to supervise the activities of these ente~rises. It is also
necessary to strengthen the capacity of these regulatory bodies with respect to qualified and competent
personnel, equipment and other facilities for them to tlmction in an effective manner.
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ABSTRACT
Nematodes are one of the most numerous invertebrate groups iuhabitiug in the soil environment In Sri
Lanka, among the soil-iuhabiting nematodes, information is mainly available on plant nematodes and to a
lesser extent, entomo-pathogenic nematodes. Based on the so far published literature, two foliar-parasitic,
i.e. Ditylenchus spp. and Aphelenchoides spp., and fonrteen root-parasitic genera have been recorded.
Among the root-parasitic nematodes, three different fceding groups i.e. endo-parasitic (05 genera), semi
endo-parasitic (OJ genera) and eeto-parasitic (06 genera) have been reported, of which the endo-parasitic,
root-knot nematode, 1l1eloidogyne spp. is prominent. Altogether, six MeloidOI,,)mespecies, i.e. M incognita,
M javanica, M arenaria, lvi hapla, M brevicauda and M gmminicola are prevalent in Sri Lankan soils. Of
these, lv!. brevicauda is endemic and found in soils of tea plantations while M graminico/a seems to be
restricted, particularly to rice fields, Meioidogyneincognita, M. javanica, M arenaria and M hapla arc
commonly found in vegetable fields and their distribution is widespread in the island. In case of entomo
pathogenic nematodes, two genera, namely Steinernema spp, and Heterorhabditis spp. have been isolated
from the coastal areas of the island. The prevalence of these two genera was reported to be equal. Despite
the great ecological importance, to date, hardly any information is available on free-living nematodes and
whole soil nematode community in Sri Lanka indicating the gap of knowledge to be filled.
Key words: Enloma-pathogenic nematode, plont-parasitic nematodes, soil

GENERAL INTRODUCTION
Nematodes (round worms) comprise more than 90% of the metazoans in the world. They are bilaterally
symmetrical, un-segmented and simple tubular organisms. Majority of nematodes are microscopic and
usually colourless, transparent and lack appendages. Although, most nematodes are vermiform, some are
swollen, Nematodes have established themselves successfully in all possible ecological niches and soil is an
excellent habitat for them; hence, they represent a wide range of biodiversity. Several feeding groups of
nematodes occur in the soil habitat. In a broader sense, nematodes can be categorised into two main groups,
i.e. parasitic and free-living fonns. Most kinds of soil nematodes are free-living and beneficiaL In case of
parasitic nematodes, adult plant and animal parasites as well as some of their life
i.e. juveniles, can
be found in soil, In Sri Lanka, most of the nematological research work has been focused on plant-parasitic
studies have been addressed on the
nematodes (excluding clinical nematology), In additIOn, a handful
entomo-pathogenic nematodes. Hence, the aim of this paper is to provide infonnation on these two groups of
nematodes which inhabit the soil environment. However, prior to that, a brief introduction of these 1:\'10
nematode groups is presented.
All plant parasitic nematodes possess a stylet or mouth spear which is used to pierce plant cells. These
nematodes reduce crop growth and yield and hence, a
threat in agro-industry particnlarly in tropics
(Sasser and Freckman, 1987). Among the plant-parasitic nematodes, three different feeding groups can be
distinguished, i.e. octo-parasites, semi-endo-parasites and endo-parasites. In all plant nematodes, at least one
life-stage inhabits soil, in particular, the infective stages. Ecto-parasites do not enter the plant tissues; they
iuhabit in soil and feed on plant tissues. In case of semi-enda-parasites, only the anterior part of the
nematode enters the root, whlle the posterior section remaining in the soil, Among the endo-parasitic forms,
infective juveniles of the sedentary nematodes inhabit the soil and invade host plants in which they lose their
mobility and become sedentary, Migratory endo-parasites enter the host tissues from soil, move through the
the soil environment to
tissues and obtain nourishment. However, they can exit the tissues at any time
find new host plants. Majority of the plant-nematodes attack root systems (root-parasites). However, some
species damage above ground plant parts. These foliar species may survive in soil or in shallow surface
layers often in host plant residues. When a suitable host plant develops and favourable conditions prevail
15
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these parasites crawl up the plants and mature in
ground plant parts.
the
root
knot nematodes (Meloidogyne spp.) and cyst nematodes (Globodera and Heterodera spp.) which belong to
sedentary endo-parasites, are widely distributed in tropieal regions. Pratylenchu5 spp., Radopholus spp. and
Hirschmanniella spp. are some examples for migratory root endo-parasites. Aphelenchoides 'pp. and
Dilylenchus spp. arc common foliar-dwelllitlg species. Ihc!lOrodms spp., Criconemoides spp., Xiphinema
spp., Logidorus spp., Hop/o/aim!!s spp. and Helicotylenchus spp. afe polularIy known SOil-dwelling
ectoparasitic species whire Tyienchllilis spp., Scutellol1cma spp. and ROlyienchus spp., are considered as semi
-endoparasitic species.
Entomopathogenic nematodes (EPNs) are soil-inhabiting, obligate insect parasites belonging to the
Steinemematidae (Sreinemema spp.) and Heterorhabditidae (Heterorhobdilis spp.).These nematodes are
extraordinarily lethal to many soil inseet
and hence they are considered as biological control agents of
insect pests (Kaya and Gaugler J 993).These Steinemematid and Heterorhabditid nematodes are exclusively
soil organisms and they are found in a wide range of ecologically diverse soil habitats. The non-feeding
infective juvenile seeks Out insect hosts, especially in the soil environment. When a host has been located,
the nematodes penetrate into the insect body. As soon as the infective juveniles enter the host, they initiate
development and release a symbiotic
(Xenorhabdus spp., and Pholorhabdus spp.) into the body
cavity of the insect. The hacteria start to multiply causing the death of the insect within 24 to 48 bours due to
After the death of the host, nematodes continue to feed on the host tissue. The nematodes
to the
and then reproduce. Depending on the available reSOurces
develop through [our Juvenile
one or mOre generations may occur within the dead host and a large number of
are eVicntuaHy
released into the soil where they
new
(Kaya and Gaugler, 1993).

PLANT-PARASITIC NEMATODES - SRI LANKA
Investigations on plant nematodes in Sri Lanka date back to 1953 with the detection of new root-knot
nematode species, lv[eloidogyne brevicouda on tea plants (Loss, 1953). Since then up to the year 1978, }vi.
arenaria, lvf. incognita, }vi. javanica, 11,1. hapia, Helicotylenchlls mlillicin/us, Hoplolaimus pararobllsllis,
Pratylenchlls curvitatus, P. /oosi, RadopholliS similes and Seute//onema brachyurum have been recorded
(Hutchinson, 1961; Sivapalan, 1978). Later, Lamberti and Ekanayake (1981) reported two foliar nematodes
Aphelenchoides bessey! and Ditylenchus spp. as well as some other root-parsitic nematodes, i.e.
O·jconemoides, Hirscilmal1niella, Logidoms, Rotylel1chus, Trichodorus, Tylenchlilus and Xiphinema.
Thereafter, Lamberti et al., (! 987), four c(),'"rnon MeloidogYlle species, M incognila, }vi. arenaria alld
M. javonica, have been recorded associated 'Nith vegetables such as beans, egg plant, beet and tomato in
North (laffha and Puttalam districts) andcentral parts (Kandy district) of Sri Lanka. Later, Ekanayake (1990)
reported that Hirschmanniella myzoe was widespread in rice cnltivation
severe damage in Sri
Lanka. Meanwhile, Ekanayake and Toida (1997) reported Globodera roslochiel1sis (cyst nematode),
M orenaria, }vi. brevicauda, }vi. incogmta, }vi. javanica, }vi. hap/a, M. graminicola, R. similes, R. reniform!s,
p. loosi, A. besseyi and H. oryzae, as economically important nematodes based on the crop mjury and
1980-1981,
geographical distrihution.
in a survey conducted in Trincomalee region
Aphelenchoides besseyi has been detected
onion fields (Lamberti et at., 1996).
and
Toida (1997) detected Meloidagync graminicala associated witb rice cultivation in Illany arcas of the
country. During, 2006-2010, our
group (Department of Zoology, University
Ruhuna, Matara)
conducted an extensive survey in Matara and Hambanthota districts to study the prevalence of root-knot
nematodes associated with commonly grown vegetable fields. The findings showed that three Meloidogyne
species, .Iv! incognita, Iv! javaniea and M arenaria were prevalent and 11'1. incognita was found to be the
predominant species in all infested vegetable species (Premachandra el al., 2007a; Premachandra el al.,
2007b; Premacbandra and Gunasekara, 2010). Moreover, Vitharana and Amarasingbe (2011) reported
Helicotylenchus multicinctus, Radopholus similes and Hop/alaimus spp. on Banana cultivations in Gampaha
district. Very recently, it has been reported that the commercial Guava cultivation in north-central and
western provinces of the country has been seriously affected by root-knot nematode attacks (Nimalananda,
2011). All tllese findings confi.rmed that all the above mentioned nematode species were prevalent in the
soils where the investigations have been conducted; implying soil is the source for nematode infestation on
various plant species. Among the above mentioned nematodes, i'vfeioidogyne nematodes cause severe growth
reduction and substantial yield
in Sri Lanka (Lamberti et ai., 1980; Lamberti and Ekanayake, 1983).
Thus, in order to adopt control measures against nematode infestations, soil should be (he main
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ENTOMO - PATHOGENIC NEMATODES (EPNs) - SRI LANKA
In Sri Lanka, the first extensive survey on EPNs was conducted from July 1991-August 1992. In tbis
investigation, 318 sites representing ecologically diversified babitats, i.e. tea plantations, grasslands, natural
forests, vegetable fields and coastal areas, in three agro-ecological zones, i.c. wet, dry and intermediate, were
explored for the presence of EPNs (Amarasinghe et at., 1994). The findings showed that two genetic types of
Steillcrnema and Heterorhabditis were prevalent only in the coastal areaS. Altogether, 38 nematode isolates
were detected, of which 17 were Steinernematids and the rest was Heterorhabditids. No EPNs were found in
inland sampling sites. In addition to this investigation, our research group (Department
Zoology,
University
Ruhuna) conducted a survey along the southern coastal belt, i.e. from Ahangama 10
Hambanthota during 1997-1999 to identify and determine the distribution of EPNs. Similar to the previous
both Heterorhabditis (H. indicus) and Steinel'l1ema spp, were recovered from the southern coastal belt
(Premachandra er at., 1997, 1998). Among the Sreinemema spp., a new isolate was detected (coded as
Ruhuna-isolate).

GAPS TO BE FILLED
To date, no research work has been focussed on free-living nematode fauna and whole soil nematode
community in Sri Lanka, Free-living nematodes are of great ecological importance as they involve in
nutrient recycling in the soil environment. In addition, these nematodes can be used as bio-indicators to
assess the pollution conditions of the soii environment. Determination of the whole nematode community is
also important to identifY the trophic relationships. Hence, investigations are nrgently needed to fill this gap
of knowledge. In order to fulfil this, trained personnel are urgently needed for the country,
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4.
DIVERSITY AND Il\IPORTANCE OF SOIL·DWELLING ANTS
R. K. S. Dias
Department of Zoology, Faculty of Science, University of Kelaniya
rksdias@kln.adk

ABSTRACT
Soil-dwelling ants play important roles in improving physical, chemical and biological properties of the soil
but very little is known about fhe diversity as well the role of diversity of such ants in Sri Lanka. Ground
dwelling ant species that were recorded by sifting soil and observing nests within quadrats laid on the
ground in selected lands in Sri Lanka arc listed here. Ecosystem services such as contribution to nutrient
recycling, decomposition of organic matter, bioturbation, suppression of soil-borne diseases and pests,
provided by the soil ant species in Sri Lanka should be studied in detail. Studies on the effects of pesticides
and fertilizers on the colonization, survival and colony demography of soil-dwelling ant species that arc
found in the cultivated lands should be encouraged.

INTRODUCTION
Soil-dwelling ants (Family: Fonnicidae) constitute a greater part of animal biomass in soil and are important
soil engineers that have a large impact on the soil ecosystem (Cammeraat and Risch, 2008). Among the
twelve subfamilies of Fonnicidae recorded from Sri Lanka (Dias et 01., 2013) Aeniclinae. Amblyoponinae,
Cerapachyinae, Dolichoderinae, Dorylinae, Fonnicinae, Myrmicinae and Ponerinae include common, soil
dwelling members. Several fonmcines (e.g. Camponatus spp.) many mynnicines (e.g. Soienopsis geminata,
Pheidole spp., Mynnicaria brunnea etc.) and almost all ponerine species (Dias et 01. 2013) are common 50il
nesting ants in Sri Lanka.
Impact of soil-dwelling ants on the properties of soil as well as on ecosystem functioning have been
discussed elsewhere (Folgarait 1998, Cammeraat and Risch 2008) but relevant research outputs or
discussions related to soil-dwelling ant species in Sri Lanka are currently scarce and initiation of such
research is essentially required.

IMPORTANCE OF SOIL-NESTING ANTS
The construction of ant nests changes fhe physical, chemical and biological properties of the soil. These ants
pick up soil grains, bite off fragments of soil aggregates and relocate soil particles. They also excrete
chemical substances, which alter the soil structure and soil aggregate stability. Ants may bring 50ilmaterials
from deeper soil honzons to fhe top surface and fhe soil orgauic matter is buried deeper increasing the water
holding capacity of deep soiL As there are many workers in a colony this leads to intensive mixing of soil
different soil depths and chauges soil textural properties (Cammeraat and Risch, 2008). The network
galleries and chambers in the nests increases the porosity of the soil, increasing drainage and soil aeration.
Studies in agricultural fields have shown fhat the effectiveness of water infiltration depends on the spatial
and temporal pattern of ant burrows and whether the hiopores remain open under conditions of heavy
irrigation orrainfall.
Among the chemical propeliies an increase in soil organic matter (organic carbon), P,~, K, Na, Ca and Mg
in ant m01.11.1ds in comparison to adjacent soil has been reported. These changes vary with the species
involved, ant colony size and the biomass. Generally, the obse.rved differences in organic matter and nutrient
levels are atttibuted to the accumulation of food, or excrements in nest areas or separation and ttanslocation
of food and soil material during nest construction. The most constant finding (Cammeraat and Risch, 2008)
is that K is generally higher in ant nests or mineral mounds compared to the surrounding soil. Few studies
have found that ant activity influenced soil pH (Folgarait, 1998). Gmerally, the changes depend on the
ecosystem type and its ant species.
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Biological properties of ecosystems such as plant species composition and relative abundance differ on the
ant mounds and close to them, in comparison to adjacent areas. In infenile sites, the enrichment
the soil
through the
of ants is a key element for the development of
and this highlights the
importance of ant activity in agricultaral productiou. Ants affect the decomposition and microbial
llJ
below-ground nosts and mineral mounds. Generally, higher levels of microfauna and microflora have been
detected in ant nests because ants facilitate their development (Cammeraat and Risch, 2008). Many
anhropods (myrmecophiles) live in ant mounds as specialized inhabitants of refuse piles, brood or queen
chambers and storage areas or on the body of the ants. Soil ants may belong to different trophic levels and
have an importal1l effect due to their voracity. Omnivore ant species living in meadows can consume up to
3% of the primary production and 40% of the prey biomass available per season (Petal, 1980).

PRESENT STATUS
Very little is known about diversity of soil ant fauna in different types of lands lD Sri Lanka. Many species
were common to forests, cultivated lands and uncultivated lands (opportunists) whereas very few spc:ci"s
(specialists) were restricted to each type of land showing that each land had its own ant community
(Kosgamage, 2011; Peiris, 2012). Table I shows a list of ant species recorded by sifting soil and observing
nests within quadrats laid on the ground in selected lands in Sri Lanka but details on the roles of soil ant
species in forests as well as in cultivated lands are not much known.

CONCLUSIONS AND RECOMlVlENDATIONS
Soil-dwelling ants play imponaDt roles to improve physical, chemical and biological propenies of the soil
elsewhere bnt very little is known about the diversity as well as the role of diversity of such ants in Sri
Lanka.
on soil-dwelling ants in different types of lands (e.g.
and cultivated lands) should be
initiated.
services such as contribution to nutrient recycling, decomposition of organic
bioturbation, suppression of soil-borne
and pests, provided
the soil ant species in Sri Lanka
should be studied in detail. Stadies on the effects of pesticides and fertilizers on the colonization, survival
and colony demography of soil-dwelling ant species that are found in the cultivated lands should be
encouraged.
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Table 1, Soil-dwelling ant species recorded from soil sifting method and the qnadrat method for
counting ground nests of ants
Aenictinae
Aenictus jer&'1lsoni elongates (subsp.) Karavaive, 190 [
Aenicilis porizol1oides Walker, 1860
Aenictus biroi Forel, 1907
Aenictus pachycel1ls (Dalla Torre)
Aenictus cev/oniclls (Mayr, 1866)

Amblyoponiinae
Amblyopone spp.

Aneuretinae
Aneurelus simoni ErneIY

Cerapachvinae
Cerapachys aitken!i Forel, 1900
Cerapachysfilssulailis Fore!, 1895
Cerapachysfragosus (Roger, 1862)
Cerapachys typhlus (Roger, 1861)

Dolichoderinae
BOlhriomyrmex wroughtonii Forel, 1895
Dolichoderus laprobcnae laprobal1oe (Smith F., 1858)
Technomyrmex a/bipes

(Smith F., 1861)

Teclmomyrmex bicolor Forel, 1909

Dorylinae
DOlylus (Alaopone) orientalis orienlalis Westwood, 1835

Formicinae
Acropyga acutiventris Roger, 1862
Allopiolepis m'~";!;"m (Smith F, I
Campol1olUs (Tanaemynnex) compressus compressus Fabricius, 1787

Campol1o/us (Tal7aemyrmex) irrilal1s ilTi!ans (Smith F., 1857)
Campol1o{US (ii1yrmosericus) ru[oglaucus I1ifoglaucus (Jerdon, 1851)
Camponolus (OrthOl1otomyrmex) scriceus sericeus (Fabricius, 1798)
CampOl1otus (Tonuemyrmex) oblol1gtJs Forel, 1916
Lepisiota ji·ooenfeldi frauenfeldi (Mayr, 1855)
Paratrec!ww IOf/gieam;s longicornis (Latrielle, [802)

P/agiolepis exigua exigua Fore!, 1894
Plagiolepisjerdonii Fore!, 1894
Polyrhaeh;s (Myrma) puneliiiaia punctillata Roger, 1863
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Myrmicinae
Crematogasler (Crematogoster) dohmi dohrni Mayr, 1879

Lophomyrmex quadrispinosus (Jerdon, 1851)
Meranop/us bieolor (Guerin-Meneville, 1844)
Manomar!um criniceps (Mayr, 1879)
Monomarium destructor (Jerdon, 1851)
A1ynnicaria bn01l1ea Saunders, J915

Pheidole spp.
Solenopsis geminala (Fabricius, 1804)

Tetramorium biearinalum (Nylander, 1846)

Tetromorium tortuosum Roger, 1863
Tetramorium smith! Mayr, 1879
Tetramorium tortuosum Roger, 1863
Tetramorium walsh! (Forei, 1890)

I'oncrinae
Anochetus graeffei Mayr, J870
Anochetus longifossa/us Mayr, 1897
Diocamma cey/ol1ense cey[onense Emery, 1897

Diacamma rugosum Forel, 1911
Leptogenys peuqueti (Andre, 1887)
Lep/ogen)'s processionalis processionalis (Jerdon, 1851)

Lep/ogenys pruinosa Fore!, 1900
Odon/omachus simillimus Smith E, 1858
Pachycol1dyla !uteipes (Mayr, 1862)
Pachycondy/a tesseronoda (Emery, 1877)
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5.
SOIL PREFERENCES OF TIGER BEETLES IN SELECTED
LOCATIONS OF SRI LANKA
Chandima D. Dangallel : Nirmalie Pallewatta l and Nimal K. Dangalle2
1 Department of Zoology, Faculty of Science, University of Colombo, Cumaratunga Munidasa
Mawatha, Colombo 03.
2 Department of Geography, Faculty of Social Sciences, University of Kelaniya, Kehmiya.
ABSTRACT
Tiger beetles are terreslnal insects that arc worldwide in distribution. Species are highly habitat specific and
beetles are associated with
therefore vulnerable to changes in the habitat. Habitats and distribution of
the soil of the location as larvae are soil dwelling and oviposition site selection by females is based on soil
habitats of tiger beetles in selected locations of Sri Lanka
characteristics. We report soil characteristics of
and soil preferences of different species. Ninety-four locations of Sli Lanka were investigated for tiger
beetles and beetles were collected fsom thirty-seven locations. Species were identified using standard keys
and comparison with type specimens. Soil group, soil type, soil colour, soil pH, soil moisture, soil
temperature and soil salinity of tiger beetle collection locations were determined using standard methods.
Ten species oftiger beetles occupied soils with a sandy texture and yellowish and reddish brown colour Soil
temperatures ranged from 27.5°C to 385°(. Different tiger beetle species displayed specifk preferences to
soil group, soil pH, soil moisture and soil salinity. Hypaetha birall10sa was found on saline soils with
alkalinity of the "Regosols on recent beach sand" soil group. Calomera anguiata and Myriochila (Monelica)
fastidiosa occurred on "Reddish Brown Earths". Calomera angulata and Lophyra (Lophyra) catena
preferred signitlcantly low soil moistures while Cylmdera (lfasina) labioaenea preferred soils with high soil
beetle species
moistures which were slightly acidic. Cylindera (Ifasina) labioacnea and the majority of
occurred on Alluvial soils and Red-Yellow Podzolic soils.
INTRODUCTIO~

Tiger beetles (Coleoptera, Cicindelidae) are a group of ground living predatory insects that are found in a
range of habitats such as beaches, salt flats, river banks, grasslands, dirt roads and agricultural lands. These
habitats
greatly in physical stmcture, soil characteristics and plant composition but share the presence
of bare patches of open ground which they require for foraging and oviposition (Knisley 20 II, Cornelisse et
of. 2013). Female
beetles are specific in choosing oviposition
as larval
are soil-dwelling,
long-lived and sedentary, and sites are selected based on conditions of soil moisture and structure (Brnst et
af. 2006, Comelisse and Hafemik 2009). Therefore. the type of the soil is important for larval development
and for the survival of tiger beeties and may determine their distribution, habitat types and abundance.
Fifty-nine specIes of tiger beetles have been reported from Sri Lanka of which thirty-nine species are
endemic (Hom 1904, Fowler 1912, NaviatLx 1984, Acciavatti and Pearson 1989). However, most species
have not been recorded since 1989, and their distribution, habitat types and habitat preferences have not been
investIgated. As Sri Lanka is a developing country with increasing pressure on nahlral habitats, it is
necessary that the group be studied and included in the biodiversity conservation efforts in Sri Lanka, The
present study intends to investigate the soils occupied by tiger beetles of Sri Lanka and soil preferences of
differcnt
beetle
The tlndings wilt assist in predicting the distribution of
beetle species
within various habitat types of Sri Lanka.

lVIETHODOLOGY
Survey and collection oftiger beetles

The survcy for tiger beetles was conductcd in 94 locations in tlIe country,
May 2002 to December
2006. The localities for collecting tiger beetles were selected using information based on previons
publications of cicindelid species of Sri Lanka and information based on the different habitat types of the
:5
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family on a global scale, Coastal areas, river banks, reservoir banks, agricultural lands, marshlands and urban
areas in tbe wet, intermediate and dry zones were included in the survey, These sites were closely examined
for tiger beetles and when encountered a sample of 3 to 5 beetles were collected from each site, using a
standard insect net Specimens were preserved and stored in 70% alcohol for identification,

Identification oftiger beetles
Tiger beetles were identified nsing keys tor Cicindela of the Indian subcontinent (Aeciavatti aud Pearson
1989) and descriptions of Hom (1904), Fowler (1912) and Naviaux (1984). Identifications, were confirmed
by comparing the specimens with type specimens available in the National Museum of Colombo, Sri Lanka
and British Natuml History Museum of London, United Kingdom, Nomenclature IS based upon Wiesner
(1992) except for the use of the generic name Caiomera instead of Lophyridia, based upon Lorenz (1998).

Determination ofsoil parameters
The
stated.
(i) Soil group:

of soil in the sampling locations of tiger beetles were determined using the method
using the generalized soil map of Sri Lanka;

(ii) Soil type: detenl1ined by the sedimentation technique using the "soil textural triangle";
(iii) Soil colour: measured by comparison with a Munsell soil colour chart (Year 2000 revised edition);
(iv) Soil temperature: measured using a soil thermometer (SG 680· 10);
(v) Soil pH: measured using a portable soil pH meter (Westminister No. 259);
(vi) Soil moisture: determmed by collecting five random samples to a depth of 10 em and estimating the
differ,enc:e in fresh weight upon oven drying to J07-120QC in the laboratory;
(vii) Soil salinity: measured using a YSI model 30 hand-held salinity meter.

Statistical analysis
The dala on soil parameters of the locations of different tiger beetle species were analyzed using One· Way
Analysis of Variance and Tukey's multiple comparison method using Minitab 16.0 statistical software
package,

RESULTS
Tiger beetle species and recorded locations
Of tbc 94 locations surveyed, tiger beetles were encountered in 37 locations
coastal, nVPTln"
reservoir and nrban habitat types (Figure 1 and Table I). They were found on sand dones and beaches of
coastal areas, banks of rivers and reservoirs and on bare patches of land in urban areas. Ten species of tiger
beetles representing nvc genera were identified from the different locations (Table I),
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Table 1. Tiger beetles recorded from different survey locations (Location number coincides with the
number given for the location in Figure 1)

Species recorded

Survey location and habitat
L MahakanadarawaWewa. Anuradhapura district; Resef'lolr bank

Calomera angulata

2. Nuwara Wew3, Anuradhapura district; Reservoir ban..'k

lvfyriochila (J1Aonelica)fastidiosa

3. Thisa Wev';2, Anuradhapura district; Reservo1r bank

Ca/omera angula/a

4. Nacbchaduwa Wewa, Anuradhapura district; Reservoir hank

C%mero anr.;uiato
Myriochila (Monelica)/astidiosa

5. Tabbowa Wewa, Puttalam district; Reservoir bank

Caiomera angulata
Afyriochila (Monelica) /astidiosa

6. Kala Wewa, Anuradhapura district; Rescf'loir bank

Calomera angulata

7. Kandalama Wewa, Marale district; Reservoir bank

Calomera Qnguiata
Myriocitilo (Monelica)faslidiosa

8. Parahama Samudra, Polonnaruwa district; Reservoir bank

Calomera angulo/a

9. Devahuwa Wewa, Matale district; Reservoir hank

Lophyra (Lapltyra) catena
Calomera angulata
Cylindera (Oligoma) lacunosa

10. BataJagoda Wewa, Kurunegala district;

Reservoir bank

II. Halawathn coastal area, Puttalam district;

Sand dunes Lapbyra (Lop!Jyra) catena

12, Ma Oya) Alas

River bank Calomera ungulata
Calomera cardoni

x/w2,

Kurunegala district;

Calomera angulota

13. We Oya, Yatiyantota, Kegalle district;

River bank Cylindera (Ifasina) labioaenea

14. Maha Oya, Dehi Owila, KegaUe district;

River bankCylindera (lfasina) willey!

15. Maha Oya Falls, Deh; Owita, KegaUe

district; Moist rocks Cylindera (.[fasina)
labiaaenea

16. Seethavaka River, Colombo district; River bank

Cylindera (Ifasina) labioaenea

17. Aswathu Oya, Colombo district; River bank

G)4indera (Ifas ina) lobioael1ea

18. Heen

Waga,Colombo district; River bank

Cylindera (Ifasina) labioaenea

19. Kolani River, Malwana, Gampaha district; River bank

Cylindeta ({fasina) labioaenea

20. KeJaui River, Kir'ielamulla, Gampaha district; River bank

Cy/indera ((rasina) labioaenea

21. Kelan; River, Kaduwela, Colombo district; River bank

Cylindera (Ifasino) labioaenea

22. Biyagama, Gampaha district; River ban.\::

Cylindera (Ifosll1o) labioaenea

23. National Museum Garden, Colombo district; Bare land

Cylindera (Ofigomo) paradoxa
Lophyra (Laphyra) catena

24. Angoda home garden, Colombo district; Bare land

Cylindera (Ifasina) labioaenea

25. Wak Oya, Thumrnodara, Colombo district; River bank

Cylindera (Ifasilla) labiooenea

26. Water Cana], Handapangoda Kalutara district; River bank

Cylindera (Ilas;na) willey!
C'ylindera Ufa5;ina) H'oterhousei

27. Bopath Ella, Ratnapura district; River bank

Cyfindera (({asina) l't'ater/JOlfsei

j

28. Kirmkurunda coastal area, Kalutara district; Coastal area

Lophyra (Lophyra) calena

29. Aluthgama coastal arear Kalutara district; Coastal area

Lophyra (Lophyra) calena

30. lnduruwa coastal area, Galle district; Beach

Hypaetha biramosa

3 L Kosgoda coastal area, Galle district; Beach

Hypaetha biramosa

32. Morampitigoda coastal area, Galle district; Beach

Hypaetha biramosa

33. Habaraduwa coastal area, Galle district; Beach

Hypaetha biramosa

34. Matara coastal area, Matara district; Beach

Hypaetha biramosa

35. Ridiyagama Wewa, Hambantota district; Rescrvoir bank

Lophyra (Lophyra) catena

36. Hambantota coastal area, Hambantota district; Coastal area

Myriochila (Monelica)fastidiosa

37. Kirinda coastal area, Hambantota district; Coastal arca

Laphyra (Lophyra) catenG
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Soil parameters
The determined parameters of soil from the survey locations of different tiger beetles are given in Table 2.
Soil group, soil pH, soil moisture and soil salinity significantly differed among the locations from which
different tiger beetle species were collected. In contrast, the soil type, soil colour and soil temDerature did not
vaty significantly (Table 2).
Significant preferences to different soil groups were found in certain tiger beetle species, where Hypaetha
biramosa preferred "Regosols on recent beach sand" and, Calomera angulata and A1yriochila (Monelica)
jastidiosa preferred Reddish Brown Earths. The remaining species mainly OCCUlTed on soils of the Red
Yellow Podzolic group. Soil pH was significantly high (7.82 ± 0.16) in locations where Hypaetha biramosa
was encountered than that of the locations of other species (p<O.05). In contrast, locations where Cylindera
(Ifasina) labioaenea was found had a
lower soil pH (5.85 ± 0,45) (p<O.05) reflecting acidic
soils. Further, the river bank locations of C.Ylindera (IfasIna) labioael/ea had significantly higber soil
(21.20 ± 7.60%). Hypaetha biramosa and Myriochila (Monebea) jastidiosa were found on
soils of which the locations of Hypaetha biramosa had soils with a higher salinity than
the soils of Myriochila (Monelica) jastidiosa.

Locations of TIger Bee-ties collected from
Sri Lanka
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Flgore 1. Collection locations of tiger beetles in Sri Lanka
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DISCUSSION

We report that tiger beetles of Sri Lanka occupy locations with sandy soils that are mainly yellowish brown,
brown and reddish brown in colour. The temperature of these soils range from 27.5°C to 38.5°C. We further
reveal tbat different tiger beetle species have specific requirements for soil group, soil pH, soil moisture and
soil salinity. Our findings are consistent with a number of other studies that have investigated the soil
requirements of tiger beetles (Romey and Knisley 2002, Satah and Hori 2005, Fenster et af. 2006, Comelisse
and H afernik 2009, Knisley 2011).
Tiger beetles are known to prefer sandy soils to clay and silty soils due to higher egg and larval survival in
such soils. The effect of soil compaction that causeS reduced soil aeration and moisture is high in clay and
silty soils when compared with sandy soils and results in lower egg survival and larval burrow numbers
(Comelisse and Hafemik 2009, Romey and Knisley 2002). Further, sandy soils composed of fine particles
facilitate swift running of adult tiger beetles during predation and scavenging (Satoh and Hori 2005). Our
findings also revealed tiger beetles from soils with a sandy texture found on banks of water bodies and urban
locations.
beetles were not found in locations with clay soils and certain reservoir and river banks
investigated had clay soils that were trampled by cattle and elephants.
When considering soil colour, Cicindeline species are known to occur in soils which match their structural
colonration. Blending of stmctural colouration with the colour oftho surrounding soil enables
beetles to
evade attack from natural enemies such as birds, hats and robberflies (Seago et al. 2009). As tiger beetles
collected during thc study were mainly brown and bronze with light yellow elytral maculations and spots,
their preference to soils of brown and shades of brown is apparent
Thus, our findings reveal that tiger beetles require locations with coastal, reservoir, riverine habitats and
urban habitats with bare patches of land that have sandy soil with brownish coiouratioll and a specific soil
temperature range. However, different species prefer locations with different soil groups, soil pH, soil
moisture and soil salinity.
Hypaetha biramosa was restricted to coastal habitats with "Regosols on recent beach" soil group, while
Cafomera angulala and Myriochila (Monelica) fastidiosa, found predominantly in reservoir habitats
displayed specificity to Reddish Brown Earths. The other tiger beetle species oceupied Alluvial soils and
earths composed of Red-YeUow Podzolic soils. The association of different species with different soil
groups may reflect a relationship between tiger beetle species and inherent features of the soil group such as
soil moisture, soil pH and salinity. Reddish Brown Earths are known to be slightly acidic to neutral and well
drained with a rapid release of soil moisture while Regosols are alkaline with high salinity and rapid
infiltration. Alluvial and Red-Yallow Podzolic soils are acidic and non-saline with high soil moisture.
Hypaetha biramosa restricted to Regosols demonstrated preference for soils with significantly high salinity
and soil pH, while C)'findera (lfasina) labioaenea restricted to Alluvial and Red-Yellow Podzolics displayed
preference to significantly high soil moisUlre and soil acidity. Ca[omera angufata and kfyriochila
(Monelica) fi:lSlidiasa were fOlmd in neutral soils of which Calomera angulata preferred significantly low
soil moisUlre.
beetle species prefer acidic soils
According to studies on the effect of soil pH on tiger beetles, certain
for oviposition as acidic soils are deVOId of harmful fungi and bacteria that could infect larvae (Cornelisse
and Hafemik 2009). We found that most species preferred acidic and neutral soil with Cylindera (lfasina)
iobioacnca preferring significantly acidic soils. In contrast, Hypaelha biramosa inhabited soils with
significantly high pH values that might promote the growth of fungi and bacteria. However, soils of
flypaetha biramosa were significantly salinc and increased salinity can also negatively affect growth and
infectivity of varions ftmgi. Saline soils also inhIbit the growth of vegetation producing bare patches of land
well exposed to sunlight. Such habitats are suitable for ovipositional and foraging behavior oftiger beetles.
Thus, soil salinity is considered as an environmental marker for habitat suitability of
beetles, and
different species are known to have preferential soil salinity ranges (Brosius 2010). In the present study,
liypaetha biramosa and Myriochila CivioHelica) fasiidiosa preferred soils with salinity ranging from 0 to 0.2
ppt, while the other species preferred non-saline soils.
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Soil moisture is required by tiger beetles for larval burrow fomration and prevention of larval dessication
(Romey and Knisley 2002, Cornelisse and Hafemik 2009), Different species are known to require different
percentages of moisture due to their sensitivity to dessication and flooding, Species that are highly sensitive
to dessication and flooding are found in locations with a narrow range of soil moisture while species that are
least sensitive can tolerate wide ranges (Cornelisse and Hafernik 2009), In the present study different tiger
beetle species demonstrated different preferences for soil moisture content, and variations in tolerance ranges
Were also evident
angulata together with Lophyra (Lophyra) catena preferred
with
significantly low soil moisture with tolerance ranges of 0,12
11,49% and 0,13 - 7,93% respectively,
Cylindera (Ifasina) labioaenea was found in locations with
high soil moisture with a wide
tolerance range of 3,198 5221% that indicated that Cylindera (!fusina) lab/aaenea was least sensitive to
dessication and flooding when compared with Calamera anguiala and Myriachila (Manelica)fastidiasa,
Our flndings reveal soil preferences of tiger beetles and soil reqnirements of different species, The findings
are important in predicting the occurrence of tiger beetle speeies in different locations and providing
information for the proper management and conservation of soil tor the snrvival oflhis insect group,
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6.
PRESENT STATUS OF THE TERMITE FAUNA OF SRI LANKA
N. C. Kumarasinghe
Division of Pest Management, Sugar Research Institute, Udawalawe.
nimalck@yahoo.com
ABSTRACT
Tennites have been recognized as an important group of soil inhabiting insects due to their role as soil
engineers in improving soil structure and decomposing plant matter and thereby enriching the soiL The past
studies have mainly concentrated on termite control due to their role as pests of timber. The important role
that termites play in forest ecosystems has not been addressed
due to the diftlculty in identification of
termites on account of being a primitive group of insects. Recent studies have addressed the termites of the
plantations and natural forests. However, information on their biology and ecology are lacking. According to
current records 64 species of termites in 27 genera and four families; Hodotermitidae, Kalotermitidae,
RbiLlOtermitidae and Termitidae have been documented from Sri Lanka. The objective of this investigation
is to review
present status of termite research in Sri Lanka and to identify gaps in research and make
recommendations for future research.

INTRODUCTION
Termites are considered as an important group of soil inhabiting insects that have adapted to the soil
environment through specific nesting and feeding habits, They are important in creation of
habitats, enrichment of soil and as a source of food for number of predators. Tbeir role as decomposers of
plant matter and timber mamtain and support the carbon and nitrogen balance in ecosystems. The bIomass of
this breakdown process is recycled and added to the soil as humus. The termites that are wood-cellulose
feeders are classified as dry-wood, damp-wood, live-wood Or subterranean termites. The latter three groups
Jive or maintam some connection with the soils at least through tunnels in wood or through shelter tubes they
construct A typical termite colony consists of nymphs (semi-mature young), workers, soldiers, and
reproductive individuals of both genders and an egg-laying queen (Pearce, 1997).
Termites have been in existence since Cretaceous period and were classified under the order Isoplera.
However, recent DNA evidence has confilmed that tennites are most closely related to cockroaches.
Establishment of the above fmding was supported through the discovery of the transitional species; the
tennite like cockroaches (of the genns Cryptocems) and cockroach like tennites of the genus Mastotermes.
Accordingly, taxonomic position of tennites has been reviewed and proposed to classify them under the
order Blattodea and suborder Termitoidae (Inward eral. 2007), hltp://el1. wikipedia.org/wikil
TermiteliTaxonomy (accessed 4 March 2013). Termite fauna of the world is estimated to be around 2,864
species in 195 genera (including 60 fossil species) and 7 families. All the known families had been in
existence since the late Mesozoic,
The seven Families and 14 sub families of tennites recorded from Sri Lanka are: Mastoterrnitidae,
Kalotermitidae, Termopsidae (Sub families: Termopsinae, Porotermitinae, Stolotermitinae), Hodoterrnitidae,
Rbinotermitidae (Sub families: Coptotermitinae, Heterotennitinae, Psammotermitinae, Tennitogetoninae,
Stylotermitinae, Rbinoterrnitinae, Prorbinotelwitinae), Serritermitidae, Termitldae (Sub families:
Macroterrnitinae, Apicotennitinae, Tennitinae, Naustitennitinae). The termites of the
six families are
considered as lower termites due to their cellulose digesting mechanism involving symbiotic gut protozoan
flagellates. Tennites of the Family Termitidae use bacteria present in
gut for digesting cellulose.
Therefore, they are considered as higher termites (Pierce, 1997).
31
7-CM 17tIO

Pr()reedings oflhe National Symposillm on Soil Biodiwrsi!y - 2013

PRESENT ST AHiS OF TERMITES ASSOCIATED WITH SOILS IN SRI LAl'Il<A
According to the aonotatcd checklist of tennites, a total of 64 species
tennites in 27 genera and four
families; Hodotennitidae, Kalotennitidae, Rhinotennitidae and Temlitidae have been recorded from Sri
Lanka dating back to 1893 (Hemachandra et. al., 2012). Tennite research has not received much attention in
the past except for the few studies conducted by the plantation industry research institutions and universities
on termites of plantations and the forestry sector respectively.
there is no published infonnation
on tennite species associated with bmldings and structural timber, even though it is considered as one of the
significant area to be investigated. The present paper reviews and updates the infonnation on the present
status 0 f tenni tes in S ti Lanka.

TERMITES RECORDED FROM FORESTS AND GRASSLANDS
There are records on the distribution of termites in natural and
forests in the central hiBs of Sri
Lanka (Hemachandra el.al., 2010). Their study conducted in nalural and a
forest located at two
of temites;
different elevations in the Hantane hills, has revealed tbe presence of
Ceylonilermellus hanlanae (Holmgren), Dicuspidilemles
(Wasmann), Odontotermes homi
(Wasmann), Odonlolermes globicola, (Wasmann), Odonlolermes
(Wasmann) and Nosutitermes
jletcheri (Holmgren & Holmgren). Of them, only C hantanae (Holmgren) and D. ineola (Wasmann) had
been recorded from natural forests (llemachandra et,ol. 2010).

A similar study on temute fauna in Mahogany plantations in the
hills of the Central Province of
Sri Lanka (Hemachandra et aI., 2011) recorded a total of ten termite species in five genera of the family
Terrnitidae namely, Bu[bitermes sp.l, Cey[onitermellus hantanae, Dicuspiditermes in cola, Nasutitermes
sp. I., Odontotermes beilahul1isensis, 0 globicola, O. guprai, 0 hainanel1sis, Odolllolermes sp, 6 and
Odol1lotermes sp. 5. The Genus Odontotennes has the largest representation, Mahogany plantation had
yielded a lesser number of species (10), degraded forest the higbest (1.3), and followed by the least disturbed
forest (12) (Hemachandra et aI., 20ll).
Surveys in three montane forest types in the Knuckles region; Upper montane (UlvlF) , Dry lower montane
(LMF) and wet lower montane (LMF) conducted by Edirisingbe et ai.; (2012) documented 26 species of
tennites in three Families and 10 Genera. Of them, 25 species had been documented from the wet and dry
LMF and none from UMF transects. Wet L '''IF transects are reported to have a higher relative abundance
(78%) but low species richness (40%) of soil and soil wood interface
In dry LMF transects botb
SP':Cl<" richness (82%) and abundance (88%) of fungus growing wood
were higber (Edirisinghe
2012).
Tennites of the Lower Hantane Forest have been reported by Ekanayake and Karunaratne, (201l)
compnsmg a lotal of 14 species (Coptotermes gaurii, NasUlitermes ceylol1icus, N, jletcheri, IV kali,
Naslitilermes sp. I, Hypotermes obscuriceps, H xenotermilis, Odol1totermes globicola, 0, horni, 0, obesus,
Odontotenl1es sp. J, Odontotermes sp. 2, Odontotennes sp. 3 and Diclispiditermes incola) belonging to five
genera, four subfamilies and two families. Further, it has been reported that tbe tennite diversity decreased
with increasing altitude, temperature and humidity but tbe reiallonships were not found to be significant

TERMITES RECORDED FROM PLANTATION CROPS
Termites have been recorded as major pests in certain
Kumarasinghe (2008) provides research findings from
sectoL

crops

economic losses.

(aJ Termites of Coconut plantations
lnfestations to coconut cultivations by tennites have been recorded from all coconut growing areas of the
country. Tem1ites are reported to live either within the root zone of the plant or nearby mud galleries.
A high abundance of termites has been recorded from clay soils, where Odontotermes obesus, Odontotem1es
redimani, Odontotermes horni and Nauslilermes ceylonicus of the
has been identified as
pests of Coconut The two species Odonrotermes abesus and Odontotennes redimani in particular are
reported to infest young plants in nurseries and cultivations.
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(b) Termites of Tea plantations
Much information is available on termites of tea plantations. Damage to tea plantations in Sri Lanka by
termites was first reported in 1904 with the description of Posleleclrotermes mililaris found in plantations at
(1908) and Glyplotennes dilalatus (1909)
higher elevations. Two other species namely Neolermes
have been recorded from plantations in medium and low altitudes areas respectively. Their biology and
control have been studied by Dantanarayana and Fernando ([970). A summary of the findings during the
above period is included as a chapter in the book titled "Monograph of insect and mite pests of tea" by
Cranham (1966). The first detailed report on 59 species of tea infesting termites was by W.A. Sands (1975)
who visited Sri Lanka in 1973 on an invitation from the Tea Research Institute. These species belong to the
fOllI families; Kalotennitidae, Hodotermitidae, Rhinotennitidae and Tennitidae and they are listed in Table 1.
The termite distribution is reported to vary with topography. Pas/electrotermes militaris has been recorded
from elevations above 900 m, mostly from Maskeliya, Dimbula and Dickoya districts and have been termed
and GlyplOlermes dilatatus are reported
up-country live-wood termites. Two other species, Neotermes
to be confined to [ower elevations below 900m and have been termed low-country
ternntes.

(c) Termites ofSugarcane plantations
Damage to sugarcane plantations by ternntes have been documented by several researchers, Damage due to
tennites has been recorded from rain fed sugarcane plantations in all the sugarcane growing areas of the
counny. Severe damage to seed sets of sugarcane preventing germination is reported as tennites damage to
seed sets after planting. Fernando (1977) reports six tennitc species attacking sugarcane in Sri Lanka, They
belong to the family Tennitidae; Odomolenues redimanni, Odomolcnnes ceylonicus, Odontolermes hom!,
Coplolermes ceylonicus, Heleralermes ceyloniclis and Nausti/ermes ceylonicus. Kumarasinghe (2003) has
confirmcd the presence of the first three species in Pe[watte, Sevanagala and Uda Walawe rainfed
plantations. A higher infestation of termites at higher elevations during prolong drought periods have been
reported (Kumarasinghe, 1988; Kumarasinghe and Ranasinghe, 1986, 1988).

GAPS IN Ki'lOWLEDGE ON TERMITE FAUNA OF SRI LANKA
The lack of information on species composition and distribution of termites in the rest Of the country
the identity,
and ecology
especially in the forest coverage is a major setback.
termite species in the island's forest coverage should be considered as an important step in this regard.
The involvement of the National Museum, research organizations, University departments and environmental
organizations with necessary direction and support by the Biodiversity Secretariat is vital to fill important
gaps in knowledge of the termite fauna in Sri Lanka. Termites of buildings and structures are another
neglected area. Steps should be taken to strengthen the identification of this taxonomically difficult group of
primitive insects of much importance as beneficial organisms and pests. Molecular techuiques would make
identification more accurate and easier which should be then followed by studies on their biology,
distribution and ecology. Such studies are essential for immediate protection measures 10 avoid destructions
of timber used in the construction industry and the conservation of forest termites that enrich tbe forest soils
and facilitate decomposition of dead plant matter. Necessary attention should be paid to prioritize these two
important areas relating to tennites,

RECOMMENDATIONS
Having identified the gaps in tennite research, the following recommendations are made for the
progress of termite studies in Sri Lanka.
I.

Preparation of an action plan with necessary funding for identification and compilation of
the
fauna of Sri Lanka

2.

Establishment of reference collections oftennitcs at National level

3.

Establishment of a working group on tennites to promote national and international
collaborative research

4.

Providing necessary training for researchers in identification of tennites
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Table 1. Termite of Sri Lanka
Family

Species
Posiefectrolermes mililaris (Deweux) 1904

K.llotermitidae

Neotermes greeni (Desueux) 1908
Neotermes kemner! Roonwa1 & Sen Sanna 1960
Koiotermes jepson! Kemner 1932
Glyptotelwes ceylonicus (Holmgren) 191]
Glyplolennes dUo/atus (Bugnion & Popoff) 1910
Glyptolenl1es minultls (Kemner) 1932
Bifidi/e/wes pintol (Kemner) 1932
Cryplolermes dudley! Banks 1918
Cryplolermes havilondy (Sjostcdt) 1900
Cryptolermes perforans Kemner 1932
Cryplotermes domes/icus (Haviland) 1898

Hodotermitidae
AHorermitidae

Anoconlho/ermes rugifi"ons Mathur & Sell Sarma 1958
Sub Family:s.;optotem1i!inae
Coptotermes ceylonieus Holmgren 1911
Coptorermes emersoni Ahmad 1953
Coptatermes gOllri Roonwal & Krisbna 1955
Sub Family: Heterot.ermitinae
He/erotermes ceylonicus (Holmgren) 1911

Sub Family: Tennitugetoninae
Termitogelon umbilicarus (Hagen) 1858
Sub Family: Rhinotermitina~
Prorkinotermes flaws (Bugnion & Popoff) 1910

Termitidae

Sub Familv: Macrotermitinae

Macrolennes esther! (Desneux) 1908
Odontotermes ceyioniclfs (Wasman) 1902
Odontolennes brunneus (Hagen) 1858
Odontolermes escheriehi (Holmgren) 1911
Odont%rmes feae (Wegmann) 1896
Odonlotermas homi (Wasmann) 1902
Odontotermes hutsoni Kemner t 926
Odon/otermes minor Kemner 1926

Odontotennes koenig! (Desoeux) 1906
OdQutotennes preliminaries (Holmgren) 1911
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Odontotennes redemanni (Wasmann) 1893
Odontotennes taprobanes (Walker) 1853
Hypo/en11es obscuriceps (Wasmann) 1902
Microtennes obesi Hoirn!,'Ten (1913)
11.4icrotermes mocronotus Holmgren 1913

Eurylrmes ceylonicus Holmgren 1913
Speculilermes cyclops Wasmann 1902
SpeclIllIermes smho/ens!s Roonwa1 & Sen Sanna 1960

Sub Family: Tenn1tinae
1911

SYl1hamitemres

Synhamitermes colombensis Roon'Vval & Sen Sanna

':",{iaoeemlermes Dugl1ioni Hohngren 1911
lvlicrocerotermes cy/indriceps \Vasmarm 1902
Microcerolermes greeni Hohngren 1902
Alicrocerotennes heimi Vlasmann 1902

j'vficrocerotermes heitni minor Holmgren 1913
Iennes lighti Snyder & Emerson 1949
Dicuspiditennes hutson; (Kemner) 1926
Dicuspidilermes ineola (Wasmann) 1893
Pericopritermes ceylonieus (Holm"rcen) 1911

Sub Familv: Nasutitermitinae
Ceylon/lermes eseheriehii (Holmgren) 1911
Hospita/itermes monoceros (Koenig) 1779
Nasutitermes ceylonicus (Holmgren) 1911
Nasl/lilen""S homi (Wasmann) 1902
Nasl/tilermes locustr!s (Bugnino) 1912
Noslltitermes velilatus

1911

Trinervitennes bifonm:5 (Wasmann) 1902
Trinervitermes i'uhidus

1859

Ceylonilennellus hontQ/w€ (Holmgren) 1911
Ceylon/tennel/us kotHae (Bu!,'llion) 1914
Bulbitennes singaporiensis (Haviland) 1898

(Source: Unpublished Country visit report by WoAo Sands, 1975)
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7.
PRESENT STATUS OF EARTHWOR"\1S
(ANNELIDA:OLJGOClLtl..ETA) DIVERSITY IN SRI LANKA
Seed certification and paInt Protection Centre (SCPPC), P.O. Box 74,
Gannoruwa, Peradeniya
Janake W. K. Samaranayake
samaranayakejanake@yahoo.com
INTRODUCTION
Earthworms arc a segmented soil invertebrate group which belongs to the Phylum r'\nnelida, Class
Oligochaeta and two main Orders: Haplotaxida and Moniligastrida. They are characterised by external and
internal metameric segmentation of the body, absence of any segmental appendages or suckers and by the
presence of a few setae on all of the body segments except the first and the last Oligocheates dwell in all
types of terrestrial and semi· terrestrial habitats where there is sufficient moisture and food.

Importance of Earthworms
Earthwonns (Endogeic forms) are a major soil animal group which contributes a significant role in the
tropical soiL Earthwoml activities have resulted in many improvements; physical, chemical as well as
biological changes in the soiL The potential role of ealthwonus as vectors of beneficial micro organisms
such as Rhyzobiul1I, Pseudomonas, A1ycorhysa fungi has been investigated in a number of recent studies.
Epigeic earthwonns play an imp0!1ant role in converting organic matter and composting garbage.

Taxonomic status of Earthworms
According to Reynolds (1994) there are 7254 species
described OJigocheates of which 3627 species are
terrestrial earthwonns. Further, on average about 136 species have been described each year for the last
eleven years. Majority of the newly described species are from the tropics with large regions still unexplored
in America, Africa and Southeast Asia and even in the Indian subcontinent including Sri Lanka.

Table!. Summary of recorded earthworms
Species

Genera

Families

Reference

World

3627

152

12

Reynolds (1994)

India

509

67

10

Julka (1988)

Sri Lanka

63

7

3

Stephenson (1923)

History of Taxonomic studies on earthworms in Sri Lanka
is very little published information on earthworms of Sri Lanka. Systematic studies on the earthwOlIDS
of Indian subcontinent were initiated by Templeton (1844) when he described a new species, Megascolex
caeruellS from Sri Lanka. Michelson (1900) and Stephenson (1923; 1930); have carried out work on Sri
Lankan earthworms. Stephenson (1923) listed 63 species of earthwonns of which 47 species are indicated
as zoo-geographically important species, known only from Ceylon. This is the only monograph published on
Asiatic earthwonns and their endemism. Gates (1941, 1(45) published taxonomic works On Sri Lankan
earthworms including endemic and a few peregrine species in Sri Lanka. However, Lee (t (59) pointed out
lists of exotic speclcs from Sri Lanka and also (Edward and Lofty 1(77) reviewed some Sri Lankan
earthworms. The latest taxonomic monograph on Indian earthwOlms by Julka (1988) includes many Sri
Lankan earthwonns.
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CURRENT STATUS OF EARTHWORMS IN SRI LANK4
METHODOLOGY
Earthworms for the study were collected from a variety of habitats located in 22 sites mainly from the wet
and intermediate parts of the country. The study was camed oul in man made agro ecosystems such as
organic fanns, integrated fanns, plantations, home
etc. and a
natural sites.
Earthwonns were collected by extraction from soil
obtained from the different sites. Random
sampling and earthworms and their cocoons were sorted
hand in a standard method, Mature specimens
were chemically preserved before identification
&
1989). Morphological variation in
external and internal features was used in
collected earthwonns. Standard taxonomic
morphological features and keys were used (Stephenson, 1923; Lee,1959; Edward & Lofty, 1977) to identify
them. Earthwonns were categorised into three ecological groups according to habit and their micro habitat
and morphological features cornmon within the groups.
Cocoons of diJferenl earthwonn species were collected
the same sites and their morphology and
incubation periods were also studied separately.
RESULTS
Nine families containing nineteen genera and fourteen species have been identified. However, it was not
possible to identify ten species in the collection duc to the lack of adequate information.
Among the nine families recorded, four families are new to Sri Lanka, these being Lumbricidae, Eudrilidae,
Ocnerodriliodae, Octocheatidae. Although, the family Almidae is new to Sri Lanka, this genus was inclllded
in the family Glossoscolecidae and sub family Microchetinae by Gates, (1941).
Eleven more genera, which have not been desclibed earlier for Sri Lanka, were also identified during this
study. Detailed list of the families and genera as well as species which were identified during this survey is
as follows:
Table 2. List of Identified Earthworms from selected locations in Sri Lanka

have not been cont1rmed
have nOT been confirmed

Endogeic
Elldogeic
Endogeic
Endogeic
Endogeic
Endogeic
Epigcic
Endogeic

have not been confirmed

Endogck

P.eioJlg(Jfa
P.corrpanulafo
Phullil1 ~

P.anomala
(2) Amynfhus.sp.

(3) },1egasco!ex

(4) Notosco/~;;
(5) Lampftlo
(6) Periyo/1iX

2

Eudriiidae

(I) Eudnlus

(i) Lampilv mauri{ii
(i) Perirrmix exCCfVOtus
(il
(i) t,udrilus eugenoe.

no

4

Occo!acium
(3) Allohophom

(i } OCl%ciull1

G~'Jiartium

(1 ) Allobophora.caltgiuosa

Eudichogas!e

not been conttrmed
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Ecology ofEarthworms
Earthworms make a large contribution to the diversity and abundance of invertebrates in soils of every kind
of terrestrial ecosystems and their effective uses have been identified in different microhabitats of the soil.
According to Bouche, (1972) earthworms can be divided in to three ecological categories based not only on
habitat, but also on morphological features common within the groups. These groups are namely, Epigeic,
Endogeic and Anecic. The study mainly focused on endogeic and epigeic earthworms in natural and man
made agro eco systems in Sri Lanka
Epigeic earthworms: Red coloured earthworms found, not in the mineral zones of soil, but in decaying
plant debris such as compost litter and wood; morphologically, they are poorly adapted for burrowing.
Endogeic earthworms: Un-pigmented small to medium sized earthworms which continuously inhibit the
organic mineral zones of the soil, feeding specially on dead roots; morphologically they are adapted for
burrowing, but their burrows more or less horizontal
Anedc earthworms: Brownish medium to large scale size earthworms inhibiting vertical burrows into the
mineral zone, but feeding at or near the surface, especially on dead roots; morphologically, adapted for
burrowing and rapid movement therein.

The Earthworm Cocoons
The cocoon is the reproductive agent of earthworms. Information on Asiatic earthworms and their biology is
very scarce and information on the systematic of earthworms is available in India and adjacent countries.
However, understanding their reproductive biology has become very important with reference to Sri Lanka
Cocoons of commonly available earthworms were collected from different habitats and morphology was
studied. Cocoons were from different species of earthworms incubated under laboratory condition. The
results indicated that size, shape and fresh colour of cocoons were varied in different species. The incubation
period of cocoon shows a great variation among different species. These characters could be useful to
identify common earthworms in the field collections.
Table 3 Morphological characters of cocoons of selected earthworms

No.
observed (0)

Mean length*

Mean width**

Cocoon colour

±SE(mm)

±SE(mm)

(Coded)***

Eisenia Joetidae

354

5.07 ±0.10

3.18 ± 0.05

Yellow-green

Eudrilus eugenia

186

5.16± 0.07

3.24 ± 0.05

Yellow-brown

Periyonix excavatus

675

4.03 ±0.06

2.98 ±0.05

Yellow-brown

Octolacium cyanum

24

5.095 ±0.07

3.312 ± 0.05

Olive - green

Pontoscolex corathrurus

432

5.23 ±0.05

4.21 ± 0.05

White

Allobophora caliginosa

45

6.26 ±0.07

3.52 ± 0.05

light yellow

Dichogoster bhouli

20

1.90 ±0.06

1.575 ± 0.04

Orange

Pheretima posthuma

34

3.19 ±O.08

2.615 ± 0.06

Yellowbrown

Lampito muritii

32

4.79 ±0.05

3.24 ± 0.05

Mud brown

Cocoon characteristic of
Earthworm species
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Cocoon of E. foetida

Cocoon of E.eugenia

Cocoon of P.excavatus

Figure 1: collected different earthworm cocoons
Incubation periods and number of Juvenile earthworms produced from each cocoon of each species were
also observed separately and the results indicated that epigeic earthwonns showed short incubation periods
when compared to endogeic earthworm species and individuals (juveniles) per cocoon varied 1,2,4 and 6 in
epigeic earthworms while endogeic earthwonns produced a single individual from each cocoon under
laboratory <:ondition. This information could be very useful to identify common earthworms

Potential Use ofEarthworms in Sri Lanka
The study investigated the identified earthworms that could be used in soil fertility management and to
increase plant growth activities. Three epigenic earthworms Eisenia foetidae, Eudrilus eugenia and Periyonix
excavatus have been practiced for vennicomposting in a laboratory condition.(Samaranayake & Wijekoon,
2010). The results indicated that there is a great potential to use this species for introduction ofverrnicompost
technology in Sri Lanka

GAP
In conclusion, the study highlights the rich earthworm fauna in the selected study sites inferring that large
scale surveys incorporating deeper soils, natural ecosystems and especially, the dry zone of Sri Lanka would
yield a much higher diversity than is currently known. Lack of academic interest, expertise and funds for
research are main constrains faced at present.
Fann surveys indicated a lack of awareness among present farmers on the importance of earthworms in
agriculture. The role of earthworms in agriculture needs to be highlighted through agricultural extension.
Furthermore, verrnico mposting on a large scale needs to be encouraged w ith funding through the state and
private sector. This would help to recycle garbage and produce valuable compost within a short period .
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8.
PRESENT STATUS OF LAND SNAIL DIVERSITY IN SRI LANKA
K. B. Ranawana* & Ironie Nagasena

Department of Zoology, Faculty of Science, University of Peradeniya.
ABSTRACT
Sri Lankan land snail fauna is considered as a unique group due to high species richness and endemicity. Of
the 253 species of land snails recorded from the country,205 species (approximately 81%) are endemics.
Furtber, five land snail genera namely Ravana, Ratnadvipia, Acavus, Oligospira and Auiopoma are also
endemic to Sri Lanka.
Species belonging to endemic genera show a discontinuous distribution and are restricted to small babitat
fragments in tbe wet zone. Lowland rainforest and the montane rainforest in Sri Lanka bave distinctive snail
faunas . Most of tbe Sri Lankan land snails are leaf litter inhabitants in the forest floor. Some species
including pests sucb as slugs may burrow into top layers of forest soil including tbe topmost layer containing
loose and partly decayed organic matter and tbe bumus layer below it. Therefore, the distribution and
abundance of land snails in an area is greatly dependent on properties of soil sucb as its moisture content,
acidity and texture.
Removal of tree cover in a forest area exposing the forest floor is detrimental to tbe survival of land snails.
Clearance of land for large scale development projects in the wet and dry zones, clearance of forest
understory in tbe montane region like Knuckles range to plant cash crops like cardamom, annual fires in the
grasslands and beavy use of agrocbemicals in tbe human modified babi tats sucb as borne gardens are
detrimental to the land snail fauna. Due to their low mobility, land snails have become models for studying
tbe effects of buman induced babitat alteration
INTRODUCTION
Litbospbere, the solid rocky crust composed of minerals, covers the entire surface of the eartb. Lithosphere
interacts with bydrospbere, atmospbere and the biospbere and these are collectively involved in tbe
formation of tbe pedospbere which consists of soil, its biotic and abiotic components. Soils are composed of
water, gases, mineral matter togetber witb diverse organisms and biological materials (Ruiz et ai., 2008).
Tbe soil biota is considered as one of the major contributing factors on formation of soil. Other factors
affecting soil formation are climate, parent material, topograpby and time. Different combinations and
degree of expression of tbese factors result in tbe production of a variety of soils on eartb surface (Figure I).
Climate

Scale

!t
!f

1 OOOS of years, km 2 '

Clay + nutrients
100s of years, ha

Vegetation and
resource quality

Years. 10m2'

!t
MaCro-organlsrRs

Days, nm 3'

Mlcro-Orm!!isms
Biological interactions

!f

Soil processes
Figure.1.Hierarchy of determinants of soil processes that provide eC.o system services
(Source: Lavelle el al., 1993).
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Soil fauna is involved in the process of breaking down organic matter and transforming them into nutrient
elements and thus, play an important role in the soil ecosystem development and maintenance. Soil fauna
are called "ecosystem engineers", as they are agents who control available resources and maintain habitats
for others who live in soil. This in turn results in high species diversity (Lavelle and Spain, 2001). As an
example, different activities of soil macrofauna such as burrowing and mixing (bioturbation) are important in
aggregation of soil particles and the porosity. This creates suitable environmental conditions for other soil
organisms affecting aeration and soil moisture.
Living creatures of soil form the soil biodiversity. This includes organisms that spend whole or part of their
life cycles on the surface and upper few centimeters of soil or within the upper soil layers. Soil communities
are considered as the species-richest areas of the terrestrial ecosystems, of which only a certain fraction is
identified to date (Giller, 1996).
A typical soil profile is sectioned in to 5 master horizons, so called by the letters 0, A, E, Band C from the
top to the bottom. Therefore, '0' is the surface horizon which is comprised of organic material at various
stages of decomposition. In forested areas, debris from fallen trees is accumulated in this zone (Figure 2).
This creates loose soil conditions with high aeration and soil moisture, favorable for soil inhabitants.
Therefore, vast majority of soil inhabitants occupy this zone. This typical soil profile is not present in all
locations on earth.
Soil biota can be classified into three main groups, macro biota, mesobiota and micro biota, according to their
size range (Swift et ai., 1979). Microbiota, range from 20 to 200 flm in length «O.lmm diameter) and
include diverse organisms such as algae, bacteria, cyanobacteria, fungi, small COllembolans, mites,
nematodes, protozoans etc., They are able to decompose available natural material and transform organic
matter into a fonn that could be absorbed by plants and utilized by other organisms. Therefore, microbiota
initiates the detritus food web in the soil, thereby providing food sources for larger fauna. Mesofauna, range
in size from 200flm to 10mm and depends on organic matter, microflora and microfauna and those living
within soil pores. Microarthropods such as pseudoscorpions, protura, dip lura, springtails, mites and small
myriapods belong to this category.

0_
Loose and partly
d«ay&d
orpanlc matter
Ahorizo<>
Mineral matter

mixed ..... ith
some humus

Sharizan

Mcumula!ion of
clay traf1:SC)OrtMi
from 000..

C horizon
PortiaH"! tlllCted

patent mate&!

Figure 2. A typical soil profIle (Sonrce:http://www.ctahr.hawaii.edu/manisoilJa-'profIle.aspx)
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Soil macrofauna is defmed as invertebrates with a diameter of >2mm in
and 90% of these individuals
are visible to the naked eye (Brown el ai, 2001). This category includes most of tbe invertebrates slIcb as
snails, eartbworms, ants, termites, millipedes, centipedes, caterpillars, cicadas, crustaceans, coleopteran
larval stages and adults, larvae of flies and wasps, earwigs, silverfishes, spiders, scorpions, crickets and
cockroaches. They are essential inhabitants of leaf litter and the upper soil layer and perfonn specific
ecological roles in the soiL Some authors define vertebrates in soil ecosystem as "megafauna". Gastropods
(snails and slugs) can be classified as macro invertebrates because tbey lack a backbone and an internal
skeleton and are visible to the naked eye. Furthermore, they are also classified as epigeic invertebrates,
because they survive and feed on soil surface and contribute to the litter breakdown and nutrient release.
Arthropods such as ants, beeties, cockroaches, centipedes, millipedes and grassboppers are also included in
to this category. Slugs, insect larvae and mesa fauna are also involved in gallery fonnation in soil. Galleries
act as drainage systems tbat facilitate flow of water, air and soil penetration paths for other surface dwelling
invertebrates.
Snails and slugs are a molluscan group of invertebrates tbat occupy vast habitats on land and aquatic
ecosystems. On land, snails arc recorded from top layers of soil and above the tree line (pearce and Orstan,
2006). One of the most important requirement of land snails is moisture (Riddle, 1983). This is because land
snails are like leaking bags of water who survive at barsh environmental condition on land. Therefore, they
have adapted for mecbanical or bebavioral strategies for dealing with temporary periods of dryuess. Another
important requirement of snails is a source of Calcium for tbe development oftbeir shells. Slugs, who do not
possess sbells require a less amount of Calcium. Snails that possess a shell act as a Calcium source for small
rodents and a certain bird species.
There are several microhabitat requirements for snails such as the amount of moisture, altitude, topograpby,
type of rock and soil composition which in turn influence ibeir distribution in different habitats (Coney of ai,
1982). In general, forested areas with shade and leaf litter on the floor are favourable for tbe living of land
snails than cleared disturbed areas. Primary forest patches specially in tropical areas contains large
abundance of snail fauna than secondalY forests (Clench, 1974). Snails living in soil can be found in areas
with continuous supply of moisture througbout
year such as deep piles of leaf litter, depressions,
underside of logs, cracks among rocks and moisture loving plants such as fems. Slugs could be found in the
outer few centimeters of ibe rotten wood, specially in forested areas (Ruiz et ai., 2008). In vegetable crop
fields, especially in higb lands of Sri Lanka, where loose top soil exist, some pest snails and slugs can be
found. During
time they burrow into deep layers and tend to come out and feed during the night. These
behavioral adaptations have made !bern difficult pests to be controlled by the farmers.
Litter decomposers include a variety of organisms ibat range from litter feeding microorganisms to large soil
macrofauna such as milipedes, gastropods and earth worms (Bowker el at., 201]). Gastropods arc efficient at
accessing pbysically tough material wiib their radula and !bey have the ability to synthesize digestive
enzymes. Detritivorous gastropods playa major role in nutrient cycling (Ruiz et al., 2008). Saprophagus
snails feed and grow well on plant litter material (Ruiz et ai., 2008).
Size, limited mobility and propensity to spend their entire lives at a single location due to lack of migratOly
behaviour are the factors !bat cause micro-snails to become susceptible to changes in land use, thus
considered as faunal indicators tbat determine tbe rate of disturbances.
Snail diversity, associated with bigb levels of snail endemism, is concentrated in tropical rainforest. Habitat
cbange due to fragmentation, loss and transfonnation of tropical forests, and climate change, and
introduction of alien species arc the main drivers responsible for the wave of snail extinctions that arc taking
place at present and have pushed many other snails to tbe brink of extinction (Douglas et ai., 2013).
Snails possess a muscular foot and a sbell ill whicb internal organs afe stored. Slugs afe evolved from snails
by reducing and internalizing the shell. The shell may reduce to a flat plate, to a few calcareous granules or it
can be completely lost. Their internal organs are in a hollow cavity in whicb a large portion of tbe foot
resides in. Semi slugs possess a small external shell which the animal can not enter in to and they occupy a
position ill between snails and slugs. Their internal organs are located as a hump on the back. The muscular
foot is partly hollowed to accommodate internal organs (pearce and Orstan, 2006).
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PRESENT STATUS
There are 253 land snail species recorded
the country (MOE 2012) of which 166 species belong to the
subclass Pulmonata and the remaining 87 species belong to the subclass Prosobranchia, Thus, the pulmonate
group dominates land snails in Sri Lanka,
Vast majority of Sri Lankan land snails spend their entire
in the soilleaflilter layer. However, there are
few species (l0 species) which are
for arboreal life, This includes three
of the endemic
of Eurychlamys, Rest ofthe species (243 species)
genera Acavus, four species ofBeddomea and three
inhabits leaf litter and top soil layers,

The eight species of slugs found in Sri Lanka (Table I) generally burrow into deep soil laycrs in order to
escape from harsh environmental conditions such as bright sunlight during the day time and extreme cold
during the nights, This behavioral adaptation is especially seen in
inhabiting highland agricultural crop
fields where loose top soil exists,
Table 1. Slug species found in Sri Lanka
Species

Family

Common Engllsh Name

Category

Family: Ariophantidae

Mariaelladussumieri (Gray 1855)

Common Shelled Slug

Exotic

Family: Milacidae
Family: Agriolimacidae

Milaxgagates (Drapamaud, 180 I)

Smootb Jet Slug

Exotic

Derocerasreticulatum (Muller 1774)

Grey Field Slug

Exotic

Deroceraslaeve (Muller 1774)

Marsh Slug

Exotic

Arionintermedius (Normand, 1852)

Hedgehog Slug

Exotic

Laevicauiisalte (Ferussac 1821)

Leatherleaf Slug

Exotic

Semperulamaculata (Templeton 1858)

Tropical Lealherleaf Slug

Native

Family: Arionidae
Family: Veronice]]jdae

Semperulasiamensis (Martens 1867)

Native

Three species of the Acavids belonging to the
genera Oligasp/ra are kno,,'1l to occupy the top
humus layer of the soil Cfable 2), while three other members of the same family belonging to Acavllsgenera
are adapted for an arboreal life, All three members of Oligospira arc listed as threatened species that are
restricted to few forest fragments in the wet zone, Presence of a loose humus ricb top soil layer is essential
for their survivaL
Table 2, Soil inhabiting Acavids in Sri Lanka
Family

Species

Acavidae
(Sri Lankan
Lustful Snails)

Oligospirapoiei (Collel, 1899)
Oligospiraskinnerj(Reevc, 1854)

Common English name
Sri Lankan Whltc Lip B luntcd
Snail
Sri Lankan Small Blunted Snail
Sri Lankan Common Blunted
Snail

Status

EN
EN

vu

Soil fauna plays a vital role in agricultural
Diverse soil organisms help in maintenance of a
healthy productive soiL The present
practices are not sustainable because of the
impacts caused to the soil fauna,
soil
due to poor agricultural practices may contribute to
long-term degradation of soil, nutrient depletion, reduction in soil fertility, water scarcity, yield reduction
and loss ofproductive land,
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GAPS
Lack of awareness, knowledge and inappropriate management of natural biological proeesses
soil can be
identified as the major drawbacks to retain a healthy and prodnctive soil environment This is mainly due to
the decrease activity of soil macrofauna, especially in areas of intensive crop cultivations and fragmented
forest areas, More attention should be given to manage natural soil biological processes via reinstatement of
soil health and enhanced soil fertility that will promote a diverse soil macrofauna. Otherwise, it may
adversely affect other soil organisms and people who depend on the productivity of soiL
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9.
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INTRODUCTION
Mygalomorph spiders are a primitive clade of spiders that includes some of the largest and most fascinating
spiders (Poecilolheria, Chilobrachys elc.) in the world. So far the suborder is represented by 16 families of
which five families are present in Sri Lanka (Platnick, 2013). Most mygalomorph spiders are terrestrial and
live in silk lined retreats, either in burrows of various shapes made in the soil or in sac like chambers made
under rocks or tree trunks, with the exception of the genus Poecilotheria which belongs to the family
Theraposidae which are the only primitive arboreal spiders present in south Asia (Nanayakkara, 2013). The
burrowing species have a myriad of burrowing habits, some dig deep burrows which are 20 em in length
with many branches, whereas others dig much shallower retreats.
The families that have been so far reported from Sri Lanka are Nemesiidae (one species in one genus),
Idiopidae (three species in two genera), Dipluridae (two species in one genus), Barychelidae (five species in
four genera) and the more popularly known Theraposidae (seven species in three genera) (MOE, 2012). The
spiders in the family Theraposidae have burrows with open entrances whereas the remaining families have
trap doors which are made out of silk, soil particles and, in the case of some species, small pieces of foliage).
Most species are nocturnal and hide during the day in the retreats. At uight they wait at the entrance for
passing prey or they wander around in search of food. They prey on a variety of insects and small animals
and form an important part of the ecological food weh. Mygalomorph spiders have been poorly studied in
Sri Lanka, due to the inference of them being venomous and their nocturnal habits.
All the data presented herein were gathered by the present authors from 2009 to date. It was our intention to
publish these mygalomorphs natural history observations after the revision of the suborder in Sri Lanka by
us. We will not present detailed description of the species but rather give notes on the natural history and
burrow types of the genera of mygalomorphs found on the island.
This paper, although ,,'Teatly increasing what is known about the natural history and the burrowing habits of
this neglected suborder in Sri Lanka, should be considered only a beginning, a foundation of observations
and hypothesis which will, we hope, focus more attention on these fascinating spiders.
We also hope this paper will encourage and facilitate the conservation of these spiders and their habitats,
which are rapidly shrinking due to urban, agricultural, and even recreational development. Regrettably, we
have already witnessed the destruction of some habitats which we studied a year ago.

MATERIALS AND METHOD
The data used in this study was collected dUling field trips to study the genus Poecilotheria. The surveys
were carried out at night since the focal species is nocturnal in habit. Once the burrows used by other
mygalomorphs were observed the spiders were collected by adopting standard sampling techniques such as
sweep netting, active searching and hand picking. Collected spiders were photographed in live condition,
identified and then released to their natural habitat. The photographs of the specimens and their burrows
were taken using a canon 550DSLR camera fitted with a macro lens. The burrow depths were measured
using a yard stick, and possible natural history information were recorded. GPS coordinated were recorded
using a Garmin etrex handheld GPS reciver. Most of the observation presented in this paper came from the
wet zone of the Island.

* Corresponding author: raniCJ1@hofmail.com
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NATURAL HISTORY
The Mygalomorph spiders arc a diverse group of spiders and most species live in silk-lined retreats.
The retreats can either be vertic!e burrows Or chambers made under rocks Or under bark on trees. The retreats
are left open or can be closed by a trapdoor. Extensions to tbe entrance frequently include lids, signal
tbreads, collars, turrets Or catcb webs. These structures extend the range at which the substrate vibrations
receptors located on the palps and legs of the spiders, can detect prey (Foelix, 1996). The capture of prey is
done close to the entrance of the retreat. The construction of trapdoors and other structures arOlmd the
retreats have evolved independently many times (Coyle el at., 1992).
Most mygalomorphs are nocturnal and hide during the day in a retreat. However, some species such as
Chilobrachys, COme out of their retreat when they feel vibrations of prey at the entrance (during day light
bours), this has been artiticially stimulated by the authors to get Chilobrachys species to come out of the
retreat to photograph. At night they lie and wait for prey at the entrance to the retreat.

MICROHABITAT
Burrows arc made in a variety of microhabitats. The shape of the burrow and the microhabitat, in which it is
made, differs between genera and families. However, all species prefer ground surfaces lhal are sheltered,
relatively stable, sloping either east or northeast facing to otherwise shade. Burrows are seldom found in soil
that is subjected to erosion, but rather in soil bound together by roots andlor sheltered under protruding roots
or rocks. Although most species apparently prefer steep slopes such as ravine or road banks these retreats are
usually found on slopes of 45° or less. These burrows are constructed in a wide variety of soil types ranging
from soft sandy loam to hard clay loam that is often chunky or rocky. A thick layer of silk coverS the inside
walls of the burrow. The silk layer prevents the soil from caving in and renders a well-balanced
microclimate. With some families, there is much variation in the soil types they inhabit The depth of leaf
andlor needle litter cover where burrows are found also varies greatly within the genera and wi:hin some
species. wmle occupied banks are covered with little or no litter, the gentle slopes inhabited by Some species
may be covered with mosses (Bryophytes) or covered with up to 8 em of litter. The spider normally digs
only one hole during its life-time and enlarges it as it grows older. The depth of the burrow varies depending
on obstacles in the ground, the size ofthe spider, hardness or softness of the substrate, soil type and slope of
the ground_ Although many burrows are classified as having a simple shape, the shape is often variable,
depending on obstacles such as roots Or pebbles that the spider encounters in the soil (Decae, 1996).

BURROW TYPES
Family Barychelidae
Variable silk-lined burrow wi:h one or more entrances (Fig. 1) or entrance with leaf andlor grass-covered
turret, Or shallow retreat under stones with one or two trapdoors.

~_~_~'

___""""-D_

Fig, 1: Burrow of Barychelidae species, A. single hurrow, B. Y-shaped hurrow, C. burrow with side
passage
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Natural History
Species that belong to the family Barychelids are mainly burrowing spiders and their burrows vary from tem
porary silk retreats to complex silk-lined burrows that are frequently covered with concealed trapdoors and
make tubular retreats. Some burrows may be found in leaf litter attached to the underside of rocks or fallen
trees (Raven, 1994).

Family Dipluridae
Tubular or funnel-shaped silk retreats made in crevices with entrance extending outwards to form irregular
(Fig. 2), intercoIllected funnel- or sheet-like webs.

Fig. 2: Sheet web of a Diplurid spider

Natural Histo/y
Diplurid spiders use ill-defined sheet webs with a funnel like retreat to detect and capture prey in trees or
from under stones, soil crevices, logs or moss mats or above-ground in protected spots at the base of plants,
TIle spider hides in the retreat in one comer of the web. Some diplurids excavate burrows
a retreat but
many do not (Coyle, 1986),

Family Idiopidae
Silk-lined burrows or chambers closed with wafer or cork like trapdoors

v
Fig. 3: Burrows of Idiupid spiders
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Natural History
Idiopidae spiders close their burrows with a trapdoor hinged at one side with silk The thickness of the lids
varies from wafer-thin to thick and cork-like in appearance lbe spiders are nocturnal and sit at the entrance
of the burrows with the door slightly open, waiting for prey to pass by. If disturbed, the spider retreats into
the burrow, closing the door tightly behind it. The males do not live permanently in burrows. But move
around in search of females. The trapdoors to their burrows are constructed using the door moulding method.
The trap door is well camouflaged with the door edges beveled and extending outwards to numerous closely
spaced tabs made of silk.

Family Nemesiidae
Silk-lined burrows that arc either simple or V-shaped, or silk-lined tunnels and chambers made under rocks
(Fig.4).

A

Fig. 4: Nemesiid burrows, A. V-shaped burrow, B. Burrow underneath a rock

Natural History
Nemesiid spiders are known to live in silk-lined burrows that vary in shape from a simple deep burrow, to a
V-shaped burrow, to burrows with side passagc or chambers made under rocks. Some members of this fam
ily make silk-lined tubes under or on the sides of rocks, or are found in silk webbing. Only a few species of
this family arc known to cover the entrance to the burrow with a lid. In most instances the entrances are
without lids and flush with soil surface or rimmed with sticks and grass to form a turret.

Family Tllerapllosidae
Sjlk-lined burrows or silk-lined chambers made under rocks (Fig. 5), usually without a trapdoor but entrance
covered with a thin layer of silk when not active.

Fig. 5: Theraposidea burrow
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Natural History
Burrowing Theraphosids in Sri Lanka include the genera Chilobrachys and Plesiophrictus, their burrows are
usually deep. These burrows or retreats are silk-lined and found under stones and rocks. The silk lining usu
ally extends beyond the entrance to form a silk rim that may assist in prey detection and that sometimes in
corporate pieces of plant material. Theraposidae spiders are predominantly nocturnal 'sit and wait' hunters
and most species await the approach of prey at the entrance of their burrows. Prey is usually captured at or
near the entrance.
They presumably rely on sensory detection systems like trichobothria to detect air currents generated by
moving prey, or soil and silk vibration detectors such as slit sensilla or club-shaped trichobothria (Foelix,
1996).

CONSERVAnON
Like all other groups of taxa in Sri Lanka, mygalomorphs are also threatened due to habitat loss, fragmenta
tion and the illegal collection for the pet trade. The mygaloLnorphs are steadily losing their foothold on the
island. Development activities and encroachment of natural resources for products of commerce are taking
its toll on the natural forest cover and secondary forest, while the fragmented habitat is getting altered.
The impact of habitat loss and fragmentation is clearly visible in biodiversity rich areas of the wet ZOne in Sri
Lanka. Hence, species, including the mega fauna, have declined in these areas over the years. Conservation
efforts in the country have been focused on charismatic vertebrates, and the status of invertebrates such as
mygalomorphs has been neglected, with hardly any attention being paid on their needs.

Fig. 6: Species of mygalomorph spider
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Mygalomorphs are long-lived spiders that are poor at dispersal (Raven, 1980), and the species are restricted
to few localities, this has been highlighted by the high endemism in the genus Poecilotheria, so far all
species recorded from the island are endemic to Sri Lanka. Habitat alteration and degradation can have a
major impact on small populations or highly localized species ofmygalomorphs. For example a new species
of Chilobrachys which was discovered by the authors is only found in a small forest patch in the wet zone
and it is only found in steep banks that are covered with a type of Bryophyte (Fig. 6). Similarly, other new
ground dwelling mygalomorphs were observed in small forested areas, this is a result of habitat loss and
fragmentation; further the use of pesticides and insecticides is having a dire affect on ground dwelling
mygalomorphs. Further, any changes in the habitat can wipe out a complete population, without ever being
known to science.
The threats to these
hodied spiders are manifold. As in many cases, ground-burrowing mygalomorphs
occupy roadside banks or mud bunds, And, very often, roadside banks arc further cut for road developing
activities such as maintenance and widening of the road. During this process, many burrows are destroyed,
and often the spiders are killed, either by being bUlied or being crushed by the heavy machinery (Siliwal el
ai" 2013), Further these activities result in significant changes in plant species composition, plant
performance, and soil nutrient level. Due to myths and folklore surrounding these large bodied spiders and
due to their imagined vimlent venom and its effects on humans, these creatures are often killed by local
villagers who fmd these spiders near human habitations or in forests, They do this mainly due to lack of
education, as these spiders are in reality important biological control agents, making a significant
contribution to the agriculture and the local populace, It is vitally impertant to educate the local community
of the relevant areas on the need to conserve these creatures, as well as of the benefits that can be accrued
from their presence and create awareness of the true facts and to dispel the myths (Benjamin et al.,
2012).The bite of a mygalomorph is very painful, but is not lethal to humans.

CONCLUSION
With the present revived interest in mygalomorph studies in Sri Lanka, more species are expected to be
discovered, Along with the distribution and taxonomic studies, there is a need to take up conservation and
ecology oriented studies on threatened mygalomorph species to ensure their survival in the wild. Sensitizing
locals, foresters and decision makers can help the long tenn conservation of tarantulas who have an
evolutionary history that dates back to the Cainozoic age, less than 65 Ma old (Selden et al., 2009).

RECOMMENDATIONS
(I)

It is necessary to enhance the capacity of mygalomorph taxonomists to undertake the much needed
taxonomic revisions on spiders of Sri Lanka, through education and training

(2)

It is paramount that local communities are educated on the impertant ecological role spiders playas
biocontrol agents and bio indicators, and to educate them about the misconceptions related to tbe
venomous nature of these spidcrs

(3)

Develop user friendly field guides on both araneomorph and mygalomorph spiders to enable and
popularize the study of these creatures

(4)

Introduce agronomic practices that require a lesser usage of agrochemicals that are detrimental to
spiders (and all fauna),
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ABSTRACT
Soil inhabiting invertebrates are the mentors of the healthy soil in all ecosystems, They improve the structure
and the quality of the
by increasing aeration, water holding capacity litter decomposition which enhance
microbial activities and promotion of crop production, Biological properties are one of the indicators to
assess soil quality, A healthy soil contain ablmdant and diverse invertebrates alld their population will
increase with the required food and habitat Studies on soil macro invertebrates in Jaffua Peninsula are
scanty and limited works have reported on venniculture and not 00 the status of other fauna as indicators,
Therefore, a baseline study was proposed to record existing soil macrofauna in difieren! ecosystems in order
to develop a programme to assess and improve the soil health after various management practices based on
the variety and number selected soil macrofauna as bioindicators.
The observations of the pilot study are reported in this paper with the methodology for the proposed work.
The species richness and abundance of soil macro fauna in cultivation areas differ from the undisturbed area
of dense vegetation,

INTRODUCTION
Soil is a renewable resource, composed of living'" micro, meso and macro organisms and non living matters
- minerals, organic matters, gases and water and therefore, is considered as an ecosystem, Since soil is the
basis for crop production and Iifestock management;ovenlse of land for managed agriculture degrades
forests, turns fertile lands into deserts and pollutes soil and water,ultimately diminishing biodiversity, One
of the main drawbacks in most agricultural management systems is not considering the practices that
promote and manage soil biodiversity in a way to maintain and improve soil fertility,
Among the organisms in soil, the macro fauna which are in size more than 1 em, includes earthwonns,
millipedes, insects, snails and spiders, are vital in ecological processes such as nutrient dynamics, carbon
accumnlation, activating soil microorganisms and also to inlprove soil health and reduce the incidence of
pests and soil borne diseases. (Menta, 2012)
In Janna, agriculture mainly depends on agrochemicals to achieve the target yield, dne to the limitation of
land availability as a result of the long-tenn war, The production has been increased while causing stress to
the environment leading to loss of crop cuitivars, soil health, natural control of pests and pollination, Studies
on the relationships between soil fauna and the agricnlture in Jarna Peninsula, are scanty and limited works
were reported on venruculture (Milunthan and Piratheepan, 2006, 2007) and not on the status of other fauna.
Lack of awareness among farmers about the issues relating to soil organisms and their functions leads to
further damage to the ecosystem by adding more and more agrochemicak
Therefore, this study was focussed to make available information on soil fauna in different agro ecosystems
in Jaffna to obtain a spectrum of soil macro fauna to assess tbe potential species diversity in natural
ecosystems as a standard against which to compare the agro ecosystems, This Infonnation
be used to
establish base line data for this region,

wm
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METHODOLOGY
The study was proposed to be conducted in two main stages, fIrst, as a rapid survey and then as a systematic
survey, to sample soil macrofauna,
Three different sampling method were proposed - Monolith sampling method, Pitfall method and Transect
sampling methods ( Fatima et ai, 2008), During Febrnmy 2013, four sampling sites in Jaffua, based on
the different land use pattern (A) a Paddy fIeld (B) cabbage fIeld, (C) an undisturbed grass land and (D) a
mango orchard,were selected for rapid soil macrofaunal survey, Soil samples from each sites were collected
during midday at a depth of 0-15 cm using a soil corer of Scm diameter and macrofauna were then sorted
out into morphospecies, This was repeated two times at the same site with I meter distance from the fIrst
sample location,
Systematic sampling is planned to conduct weekly in fIve randomly selected sampling stations,in survey sites
representing five ecosystems, namely,site 1- where paddy cultivation is during Maha season only, site II
where paddy cultivation is done during Maha season and vegetable cultivation is done during Yala season,
site IIl- Vegetable cultivation in Yala season, Site IV; -Banana plantation and Site V- Perennial fruit crop
cultivation e,g Mango,

RESULTS A.~D DISCUSSION
The results obtained by the rapid field survey revealed greater diversity of soil macro fauna in undisturbed
sites than in the sites manipnlated for various agricultural activities, A total of 99 individuals in 39
morphospecies were found distributed among 05 taxonomic groups, The information given in Table I Le,
Insects, earthworm, snail, crustacean, millipede- are not taxonomic classes, They are common names, , The
highest species riclmess was observed in Site D - undisturbed mango orchard with 14 morphospecies where
as the lowest richness was found in Site B with 06 species,
Table 1: Composition and abundance of soil macro fauna collected in February 2013 In Jaffna.

Site A
Paddy field

Site B
Cabbage field

Site C
Grass land

Site D
Orchard

13 (7)

12 (4)

18 (6)

27 (9)

0

2 (1)

1(1)

8(2)

Snail

4 (I)

2(1)

2(1)

1(1)

Cnlstacean

5 (I)

0

0

1(1)

0

0

0

2(1)

(9)

(8)

(8)

(14)

Land use
l\lacro fauna collected

Insects ( of six orders)
Earthworm

Millipede

Total morphospeeis

** The number ofrnorphospecies in given in parenthesis
DISCUSSION
Cropping generally leads to a decrease in soil macrofauna. The use of perennial crop coves and mulch helps
to restore soil biodiversity ( Boyer et ai, 2001), It has also been reported that the soil macrofauna
composition increased in agroecosystem than in natural forests (Ayuke , 2009), In the present rapid survey,
though site C is undisturbed like Site D, the surface was covered with litter as well, supporting more
morphospecies (14) than other ecosystems, Sites A and B are frequently disturbed through cultivation
practices and housed similar number of morpho species but their functions may be different This rapid
survey expressed an outline of the current status of the soil macro fauna in Jaffna, in relation to
agroecological practices. The detailed study of this faunal group would help farmers and extension officers
to assess soil health status and to develop adapted management practices to sustain and improve soil quality
under a range of different farming systems,
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U.
DIVERSITY AND SPECIES COMPOSITION OF EARTHWORMS IN
KALUTARA DISTRICT OF SRI LANKA.
M.W.D. Wickramaratne* and S. R. Krishnarajah
Department of Zoology, The Open University of Sri Lanka,
Nawala. Nugegoda.
ABSTRAcr
Earthworms occur in virtually all soils of the worid in which moisture and organic content are sufficient to
of Earthworms in Kalutara District
sustain them. The present study titled Diversity and Species
of Sri Lanka has been undertaken to identifY the different
of earthworms under edaphically different
The frndings of the study add
conditions and to detennine species composition: dominant
knowledge to the field of study on earthworms which is considered a viable reSource to mankind. With
regard to species distribution of earthworms in selected study areas it was evident that four earthworm
species namely, Megascolex ;peclabilis, Pherelima houlleti, Megascolex mallritti and Notoscolex species
could be identified in different soil conditions. However, the earthwonn species Pheretima houUeli was
found to be thrivmg in a variety of soil conditions as a dominant species, when compared to other species.
The findings of the study therefore provide valuable direction to us in order to use them as pioneer species
Lanka.
which could be used in order to increase soil fert.ility in barren lands in

L"ITRODUCTION
In recent years, the disposal of organic waste from domestic, agricultural and industrial sources has caused
increasing environmental and economic problems the world over. Since 1978 there has been an increasing
interest in possible methods of processing many of these waste using earthworms (Edward and Boheln,
1996). Finding possible new methods of processing organic wastes using earthworms has become a recent
interest.

METHODOLOGY
Standard grids (Edward and Lofty, 1977) were made and
were randomly selected to study the
earthworms and the physical parameters of the soils in which they lived. (Figure 01). Sampling, preservation
identification, and analysis were carried out using standarometbodology (Edward and Lofty, 1977). Main
chemical and physical parameters of the soil and the data were obtained, analyzed using statistical analysis
and interpreted in the form oftables and charts.
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Figure.l Grid Map of Kallilara District showing tbe

Sites ,,1tbin tbe !(Oflllll1ra district. Scale I: 480 000

* Corresponding author: kaslhuri5.vanma@yahoo.com
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RESULTS AND DISCUSSION
Four earthwonn species namely Megascolex spectabilis (AJ, Pheretima houl/eli, (B), Megascolex maurilti
(C) and NOloscolex sp ..(D) were identified from the different sites which were used for different purposes.
Ea11hworm species Pheretima houlleti was found to be thriving in all but one study site. Their distribution
according to different conditions and characteristic features of each species is given here.

l-;,rnalur~\'{llrrm

Vh'III'\':I'

Flgure.2. Distribution of earthworms in
coconut - banana plantatiollS (8-7).

Figure.J. Distribution of earthworms
In road side lands (8-8).
_ _..JI ...~...~...._~......~.. ~ _ _.._ _ __

Table 1: The characteristic features of adult earthworms from different species, found in the soil
samples.
Characteri.tic Fcattlre

len

spectabi/is

mauritti

ixtemal body length_
(thus 110-330 rom).
Diameter of tbe body

About4mm.

Number of body seg
ments

Close to 240
(237).

Distance between the
'nose' and the start of the
elitellum.

Colour of rbe body_

Is3 rom.

107,

Is2 mm.

Is 5 mm.

128,

160.

(Thus 90-1I 8).

(Thus 120 +).

Is less tban two
em

Is less than two
em

Is less than

Dorsum
appears to be
dark red-brown 
black in colora
lion

Thedormm
appears to be
muddy red to
brown.

Tbe body is
ligbt brick-red,
brown.

lem

Distance tends to differ
individ
up on the
ual
consid
erably.

Ligbl brick-red, brown
to purp Ie body. Body
wall seems to be unpig
momed and
reddish.

An identification key was developed by using these characteristic features of different adult earthworm
species, found in the soil samples. It should be noted that this key refers to major groups of earthworms found
and identified within the areas of study. Several keys should be attempted to confirm identities practically.
The identification key for the earth worms identified through the study
L Size ofthe individual (small), 90 -100 nun in length ........
2_ Size of the individual (medium), 110- 130 mm

Iength __ _

4

517

3. Size of the individual (large), the body is 200 + nun in length ............ "

6

4_ Diameter of body is about 3 nun .. """ _.. "

8
57
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5.
6.
7.
8.
9.
10
II.
12.
13.
14.
IS.

Diameter of body is about 2 rom ........ . ...... .
9
Diameter of body is about 4 rom .......... .... .
II
Diameter of body is 5 mm ...................... ..
10
The number of segments in the body- 90-118 ................... .. .......... ..
12
The number of segments in the body- 120 +......... ....................... .
13
.The number of segments in the body- 160.............. .
16
The number of segments close to 240.... .. .. .. .. .. .. .. .. .. .. .. .. .. .. ... .. .. .. .
17
Distance between the 'nose' and the start of the clitellum is less than two cm....... 17114
Distance between the 'nose' and the start of the clitellum is less than I cm ............... IS
The dorsum appears to be muddy red to brown .. .. .Pherelima houlleli
The body is light brick-red, brown but globules of whitish-yellow colour
are present on the near surfaces forming the outer layer of the alimentary
tract ......... . ... . ........................................... Megascolex mauritli
16. The body is light brick-red, brown to purple ................. .. Noloscolex sp.
17. The dorsum appears to be dark red-brown -black in coloration ............ Megascolex speclabi/is
The percentages of the organic contents, of moisture contents and the variations in the soil temperatures of
different soils in which the earthworm that thrive in most number of sites Pherelima houlleli ,(B) are repre
sented in the graphs here and below.
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Pherelima houl/eli (labeled as 'wonn B ') could be regarded as a more dominant species than the others
which seems to be relatively more successful in thriving in a variety of soil conditions. This is because
Pherelima haul/eli or 'B' was found in majority of the sites, whereas Megascolex speclabilis 'A' was found
only in a single site (S-8). Both Megascalex maurilli ' C' and NO lascalex species 'D' were found in two
sites as indicated in Table - 2.

When the soil types and the different edaphic conditions prevailing within them are taken in to consideration
as a whole, it is clear that, from among the selected sites, site S-8 posses the most favorable conditions with
regard to the life of earthworms.

Table 2: The different types of adult earthworms found in soil samples.
Site

Site

Site

Site

Site

Site

Site

Site

Site

Site

Site

S-l

S-l

S-2

S-3

S-4

S-5

S-6

S-7

S-8

S-9

S-10

B &
D

B

B

B

B

B

B

B&C

A,B
&D

C

B

59

/

Proceedings a/the Nalfonal j,}1!1posium on SoU Biodiversity -1013

CONCLUSIONS I RECOMI\1ENDATIONS
Out of the four
identified,
haullet! was found to be dominant the species. The species
Megascolex maw'itti and Notoscolexa come next in distribution.
It could be recommended that Pheretima haulleli could be introduced for increasing soil fertility and it is
also worth considering the viability of it being utilized for vennicompost production. Since Pheretima
hOLlllet! and Notoscolex
were found in Tsunami affected areas, they could be utilized to improve the
soil fertility in saline soils. Megascolex mauritti could be considered to enrich the soil fertility in acidic soils
up to a pH of 4.88.
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12.
DISTRIBUTION OF THREE SCORPION SPECIES
(SCORPIONES: ARACHNIDA) IN JAFFNA PENINSULA
Eswaramohan. T': Murugauanthan. A2 ·Veronika. K 1
Department of Zoology, Faculty of Science, University of Jaffna
"Department of Pathology, Faculty of Medicine, University of Jaffna
1

ABSTRACT
The Jaffua Peninsula is located at the northernmost region of the Island of
Lanka, with area of about
1,025,6km", The topograpby of tbe region is almost flat and of low elevation except in the central part of the
western sector, where the elevation rises, just to 10,5 m above sea level, Recent taxonomic stndies revealed
tbe presence of three species of scorpions in Jaffua Peninsula. They belong to two families, three genera and
three species: tbe Buthids Hoftentottatannilus and fhe Scorpionid Heterometrusswammerdami and
lsomertusmaculatus. The flat Jaffna peninsula is made of limestone unlike most other parts of Sri Lanka,
which is tbe main feature of Jaffna Peninsula's geography. The soils are derived from limestone. It is not
fertile; the grey loam and red soil which lack organic matter and which can hardly retain moisture
particularly during tbe dry season. Good soil in tbe Peninsula is certainly man-made. Somehow, tbese
scorpion species successfully adapted to tbis soil environment.

INTRODUCTION
The Jaffna Peninsula (9 6 40'0"N 800 0'0"E) is located at the nortbernmost region of fhe Island of Sri Lanka,
with area about I,025.6km2 It is in close proximity to the sub-continent of India and separated from it by
the Palk Strait and tbe Bay of Bengal. The peninsula is actually almost an island, mucb of it covered by
sballow lagoons, and has a number of interesting islands dotted offsbore. Most of tbe area is dry and sandy.
Elephant PasS,a narrOw causeway, connects Janna with the rest of Sri Lanka. Jaffua features a tropical
rainforest climate with no true dry season month. The average annual temperature is 27. 190°C. The average
rainfall is 1,811,8 rum (Statistical Hand Book, 2012). The topography of the region is almost flat and of low
elevation except in tbe 'central part offhe western sector in the area around Tellippalai where the elevation
rises to 10.5 m above sea level. The ·flat Jaffna peninsula is made of limestone unlike most other parts of Sri
Lanka, wbich is tbe main featnre ofJaffua PeoinsuJa'sgeograpby (Cooray, 1984),
National Red List 20 12 of Sri Lanka considered some selected group of animals such as dung beetles, corals,
cchinodernls, centipedes, bivalves and gastropods as Jesser known faunal groups, Furthermore other
invertebrate group of Arachnida tbat includes especially spiders and scorpions. The Red List contains 50 I
spider species (including 257 endemics). Also, it was reported tbat the scorpion fauna is largely neglected in
taxonomic records in Jaffna Peninsula as well as Sri Lanka. (IUeN, 2012).
Distribution of the scorpion fauna in tbe northern part of Sri Lanka remained under pressure of severe
habitat degradation at frequent rate during war time and even after the resettlement. Conservation of
biodiversity depends on the identification and maintenance of the taxonomic records of biotic components
(Suresnan, 2007), This area is poorly known for invertebrate fauna, and extensive field surveys are needed to
obtain preliminary data of the scorpion diversity oftbese area.
According to Pocock (1900) 11 species of scorpions under 3 families, namely Scorpionidae, ChariEdae and
Butbidae occur in SrlLanka, Vacbon (1982) made inventories of tbe scorpions of Sri Lanka (studies on the
scorpions deposited in the collection of the NatnraJ History Museum Geneva III) comprising of II species:
3Scorpionidae, 7Buthidae and Chaerillidae along with a
to their identification of these species and a

* Corresponding author; teswaramoium@gmail.com
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map of their distribution. Additionally, four species have been recorded from SriLanka during the last decade
by several researchers (Louren,o 2002; Louren,o& Huber, 2002; Louren,o, 1997; Lou-renco& Huber, 1999;
Kovarik, 2003; Kovai'ik, 2004). These members of scorpions were reported only from Ya1a national park,
Willpattu National Park, Kandy, Anurathdhapura, Trincomalee, Mannar and Mullaittivu (Vachon, 1982).
Ranawanaet et al. (2013), have reviewed the current list of scorpions, including the total count up to 16
species found in SriLanka.
When compared to other parts of the country, the scorpion fauna of laffna Peninsula is poorly documented.
Recently, Ranawana el al., (2013) discovered a medically important new species Hottentotatamulus within
the family Buthidae recorded in laffna Peninsula.
This article provides a detailed systematic account of scorpion fauna of laffna, mainly from Northern
Province of SriLanka. Trus includes 3 species belonging to 2 familiesVeronika et al. , (2013) have reported
very recently about the existence of Helerometrusswammerdami (Simon, 1872) and Isomerlusmaculatus
(DeGeer, 1778). Ranwana et al., (2013) did not include this species in their work and no further specimens
were reported from laffna Peninsula by other authors as well. The aim of trus article was to establish the
composition of scorpion fauna with identification key to scorpions of laffna Peninsula, and to contribute
further knowledge of scorpion fauna in Sri Lanka.

COLLECTION OF SCORPION
Field survey was carried out during the period from September 2010 to August 2012. Random search method
was done during the survey and scorpions were searched under rocks, within soil and leaf litter, under bark,
and within vegetation. In particular, we surveyed from laffna town (9°40'0''N 80 0 0'0"E) to Vadamaradchi
area (9° 48' 21. 97" N 80° 12' 16. 77"E) (Fig. I). Scorpions in the field were collected with the help of
forceps, transferred to the plastic jar and preserved in 70% ethyl alcohol. Most of the scorpions were
collected by "rock rolling" (Williams, 1968). Furthermore, we did nocturnal observations in above localities.
The temperature of air and substrate was taken at the collection sites. The air temperature ranged between 26
°C and 33°C, whereas the soil values ranged between 27 °C and 32°C. All the collected specimens were
deposited, after identification, in the faunal holding of Museum of Dept of Zoology, University of Jaffna.

Identification of scorpion
Photographs of live specimens were taken with a digital camera, while photos for morphological characters
of preserved material were taken with the same camera mounted on the eye piece of Olympus microscope.
Digital images were slightly processed with Adobe Photoshop7 .0, only to optimize brightness and contrast.
Measurements (in rom) follow Sissom(1990) and descriptive terminology mostly follows Hjelle (1990).
Morphological investigation and counts of pectinal teeth were carried out under dissecting microscope
(kyowa, x20, x40).
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Figure 1: Map of J affna Penninsula, showing the localities of scorpion species
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SYSTEMATICS
Order Scorpiones C. L. Koch, 1850
Family Scorpionidae Latreille, 1802
Subfamily Scorpioninae Latreille, 1802

Heterometrusswammerdami (Simon, 1872) (Figure2; Tablel)
Habitat: Tills is a cornmon species. They are found in the gap of soil, leaf litter and under the stones.
Distribution. India, Sri Lanka: Puttalam, Anuradhapura, Kandy, laffna (VeroIDka et aI.2013).
Family Buthidae C. L. Kocb, 1837
Sub family: Buthinae C. L. Koch, 1837

Hottentottatamulus(Fabricius, 1798) (Figure3 , Table I)
Habitat: It was observed under rocks and in crevices.
Distribution: India, Pakistan, Sri Lanka: (The occurrence of this species in Jaffna, Palali, Karainagar,
Achchuveli is mentioned by Ranawana et al., 2013, and in Karaveddy and Iddaikadu is mentioned by Ve
roIDka et al,. 2013).

Isometrus (Isometrus) maculatus(DeGeer, 1778) (Figure 4; Table I)
Habitat: Endemic species in Sri Lanka (Lourenco and Huber, 2002). It is found in wild conditions inland in
Sri -Lanka (Lourenco and Huber, 2002). It was collected close to human dwelling and under barks of large
trees.
Distribution: Cosmopolitan (Fet& Lowe, 2000), Sri Lanka: Matala, Mannar, Anuradhapura, Jaffna
(Veronika et ai, 2013).

Figure 2: Heterometrusswammerdami, left - Dorsal and right-ventral views
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Figure 3:. Holtell/olta tamllllls, left - Dorsal and right-ventral views
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DISCUSSION
Preliminary records revealed the occurrence of three species of scorpions belonging to two families, namely,
Buthidae and Scorpionidae from the northern part of Sri Lanka. Among the species reported here,
Hererometrusswammerdami appears to be widely distributed in the leaf litter and gap of soil in Jaffna
Peninsula. Palmyrah palms are fouud in abuudance in the Peninsula. In some places they grow wild, havilJ.g a
life span of one hundred years; they shape the landscape in many parts of the Peninsula region. These
scorpion species predominantly spend their day time within the parts of the Palmyrab tree. Two species
Isometrus (Isometllls) maculatus and Heterometrusswammerdaml are reported for the first time from Iaffna
(Veronika el 01., 2013). The species Heterometrusswammerdamlis is the most common species to Sri Lanka
(Kovarik, 2004) distributed over the whole area of Jaffila Peninsula, represented
a fairy good number of
specimens. lsome/ruB (/sometms) maculates (DeGeer, 1778) was recorded as an endemic species to Sri
Lanka (Lourenco and Huber, 2002) whereas, this species is widely distributed as cosmopolitan (Fet& Lowe,
2000) though this species was reported here as rare species from Jaffila district. Therefore, their occurrence
in this area needs conformation by further collection of specimens. The reccnt discovery of a medically
important alien species Hottentolta/amulusfrom in the Jaffna Peninsula (Ranawana et of., 2013) indicate the
possible occurrence of further venomous taxa in tbis area. Tbis H.tamulus spends mostly under stones and
crevices.
we presented tbe records on the diversity and distribution of scorpion fauna while the key
will be intended for a wide range of conservation managers to easily identify tbe scorpions from Jaffna
Peninsula.

Table1: Measurements (in millimeters), Specimens of Heterometrusswammerdami, Botten/otta tumlllllS
and Isometrusmacillates from Jaffna Peninsula deposited at the Departmeut of Zoology, Faculty of
Science, University of Jaffna, Sri Lanka.
is0l11etrlls111at:uiatus

Heterol1letrllsswammerdami

Hottento/tatamu/a!)

19
18
19
39

9
5

10
24

10
7

4
5

4

II
6

5

5

Length

13

6

5
5

7

Width

6

7

Carapace, length
Carapace, anterior width
Carapace, posterior width
~esosoma.lenb~b
~etasomal segment

segment II

Length
Width
~elasornal

~etasorna1

5

segment ill
segment IV

15
6

Length
Width
~ctasomal

9

I

Length
Width
~etasornal

6

5

segment V

Length
Width
~etasomal1ength

Te1son length
Aculeus length
Pedipa1p, femur Length
Width

Pedipalp, patella Length
Width
Pedipalp. cbela Length
Width
~ovable fmger. Length
Total body length
Pectinal teeth count
LeftiRigbt

17
5
65

9

4
29

17

8
3

10
13

10
33
5

6

8

6
15
19

2
8

8

31
22
19
140

3
2
10

]0

70

53

30130

19118

3

]81]8
~"-----
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Key to the species of scorpions occurring in J affna Peninsula
Abdomen very long, conslstmg of twelve distinct somites, of which the posterior five
distinct tail; post anal
are
narrowed and compressed to fonn with the post anal sclerite or vesicle, a
sclerite
with
two
poison-gland s;
a
posterior of comb
li ke
abdominal
appendages ........................................................................... ............... ... . ..... SCORPIONE.
1. -Pedipalps and metasoma short and robust. Colouration basically brown, densely spotted with black, so
the scorpion looks uniformly dark to blackish to unaided eye. Trichobothrial pattern C: femur with only three
tricho-bothria, patella with three ventral trichobothria. Sternum type 2: Widely hexagonal, with a posterior
emargination and convex lateral lobes. Leg tarsomere II ventrally with two parallel rows of stout spiniform
seta ............................................................................ .. ..................................... .sCORPIONIDAE-------(3)

-Pedipalps and metasoma long and slender. Colouration basically yellow, sparsely spotted with light to dark
brown, so the scorpion looks pale and striped to unaided eye. Trichobothrial pattern A: femur with 10
trichobothria, patella without ventral trichobothria. Ster-num type 1: narrowly pentagonal, with a posterior
depression that does not bisect the posterior edge. Leg tarsomere II ventrally with dense and irregular cover
of thin setae ....................................................................................................... ........ BUTHIDAE-----(2)
2. -Pedipalp fingers dark brown to black, conspicuously darker than hand. Trichobothriumdbon chela of
pedipalp situated between trichobothriadt and etManus of pedipalp very thin, width of male manus equals
width of patella and femur. Pattern on mesosomal segments light coloured. First basal middle lamella of
female pectin quadrangular. Telson with subaculear tubercle very large, sharp and
triangular ............................ ........ '....................... .lsometrus(lsometrus)maculatus(DeGeer, 1778).
-Color uniformly yellow to reddish, meso soma dark. Chela of pedipalp of same colour as femur ofpedipalp,
not darker. Male has markedly broader manus than female. Metasoma only sparsely hirsute. Total length 50
-90 mm. Pectinal teeth number 30--39 in males, 27-34 in females .................... ... Hottentottatamulus
(Fabricius, 1798).
3. -Dorsal surface of chela covered by pointed or rounded granules. Fifth segment of metasoma longer than
femur of pedipalp, fourth segment of metasoma about as long as femur of pedipalps. Chela of pedipalp of
adults coloured similarly to body ............................................................ .. Heterometrus swammerdami
(Simon, 1872).
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13.
SOIL BIODIVERSITY AND ECOSYSTEM SERVICES
Devaka K. Weerakoon
Department of Zoology, University of Colombo, Colombo 3
devakmv@gmail.com
"We are ever ready to talk about andfighl about land. without the slightest inkling about or concern/or the
land that we are so willing to fight /01'. Land comprised 0/four basic elements, ils waler, its
its soil
and its biodiversity"
Ranil Sen3tlayake

ABSTRACT
Soil is a complex ecosystem inhabited by a highly diverse biotic community that uses soil either as a
permanent or temporary habitat Organisms that live in soil range in size from minute microorganisms to
more conspicuous mesofana and macrofauna. This wide range of soil biota performs many critical ecosystem
services such as soil formation, organic matter decomposition, carbon sequestration. nitrogen fixation,
facilitation of nutrient uptake by plants, suppression or induction of plant diseases, provision of food aud
bioremediation
degraded and contaminated soils. Soil organisms also influence water infiltration and
runoff and moisture retention as they affect the soil structure and composition_ These services are critical to
the efficient functioniug of natural or agro ecosystems, However, modem agricultural practices that focus
heavily on
large scale monocultures with excessive chemical and mechanical
have
resulted in the progressive degradation of both above and below ground biological diversity, and thereby loss
of ecosystem services rendered by them_ The current agricultural practices not only result in a monoculture
production, but as pointed out by Vandana Shiva 'a monoeufluTe 0/ mind', they only seek to make mouey
with little or no Concern for the land, water and air that bare fundamental requirements of life.
The consequence of this mindset would be to create a mass of consumers with no other goal but to Cousume
more and more, which will disrupt the fragile life support systems that sustail) the earth. Therefore, there is a
pressing need to develop a strategic approach to use the components of soil biodiversity to increase the
agrieultural production in a manner that does not lead to their long-term decline. However, current
knowledge in this area is fragmented and remains largely in the research domain with limited practical
application by farmers. Therefore, challenge before us is to idenllfy and address the knowledge gaps in the
current level of understanding on soil biodiversity that prevents us from attaining this long term goaL

Soil Biodiversity
Soil biodiversity is the variety of life present in the soiL This includes a complex assemblage of species
including microorganisms, plant roots, invertebrates and vertebrates. The invertebrates and microorganisms
make up bulk of the biomass in soil communities_ The primary role of the soil biota is maintenance of fertile
soil, by replenishing its mineral and organic contents that are constantly consumed by plants and making
them available for the above ground food chain. Therefore, soil dwelling species, even though invisible in
most instances, play an important role in maintaining healthy ecosystems.
The soil microorganisms comprise of Bacteria, Archaea, Actinomyceles, Cyanobacteria and Fungi. Soil
bacteria can be broadly categorized into free living and symbiotic species, The symbiotic species are
associated with nitrogen frxation while the free living
plays many roles in the soil (Reid & Wong,
2005), These include decomposition and mineralisation of organic compounds, synthesis of organic
compounds, immobilisation of nutrients and serve as a food resource for grazing microfauna. Some bacteria
in mycorrhizal associations. Archaea, albeit much
can act as pathogens of plants or soil anitnals or
less numerous compared to bacteria, plays an important role in methanogenesis and ammonia oxidation
(Nicolo/ aJ. 2003). Actinomycetes are predOminantly decomposers and are responsible
soil its
characteristic earthy smelL Actinomycetes are also a major SOUfce of antibiotics. Cyanobacteria are a sp,~cial
group of bacteria that can photosynthesize, and in many caseS fix nitrogen,
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Similar to bacteria, fungi also comprise of symbiotic or free living species. The symbiotic fungi fann
relationships with trees and shrubs where the fungus derives food from the plant and in return helps the plant
to absorb essential nutrients from the soiL The free Ii ving fungi playa very important role as decomposers of
organic matter and contributes to nutrient cycling. Some fungi act as pathogens or parasites that are
important in maintaining the populatiou equilibrium of soil dwelling species (Jenkins, 2005). The
mushrooms, fruiting bodies of the fungi, with a high protein and lipid content acts as an important source of
nutrients for terrestrial animals including man.
The soil fauna include a wide range of organisms such as protozoa, rotifers, nematodes, earthwonns,
molluscs, arthropods, amphibians, reptiles, birds and mammals, Soil fauna can be classified based on their
body size (Wallwork, 1970). Body size of soil fauna ranges from less than 200 Ilm in diameter to several
centimeters in length and can be divided into microfauna, mesa fauna and macrofauna. Soil animals with a
body diameter between 20 to 200 fun are referred to as microfauna that includes mtifers and protozoans.
to 2 mm and in length and include mites, collembolans, enehytraeids and
Mesofauna range from 200
nematodes. All soil fauna larger than 2 mm are in length referred to as Macrofauna and include spiders,
pseudoscorpions, millipedes, earthwonns, insects, insect larvae, molluscs and soil-dwelling vertebrates.

,,10

Protozoa arc represented in the soil by rhizopods, ciliates and flagellates. These organisms are grazers that
feed on bacteria. Some ingest organic litter and fungi and even may be able to digest cellulose. Protozoa are
decomposers and their actions may contribute significantly to turnover available nutrients and enhancement
of biochemical activity in s()ils (Stollt and Heal, 1967).
Nematodes are perhaps the single most abundant group of animals that occur in the soil, The fceding habits
of soil nematodes vary considerably (Yeates, or ai., 1993). Some inhabit decaying organic matter and ingest
liquified components of decomposing animals and plants. Others feed on algae, bacteria, fungi, plant roots or
animals, while still others parasitize plants, beetles, worms and Slugs. The feeding activity of nematodes
generaUy does not contribute significantly \0 the decomposition of organic material or to the formation of
soil humus, but they do provide an important food source for other members of the soil community
(Wallwork,1970).
Enchytraeids are white or transparent minllte earthworms that are important members of the mesofauna in
many soil ecosystems (Hansson 1990). They are detritivores and microbial feeders and form an important
component of the decomposition system in soils.
Earthworms compnse the largest faunal biomass in the soiL Earthworms are important for speeding up
decomposition of organic matter and improving the structure of mineral soil. This action converts the bound
nitrogen in organic complexes to ammonia, nitrites and nitrates that are more readily available to vegetation.
Earthworms also influence soil drainage, fertility and stability (Wallwork, 1970) and promote the
redistribution of organic debris.
Molluscs are represented in soil commum!1es by slugs and snails. Land snails exhibit several types of
feeding habits including herbivory, fungivory, predation and detritus feeding. This group probably
influences soil most by feeding on surface vegetation, then moving into soil subsurface layers, thus
incorporating organic material into the mineral structure of the soils.
Arthropods frequently dominate all other groups of the soil meso and macrofauna, both in numbers of
individuals and species, Soil arthropods can be divided into crustaceans (wood lice), arachnids (scorpions,
pseudoscorpions, spiders and mites), myriapods (millipedes and centipedes) and insects. Wood lice are the
most commonly occurring fonn of crustaceans in soils. They are omruvores that feed on dead plant material,
faeces and invertebrate carrion, and thereby play an important role in the decomposition of organic material,
Arachnids are predatory arthropods and frequently inhabit vegetation on the soil surface and loose leaf litter.
The aracbnids are important predators of insect popUlations and like all animals contribute organic matter to
the soil when they die. Millipedes and centipedes are common in many soils. Millipedes generally feed on
plant detritus (Wallwork, 1982) and assist in the decomposition of organic matter, while centipedes arc
primarily predators. Numerous orders of insects are represented in soil fauna. Many insect species simply
use the soil for the egg or pupal stages of their life cycle. The most abundant insect groups with respect to
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soil
are the termites and ants (Wallwork, 1982). Members of both groups construct extensive
soil, and many species transport large amounts of
material from the
to
galleries III
underground chambers; termites are particularly important in this
These activities can contribute
significantly to nutrient cycling (Moldenke el al., 2000)_ Other species of insects may use the soil during part
oftheir life cycles, such as those whose larval stages inhabit the soil.
One of the
soil processes in which arthropods participate is nutrient cycling. The most abundant soil
arthropods are fungivores, such as mites and collembolaans. They indirectly affect nutrient cycling by
grazing on the fungal biomass. In doing so, nutrients -are -released from the microbial biomass and made
available for plants. Grazing can also reduce the rate of decomposition of orgamic matter by keeping
microbial biomass levels low. This may be important in conserving nutrients. The types of fungal and
of arthropods. The production of
bacterial
inhabiting the soil can also be affected by the
faecal matter due to grazing is also an important component of nutrient cycling. Converting litter into faecal
matter changes their chemistry and shape, which changes their availability for microbial decomposition.
The movement of soil fauna leads to the transport of organic matter and microbes through the soil. This may
prove to be one of the most critical roles of soil arthropods (Moldenke et al., 2000). On a large scale, some of
the macro arthropods can move between soil horizons, (e.g. between the rhizosphere, and coarse woody
debris). On the other hand smaller arthropods move between pores and aggregates that will result in the
redistribution of organic matter to and from the rhizosphere. The effect of this movement on nutrient cycling
may be especially important for otherwise immobile nutrients, such as phosphorus.
Most vertebrates spend only part of the time in the soil as they usually
on the surface. Therefore, their
importance in the food web of soil
is often overlooked or deemed minimal and they are seldom
considered as soil fauna. However, some
have a significant
on soil ecosystems_ Most soil
vertebrates (e.g rats, bandicoots) mix soils due to their burrowing actions while others may dig and scratch
through the upper soil layers in search of tood (e.g Jungle fowl, mongoose) or (0 lay eggs (e.g lizards,
turtles). The burrowing vertebrates include burrowing snakes, limbless amphibians frogs that bury
themselves in soil during dry periods rats, mice, bandicoots, porcupines and pangolins. Excavation of
underground passageways and chambers affects the soil climate and alters soil horizons. Further, burrowing
mammals
soil from lower profiles to the surface where they are broken down, incorporated with
organic matter or carried off by water and wind. Mixing deep and surface materials also may have significant
effects on the texture and composition of soils at various levels. Also, burrowing animals usually improve
soil structure by loosening soil particles and in tum influence the ability of soils to absorb water.
Soil dwelling mammals also redistribute materials. For instance
mice and bandicoots store plant
materials, including seeds, in subsurface chambers. A great variety of rodents, birds, bats and other
vertebrates make their dens and nests in openings between rocks. Mice and bats use crevices in the faces of
high clift:>. Raptors build nests on ledges. In doing so, these animals introduce organic matter, some of which
undoubtedly promotes weathering of bedrock and its conversion to new soil that supports vegetation. Bat and
bird excreta are natural organic fertilizers, and large concentrations of these animals may have a significant
influence on the chemical nature of soil. The cattle and buffaloes loosen the sandy soils by overgrazing that
accelerates both wind and water erosion. The dens or chambers created by mammals and reptiles
become mini ecosy;,etems. \Vhen unoccupied by their creators, these underground chambers are frequently
used by non-burrowing animals, such as beetles and frogs. The build up of organic debris in the dens
promotes growth of fungi, which, in tum, is eaten by insects and
that become food for veJie\Jrates.

Ecosystem Services
Ecosystem services can be defined as the benefits provided by ecos),stems to humans (MEA 2003).
Ecosystem services can be broadly divided into four categories, namely, provisioning services, cultural
services, supporting services and regulating services. Biodiversity both directly and indirectly mediates many
of these ecosystem services. Some ecosystem services confer direct benefits while others provide indirect
benefits to man.
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Soil biodiversity primarily provides supportiug services such as soil formation, and nutrient cycling. This in
turn will intluence provisioning services such as production of food, timber, fuel and fibre, as soil fGriilily is
a strong determinant of plant species diversity and primary production. Soil biodiversity also provides direct
provisioning services such as food and medicine. Further, soil biodiversity provides a number of regulating
services such as reduction of green house gas emissions, bioremediation and maintenance of the water
quality and quantity. Since soil hiota influences the soil structure, water storage capacity and available
nutrients in the soil, they directly impact the vegetation communities that are capable of growing in a given
location and indirectly impact the diversity of wildlife that can be supported in an area. A summary of the
ecosystem services provided by soil biodiversity is given in table 1. The value of the ecosystem services
provided globally by soil biota is estimated to be more than 1500 billion US dollars (Table 2).

Table L A summary of ecosystem senices prm·ided by soil biodiversity

Ecosystem Service
Provisioning Services
Wild food
Antibiotics (bacterial
secondary metabolites)
Use in mining industry

Ecosystem process

Organisms

Decomposition,

Emhwonns', Fungi',

SOli

dwelIing

vertebrates etc.,

Decomposition of soH organic

Actinomycetes:J

matter

f..-1icroorganisms 4
Supporting Services
Soil strocture and
composition
Recycling of nutrients
Increasing soil N
Biocontrollers

Soil and sediment alteration and redis
tribute of organic matter both laterally
and vertically
Decomposition

Ants, termites~ earthworms and
burrowing vertebrates such as rats,
frogs, snakes etc.,

Biological Nitrogen fixation

Bacteria and fungi

Predation

Bocteria & Cyanobacteria
hlsects,

nema1odes~

bacteria, viruses and

fungi
Regulating Senices
Reduction of b~'eenhouse gas
ses
Carboo sequestration
Bioremediation of soils
Regulation of soil
bydrological processes

Primary production
Consnmption of trace gases
Bioassimilation of carbon

Plant roots, algae, diatoms

Microorganisms)

Decomposition of organic matter

Facilitate water filtration and
fication

pun

Soil biota6

Soil microorgnisms7

Deoomposers, plant roots and burrowing
organisms

, It has been reoorded that 32 Amazonian Indian tribes consume mOre than 100 species of soil invertebrates duc to their
high nutritional value. For instance Orinoco Llanos, an ethnIC group in Colombia, consume swanning females of the
aut species Alia laevigala, which carry a high content of sugar and lipids. The Ye'Kuaoa, an ethnic group in
Venezuela, collect and consume two difieren! edible eartbworm species (Paoletti el. al., 2000).
'1

Wild mushrooms serve as a food source for humans as weB as other ammals
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Actinomycetes produce several antibiotics such as actinomycetin, micramanasporin, mycetin, actinomyces lysozyme,
actinomycin, proactinomycin, streptothricin, and Streptomycin (Waksman el ai., 2010).

,~ Many countries use microorganisms in the mining industry to recover metals from poor ores or mine tailings e.g

Australia and America produce copper and nickel, Canada produce uranium and Russia produces gold and
manganese. (Mehtha an Panday, 2008)
5

Soil microbial (Methallogenic and denitrifying bacteria) activity leads to the production and constnnption of a variety
oftTace gases (carbon dioxide, nitrous oxide, methane, carbon monoxide and sulfur gases).

6

World soils collectively comprise tbe tbird largest global Carbon pool (2000 Pg of organic C and 750 Pg of inorganic
C to a depth of one metre). This totalrs 3.2 times the atmospheric pool (720 Pg) aDd 4.1 times the biotic pool (560 Pg)
(Lal,2004).

'SOlI blOta acts as a mass biological filter that detoxifies large number of pollutants!

that man applies to the

environment such as pesticides and industrial waste.

Table 2, Global economic benefits from ecosystem services provided by soil biodiversity
(Source: Pimentel et. al., 1997)
Ecosystem Service
Waste recycling
Pollination

Wild food
Biological control of

pests

Bioremediation of

Economic Benefits (in

Component of Soil Biodiversity Involved

US$ IO'/voar2

Fungi, bacteria) actinomycetes and sapraph:y1ic, litter feeding
iovertebrates (detritivores)
Life cycle of many pollinators have a phase in soil
Mushrooms, earthworms, small arthropods and arthropod

larvae and soil dwelling vertebrates
Ufc cycles o(many natural enemies afpests have a phase in
soil. Further, soil biota such as mycorrhizae contributes to host
plant resistance and plant pathogen control
Use of soil biota for bjo-trcatment to remove toxic compounds
in soil

chemicals
Nitrogen fixation

Biological nitrogen fixation by soil bacteria

Soil formatioo

Contribution of soil biOla such as earthworms, fungi and

200
180

160

121

90

termites for sot! fonnation
Biotechnology

760

Soils
half of lhe current economic benefits of
biotechnology related to agriculture, phannaceuticals etc.,
TOTAL

25
6

1542

Present Status
Soil biodiversity is important for mediating a number of ecological processes. However, the curren! land use
practices as well as water and waste management approaches taken by man have many negative impacts on
the physical and chemical properties of soil. This in turn will have an impact on the organisms that inhabit
the soil leading to a reduction in soil biodiversity and thereby, loss of services rendered by them. Some of
the human activities that affect the soil biodiversity include.

Intensification of fanduse:

scale fanning practices have resulted in increased llse of beavy machines
for land preparation that leads to soil compaction. Compaction reduces the porosity of soil and thereby alters
for soil biota
the moisrure conditions of soils. Both, soil porosity and moisture are impottant
and therefore, will result in reduction of habitat quality and loss of species diversity in soil.
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Salinization of soil: The modem fanning practices are coupled with intense ilTigation systems that allow
year round cultivation compared to rain-fed agriculture. Intense imgation leads to salmization or increase in
the salt content of the land that will negatively impact the soil biodiversity.
Influence offertilisers and pH: Application of fertilisers and the changes in soil
influence the structure
of the soil biota. Low pH favours fungi over bacteria and a reduces the abundance of eartbwonns. On the
other hand high nitrogen concentrations result in increased bacterial concentrations.
Influence of tillage and crop resitllles: Tillage results in loss of stratification of the soil microhabitat, which
in turn results in a decreased abundance of species. Further, tillage improves aeration in the soil leading to
rapid mineralisation of organic matter and substantial loss of nutrients. Crop residues also influence activity
and diversity of soil microbial communities. Reduced tillage with surface placement of residues creates
relatively stable environments, which results in morc diverse dccomposer communities aud slower nutrient
turnover. A no-till system favours fungi over bacteria, as decomposition of plant residues occurs on top of
the soiL
Pesticides application: Pesticides have both targeted
non-targeted effects that may cause a shift in the
composition of the soil biota. When organisms are suppressed otbers can proliferate in the vacant ecological
nicbes. The effect of pesticides strongly depends on the physical and chemical properties of soil which affect
their availability. Initially pesticides affect at the level of biochemical and cellular processes. Subsequently,
the structure of the DNA in an organism may be affected leading to modification and eventual evolution of
resistant or tolerant organisms.
Changes ill farming practices: Replacement of agricultural praclices such as crop rotation and mixed
cropping tbat increase below ground C and N content, with large scale monocultures that relies on high
chemical inputs have resulted in loss of soil biodiversity. Crop rotation or mixed cropping that includes
legumes or fibrous rooted crops, enhances microbial populations.
Pollution: Pollutants in general influence the organisms living in tbe soiL Chronic exposure of organisms to
sublethal doses of stress results in different effects. In soils contaminated with heavy metals the ratio of the
resistant and sensitive bacteria increases. Metal-resistant bacteria are much less effective in the
decomposition of a number of organic pollutants than the trace elements sensitive bacteria.
Soil erosion: Soil displacement exposes llew and possibly poorer substrates from deeper in the soil profile
which take some time to be colouized and become stable productive environments. In addition, soils that are
greatly disrupted become biologically pioneering enviromnents that may be susceptible to invasion by a
variety of organisms that are alien to the intact ecosystem. Other organisms, such as disease causing
organisms, may also use tbis opportunity to establish themselves. Losses of soil due to erosion and mass
wasting, will also remove soil volume and reduce the biological legacy of the soil.

GAPS
In Sri Lanka, most of the studies on soil have focused on the physical or chemical nature of soil, while soil
biodiversity has been largely ignored. As a consequence, most of the soil-inhabiting species remain
ll1ldescribed. Likewise, the ecological roles and lifeeycles of many soil-living species arc poorly known.
Further, the impact of different land use practices on soil biodiversity has not been explored and therefore,
one can only postulate the types of cbanges that may have taken place in the soil biodiversity based on
findings elsewhere in the world. Also, awareness on below ground biodiversity remains low compared to
above ground biodiversity. Therefore, there is a pressing need in Sri Lanka to promote fUl1her research on
soil biodiversity as well as to establish mechanisms to monitor changes in the soil biodiversity. Further, it is
necessary to establish a well plall1lcd campaigu to create awareness about the value of soil biodiversity and
how it can be utilized in a sustainable manner.
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CONCLUSIONS
In Sri Lanka, agricultural practices mostly focus on improving the physical and chemical neture of soil that
has lead to "high input chemical agriculture". Studies done elsewhere in the world has clearly demonstrated
that this type of synthetic fertilizer based agriculture is denuding the soil of its nutrients as well as changing
its strncture and composition, leading to loss of ecological processes in the soil. However, such high input
chemical agriculture is still being promoted in Sri Lanka through pervasive incentives provided to fanners
such as fertilizer subsidies, even though it has been demonstrated to be bannful to human health, local
biodiversity, environmental functions, sustainability of production and local economies.
Sri Lanka has remained un-submerged by the ocean for over twenty million years which has lead to the
development of a unique biodiversity as evidenced by large soil dwelling snakes, bipedal or limbless soil
dwelling lizards and limbless amphibians. However, very little attention has been given to soil biodiversity
which remains largely unexplored. History demonstrates that our soil capital was lost with the advent of
large scale plantation agriculture during the colonial era. The current land use practices adopted in
agriculture and forestry is likely to destroy the remaining bits of living soil with heavy reliance on use of
artificial fertilizers and large scale monoculture plantations. Therefore, the challenge before us is to identify
and address the knowledge gaps in the current level of understanding of our soil biodiversity as well as to
revise the current land use and agriculture practices in a manner that will enable the use of our natural soil
capital in a sustainable manner.
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ABSTRACT
Bacteria are the most populated and dIverse organisms
soil microbial communities, Therefore, they are
used as indicators of C substrate and soil pollution, The diversity of bacterial populations differed among
soils collected from Siharaja forest and cultivated lands under rice and mung bean grown in Bathalagoda due
to differences in quantity and the quality of C substrate, In agricultural soils, application of pesticides over a
long period lead to development of pesticide tolerant bacteria, Elevated levels of heavy metals resulted by
impurities in agrochemicals enhance the development of metlll tolerance in bacteria, Therefore,
investigations provide evidence that culturable fraction and total population of soil bacteria could be used as
soil quality parameters, particularly in aglicultural soils,

INTRODUCTION
The soil environment is highly populated and, as a result, organisms live interacting with each other, often
developing into an assemblage called 'community' (Atlas and Bertha, 1993), As revealed by the information
gathered using the latest technOlogy, only about 1"5% of bacteria in soil is culturable (Watson and Heywood,
1995), Therefore, It bas been predicted that the number of distinct populations of microorganisms in soil are
several hundred folds higher tban the estimations made previously based on the culturable fraction (Torsvik
et ai" 1998; Amann, and Ludwig, 2000),
In general, microbial diversity varies over the space and the time responding to the differences existing in the
growth regulating factors (Buckley and Schmidt, 2003), Availabillty of the substrate, moisture and oxygen,
acidity and alblinity, and salt and toxic substances control the growth of soil microorganisms, Since these
factors varied between soli types and land use, diversity of microbial communities differed in soils at
differeot scales, Variability in the diverSity of microbial communities has been demonstrated at the highest
scale between different geographical locations across the world (Cbo and TiedJe, 2004), At the micro-scale
level ;,e, over a distance of few micro meters, differences have been documented between, on and around
root, whicb is known as rhizospbere, and between root environment and the bulk soil (Joergensen, 2000),
Tbe rbizosphere soils are generally rich in substrates for microorganisms and consequently, inhabited by
several folds higher populations than the bulk soil (Lu et ai" 2002),
In Sri Lanka, habitat cliversity is tremendous due to presence of large number of soil types and differences in
land use patterns, As a result, remarkable diversity is expected in soil microbial connnunities, The
assessments carried out using biomarkers such as phospholipid fatty acids and DNA reflects tbe
of
total corrununities (Torsvik et ai" 1998), On the other hand, adaptations of microorganisms to environmental
cbanges could be assessed in detail using tbe culturable fraction, For example, the fraction of corrununities
that could grow on recalcitrant substances provides evidence on the substrate availability, whereas resistance
to beavy metals and pollutants such as pesticides provide an indication on the degree of exposure to
conraminams,
This paper compiled information reported on the diversity of bacteria with respect to their response to carbon
substrate, heavy metals and pesticides, associated with selective ecosystems of Sri Lanka,
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1. Soil bacteria as an indicator of substrate availability.
Substrate versatility is demonstrated by soil bacteria for the source of C and the energy. In general, there lS a
positive relationship between population of soil microorganisms and lts biomass with the amount of
available C in soil. However, addition of fresh plant residues to soils enhances growth of cellulose
decomposing bacteria and fungi. Therefore, the total population and cellulose decomposing populations are
good indicators of available C.
Table 1: Organic C contents, composition of PLFAs and populations of cellulolytic and Azotobacter
bacteria of soils collected from a distnrbed area of Sinha raja forest. (Source: Rajapaksha, 2009i20 10)

Landscape
position
Shoulder
Mid slope

Foatslope
femlaod

PLFAs (%) designated for

Organic C

..: ...; ±O.18

±O.ll

4.4' ±0"24
2.4' ±O.ll

Bacteria

Fungi I bacteria

(elu x 10' g" soil)

7.9

48

0.16 b

[8.9"

5.72'

7"5

43

0.17"

16"8,b

18"04'

10.8

45

024'

69" I'

10"3

48

O.21;lb

LD"

D115
to 10Mel1}

~

0

~

8ro

o
~_

£

£2,,;
:2 0)

20

o~

15

~~

30

6

R~::::-

o G+ baclena

30

1?:::;< 25

~

35

.. cellu!ose decomposers

35

~

Azotobacter

Fungi

40
~

Cellulolytic

~-------

~"_-"-;;"- . / 7
°0

6

0 59

25

~·u

Y.

o

•

•

~
§

'i

20

~

l'

j

~

~
"

r

~

0.
0

0.

10 '"
u.

10

~

5

5

~
q

0
2

2"5

'\!i

te

ii

j;

R1

£

3

3.5

4

4,5

5

-

O7
.

n.

f0

55

Organic matletconl.enl. {%)

Fig. 1. Relatiollship between Organic C and microbial populatiolls and selective PLFA b[omarks on
Siubaraja Forest.
and their
A study conducted ill SinharaJa forest revealed that the total population of bacteria and
biomarker PLFAs did not vary across the landscape significantly irrespective of the differences observed in
the organic C contents (Table I) (Rajapaksha, 2009/2010). However, in the culturable fraction, populations
of Azotobacter and cellulolytic bactelia differed between landscape positions
partly due to
differences in the substrate availability (Table I). Positive correlations were observed for cellulolytic
bacteria population, PLFA biomnarker i 15. lOMel8 alone and total PLFA biomarkers rhat represent G+
bacteria and actinomyceles showed a positive correlation with organic matter content (Fig" 1) suggesting that
their growth is governed mainly by the available C However, the growth of fungi was not limited by the C.
Positive correlations were observed for agricultural soil under intensive vegetable cultivation in Nuwara
Eliya (Rajapaksha and Raufa, 1999).
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Table 2. Phospholipid fatty acid biomarker contents (mol %) of microbial communities jn rbizospbere
soils of crops (n = 3) (Source: Rappaksba and Ranasingbe, 2007)

Fungal

Actinomycetes

Bacterial

Fungi / bacteria

(mol %)
Beetroot

9.1 '

9.3

49

0.19

Carrots

5.9 b

10.7

49

0.12

Leeks

5.7b

112

48

0.12

Lettuce

5Ab

9.1

51

0.10

Rbizospbere characteristics varied with tbe plant species and crop varieties mainly due to tbe differences in
the carbon substances secreted and leaked out from the plant roots (Bai et aI., 2000; Reichardt et aI., 2001).
As a result, diversity of the microorganisms that colonize the rhizosphere also varied. There is evidence that
mlcrobial communities and culturable fractions of rhizosphere soils collected from vegetables grown in the
N uwara Eliya area differed significantly (Rajapaksha and Ranasingbe, 2007). A higher proportion of fungi,
as indicated by designated phospholipids fatty acids (PLFA) was evident in the rhizosphere of beetroot in
comparison to carrots, leeks and lettuce (Table 2). As a result, ratio between fungi to bacteria remained
higher for the beetroot rhizosphere. Altbough mol % of bacterial PLFA indicate more or less similar values,
the composition ofPLFA representing G+ and G- bacteria differed between four crops.

Table 3: Predominant bacterial species associated Vlith tbe rhizospbere of rice varieties and their
ability to solubilize Ca,(P04h and prodnction of indole acetic acid (IAA) (Uupublished data)

Sample fD

Rhizospllere

Taxonomy

pdnKhBGJO

Ka/uheeno!i

PaenibaciIlus apfarius

pdnKbBG31

Kafuheenali

Pseudomonas chlororaphis

pdnShBGg32

Suduheenali

Pseudomonas vesicularis

pdnShBG33

Suduhep..noli

Slaphylococcus sciu}'!

pdnShBG34

SlIduheenati

SJaphyJococcus or/ellae

pdnShBGJ5

Suduheenati

pdnSsBG36

SuduJ'lI samba

~\~tophylococclfs

cohini

Rhodococcus rhodochrous

Ca,(PO.),

IAA

Solubilization

production

+

+
+
+
+
+
I-

pdnSsBG37

Suduru samba

Staphylococcus xylosus

+

pdnRaBG38
pdnRaBG39

Rathal

Staphylococcus gallinarum

+

Rathal

Acir/<?vor~jacilis

+

+
+
+

+

Due to the differences in the composition of soluble C, predominant species associated with the rhizosphere
would be different. In general, bacteria associated with Ibe rools are known to enhance the plant growth and
called 'plant growth promoting rhizo-bacteria' (PGPR). Thoy are known to enhance plant growth through
performing various functions such as di-nitrogen fixation, solubilizing of phosphate mincrals, mcreasing
nutrient acquisition, producing growth hormones, and controlling pathogens while living in the rhizosphere
of a wide range of crops (Bacilio-Jimenez et af., 2003; Sorense and Sessitch, 2007), Comparisons made for
the rhizosphere of different rice varieties grown at Bathalagoda revealed significant differences among tbe
predominant bacterial species in the root zono irrespective of the fact that tbey are gro",'lI in the Same field
(Table 3).
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The composition of PLF A of total microbial communities of Sinharaja forest, rhizosphcre soils of an
improved rice variety grown under wetland conditions and maize and mung bean grown under upland
conditions in Batha1agoda, rhizospherc soils of
carrot, lettuce and beet root from Nuwara Eliya were
subjected to
component analysis, The variability in tbe composition of PLFAs of these soils is
indicated in the
2. There is a clear difference between microbial
of uplands and wetlands,
This separation could be attributed to unique cultural practices imposed on wetland rice that lead to
development of distinct microbial populations, palticularly facultative and strict anaerobes, Among upland
crops, soils of vegetable rhizosphere are separated from the rhizosphere of maize (OPM) and mung bean
(OB, EM) of Bathalagoda. Soils liom the forested tree species and fern of Sinbaraja forest have been
separated clearly from all agricultural soils indicating the greater impact of plant type and soil disturbances
On microbial communities,

i 4-r~

OP'/<.TR;'

i
II
.c,2~~

Fig. 2. Score plots generated form the mol percentage of phospipJwllpids futty acids extracted for
Sinharaja forst up plan and wetlend rice ill Bathalagoda and vegetable plots of Nuwara Ellya.

2. Soil bacteria tolerant to pesticides
Pesticides are toxic On non-target organisms and sbift in microbial
are well known over a sbort
or long-run (Ratcliff el 01" 2006). Pestieides, particularly herbicides, arc often used in rice cultivation, Many
wetland rice fields in the island are having a cultivation history of growing lice for more than a half century
with high inputs, Differences in the culturable fi'action of microorganism were reported between two fields
that received fertilizer and pesticide inputs for 19 years and that did not receive those in Bathalagoda (Table
4) (Rajapaksha et aI., 2009), Results also revealed that a drastic reduction in the algae population by 96%
has taken place due to cultivation of rice with chemical fertilizers. In addition to soil acidity, extensive use of
herbicides may be a main reason for this as documented previously (Wegener ot aI., 1985),
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Table 4. Population of fungi and selective groups of soil bacteria in a fertilized and unfertilized rice
grown soils in Bathalagoda (n=lO)
Agronomic practice

Microbiological population
(t' soil)
Fungi (cfli x HI)

33 ± 8

10 ± 1.4

21 (***)

4.7 ± 0.9

3.7 ± 0.29

4.9 (**)

4.2 ± 1.6

8.7 ± 15

-22 (***)

3 ±0.6

7± Ll

-12 (***)

rr)

1.6 ±O.2

J.7±0.17

-OAI

104)

0.13 ± 0.2

1.8 ± 0.92

-28 (***)

Aerobic bacteria (cfil x
Actinomycetes (cfil x

108)

104)

Autotrophic nitrifiers (cells x 10')
Azotobacter (efu x 1
Azozpirillum (cfil x

't'value

Unferlillzed

Blue green algae (cells x 10)

2 ± 0.57

52

cfil : Colony forming units
*** and ** means are significant at P =0.001 and P =0.01, respectively
Investigation by Matiwalage and Rajapaksha, (2008) reported that percentages of bacteria resistant to
paraquat and glyphosate in the soils treated with the respective herbicides remained significantly higher than
the control even 45 days after applying herbicides (Fig. 3). Therefore, changes in the microbial communities
would occur perhaps irreversibly due to repeated exposure to herbicides. The studies on soil bacteria further
revealed that Alcaligenes xylososxydans and Pseudomonas syringae are predominant biodegrading agents of
paraquat and Aeromonas and Bacillus as predominant glyphosate degraders in rice soils of Maha
Illuppallama.
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Fig. 3: Population dynamiCS in glypbosate resistant bacteria of control and herbicide treated soils
(n
Solid lines indicate total bacteria population and broken lines indicate percentage of bacteria
resistant to glyphosate
There is also evidence that bacteria of vegetable growing soils in Nuwara Eliya have developed resistance to
pesticides due to repeated exposure (Scynthya and Rajapaksha, 2012). In this study, the highest percentages
of bacteria tolerant to carbofuran, metribuzin and mancozeb were 45.7 %, 42.0 % and 0.88 %, respectively.
Results further revealed that the bacterial tolerance to all three pesticides increased as the length of
cultivation history increased. The lowest tolerance to mancozeb was exhibited by a soil collected from an
organic farm (0%) and a virgin soil (0.01%). This suggests that the mancozeb was the most toxic pesticide
and repeated exposure to it resulted in bacterial communities predominant with mancozeb tolerant bacterial
populations.
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3. Soil bacteria tolerant to heavy metals
Elevated concentrations of heavy metals arc known to affect microbial populations adversely. Some species
of microorganisms are inherently tolerant to heavy metals whereas some develop tolerance when they are
exposed repeatedly (YamamatO et al., 1985; Diaz-Ravina and Baath, 1996). This phenomenon has been
demonstrated
tbe microbial communities of sewage sludge amended soils (Oorrs et ai., 2005) and
manure amended soils (Huysman et ai., 1999).

In
accumulation of heavy metals above tbe permissible levels in selective lands in Nuwara Eliya
was verified based on SOli and plant analysis (Premaratlma et al., 2005). The inherent tolerance of bacteria
to Cu demonstrated for the culturable fraction of bacteria in a virgin montane forest in Nuwara EIiya (Fig. 4)
(D,md,eni:ya and Rajapaksha, 2008).

(b)

.f-.-I.)"-,..-......r -.---.
10
20
30
40
DTPA extractable CI.I %

Fig. 4 Relationship between DTPA extractable Cu fraction and percentage of Cu resistant bacteria in
an undisturbed montane forest soils
In
growing soils in the same region, long tenn cultivation has resulted in irreversible changes in
the microbial communities (Rajapaksha and Raufa, 1990) and shifting of bacterial communities towards a
higher fraction of metal tolerant species (Rajapaksha, 2010; Rajapaksha and Raufa, 1999). These studies
re\·ealed that metal tolerance as expressed by rc s• (50% inhibition) levels and bacterial tolerance to metals
increase
the increase in the metal concentration and duration of cultivation (Rajapaksba, 2010). The
IC s" value of bacteria for Cd was -6.37 log Cd concentration in the
SOli and it remained Significantly
further revealed that
lower than that of a 22 years cultivated soil (-4.03 log Cd
to induce metaI tolerance
the bioavailable metal concentrations of the investigated soils are not high
It has been previously docwnented that fungi are less affected
the elevated
concentrations
in
than tbe bacteria (Rajapaksha et ai., 2004).
In another study, application of2S mg Cd and 500 mg Zn kg- l soil to an Entisol collected from Peradeniya
resulted i.n 88% and 96% reduction in the bacteria population and mycorrhizal colonization, respectively
5) (Rajapaksba and Amarakoon, 20[ I). This study further revealed that toxicity of heavy metals could
be reduced to some extent if the pH of the soil is closer to neutral.
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CONCLUSIONS
The diversity of bacterial communities in fOrest and cultivated ecosystems and predominaut bacteria in
different rice varieties are governed by 1he availability of C substrate. The differences are partly due to the
differences in the soil properties and carbon availability of the plant root systems. Long term cultivation wi1h
high inputs of agrochemicals has led to the development of bactenal communities predominant with
resistance to pesticides and heavy metals.

REFERENCES
Amann, R. 1., and W. Ludwig. 2000. Ribosomal RNA-targeted nucleiC acid probes for studies
FEMS MicrohlOL Rev. 24: 555·565.
Atlas, R. M'J and RBartha.] 993. Microbial communities and ecosystems, Microbial
applications. The Benjamin I Cummings publishing companyJ30, 162.

ill

microbial ecology.

ecolo~v-

Fundamentals and

Bacillo·Jimenez, M., S. Aguilar-Flores, E. Ventura· Zapata, E. Perez· Campos, S. Bouquelet, and E. Zeoteno. 2003.
Chemical characteristics of root exudates from rke (Ol)iZa saliva) and their effects on the chemotactic of endopbytic
bacteria. Plant Soil. 249:271-277.
Bal,
A. Gattinger, L Zelles, 2000. Characterization of microbial consoltia in paddy rice soil by phospholipids
analysis Microbial ecology. 39: 273 - 281.
Buckley, D.
aod T.M. Schmidt 2003. Divernity and dynamics of microbia! communities in soils from
agro·ecosystem. Environ. Microbial. 5:441·452.

r,

Cho,
and J.M. Tiedje. 2004. Biogeography and degree of endemicity of fluorescent Pseudomonas straios in soiL
Appl. Environ. Microbiol. 66:448-456.
Dandeniya, W.
and R. M. C. P. Rajapaksha. 2008. Copper fractions and selective microbiological properties of
mtenslvely cultivated Ultisols of Nuwara Eliya. Journal of the National Science Foundation. 36: 307·313.
Diaz-Ravina, M., and E. Baath. 1996, Development of metal tolerance in soil bacterial conununities exposed to
experimentally increased metal levels. AppL Environ. Microbial. 62:2970-2977.
Huysman, H., W. Verntrae!e, P.c. Brookes. 1994, Eftec! of manuring practices and increased copper concentrations on
soil microbial populations. Soil BioI. Biochem. 26:103,110.
Joergensen, R. G. 2000. Ergosterol and microbml biomass in the rhizosphere of grasland soils. Soil BioI. Biochem.
32:647·652.

81

Proceedings ofthe National SympositmJ Oil SoH Biodiversity 2013

Lu, Yo, A,Watanabe, M, Khumura, 2002, Contribution of plant-derived carbon to soil microbial biomass dynamics in a
paddy rice microcosm, Soil BioL F ertiL

l36-142

Maliwalage, L Nand R M, C, p, Rajapaksha. 2008, Toxic effect of paraquat and glyphosatc on bacteria of wetland
rice soiL loumal of the Soil Science Societv of Sri Lanka, 20: 9- 16,
Oorts, K Bronckaers, and E. Smolders 2005, Discrepancy of microbial response to elevated copper between
freshly spiked and long term contaminated soils, Environ, Toxico! Chem, 25, 845-853,
Premarathna,

R M, PL., G, M, Hettiarachchi, S, p, Indraratne, 2005, Accumulation of cadmium in intensive

vegetable growing soils in the up country, Trop Agric, Res ]7:93-103,
Rajapaksha,

R, M,CP, and I. D, Amarakoon, Response of lettuce ([,acilica saliva L.) and rhizosphere biota to

successive additions of Cd and Zn, Communications in Soil Science and Plant Analysis. In press
Rajapaksha, R, M, C, p, 200912010. Soil microbial diversity in a relatively disturbed arca of Sinharaja forest The Sri
Lanka Forcster. 32-33:27-39,
Rajapaksba, R. M, C, P, 2010,

metal tolcrance of culturable bacteria and fungi in a long-tenn cultivated tropical

ulti501. European Journal of Soil Biology, 47:9- 15,
Rajapaksha, R. lYL C, p, and M, C F. Raufa, 1999, Microbiological properties of an intensively cultivated land in up
country wet zone of Srt Lanka. Journal oftha Soil Science Society of Sri Lanka, 11 :22-28.
Rajapaksba, R. lYL C. P, and S, Ranasinghe. 2007, Arbuscular mycorrhizae associated with exotic vegetables grown in
the up country wet zone of Sri Lanka, Journal of the Soil Science Society of Sri Lanka. 19: 1-9.
Rajapaksba, R, M, C, p" M. A. Tobor-Kapoin, and E, A, Baath. 2004. Metal toxicity affects fungal and bacterial
diversity differently. AppL Environ, Microbio!' 70:2966-2973,
Rajapaksha, R M, C. P., U, K.
inlensive cultivation of exotic

and p, H
in

2009. Soil microbial populations as affected by
and rice i:u Bathalagoda. Sri Lankan Journal of Agricultural

Science. 46: 1- 14,
Ratcliff, A, W" lYLD,

and C, J, Shostak. 2006. Cbanges in microbial community structure following herbicide

(glyphosate) additions to forest soiL AppL Soil EcoL 34: 114- 124,
Reichardt, W" G, Mascarina, B. Padre, J. DolL 1997, Microbial communities of continuously cropped irrigated rice
fields. AppL Environ, MicrobioL 63(1): 233-238,
Sorensen,
and A. Sessitch. 2007, Plant associated bacteria-lifestyle and molecular interactions. In Modem Soil
Microbiology (K, M.Van Elas, J. K Jansson and J, T, Trevors ,cds) CRC Press, 211-236,
Torsvik, V" F,L, Daae, RA. Sandaa, L, Ovreas, 1998, Novel tecuniques for analyzing microbia! diversily in nalural
and perturbed enVll'onments, J, bacterioL 64:53-62,
Watson, R. T" and y, Heywood.l995,Global biodiversity assessment Ul\TEP by Cambridge University Press, 1-140,
Wegener,

R. Aldag, and B. Meyer.l985, Soil algae: Effects of herbicides on growtb and C,H, reduction

(nitrogenase) activity, Soil BioI, Biochem, 17:641-644,
Yamamato, H" K. Tatsuyama, and T. Uchima, 1985, Fungal flora of soil polluted witb copper. Soil Biol. Biochern. 17:
785 -790,

82

Proceedings ufthe Nat/ullO! Symposium on Soil Biodiversity ~ 1013

15.
NEMATODE PARASITES AND THEIR NATURALLY OCCURRING
BIO CONTROL AGENTS IN TEA SOILS OF SRI LANKA
K. M. Mohotti

Nematology and Entomology Division, Tea Research Institute of Sri Lanka
mohottik@yahoo.com
ABSTRACT
Owing to ample soil, areal and host conditions provided in the tea ecosystem, several species of nematodes
and their biocontrol agents are associated with tea and other plant species in the vicinity. They include: root
knot and sedentary uematodes I.e. Meioidogyne arenaria, Meloidogyne brevicauda (~Helerodera marion!
Goodey), Meloidogync incognita, Meloidogyne javanica aud Helerodera sp, Pratylenchus species i.e.
PratyJenchus brachyurus, Pratylenchus loosi (~Anguillulino pratel~.is Pratylenehlls pratensis (de Man)
Filipjev = Pratylenchus cojJeae), Pratylenehus cojJeae, Praty/enchus delattrei, burrowing nematodes i.e.
Radophalus similis Cobb (~Tylenchlls similis), spiral nematodes i.e. Helicotylel1chlls namus,
Helicotylenclws dihystera, Helicotylenchus erythrinae, Helicotylenchus sp., Hopiaiuimus sp., Scutellonema
brochyu/'us, Pin nematodes i.e.
Paratylenchus curvita!us, Paratylenchus sp., Hemicycliophora sp.
Criconemoicies sp., reniform nematodes i.e. Rotylel1chulus renifomlis, ROlylel1chulus sp., dagger nematodes
i.e. Xiphinema sp., Xiphinema americanum, Xiphinema radicicoia, 7hchadants sp., Longidaras sp., free
living nematodes i.e. DOIylaimus sp., Panagrolaimus sp., MOi1onchlls sp., bacterial feeding nematodes i.e.
Rhabdilis sp., Dip/ogostor sp., fungal feeding nematodes i.e. Aphelenchus sp., algal feeding nematodes i.e.
Tylenchlls sp. and insect pathogenic nematodes i.e. Mennis nigrescens and Hekarellu ta/awake/ae.
The endosporming bacterium Pasteuria penterans, nematode trapping fungi Arlhrobotrys musiformis
Dreshslcr, A. oligospora Frcs., Arthrobolrys sp., Dactylella sp. aud Monacrosporium sp., other fungal
species i.e. Vesicular Arbuscular Mycorrhiza (VAM), Fusarium sp, Paecilomyces sp. and Trichoderma sp.
and Micro Arthropod species i.e. Tardigrades, Collembolans, Mites and Myriapods were among the
nematode antagonists. Their significantly greater incidence index in Sri Lankau tea soils compared to other
tea growing countries was attributed to rational usc of soil pesticides, good soil management and organic tea
cultivatiou practices elc.
In suppen of the fair record of Sri Lankan tea nemic fauna, exploratiou of animal, bacterial and fungal
feeding free living nematodes and morphological, taxouomical, genetic confirmations of the different
nematode species and their isolates are recognized. Harnessing the effective naturally occurring biological
coutrol agents of parasitic nematodes for purpose of developing biopesticides is also proposed.

INTRODUCTION
Tea
Tea is a beverage crop grown at latitudes from 27"S (Comenles, Argeutina) to 43'N (Georgia, USSR), as
well as from mean sea level up to an altitude 0[2,300 m. The tea which is grown as a perennial crop requires
well drained acid soils with a pH range of 4.5 to 5.5 and reasouably well distributed rainfall, totaling not less
than 1000 mm iyear. Commercial tea popUlations are polymorphic in origin, derived from Camellia sinensis
(L) O. Kuntze" C. assamiea val'. assamica (Masters) Wight, and C assamica val'. Lasiocalyx (planch.)
Wight or the bybrids of these different varieties.
In order to achieve sustainable yields, quality and economic profits, specific Good Nursery Practices
(GNPs), Good Agricultural Practices (GAPs) and Good Mauufachlring Practices (OMPs) are recommended
by the Tea Researcb Institute of So Lanka. Amongst the field operations, land selection, site selection for
nursery, soil rehabilitation, land preparation, soil and moisture conservation practices, cholce of healthy,
high yielding and quality cultivars suitable for resistance to drought, pests and diseases, soil, crop and
ecosystem management, shade managemeut etc. are important.
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Nematode Species Encountered in Sri Lanka
Among soil inhabiting animals, various species of nematodes have been reported in Sri Lanka. Majority of
them have been recovered from agricultural soils
to importance as pests and pathogens. The inlportant
nematode species reported include specics belong to Meloidogyne, Pratylenchus, Helicotylenchs,
Hoplolaimus, Radopholus, Scutellonema, Aphe\enchoides, Criconemoides, Ditylenchus, Hirschmanniella,
Logidorus, Rotylenchus, Trichorodrus, Tylenchulus, Xiphinema and Globodera. As reported by Loss
(1953), Hutchinson (1961), Sivapalan (1972, 1978), Gnanapragasam (1995), Lamberti et a1. (1987),
Lamberti and Ekanayake (1981), Mohotti et a1. (1996), Ekanayake and Toida (1997), Mohotti (1998),
Premachandra et al. (2007), Vitharana and Amarasinghe (2011), Mohotti unpublished (2012), the soil
ecosystems cover tomato, chilli, okra, carrot, snake guard, egg plant, pumpkin, spinach, beans, tea, banana,
papaya, paddy, papaw, guava, Centella, strawberry and black pepper etc,

3. Nematode Species Encountered in Tea
3.1 Soil and Environmental Conditions
The tea ecosystem provides ample soil, areal and host conditions owing to its perennial nature and
reasonably undisturbed crop management practices. The factors in the soil environment therefore, generally
facilitate nematode reproduction, survival and establishment in a given specific location. Resultantly,
several species of nematodes have been encountered in tea soils in the different tea growing areas in
association with tea and other plant species in the vicinity of tea such as weeds, green manure crops, shade
tree species, cover crops etc.
With respect to pathogenic species, there is a widely varied complex of nematode populations that attack tea
due to the wide variability in soil types and climatic conditions under which tea is being cultivated on a
commercial scale. The intensity of attack of the respective species and the degree of the induced
pathogenicity however vary correspondingly (Gnanapragasam and Mohotti, 2005). A marked periodic
Huctuation in population levels is also observed
the year which is correlated to the rainfall pattern and
soil temperature. Nematode damage is known to vary with the type of soil (soil texture) as well as the
physical condition of the soil. Under poorsoil conditions, the rate of replenishment of roots damaged by
nematodes is very much curtailed, resulting in the rapid deterioration of tbe root system, with the consequent
restricted uptake of nutrients. Increasing soil acidity has also been observed to aggravate the above
condition. The pat1em of distribution of nematode infestation in seedling tea fields is highly clustered due to
the large genetic variability as compared to that of in genetically uniform
yielding vegetatively
propagated varieties (Sivapalan, 1972).

3.2 Nematode Species
Several species of plant parasitic nematodes have beeu encountered in tea soils in the different tea growing
areas of the world. However, no posillve evidcnce of pathogenicity has been established in respect of the
majority of these nematodes. The species that are either known Or suspected to be pathogenic to tea includes
Pratylenchus spp. Radopholus similis, Meloidogync spp., Hemicriconemoides kanayaensis, Rotylenchulus
reniform is, Helicotylenchu.s spp,. PClralylenchus curvilatus, Hoplalaimus sp., Rotylenchus sp. and Xiphinema
sp. Studies on nematode species non pathogenic to tea, free living and saphrophotic nematode species are
scares. Table I presents the summary of distribution of the different nematode species pathogenic to tea in
the different tea growing areas.

4. Nematode Species Encountered in Tea in Sri Lanka
It is worthy to note that the Sri Lankan nematode fauna covers predominantly in the tca ecosystem probably
due to much at1ention given by the Tea Research institute of Sri lanka compared to that of by the olher
research institutes. Over 50 nematode species are recorded in Sri Lankan tea soils. However, there have
been changes to the repOlied different nematode
with confllTIlative identifications with time.
Heterodera marioni! Goodey reported by Light, 1928 bas been confirmed as Meloidogyne brevicCfuda by
Chitwood (1949). Anguillulina pmtensis first recorded in 1926 was considered later as PratyJcnchus
and
pratensis (de Man) Filipjev by Gadd, 1946 and then renamed as Prarylenchus c(jffeae by Laos, I
later confrrmed as Pratylenchus loosi Loof. The burrowing nematode, earlier named as Tylenchus similis
was confIrmed as Radopholus similis (Cobb) by Thome, 1949. The complete collection of nematode species
recorded in the tea rhizopbere in Sri Lankan tea soils are presented in Table 2.
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Table 2 Summary of Nematode Species Encountered in Tea Soils in Sri Lanka

-_

...

Nematode group
_---"---------

Nematode species

Root Knot and sedentary nemalodes

Meloidogyne arenoria> Meloidogyne brevicauda (=Heterodera
marioni Goodey), Meloidogyne incognita, Meloidogyne javan/ca,

Pratylenchus species

Pratylenchus brachyur1Js, Protyienchus loosi (~A"guil1ulina protenPratylenchus
sis ~ Pratylenchus pro/ensis (de Man) Filtpjev =

····._ •• ''''''''.'''''_'''''''H'''',~,' " •..

c;oJleCle),FrCl.t)'le"cll1~c;()1[el1e.,Prl1tylen(;hlisc!ell1ttl.:eL.

Burrowing nematodes

Radopholus similis (Cobb) (Ty/enchus similis)

Spiral nematodes

erythrinae, Helicotylenchus sp., Hop/olaimus sp., Scutellonema

Pin nematodes

Paratylenchus eurvitatus, Paratylenehus sp., Hemicycliophora sp.

Reniform nematodes

Rotylenchulus reniformis, Roty/enchu/us sp.

.................................................. ]'fe,ric;?rylerlch:us nCimil,i;HeficoryFenchus··dihyste';Ci;····HelicoryTel,chus

Da.gg'er nematodessp.:XipM;.;~;;;aan'e;.ican;;m,XiPhi;.;~;~a radieicola,
Free

livin~

Bacterial

nematodes
nematodes

Dorylaimus

Panagrolaimus sp., lvfononchus sp.

Rhabditis sp., Diplogas/or sp.

Fungal feeding nematodes

Aphelenchus sp.

Algal feeding nematodes

Tylenchus sp.

Insect pathogenic nematodes

Mennis nigrescens, Hekarella talawake/ae

------------------

Amongst the nematode species recorded in Sri Lankan tea soils, Pratylenchus loosi, Radopholus similis and
Me/aidog),,,e brevicauda are associated with tea causing economic damage.
4.1 PratylencllUs loosi

The root lesion nematode, Pratylenchus loosl is the most serious pest in Sri Lanka. P. laos! is widely
distributed amongst tea fields at all altitndes. However, severe damage to toa is mostly confined to elevations
of900 to 1,800 m, where crop loss occurs in mature tea, newly planted young fields, as well as in nurseries.
The severity of damage to tea depends on the interaction of various factors such as prevailing climatic
conditions, type of soil in which the tea is growing, cultnral practices and age and vigour of plant.
The distribution of P. loosi is determined mainly by soil temperature and soil moishlre. The highest
population is encountered at altitudes with soil temperatures of 18°C to 24°C. While obvious pathogenicity
symptoms are observed in this temperatnre regime, low rate of population build-up is seen at temperatures
above and below this range. Damage caused by P. loosi was observed to be most severe in clayey ill-<lrained
soils.
The presence of shade trees and green manure crops amongst tea fields, whieh form part of the normal
cropping pattern, also influences the distribution pattern and the intensity of build-up of this species of
nematode.
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4.2 Radopholus similis
The burrowing nematode, Radopholus similis in Sri Lanka was first reported in 1968, when infestations were
observed in young tea fields at an elevation range of 500 to 1,000 m. The nematode is widely distributed in
the tea areas at lower altitudes as well, up to 200m. On susceptible tea cultivars (young and mature) and
under favourable climatic conditions, R. similis occurs even at very low altitudes of 50tu. This is also a pest
of tea in Java, Indonesia. Even though this species has been reported from tea in China, Zimbabwe aud S.
Africa, no detailed work has yet been carried out.

R. simi/is appeared to be quite sensitive to cold temperatures and has a poor survival rate in tea at elevations
above lOOO m, At lower elevations R, similis has been observed in the rhizosphere along with p, 100sl. lu
semi-dry areas R. similis occurs concomitantly with R. reniform!., as welL R, similis in the tea areas appears
to favour unifonnly distributed high rainfalL In very wet or dry soil, tbe population was found to decline.
Soil type and texture were also found to have significant influence on the reproductive rate and popUlation
build- up of this pest Rapid build up of R, similis populations was revealed in sandy soil, followed by
gravely or loamy soil at 25°"rc. Damage to tea was also found to be significantly more in gravely, sandy,
and loamy soiL There was hardJy any build- up in clayey soiL
Host plant species grown and in the vicinity of tea fields significantly govern the distribution pattern and the
level of build-up of this nematode species, Banana, coconut, arecanut, anthurium and gautemala grass were
found to promote R. si!nilis population build up while Vetiver and African love grass seemed to suppress the
populations.

4.3l11eloidogyne b/'evicauda
This root-knot nematode species is the only Meloidogyne species that attacks mature tea, M, brevicauda
needs cooler soil temperature for the build-up of populations, So far, M brevicallda has been recorded only
in tea, only in three plantations bordering the same jlmgle at an altitude of 1,500 to 2,000 m in Sri Lanka,
Darjeeling in N. E. Indla and Nilgiris, Wynaad and Karnataka Districts in South India, Successful parasitism
of tea plants was observed only at 12'C, wbilst no parasitism was found to occur at higher temperatures.
With increasing soil temperatures towards 18°C, M brevicauda seemed suppressed as well as appeared to
concomitantly associated with P. loosi.

4.4 Control of Nematode Parasites in Tea
Nematodes are microscopic aud considered as hidden enemies of crops as once they are introduced to any
field, it is difficult to eradicate. Hence, nematode management should commence from nursery by adopting
adequate hygienic to ensure that only healthy vigorously growing nematode-free plants are transferred to
the field,
For reducing nematode populations below the economic damage threshold to help avert reduction in crop
productivity, an integrated management strategy should be advocated in young and mature tea. The Illost
useful resources of nematode management in tea include; exclusion oflands with parasitic nematode history,
soil rehabilitation using grasses, planting of nematode tolerant and resistance cultivars, use of nematode free
healthy tea planting materials, rational use of environmentally frieudly agrochemicals with short soil
persistence, proper soil management to maintain soil pH within the range of 4.5 to 5.0, incorporation of soil
organic matter, cultivation of soils by regnlar forking, use of trap crops and botanicals, the use of biological
control agents, Good Agricultural Practices to ensure plant health.

4 5 Conservation ofBeneficial Nematode Species in Tea
Free living and saprophytic nematode species proved to assist in organic matter decomposition, enriching
soil biological properties, act as natural enemies to soil borne pest and diseases including parasitic nematodes
as well as serve as environmental indicators. Therefore, Good Agricultural Practices aiming at sustainable
soil and crop management will help enumerate naturally occurring free living and saprophytic nematode
species. Amongst, soil rehabilitation using grasses, rational use of euvironmentaUy friendly agrochemicals
with short soil persistence, proper soil management, incorporation of soil organic matter, cultivation of soils
by regular forking, organic tea cultivation practices etc. help conserve and increase populations of such
nematode species.
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5. Nematode Biological Control Agents in Tea Soils
Until recently, very little information was available with regard to control of plant parasitic nematodes in tea
by biological agents except for sporozoan endoparasites, predatory nematodes and phycomycete fungus etc.
Various soil otganic amendments included in the integrated nematode management proved to increase
natural predators and parasites of nematodes pathogenic to tea. Mohotti (1998) revealed several microbial
antagonists of plant pathogenic nematodes to be present in Sri Lankan tea soils which are significantly
greater as compared to other lea growing countries. Good Agricultural Practices with special refetence to
soil management and organic tea cultivation practices were seen predominantly beneficial in achieving
greater incidence indexes of the soil organisms similar to natural forest soils. Tbe records
naturally
oceurring nematode antagonists encountered in Sri Lanka are presented in Table 3.
Table 3: Records of naturally occurring nematode antagonists in tea soils.
Bio control group

Organism

Reference

Bacteria

Pasteuria penetrans group

Mohotti (1.998)

Nematophagous Fungi

Fusarium sp.
Paecilomyces sp.
Trichoderma sp.
Verlicillium sp.

Nematode Trapping

Mohotti (1998)

Mohotti (1998)

Arrhrobotrys musiformis Drechsler

Mohotti (1998)
CABI-Herbarium
records, Mohotti {1998)
Mohotti (1998)

Fungi
Arlhrobo/lys oJigospora Fres.
Arthrobotrys robuslo Duddington
Arthrobotrys sp.
Dactylello sp.
Monacrosporiwn sp"

CABI·Herbarium
records
Mohotti (1998)
Mohoni (J 998)
Mohotti (1998)

Collembolans (Spring rails)
Mites (Acari)

Nematodes

Moholt; (1998)

Mononchus 8p., Dip/agos/or sp. and

(1960)
Mohoni (2002)
Gadd & Loos 1946,
Mohotti (2002)
MollOtti
Good & Loos, 1946

~~~~___________ P~O~IJ~'=w=m~l=us~Sp=,~~____~__~__~~__~__~~~~
Miscellaneous
V AM
(Vesicular
Arbuscular Balasuriya e/ al. (199 J)

Mycorrhiza)
Gadd and Loos, 1946

___________________P:..fO=(O:.:z:.:0c::a:::.n___

Nevertheless, the frequency of occurrence of Pasteuria penterans ro be relatively low compared to other
species in the Sri Lankan soils. Detailed studies indicated bost cuticles of P. loosi, R. similis, M brevicauda,
Pratylenchus wand Rhabditis sp. being encumbered with the endospores of Pasteuria penetrans Mohotti
(1998). The most common nematode trapping fungi encountered were ArthrobolJys musiformis Dreshsler,
A. oligospora Fres., Arthrobonys sp., Dactyiella sp, and Monacrosporium sp. Fusarium sp, Paecilomyces
sp. and Trichodenno sp, were also recovered.
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CONCLUSIONS AND RECOMMENDATIONS
Though a fair record on nemic fauna in tea soils in Sri Lanka is available, there is yet a need to explore
additional information on free living nematodes responsible as animal, bacterial and fungal feeding and
specifically species that are responsible in biological control of parasitic nematode species and
environmental indicators. Overall, morphological, taxonomical, genetic confirmations of the different
nematode species and their isolates are recognized as gaps in research. Harnessing the effective naturally
occurring biological control agents of parasitic nematodes for purpose of developing biopesticides to control
parasitic nematodes and insects is another area to reap the benefits in the tea ecosystem.
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a. Root Lesion Nematode (Pratyfenchus/oosi)

b. Burrowing Nematode (Radopholuss;milis)
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c. Endospores of Posteur;apenetrans,
a bacterial nematode parasite

'.

d. Nematode trapping fungi, Arthrobotrys musi/ormis Dreshsler,
a fungal pathogen of nematodes

89

Proceedings a/the National Symposium

011

Soil Biodiversity - 2013

16.
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ABSTRACT
In Sri Lanka, nearly 12,000 km' of the total land area (65,000 klll') is under grasslands and they have been
categorized in many ways based on their origin and evolution, geographical distribution, floristic
composition and land use. Generally, natural grasslands in the country can be recob'Ilized as plant
conll11unities in which dominant species are perennial grasses and, very few or no ShlUbs or trees. They are
likely to play an economically and environmentally vital role. Howcver, their exploitation has been rather
unsystemaLic due Lo increasing biotic interference by disorganized clearing for short term cultivation, illegal
burning and extensive removal of herbages by herbivorous including domestic livestock. The influence of
these tactors on grasses and grasslands has resulted in some of the most characteristic features in grassland
soil biodiversity. There is increasing evidence that belo\vground and aboveground community components
are closely associated, and that belowground communities play an important role in grassland productivity
and sustainability.
Grasslands of Sri .Lanka have been the subject of several soil surveys, but most of these were mainly
concemed with soil profile features, soil geology, and physical and chemical propeJ1ies. However, in the
decade of 1970, several grassland scientists perfOlmed some comparative studies of ecological resemblance
of higher plants and fungal communities throllgh ordination and association studies in a selected grassland
type (e.g. Patana) in Sri Lanka. They have shown such a relationship of both the grass plants and soil micro
fungi characteristics in different zones under the same gmssland type. However. continuation into rest of the
grassland types was incomplete after the particular decade. Earlier workers also suggested the magnitude of
future work to explore the relationships of soil biodiversity and floristic relationship for sustainable use of
grasslands.
Generally, information peliaining to species and fi.mctional diversity of soil fauna and flora communities
over succession periods for tropical grasslands in other cOllnt!leS is available in significarlt numbers. The
same methodologies could also be applied for local grassland ecosystems and authors put forward the
necessity of these key issues for the sustainable management of natural grassland ecosystems of Sri ulllka.
In addition to the use of conventional methodologies in grassland soil microbial research, molecular
techniques could also be applied to gain insights into the soil community.

INTRODUCTION
In Sri Lanka, nearly 12,000 km' of the total land area (65,610 k111') is under natmal grassland cover
(Pemadasa, 1990). Generally, natural grasslands can be recognized as plant communities in which dominant
species are perennial grasses and, very few or no shmbs or trees. Further, ecologically, a natural grassland is
a combination of climate, soil, topography, f1fe and many biotic factors. Grassland vegetation develops
extensive root systems, and has distillct architecture and rhizospheres that affect below ground biodiversity
and ecology. Like in other countries, grasslands of Sri Lanka have an economically vital and viable
multifunctional role, as they provide so many-resources for the livelihood including green forages for
livestock. However, in contrast with other ecosystems, their exploitation has been disorganized due to
haphazard clearing for short teml cultivations, illegal bUl11i!lg and over grazing by domestic animals. These
activities have cansed considerable floristic, habitat and edaphic changes and severe erosion of many types
of grassland, with ncar complete destruciion of some areas.

* Corresponding author: chandrasiri.premalalpremalal@gmail.com
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Grasslands are among the most productive biomass, the rate of energy turnover is high, and about 90% of
their net primary production is decomposed ill situ. (Coleman et at, 2004). Either in contrast of intensive
grassland systems (fann managed grassland systems for iivestock purposes) or natural grassland ecosystems,
self-regulating process in the soil become more and more important Soil biota plays an important role in
these processes by supplying of nutrients, maintenance of soil structure, water regulation and, more generally
the resistance and resilience of the belowground system. Through root exudates and litter from roots and
above ground parts, grasses supply nutrients to the soil food web. Therefore, the quantity and quality of root
exudates and plant litter are the major factors which detemllne the soil microbial diversity under a specific
species of grass cover. Equally, the soil biota in tum influences with their ecosystem services to production,
plant quality and diversity ofthe grassland community.
This paper aims to outline the basic information On the Sri Lanka grasslands and imp()rtant studies based on
their floristic and edaphic contrast Subsequently, a conceptual framework is proposed in regard to discover
the soil biodiversity interactions under the natural grassland ecosystems in the countly.

Grassland resources of Sri Lanka
Grasslands of Sri Lanka have been categorized in many ways based on their origin and evolution,
geographical distribution and floristic composition. In climatic and vegetation contrast, grassland of Sri
Lanka can be divided into three general categories; Pauma, Savanna and Lowland grasslands. Further, they
arc sub divided into several fonns. Pemadasa (1983) has carried out a comprehensive account on natural
grassland resource in the countty and Table I list the major and, sub grassland types based on this survey.
Important characteristics of some economically important and most exploited grassland types, which also
have a potential for livestock fanning, are summa11zed in Table 2,

Table 1: Grassland types of Sri Lanka
Main Type

Main Sub-Type

Sub-Type

Montane

Dry

Palcma
Summer zone dry Patana

Intennediate

Intennediate Patana

Wet

Lower wet Patana
wet FatanG
Upland Savanna

(Pa/ana)

Savanna

Lowland Savanna
Lowland

lntennediate zone pastures

Inland Grnsslands
Maritime grasslands
Damena grasslands
Thai{I',vo grasslands
Viii" grasslands
Tank bed grasslands
Coconut graziog grounds

Arid zono pastures

Dry pastures

Wet zone pastures

Dry zono pastures

Humid Pastures
Mixed Pastures
Source: Extracted and arranged from Pamad.sa (1983); Premardtne el ai, (2003)
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Grassland soil environment
Grassland builds soil systems different from tbose of otber terrestrial vegetation .types, even from the same
parent material. A key feature of grasslands is tbeir high turnover of shoot and root biomass, and consequent
are
large pool of liable organic matter at the soil surface. Further, heavy herbivore loads and frequent
of grdssland. These experiences significantly intluence the plant grovvth and
also characteristic
net
species composition of the grasslaud. Herbivores consume as much as the above and below
primary production while tbe fire removes exclusively the above ground biomass for a given period. As a
result of these relatively high rates of consumption, it has been suggested that the stmcture of grassland is a
consequence of numerous interactions, many of which are either direct effects Or mediated by herbivorous.
Herbivores have a powerful influence on nutrient pathways in grasslands by short cutting both litter return
and soil recycling process. A large percentage of nutrients taken up by plants are recycled directly through
animal excreta, resulting in accelerated soil incorporation, particularly of nitrogen and phosphorus. These
features combine to produce a soil environment that sustains an abundant and diverse fauna! and floral
community.

Grassland soil community; understanding the belowground network for sustainable grassland
management
Soil micro and macro organisms in grassland play important roles in many of its ecosystem processes such as
biogeochemical cycling of nutrients (nutrient transfonnations) and soil structural·and hydrological properties.
Therefore, soil biodiversity assets are often used as indicators of soil quality. Many workers in the grassland
science, in global scale, recognize tbat tbe understanding of belowground ecosystem has been far poorer than
that of the aboveground ecosystem. However, over the last few years, there have beeu substantial advances in
soil biodiversity and its ecology, including the development of new technologies and methodologies
DNA and R."iA methodologies and sampling tecbuiques) and the recognition of the linkage between
bclowground and above ground components.
Globally, there has been much recent interest in the cbaracterization of soil biodiversity and its function in
grasslands. Much of this interest has corne from the need to develop grassland management strategies.
Authors, herein expose the inadequacy of appropriate grassland management policies in this country coupled
with other functional policies such as ecoDomic, socia-economic, land use and wildlife together in
considering of all possihle soil bIOdiversity aspects.
The information, in
pertaining to soil fauna (protozoa, nematoda,
collemboles, enchytraeids,
earthworms, molluscs, many insects, myriapods and spiders) and flora (arehea, bacteria and fungi)
community compositions over succession periods, nitrogen fixation by free livmg and symbiotic
microorganisms, soil carbon storage potential or
quality and microbial activity relationships, soil-borne
pathogens tbat are accountable for grass and livestock health, effect of soil fauna on floristic composition,
abundance of micorrhizal fungi, temporal dominance of fungal and bacterial communities, grazing induced
soil biological activities and effect of burning on soil biodiversity for tropical grasslands in otber countries
are available in significant numbers. Tbe same methodologies could also be applied for local grassland
ecosystems and authors put forward tbe necessity of these key issues for the sus'lainable management of
natural grassland ecosystems of Sri Lanka. In addition to tbe use of conventional methodologies in g,Il''''''iiIJU
soil microbial research, molecular tecbuiques could be applied to gain insights into tbe soil commuuity.
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eroded, This orobabJ)

The burning of grass ju~t before the

Important remarl(s

Table 2: Important characteristics and remarks of some economically important and most exploited grassland types of Sri Lanka
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SOl\1E EARLIER STUDIES ON GR4SSLAND SOIL BIODIVERSITY IN SRI LANKA
TIle grassland
in Sri Lanka goes back to several decades and, however, most of the scientis'ts
limited their investigations into compressive floristic lists, description of climate, geology, and physical and
chemical properties of the soils through repeated extensive surveys under selected grasslands, Nevertheless,
in most of the Sri Lanka grasslands, so far, little is known about the dynamics of floral conmmnities, energy
relations, productivity, phenology and even general biology, It is not exceptional also for the biodiversity in
grassland soil under local conditions, Consequently, more intensive and recurring
investigations using novel technologies and methodologies are necessary to elucidate the ecology and
sustainability of the grasslands.
However, in the 1970s, few workers have repeatedly recognized the floristic composition and fungal
populations in some Palana grassland types in the country (Muller-Dombois and Perera, 1971; Pemadasa
and Muller Dombois, 1979). They further characterized the Pa/ana grasslands into more precise sub types
on the basis of climatic, topographic and in particular soil fungal population differences. Their
methodologies and key findings of the studies are summarized below,
• Unlike the
and data collection on higher plant communities, same on fungal communities was
a greater difficulty.
• Ordinations were made by reciprocal averaging of higher plant and fungal data in selecred Pa/ana
zones,
• Ordination
ecological

based on both the higher plants and soil fungi reaffirmed the previously postulated
of different Patana zones,

• Applications of multivariate methods to higher plant and fungal data from the same ecosystem were
recorded as an altemative approach providing complementary ecological infonnation,
• Despite the fundamental differences in the biology of higher plants and soil fungi, the ordinations of
data from the two types of communities gave remarkably similar results.
• It was sbown that a combination of the above two approaches is more informative tban either alone, in
further classification of selected grasslands,
• Ordination of
characteristics

sbowed the ecological affmities of both the bigher plants and soil microfungal
different Patano grassland types.

• The fllngal communities appeared to be more clearly defined than the higher plant communities.
• In conclusion, authors clearly stated that the similarity of findings of multivariate analysis in
plants and fungi could confidently be used as a tool in this grassland classification.

RESEARCH NEEDS AND SUGGESTIONS FOR GRASSLAND ECOSYSTEMS; IN
PARTICUlAR SOIL BIODIVERSITY
Nowadays, the objective of grassland science cannot be only to contribute to vegetation, animal interaction
and ordinary species diversity in soil organisms. It sbould be a broad contribution of grassland ecosystems
to gr1lss11ands,
and tbeir response at global or local scale corresponding to the different functions
Therefore, in any scale, it is necessary for grnssland research to consider this batch
factors
simultaneously. However, since grnssland soil biodiversity studies in local and regional conditions are in a
very primeval
and or meager, initial studies on ecological perspective (both species and functional
biota) as
surveys under most impOttant grassland types are suggested by the
diversity on
authors, Additionally, novel molecular techniques to quantifY key functional groups of soil micro biota;
to
Extrapolating
results to field conditions and scaling-up the factors; Novel
manipulate
microbial groups to understand the functions of tbem are also recommended. Linking
long-tenn observational data to grassland sustainability under changing environment in particular on
management practices and climatic changes would also be significant
94

PYQcV?dillgs o/rhe Na/fou(Ji Symposium on Soil BiodiversiTY·

2{)] J

CONCLUSIONSIRECOMMENDATIONS
Generally, in contrast, natural grasslands are considered as low-input systems wIth heterogeneous habitats
and resources, From this review, it is clear that soils of grassland ecosystems contain abundant and diverse
organisms of flora, and micro, meso and mecro fauna. Initially, their species and functional diversity has not
been characterized and also not investigated through spatial and temporal approach. Therefore, it is currently
essential to a great exteut of repeated studies usiug novel molecular teclmiques and field investigations to
explore this valuable resource for the sustainable exploitation of grassland resource in the country.
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ISOLATION, IDENTIFICATION AND CHARACTERIZATION OF MICROORGANISMS
FROM SELECTED HOT SPRINGS IN SRI LANKA
M. A. F. Sabriya and S. C. Wijeyaratne*
Department of Botany, University of Sri JayewardeneplIra, NlIgegoda.
ABSTRACT
Thermophilic microorganisms have attracted most of the researchers in past decades as demands for the
theml0stable enzymes are steadily increasing to replace thermolabile enzymes. The purpose of this study was
to isolate and identify the them10philic microorganisms from local hot springs to achieve the above goal.
A.fahaoyo and Wahawa hot springs selected for the study in Ampara district have water temperature ranging
from 43 DC-57 DC, pH 7.6-7.8 and conductivity 1289-1350 IlS cm·'. Samples of water and soil with
cyanobacteria were collected under sterile conditions and water samples were inoculated at the sampling site
into three different broth culture media Luria Bertani (LB), Medium 13 and Medium 74 maintained at
temperatures close to the concemed well water temperatures. Cultures were transp01ied to the laboratory in
such a way that prevents the significant heat loss and incubated at 43°C. Seven bacterial strains isolated
from water samples were stained gram positive, rod shaped, spore fomlers. Bacterial isolates capable of
growing above 55 DC in LB medium were selected for further studies and they were subjected to a
biochemical analysis. Almost all four bacterial isolates (M03/IS09, MOSIISOIO, WA211S011, and WA21
ISO 13) showed amylase, protease and catalase activities at 43 Dc. The staining, morphological and
biochemical studies concluded that four bacteria belong to Genus Bacillus. Possibly nine Cyanobacterial
genera were identified from Mahaoya and Wahawa hot springs; Schytonema, Lyngbya, Stigonema, Nostoc.
Gleocapsa, Chroococcus, CoeiosphaerilllJ1, Phonnidiuln and Calothrix. Temperahlre effect on a-amylase
enzyme production was studied for four bacterial strains grown in starch broth at different temperatures (40
DC, 43 DC, 45 DC and 50 DC) using starch iodine method. Highest enzyme activity (48.763 U mL") was
observed in WA2IISO 13 grown at 40 DC for 24 hrs. Isolate WA2I1S0 11 showed a remarkable a-amylase
enzyme activity (21.155 U mL" - 45.925 U mL") when grown at temperature ranges of 45-40 DC for 24hrs.
Considerably higher enzyme activity (54.3 U mL") was observed for a-amylase produced by WA2IISOI 1
grown at 40 DC for 24hrs, at reaction temper' mres of 60 DC after 30 min of incubation. R.educed enzyme
activity was observed when reaction temperahlre decreased to 40°C - SO Dc. The optimum growth
temperature of isolate W A2/ISOl1 was observed at 43°C after 24 hrs in LB broth medium using cell
biomass concentrations via dry weight measurements (0,613 g L·'). Majority of the bacteria (M03/IS09,
MOS/ISOlO, WA2/IS01I, and WA2I1S013) in lvJahaoya and Wahawa hot spring water samples belongs to
genus Bacillus and all were found to be capable of producing thermophilic a-amylase enzyme, some of
which showed activity even at 60°C.
Key words: Hot springs. thermophile. biochemical tests, thermostable, enzyme activity, o.-amylase

INTRODUCTION
Environmental conditions on earth vary dramatically up to extreme, mainly the physical conditions such as
temperature, pressllfe or radiation etc. A long time ago it was believed that most extreme environments are
too hostile to support any life fOm1. During last few decades, it is proved that they actually provide a natural
habitat for certain microorganisms (Islas et ai., 2007). Microorganisms that have evolved strategies to such
extreme conditions are tem1ed as extremophiles, Such microorganisms are adopted to survive in ecological
niches such as hot springs, deep-sea hydrothennal vents, sea ice, sub surface regions and sulfataric fields.
Hot springs are defIned as springs where the temperature of water lies significantly above the mean of annual
air temperature of that region. It is produced from emerging ground water from earth's crust which is heated
geothermally (Sen el ai., 2010). There are about nine recognized thennal springs in Sri Lanka distributed
across the country.

* Corresponding author: chandrani _yvijeya@yahoo.com
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From the beginning of nineteenth century, existence of microorganisms in hot springs was reported and it
includes the members of algae, bacteria and fungi (Farrel and Rose 1967), The ability of thermophiles to
thrive in extremely bot environments clarifies that the bimolecular constituents in these microorganisms are
designed to function at high temperatures, They arc usually known as extremozymes, enzymes which can
function even at extremely high temperatures where other enzymes denatured, Heat stable enzymes
discovered from thermophiles received special attemionfrom scientists as they are very important in
biotechnology field (Malkawi and AI-Omari 2010).
Objective of this srudy is to isolate and identifY thermophilic or thennotolerant microorganisms from Sri
Lankan hot springs and to study tbe growth temperature and enzyme activity of such thermophilic bacteria.

METHODOLOGY
Sampling and Isolation
Mahaoyo and Wahawa thermal springs were selected as sampling spots for this stndy, Thermal spring water
samples were collected from, three weBs of Mahaoya and three wells of Wahawa and they were inoculated
into three different broth media LuriaBertani (LB-LO% Baclo tryptone, 0,5% Bacto yeast, LO% NaCl),
Medium 13(0.1% yeast extract, 0,02% (NH,)2S04, 0.05% MgSO•. 7H,O, 0,02S% CaCI 1 2H20, 0,06%
KH,P0 4 , 0.1% glucose. pH 7m and Medium74 (0.4% yeast exlract, 0.8% polypeptone, 02% NaCL pH 7,0)
at tbe site itself under aseptic condition, Cyanobacteria grown along the wall of the hot springs were
collected from Mahaoya and Wahawa hot springs into sterilized flasks. The therroal water temperature of
each spring was measured. All the broth cultures were incubated at 43°C, and the cyanobacterial samples
were placed near the window pane to get enough sunlighL Electrical conductivity and pH of collected
thennal spring water samples were measured using EC and pH meter. Isolation of thermophilic bacteria was
done in three different solid media namely LB agar, Mediuml3 agar and Medium74 agar and the plates were
incubated at 43°C for 24 hrs,

Identification of Bacterial Isolates and Cyanobacteria
Seven different bacterial isolates were identified and they were labeled properly as follows: MOllIS08,
M03fIS09, MOSlISOIO, WA2IISOlI, WA2!JS012, WA2IIS013, and WA3I1S0J4, 0ut of the seven

bacterial isolates, four were selected based on their ability to grow above 5SoC namely, M0311S09, M05!
ISO I 0, WA2/ISO 11, and WA21ISO 13, for further studies, These four bacterial isolates were identified to
their generic level according to their colony characteristics, !,'Tam properties, endospore production and
standard biochemical characteristics, Cyanobacteria were identified based on their size, shape and
morphological features using available keys (Abeywickrama et aL, 1986 and Deshikachary 1959),

Determination of Optimum Temperature for

!l

Amylase Production

Selected four bacterial isolates (M03!1S09, M05!!SOIO, WA2!!SOll, and WA2/1S0I3) were inoculated
into flasks containing about 50 mL of starch broth medium, An un-inoculated starch broth was served as the
control. Inoculated starch broths were incubated at 40°C in an incubated shaker at 100 rpm for 24 hr8, Q
Amylase enzyme activity was deterroined by a modified method of Fuwa (Sohail et aL, 200S),Cell free
culture supernatants were obtained by centrifuging 1.0 mL of broth culttn'es for 5 min at 3000 rpm, To
detennine the amylase enzyme activity 60 flL of crude enzyme was mixed with 200 flL of reaction mixture
containing of O,5M Sodium acetate huffer (PH 5,9) and OSlo starch solution, Then the mixture was
incubated at 40 cC for 30 min. The reaction was stopped after incubarion period by adding 200 ilL of 1M
acetic acid and the volnmc of the solution was made up to 10 mL using sterile distilled water and the
spectrophotometer readings were recorded at 660ron after adding 200 flL of iodine solution, Separate blanks
were used for each and every bacterial culture, The same volume of distilled water was used for blanks
instead of 0.5% starch solntion.
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The enzyme activity was calculated as relative activity based on the following equation (Bautista et ai.,
1978);

Unit Enzyme Activity = (OD

contro'-

OD ,.,,) X toO X 1
t

OD control
t- Incubation time (min).

One unit of enzyme activity was defined as the quantity of enzyme able to hydrolyze OJ mg of starch per
minute under standard assay conditions (Sohail el aI., 2005). Then, the average unit of enzyme activity per
mL (lJ/mL) of crude enzyme was determined. Above
was repeated at different growth
ternpl,ra;tur.,s such as 43°C, 45°C and 50n C and their enzyme activities were calculated as described above.

Effect of Reaction Temperature in a Amylase Enzyme Activity
Effect of reaction temperature in a Amylase enzyme activity was studied for the crude enzyme obtained
ii'om W A2lISO II bacterial isolate as it showed an indicative a-amylase enzyme activity at ranges of gro\,.,th
temperature compared to other isolates. Cell free culture supernatant was obtained from starch broth cultures
of W A2IISO II grown at 40 'c for 24 hrs. The unit enzyme activity was detennined after incubating the
reaction mixture at different temperatures (40'C, 50'C & 60'C), as described above.

Determination of Optimum Temperature for the Growth ofWA21lS011
Fresh culture of WA2/1S0 II was inoculated into three flasks containing 100 mL of Luria Bertani medium.
The flasks were incubated at different temperatures 40°C, 43°C and 45°C for 24 hrs. Optimum temperature
for the grov,1h of WA2/ISO 11 was determined by the measurements of cell biomass concentration as grams
of dry weight per liter using averages of values obtained at different temperatures (Wang 1996).

RESULTS AND DISCUSSION
The temperature of these two hot springs ra,lges from 43°C-57°C. Their pH ranges ti'om 7.6-7.8, are
somewhat closed to neutral and their conductivities ranges from 1289-1350 !is/em, are higher than that of
pure water (EC of pure water is 0.055 !is/em). The conductivity of Wahawa well No.03 (212 !is/em) out
lays this range. Electrical conductivity is estimated by the total amount of dissolved inorganic solids in
the conductivity. Very low
water. It is generally affected by water temperature; wanner the water
conductivity of Wahwa well No. 03 may be due to the low levels of dissolved solids as it is a still emerging
thermal spring.

Table 1: Temperature, pH and conductivity ofwa!er in Mahaoya hot springs
Conductivity!

Temperaturel"c

Special note

pH (JO,3°C)

55

Erupt bubbles

7.81

1343

3

57

Erupt bubbles

7.72

1299

5

55

Eruct bubbles

7.72

135Q

WollNo.

"skm

Bacterial growth above temperatures of 55°C, suggested tbat the
four bacterial isolates (M031IS09,
M05/ISO 10, W A2lISO 11 and W A2/ISO 13) are thennophiles and capable of producing enzymes such as
amylase, protease and catalase. As these enzymes are produced by organisms capable of growing at higher
temperatures, they were assumed as thermostable c;nzymes which are active even at high temperatures.
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Table 2: Temperature, pH and conductivity of water in Wahawa hot springs
Well

Temperatare f'c

No,

pH

Special Dote

ConductMtyll1Slcm

I

45

The flowing artesial well

7.61

1253

2

47

Built in the fann of tanks

7.58

1289

3

47

Originating spring in a paddy field

7.63

212

These four bacterial strains were identified as Gram positive, rod shaped spore formers via Gram stain and
spore stain procedures (Table 3). Most of me characters of these selected bacterial strains such as
morphological, staining and biochemical characters were similar to genus Bacillus. Therefore, these strains
were confirmed as species of Bacillus.
In the present study, nine cyanobacterial genera were identified from Mahaoya aod Wahawa hot springs
namely, Schytonema, Lyngbya, Stigonema, Nos/oc, Gleocapsa, Chroococcus, Coelosphaerium, Phormidium
and Calothrix. A stndy conducted by Wanigatunge et 01. (2012), on microbial diversity of thennal springs
using 16S rRNA analysis, revealed the presence of Burkholderia a proteobacteria from Mahaoya and
Wahawa, archaea from Nefum-wewa and Wahawa and eubacteria
and cyanobacteria such as
Chroococcidiopsis, Oscillatoria, Calothrix, Leplofyngbya and Xenococcllsin from Kanniya, Nelum-wewa,
lv[ahaoya, Wahavva, Kapurefla and Rangiriulpotha.

Table 3: Summary of characteristics of selected bacterial isolates from JWahaoya and
Wahawa hot springs
Fermentation
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Determination of Optimum Temperature for a-Amylase Production
Bacterial iso late W A2IISO 13 showed the highest enzyme production at growth temperatures of 40°C and
when the growth temperature was increased, the enzyme production gradually decreased. According to unit
enzyme activities obtained for four bacterial1so1ates at different growth temperatures, isolate W A2IISO 11
showed high rate of enzyme production at different temperature ranges compared to other three isolates
(Figure I) .

Effect of Temperature in ",-Amylase
Production
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Figure 1: a-Amylase enzyme activities of
four bacterial isolates grown at different
temperatures.

Effect of Reaction Temperature on
A - Amylase Enzyme Acti,1ty of WAZIISOll

Thermostable enzymes have received the attention of most of the researchers in recent years as plenty of
industrial enzymatic processes operate at high temperatures. Amylases are starch degrading enzymes and
they have numeroUs applications in various fields including industries, analytical, pharmaceutical and
clinical app lications (Sohail et al., 2005). As isolate WA2IIS01 1 is capable of producing Cl-amy lase enzyme
at a range of temperatures 40°C-45°C (Figure 1), during the industrial production, if there 1S any fluctuation
in the system temperature within the range, it may cause only a minor effect in enzyme production.
Although the observed enzyme production of isolates M03/IS09 and M05/1S0 10 were comparatively
lower than other two isolates, the isolate M05IISO 10 showed a gradual increase in enzyme activity at very
low level (0.507 U/mL - 5.517 U/mL) when the growth temperature is increased (Figure 1). Further increase
in temperature may increase the enzyme production rate. However, the requirement of high temperature for
industrial enzyme production is not an advantage as it costs energy . Most constrains in enzyme production
can be overcome using molecular microbiology. The gene encodes for thermozymes can be cloned and
expressed in mesophiles such as Escherichia coli (Gomes and Steiner 2004). As unique thermal properties
are encoded in genes, it is possible to express them in mesophilic host organisms (Sellek and
Chaudhuri 1999).

Effect of reaction temperature on a -Amylase enzyme activity
The crude Cl amylase enzyme obtained from W A2IISO 11 showed higher enzyme activity at 60°e. The
enzyme activity decreased gradually when the temperature was decreased (Figure 2). Bacterial isolate WA21
ISO ll showed relatively high activity (54.3 U/mL) even at high temperature 60°C, indicating that Cl-amylase
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produced by particular isolate is ihennostableo As the tempemtures higher than 60"C was not used dunng the
present study the maximum temperature for a-amylase enzyme activity Was not determined. However,
thermostable amylase enzyme produced by
bacterial isolate W A21ISO I I may be able to replace
themlOJabilc a-amylases used in various industrial processes. A study conducted by Sohai1 el (II (2005)
found that the maximum enzyme activity of bacterial origin a-amylase at GOoC, supports the results obtained
during the present study, and some ofthe a-amylases found to be remain active even at 80"C which was not
detcl1nined dunng the present study. A separate study conducted by Cordeiro et ai. (2002) revealed that a
thermophilic Bacillus sp. Strain SMIA-2 has optimum a-amylase activity at 70°C A recent study earried out
by Mathew 01 ai. (2012) found that Bacillus !ichenifonnis isolated from Nelum-wewa hot water spring
produced an extracellular amylase enzyme that has the maximum activity (4300 un:.) at 50°C and their
activity was reduced when the temperature was increased up to 60°C-70°C But, amylase enzyme of W A21
ISO 11 showed higher activity at 60°C

Determination of the optimum temperature for the growth ofWA2JISOll
The optimnm gro'''th (0.613 giL) of bacterial isolate WA2/IS011 was observed at 43°C (Figure 3).
optimum temperature for a-amylase enzyme production can be con-elated with the optimum temperature of
its growth, as both were observed at 43°C High amount of enzyme production (46262 u/mL) at 43°C may
be due to the optimum growth of bacteria A study conducted by Fooladi and Sajjadian (20 I0) reported that
the effect of temperature on a-amylase enzyme production can be related to tbe growth of particular
organismo But, it is not a nonn that optimum gmwth temperature of all a-amylase producing strains induces
the optimum enzyme production always. In a study conducted by Windish and Mhatre (1965) it is reported
that there is an inverse ratio between the grov.'lh and a-amylase production of Bacillus slearothermophilus.
Growth Temperature(°C) Vs Cell Biomass
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:Figure 3: Average cell biomass concentration of W A2IISOll at different growth temperatures
Optical density (00) measurement is the most often used method in deteffilination
bacterial cell growth
(Wang 1996). However, selected four thermophiles were not capable of producing a homogeneous culture
broth. Flocculation of bacterial cells was observed within 24 hrs of inoculation resulting in a nOn
homogeneous culture. Therefore, it was impossible to measure OD values using a spectrophotometer. It was
observed that the growth of bacteria changed the pH of the medium in to alkaline range. Therefore, several
drops of diluted acid were added into the sample culture broth in order to dissolve the flocks of bacterial
cells. But, it was not successful even at increased aCldic concentratlons to remove tlocculation of bacterial
collso
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CONCLUSIONS AND RECOMl\1ENDATIONS
Majority of bacteria in Mahaoya and Wahawa hot

water samples belong to genus Bacillus.
Schytonema, Lyngbya, Stigonel1la, Nostoc, Gleocapsa, Chroococcus, Coelosphaerium, Phormidium and
Calothrix are the nine cyanobactelial genera identified from hot spring samples of Mahaoya and Wahawa.
Bacterial isolates M03!IS09, M05iISOIO, W}\.2IISOll and WA.2IIS013 were found to be themlOphilic and
some were capable of producing thermostable enzymes. The a-amylase enzyme production by isolate W A.2!

IS011 was found to be optimum at its optimum growth temperatore 43°C. Crude a-amylase enzyme of
WA.2IISOII was

to be active even at 60°C and the aetivity decreased with decrease in temperatnre.

There are disputed
about the promising
of thermophiles and their enzymes in
various fields. Due to the complications in the manufacturing processes only a small extent of thermostable
enzymes enters into the current market. However, it opens a wide avenue to rnvestigate the potentials of
thermophilic bacteria and cyanobacteria fur their ability to produce other products with vital biotechnological
importance.
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18.
COMPOSITION AND DIVERSITY OF THE MACROBENTHIC COMMUNITY IN
UNA WA TUNA, AH.I\NGAMA. AND MADIMA, SOUTHERN COAST OF SRI LANKA.

Niroshana K. H. Hand Terney Pradeep Kumara P.B*
Department of Oceanography and Marine Geology, University of Ruhuna.
ABSTRACT
Macro benthic fauna i.nhabit the bottom sediment layers. They play a very important role in benthic
ecosystem functions inCluding nutrient recycling, decomposing partieulate organic material by exposing
them to microorganisms and also serve as a food source for other consumers in marine food webs. Macro
benthos are sometimes considered as indicator species that provide evidences of the health condition of a
ecosystem since the distribution of macro benthos significantly depend on the characters of the physical
condition of the substrates, nutrient content and physico chemical water quality parameters, The study
macrobenthic fauna in a coastal ecosystem would serve as a llseful index for evaluating its ecology and the
pollution levels. The present study on macro benthic fauna was carried out in the southern coastal belt of Sri
Lanka from May 2013 to July 20]3, Three sampling stations were selected for this study, namely,
Unawatuna, Ahangama and Madilla, Sediment samples were collected to analyze macrobenthos in order to
evaluate species diversity and density. Water samples were collected to determine selected physico chemical
parameters. Fourteen macrobenthic faunal species were identified, which comprised of 12 gastropods,
1 polychaete, 1 amphipod and I decapod species, The maximum macro benthic faunal species diversity was
recorded in Unawatuna (2.1001) while the lowest species diversity recorded in Madiha (1.4953),

Key words: Macrobenthos, Species diversity, Species density, Gastropods, Polychaetes

INTRODUCTION
Macro benthos are the 'creepy critters' that inhabit in bottom sediments. They playa vita! role in the marine
sediments in ecosystem functIOns including nutrient recycling, pollutant metabolism, and dispersion and in
secondary production (Snelgrove, (998), They possess different types of body shapes, feeding habits and
reproductive modes, These fauna are very important organisms in marine food webs since they fOmJ vital
linkages and also they serve as a food source for many coastal fishes. sea birds and other marine
invertebrates, Distribution of macro benthos is greatly dependent on the nature of the physical condition of
the substrates, nutrient content, dissolved oxygen content and Hydrogen Sulphide content Therefore, even a
slight change in the ecosystem results in a substantial change in the benthic community, This phenomenon
allows detcmJination of pollution conditions in coastal marine ecosystem (Fernando, 1981). Therefore,
macro benthos are considered as indicator organisms that provide clues about the condition and
characteristics of the ecosystem The current status of a particular ecosystem can be only detemJined by
standard analysis of its benthic fauna. Since there was no evidence on a single detailed study on macro
benthos in the Southern coastal region of Sri Lanka, this study was planned to investigate the diversity and
density of macro he nth os in selected sites of the Southern coast of Sri Lanka.

M,HERIALS AI'!D METHODS
The present study was carried out for three months from May 2013 to July 2013 from Unwaluna to Madiha
of the Southern coast
Sri Lanka. Three stations were selected for this study, namely, Unawatuna
(Station 1) WOO' 19.30" N, 80" 15' 17.81" E), Ahangama (Station 2), (5° 51' 59.43" N, 80c 22' 29.77" E)
and Madiha (Station 3) (5° 56' I L07" N, 80° 30' 53,00" E). Water and sediment samples were collected
monthly from each station during the study pedod. A hand corer of inner diameter of 4,2cm was used to
if:.
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collect sediment samples. All samples were filtered through a sieve of 0.5mm mesh size and the organisms
collected were preserved in 5% fonnalin. Organisms were identified up to species level using standard
references and identification guides (Fernando, 2009). The number of individuals of each species was
counted. The species density was expressed as Number of organisms/m' (individuals/m'). Species diversity
and Evenness at sampling stations were estimated by using Shannon-Wieners diversity index. The water
quality parameters, temperature, salinity, pH and Dissolved Oxygen (DO) were estimated by using standard
methods.

RESULTS Ac'\lD DISCUSSION
The water quality parameters recorded at the stations are given in Table 1. The surface water temperature
ranged from the lowest value of 26°C: at station 3 to the highest value of 28 0c: at station 1 and 2. The
salinity of the surface waler varied between 30 ppt (July) at station 3 and 36 ppt (May) at station 1. The
minimum value of water pH was recorded as 7.73 at station 2 and the maximum was recorded as 7.93 at
station I. DO content in the smface water ranged from the minimum value of 6.5 mgr' (June) at station 2 to
8.4 mgr' (July) at station 3. (Table!).
Macrobenthic organisms belonging to the Gastropoda, Polychaeta, Amphipoda and Decapoda were recorded
during the study period at the three study sites. The highest number of species (14) was recorded from
Unawatuna while 12 and 10 species were recorded ii-om A..hangama and Madiha respectively Cfable 2).
A total of 15 species were recorded from all three sampling sites.
Table 1. Selected physio - chemical water quality parameters recorded at the three
during the study period
Unawatuna
(Station 1)

Parameters

Ahangama
(Station 2)

sampling

sites

Madlha
(Station 3)

May

June

July

May

June

July

May

June

July

Temperature ("e)

28

27.5

27

28

27

27

27.5

27

26

Salinity (ppt)

36

34

34

35

34

34

34

32

30

pH

7.93

7.82

7.81

7.80

7.81

7.73

7.81

7.84

7.76

Dissolved oxygen (mgr')

7.4

7.6

6.8

7.3

6.5

7.0

6.8

7.6

8.4

Table 2. Benthic macrofaunal species recorded during this study
Macrobenthos

. Gastropods

Unawatuna
(Station 1)

No: of species
Ahangam.
(Station 2)

II

9

14

12

Madiha
(Station 3)
7--'---

Polychaetes
Arnphipods
Decapods
Total

10

Only one species of gastropod (Cypraea moneta) was fOlmd restricted to the Unawatuna sampling station
while another gastropod (Conus coronalUs) was found only in Ahangama station. Eight species (5
gastropods - Cypraea arabica, Oliva oliva, Cellalla radiata, Cellana rota, Parelloida striata, I polychaete
Nereis sp., I amphipod- Garnmarus sp. and I decapod - Portunus pelagicus) were recorded at all three
stations (Table 3). Although some of these organisms (gastropods and decapods in particular) prefer rocky
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hard substrates, they weTe found in samples of sediment cores mainly due to characteristics of the specific
sampling sites selected in this study. All these sampling sites are coastal reeflagooos comprised with a mix
of hard and sandy bottom substrates allowing these organisms to be present iu both rocky aud sandy
substrates. The macro benthic species density ranging from the lowest value of 148 individuals/mz was
observed at Madiha station to the highest value of 198 individuals/m' at Unawatuna sampling station.
Ahangama recorded a density 156 individuals 1m2 (Table 3).
The macrobenthic faunal species diversity varied from 1.4953 to 2.1001. The highest macrobcnthic illUnal
species diversity was observed in Unawaruna (2.1001) while the lowest was reported in Madiha (l.4953).
The recorded values of macrobenthic £alma! species diversity confinned that there is no significant
difference of macrobenthos distribution among the sampling stations. The macrobenthic fimnal species
evenness was ranged from 0.6490 to 0.7958 and these values revealed that there is no clear variation of
macrobenthos between the sampling stations and all individuals contributing near sin1ilar proportions tor the
1).
macrohenthos population structure

Table 3. Distribution and mean species density (individuals/ml) of benthic macrofauna! species
recorded at the three stations during the sampling period.

No

Macrobenthos

Mean density (individnals/m')
Unawarun.
Ahangam.
Madill.
(St.tion 1)
(Station 2)
(Station 3)

Gastropods
1

.c:y£".a~a.a~a.~ic.a...

2

C. moneta

4

6

..............._...8
6
5

5

""""""'''"_''",,_,"''._n •••,,,., .. ,'''''·''''_''''U,,"'<>

8

Trochus radiatus

•.

~,

..."."••"'""_"...."...... ".... _..

,."~"'

•• __ " •.,_ ""••"_"'....

8

,.,.~'"

...,,".. ,,.

7

9
10

7

4
5

82

76

90

22

17

12

8

5

4

156

148

198
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2.5

2.1001
2

1.5
1

0.1,49

0.5

o
Ullawatuna
(St.tion 1)

Ahangama
{Station 2)

:::,: Shannon and Wieners diversITY index {H}

MacHos
{Station 3)

Evenness

Figure 1. Species diversity and Species Evenness of macrobentbic fauna
This study found that Gastropods were the dominant group of macrobenthos. The phenomenon was also
observed in a similar study carried out ill the coastal belt of Thondi, Southeast coast of India (Anbuchezhian
et ai., 2009). Dominance of Gastropods was followed by Polychaetes, Amphipods and Decapods.
Although only a single species of ploychaetes (Nereis sp.) was reported in this study the same species was
found to be the domillant macro benthic fauna that showed the highest average species density at all sampling
stations. The high polychaete species density might be a result of the dense cover provided by seaweed
depositions that is used to protect themselves ill adverse condition ill coastal estuarine habitats (Sadhana,
1993).
In the current study, the station 3 (Madiha) showed lowest macrobenthic abundance as well as the species
density and diversity (Table 2, Table 3 and Figure 1). This might be due to the presence of coconut husks
pits that may contribute to make the shore environment anaerobic. Compared to other sampling stations,
station I (Unawatuna) had higher macrobenthic species abundance as well as lligh species density and
diversity. This can bc attributed to abundance of sea weeds and sea grass patches ill the area which provides
favorahle environment for macrobenthos.
The physico chemical parameter such as water temperature is an important ecological factor that influences
(Varadharajan 0/
2010). This study was carried out only for
the distribution of macrobentbic
three months and the results of the physico chemical water quality parameters WaS not sufficient to show any
significant influence on diversity and density of macrobenthic fauna. Therefore, a long tenn study of at least
one year is needed to understand the density, diversity and the temporal changes of macro benthic fauna.
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19.
SOIL MICROBIAL DIVERSITY FOR BIO PROSPECTING
S. C. Wijayaratne
Department of Botany, Faculty of Applied Sciences, University of Sri Jawardenapura.
chandrani_wijeya@yahoo.com

Microbes have been living on this planet since mOre than three billion of years ago. But, it was only after the
discovery
symbiotic, non-symbiotic aerobic nitrogen
and sulphate reducing bacteria from soil by
Beijerinck (1888-190 I), the role of microorganisms in ecosystem was well recognized. His work contributed
greatly to understand the critical role of microorganism in elemental cycling, which gave insight into their
involvement in energy and nutrient exchange in the ecosystem. Subsequently, with the discovery of
antibiotics by Alexander Fleming in 1928 and later with various technological advancements, a renaissance
in microbiology came about especially in areas of bioprospecting.
It is difficult to correctly estimate the total number of microorganisms present in the biosphere. However,
approximate calculations suggest that 4-6 x iO 30 prokaryotes inhabits the earth(l)but the proportion of
microorganisms, which can be cultured, is estimated to be only 0.1 % or at most 10% of the total population
in the biosphere. Major revolutionary advancement in biological sciences that came about in the last few
decades have facilitated exploitation of microorganisms to obtain various biochemicals, ranging from food to
pharmaceuticals, to use them in a variety ofbioprocesses for the benefit of man. Almost all of these microbial
products or processes have been developed essentially from cultivabie microorganisms.
Currently there is a global drive to promote industrial bioteclmology for a sustainable economic [uhlre in
modem industrial societies. White biotechnology as it is nOw referred to, originating partly or fully from
microorganisms, has its roots in anciem human history and its products arc already part of everyday Efe from
vitamins, medicines, biofuel, bioplastics to enzymes in detergents or dairy or bakery products (2). However,
the handful of known microbes is unable to fulfill all of the future requirements of the human society. It has
been well established that some of the unique abilities of microorganisms viz. production of
phannacologically active secondary metabolites, decomposition of recalcitrant materials such as
lignocellulosic plant cell walls, arc due to the activJties of microorganisms that live in consortia or by
microorganisms that inhabit unique niches, some of which are difficult to establish in vitro. As such,
microbiologists besides surveying hitherto unexplored unique ecosystems, viz. extreme environments,
endophytic environments, should also use cultivation independent methods to detect and make use of
uneultivable microbes to satisfy future requirements. To meet these challenges, already various methods have
been adopted: mimicking natural habitats for growth, single cell micro-encapSUlation and heterogenous
expression of biosynthetic genes that encode secondary metabolites through cloning. A novel method to
study microbial systems at the ecosystem level (ceo-systems biology) is to characterize complete microbial
ecosystems by combining metagenomics (also referred to as environment and community genomic5), meta
transcriptomics and meta-metabolics facilitated by faster and low cost novel gene sequencing technologies,
which do not require the cloning of DNA fragments before sequencing as in conventIOnal sequencing (3). In
metagcnomic studies, the focus is 011 16S ribosomal RNA sequences, wbich are relatively small and often
conserved within the species. These new technologies can provide a cultivation-independent assessment of
the largely untapped genetic reservoir of soil microbial communities.

107

Proceedings of,he National Symposium on Soil Biodiversity - 2013

Cellulose is nature's most abundant biopolymer, and long has been recognized as a potential source of sugars
for biofuel production, Use of recalcitrant biomass, such as lignocellulosic plant cell walls, is a vast and
potential resource for new biocatalytics (enzymes) for various industrial processes, including the production
of biofuek For prospecting novel enzymes from an isolated metagenomic DNA, two complementary
approaches can be used: function,based
of expression libraries and sequence,based gene searches,
In the former, metagenomic expression libraries are constructed and screened [or
enzyme activities
while for the latter, target genes are cloned after being amplified from
DNA by using
these
methods would
polymerase chain reaction with conserved sequences as primers (3),
pave the way to access boundless realms of microbial biodiversity and also give the way to the reality of
tapping this biodiversity for the benefit of man,
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PROSPECTS IN EXPLORING AND PROMOTLNG POTENTIAL SOIL ORGANISMS
TOWARDS ORGANIC AClliCULTURE AND TO PRESERVE SOIL BIODIVERSITY IN
NORTHERN PROVlNCE OF' Slli LANKA
Mikunthan C,
Department of Agricultural Biology, Faculty of Agriculture, University of Jaffna, Jaffna
gmikunthan@gmail.com & mikunthan@j[n.ac.lk
ABSTRACT
This paper discusses the potential of soil organisms that can be used to protect agriculture in the Northern
Province and to protect the soil biodiversity in fhture. The findings of researches can·jed out and on-going
researches at the Department of Agricultural Biology at University of Jaffna jointly with Green Farms Pvl.
Ltd., an ornamental plants export industry at Marawilla have given hope to rrunimize and avoid application
inorganic chemicals to grow crops organically, Commercializing bioagents (entomopathogens such as
Nomuraea rileyi. il1clarhizium anisopliae, Fusarium incarvalum and antagonistic flmgi, namely Trichoderma
viride and Trichoderma harzianum), and beneficial soil organisms such as earth worms (Eisenia felida) and
making them available at the doorstep will help the farmers to opt for alternate methods to minimize the use
of inorganic chemicals. Small scale production of thes~ saprophytic bioagenls is possible using waste
materials and locally available materials. Research on conversion of organic wastes into vermicompost and
venniwash proved that the combination of both have yielded on par witb the application of inorganic
chemicals. Further, venniwasb is the cheap and tbe best nutrient supplement to commercialized foliar
nutrient. Extensive awareness programs together with educating farming community will help to protect soil
biodiversity. The risk associated with !be deterioration of soil biodiversity of this Province can be overCome
with the application of beneficial soil microbes and produce a healthy environment for the fauua and flora
towards the task of preserving and protecting the biodiverSity.

Key works: Soil organisms, soil biodiversity, el1lomopathogens, earthworms, bio agenls

INTRODUCTION
Sri Lanka is blessed with an excellent biodiversity, which does not exist in a small island of this nature
anywhere else in the world. Sucb an awesome potential of biodiversity is at the risk of deterioration due to
unplanned man-made disasters. In addition, intensive agriculture is an added cause that directly enforces to
depend on inorganic fertilizers and pesticides to obtain high yield, The introduction of newly improved input
responsive varieties demanded additional intake of readily available nutrients through the commercialized
foml of inorganic fertilizers. Being an essential component in conventional agr'iculture, inorganic chemicals
are therefore dominated indiscriminately in their application and resulted in additional quantities of nitrate
nitrogen dissolved in ground water, declined beneficial microbes in soil, and emergence of unexpected pests
and diseases as serious problems in agricnlture. Dependence on the artincial fertilizers further influenced the
fanners to apply indiscriminately and ended up with polluting tbe environment. It has been also suspected
that the increased incidence of cancer in Jaffna peninSUla would have been the result of injudicious
application of inorganic toxic chemicals (Jeyakumaran and Mikuntban, 2008).

PRESENT STATUS
At this juncture, it is essential to look for a viahle and sustainable alternative to these agrochemicals and to
preserve and protect the beneficial microorganisms in the soil to empower the natural system active.
Preserving soil biodiversity is essential to provide a conducive soil environment for healthy farming.
Understanding the soil biodiversity, especially the soil organisms, helps to minirnize the use of inorganic
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chemicals and to encourage the use of such microbes in the fanning by the fanning corrununity. Since there
are not many commercially readily available soil organisms in the market to enable the farmers to buy and
use in their field, research has to be strengthened to provide such accessibilities. Considering the above facts,
this paper explains the findings of ongoing research and summarizes the research carried out at Depat1ment
of Agricultural Biology of University of Jaffila. It also attempts to set a goal for the future line of work to
minimize the use of inorganic chemicals and to preserve and protect biodiversity in this region.

MATERIALS AND METHODS
Soil samples were obtained from various places and soil organisms were isolated. Different isolation
techniques and trapping methods were employed to isolate the microbes and earthworms. Especially, foliar
sampling, serial dilution of soil, soil bait methods using the storage beetle, Tribolium costol1eum and
sampling from litter collected from various places were used to isolate microorganisms.

Foliar sampling:
Infected cadavers collected from foliage of different crops such as bJack gram, green gram, ground nut, chilli,
brinjal, tomato, rice, and castor were observed under the stereobinocular microscope for signs of fungal
infections. A diseased cadaver, which was having completely developed mycoses naturally, was collected
from a paddy field at Munmkan, Northern Province. The fungus was isolated and cultured in PDA. Koch's
postulates were applied to confirm the fungal infection.

Serial dilution of soil:
Soil samples were obtained from different cropping systems and were used for serial dilution up to six times.
Isolated fungal colonies were plated and pure cullmes were maintained. Those fungal species were tested
against larvae of different insect pests by applying the fungal suspension topically. Further studies were
carried out for those isolated fungi. Through sieving and isolation techniques fungi associated with the roots
also recovered.

Soil baits method:
Soil bait method was used to tTap entomopathogens from the soil. To trap the entomopathogens larvae of
storage beetle, T castOl1eUn1, were used. The soil samples obtained from different cropping systems were
brought to the laboratory and representative samples were collected in the plastic containers and five from
each first and second instar larvae were released into each container. The containers were kept upside down
allowing the larvae completely in contact with the soil. After 12 hours the larvae were separated out and kept
in a humid chamber with the food to prevent dying of the lmvae due to stmvation. Infected dead larvae with
extluding fungal mycelia were used to isolate the fungal pathogens into Saboraud media plates. Similarly
while doing so a nematode was also isolated from the soil using the bait. The nematode was reared in the
gmb and pupae of the storage beetle, T.castanewn and confirmed its pathogenicity through successful
infection of the nematode on the insect larvae.

Isolation of earthworm:
While isolating the organisms from the soil, earthworms were also trapped from the litter of the soil. These
earthworms were identified using morphological characters and multiplied. The worms were used in
different experiments and the results are summarized. Epigeic worms were used to find out the best media
from the combination of wastes generated daily at household and to mass rear them.

RESULTS AND DISCUSSION
The organisms recovered using different isolation and trapping techniques were used m many
experiments and the results a.re prOlnising.
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From the foliage sampling of chilli and black gram, following fungal pathogens were isolated. Melarhizium
sp. was isolated from the infected larvae of Spodoplem lilum damaging black gram (Mikunthan, 1995) and
Fusarium incarvatum (fonnerly Fusarium semi/ectum), Neozygiles floridana, and .Metarhizi:um anisopliae
were isolated from diseased thrips, Scirtolhrips dorsalis and F. il1carvatum were isolated from broad mite,
Polyphagotarsonemus latus damaging chilli leaves (Mikunthan and Manjunatha, 2005). An entomopatbogen,
NOlnureae riley! was isolated from the infected cadaver of Helicoverpa armigera damaging pulses. Though
Njloridana is reported to be commonly associated with mites, this was the fIrst time it was found to have
infected larvae of S.darsalis.
Many isolates of Fusarium sp. recovered from the foliage sampling shows its dominance in the
as a soil
borne microorganism. Field experiments showed the potential of F.incarvalum against S. dorsalis and P.latus
(Mikunthan and Manjunatha, 2006; Mikunthan and Manjunatba, 2008; Mikunthan and Manjunatha, 2010b),
coconut mite, Aceria guen'eronls (Mikunthan and Manjunatha, 20 lOa), hadda beetle , Epilachna
vigintioctopuncta/a (Thurkathipana and Mikunthan, 2008a), queen palm root borer, Parapoynx stratlotata
(Arne Sviningen et al., 20083).
These microorganisms are beneficial to the environment and naturally found in the soil (Thurkathipana and
Mikunthan, 2008ba). Exploring the potential of snch microorganisms will help to augment them to produce
in large scale (Navaneethan and Mikunthan, 2009) and make them available to the farming community at
their doorstep. The compatibility of the bioagents witb the pesticides was also determined «(Mikunthan and
Manjunatha, 201lc). Considering the urgency in substituting the toxic pesticide in fanning, such beneficial
and potential microbes can be developed further into a potential bioagents to control the pests and diseases in
crops (Mikunihan, 2011). Further, the use of sucb microbial organisms especially F. incarvatum exhibited
the potential to infect sucking insects and this could lead to the trausfer of gene of the fungus into the plants
to develop resistance against potential sucking pests, which is a difficult task in using the bioagems
especially, Bt toxins (Mikunthan, 2009).
The soil samples obtained from various cropping systems were serially diluted and the dilutions were plated
in PDA medium. By this method two isolates of Tr!chodem!O were isolated. Tbe isolates were identified as
1: viride and T.harzianum.
These fungal isolates were tested against many fungal especially, Sclerotium m/fti! (Mikunthan, 2008),
Helminthosporium sp. (Jegathambigai et al., 2008b) and nematode patbogen such as Meloidogyne incognita
(Jegathambigai el ai., 2008a) and the results are promising to develop them as a bio control agent. Since this
fungus is well known in its antagonistic ability, they were experimented to grow in the organic wastes and
found growing well in scrapings of coconut after extracting milk. These milk squeezed scrapings are
commonly kept as a waste and now with tbis experimentation, tbe use of scrapings is immensely valuable in
developing bioagents fonnula.
As suggested by Parker e/ al. (1996), instead of Tenebrio moliter, the storage beetle 11'ibolium cas/aneurn
was used successfully as a bait to trap many isolates of Fusarium incarvatwn as well as an entomopathogenic
nematode this year. The isolated Fusarium isolates were cultured and maintained for further studies.
Fusarium isolates were tested for many pests of crops and were found effective agaiust sucking insects like
aphid, scales, thrips and even mites. This sbows the potential of such beneficial microbes to be llsed in
controlling insect pests in near future. The isolation of an entomopathogenie nematode fIrst time in dry zone
bas to be given much emphasis as these are available as formulations in other countries for the use of the
farming community for the control of insect pests.
From the litter, an epigeic eartbwonn, Eisenia foetida was isolated and reared in organ.ic wastes of plant and
animal origin. By using this wonn several research works were carried ont and the summary is given below.
Eisenia foe/ida was very successful to grow in organic waste materials «(piratheban and Mikunthan, 2006;
Arne svinningen et of. 2008b) especially, in kitchen waste and to convert tbe waste into vennicompost,
whicb is tbe best growing media to the potted plants and evon in the field application (Mikunthan and
Piratheeban, 2007). The suppressive effect of Neem was also determined against E. foetida (piratlleban and
Mikunthan, 2006),
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Eisenia foehda is a potential earthworm which helps to convert the household organic wastes into
to the field. In addition the vermiwash produced from the
vermicompost that can be readily
vermicompost container can also be used as a follar nutrient and it substitutes the use of artificial foliar
nutrient used against queen palm (Livistolta rotultdifolia), which is the main ornamental wt foliage regularly
expolted to Europe. TIle combined application of vermicompost and vermiwash also yielded prclmJ smlg
results in increasing yield of many crops as well as the colour of cut foliage, L rotundifolia (Arne
Svinningen et aI., 2008b).

GAPS
Exploratioll of other potential soil organisms especially, the VAM fungi, other entomopathogcns and
beneficial microorganisms in
agroclimatic zones would help to manage the pests and to reduce
the potential of the microbes to be
the application of pesticides. In addition, exploration and
used as biofertilizer and for compost making also have to be studied further in this region. Developing
fotmulations is essential to bring these organisms into a commercialized products readily available in the
markets for the farmers (0 develop confidence on the biological control. And issues related with the product
formulation, storage and effectiveness need to be further studied.

CONCLUSION
The isolation of soil microorganisms especially, the entomopathogenic fungi, antagonistic fungi, a nematode
and earthwonn, has given emphasis to develop them as commercial prodncts to be made available to the
famling community. These soil
have the potential 10 reinstate the lost soil biodiversity due to the
application
inorganic chemicals. Farther research have to be done to investigate the poteutial soil
orgattisms in the soils of Northern Province aud to make them useful to the farming community is the
ultimate task to preserve and protect the soil biodiversity.
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21.
ENHANCED SOIL BIODIVERSITY IN ORGANIC AND BIODYN.t\MIC TEA
CULTIVATION SYSTEMS IN COMPARISON TO A CONVENTIONAL SYSTEM
A..T. Mohottil and K. M. Mohortf'
1 Department

of Crop Science, University of Peradeniya, Peraderuya.
2 Entomology and Nematology Division, Tea Research Institute of Sri Lanka, Talawakek
ABSTRACT
Sustainable fanning is based on building
soils througb ecologically sound agricultural practices.
Organic and biodynamiC agricultural systems satisfy such improvements through non chemical practices
replaced with environmentally friendly crop, soil and environmental management methods. Nevertheless,
indepth studies on soil biological information in such systems are scarce except for a few examples in
temperate countries. Thus, the present study was conducted with the objective of comparing the biological,
chemical and physical properties of tea soils: earthworm biomass, micro-arthropod and free living nematode
densities and soil respiration in soils exposed to biodynamic, organic and conventional systems of the
ongoing "BIDORCON" trial at the Tea Research Institute, Talawakelle prior to first pruning, as indicators of
soil health and biodiversity.
The earthworm biomass was significantly higher in both 0-15 em and 15-30 em soil depths of
biodynamically and organically treated soils when compared to that of conventional soils (P>F 0.0044 and
P>F 0.0124 respectively). A large density of saprophytic organisms was observed in these in soils with high
population ofn-ee
matter and decomposing materials
agrochemicals were not used. A
living nematode species, insects, mites, Collembolans and Myriapods were also seen in biodynamic ally and
organically treated soils in comparison to the conventional tea soils.
In overall terms, activation, conservation and enumeration of important soil biological resources in
agricultural soils were evident with immensely enhanced soil respiration under organic and biodynamic
systems. The negative impacts of synthetic agrochemicals and the importance of maintaining soil biological
assets in sustaining the productivity of tea even with a very low dependence on external agro inputs are
presented.
Key words: Soil biodiversity, organic and biodynamiC tea cultivation, earthworms, micro-arthropods, free
living nematodes, soil respiration

INTRODUCTION
Soil is a dynamic, living matrix that is all essential part of the terrestrial ecosystem. It is a critical resource
not only to agriculture production and food security, but also to the maintenance of most life processes. Soil
encompass enormous numbers of living organisms assembled in complex and varied communities ranging
from invisible microbes, bacteria and fungi to the more familiar macro fauna such as earthworms and
Plant roots are also considered
organisms in view of their
relationships and
interaction with otber soil biological components. They interact with the eco system, environmental factors,
as temperature moisture and acidity as well as with agricultnral management practices. Biological
~i,'p"itv is an important character of a living system which brings several benefits to the environment.
Nevertheless, depletion of soil biodiversity could affect soil productivity and crop production systems as
reported by Fliebach and Mader, 2000, Hntz el al.. 2004, Mohotti et 01., 2002 and Tu el a/., 2006.
The soil biodiversity complex is well explained by OPQ triangle which reflects the living organisms (0),
physico·chemical environment (Pl, and the chemical composition or quality of the organic matter (Q). Direct
and indirect benefits of soil biological components in agricultural systems include economic, environmental
and food security benefits. Estimates show that a fertile soil contains around 1-6 million bacteria Ig and
about onc million fungi/g, 8 million Iha earthworms and immense diversity of all the algae, protozoa,
nematodes, arthropods and insects (Glover et ai., 2000; Mohotti et 01., 2002).

* Corresponding authos: mohollik@yahoo.com
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The importance of soil biodiversity to plant diversity and agricnltural productivity has been the subject of
anecdotal and empirical investigations for some time which recently gathered greater attention in many
temperate countries. As a result, soil biologists and agricultnrists are challenged to address major global
concern of provision of greater food security for all nations on earth in a sustainable way with minimal
damage to the environment. However, the R&D attempts on long term impacts of agricultural practices under
sustainable agricultnral systems are scarce in Sri Lanka and elsewhere, except a few case stndies as reported
by Glover et at. (2000) and Mohotti et ai. (2002).
Tea cultivation is based on high inputs, demanding synthetic fertilizers and agro chemicals for continued
production. In comparison to general agriculture sector, tea cultivation is exposed to rational use of
agrochemicals. Nevertheless, ecological awareness over factors such as pesticide residues in made tea and
worker safety are among a few growing concerns internationally. In parallel, more environmental mendly,
socially just and economically feasible cultivation systems such as organic and biodynamic cultivation in tea
are emerging. In tbis connection, it is significant that Sri Lanka pioneered organic tca production in the
world.

Owing to the importance of self reliance and recycling of natnral resources under sustainable tea cultivation
systems, attributes to sustained yield and productivity of tea have been well experimented in long term field
trials. As a result, various aspects have been evaluated on organic, biodynamic and conventional tea
cultivation systems. The present study was aimed at concentrating On biodiversity status of tea soils prior to
the first pruning under biodynamic, organic and conventional systems of the ongoing "BIDORCON" trial at
the Tea Research Institute, TalawakeBe. As measurements,
living nematodes, earthwonn biomass, micro
arthropod densities and soil respiration were evaluated as soil biodiversity indicators in this stlldy. Green leaf
yield of the three systems were also recorded to study the impacts oftha soil biodiversity.

lVIETHODOLOGY
The data were monitored at the ongoing "BIDORCON" trial at Nature Farming Experimental and Model
Area of the Tea Research Institute of Sri Lanka, Talawakele planted with Assam hybrid seedling lea.
The trial consisted of organic, biodynamic and conventional chemically treated plots.

Treatments
The three cultivation systems nsed were, Biodynamic (application of biodynamic preparations according to
the Sri Lankan biodynamic calendar), Organic (according to {FOAM guidelines, without synthetic fertilizers
or pesticides, compost application two times per year at the rate of 2 kgiplant) and Conventional (fertilizer
and pesticides as per TRI reconunendations). The treatments were arranged in Randomized Complete Block
Design (RCBD) with three replicates. To avoid contaminations of different treatments, each block was
separated with a deep drain and guard rOWS were maintained around each plot. All plots were managed with
Good Agricultural Practices following TRI recommendations.

Soil Biodiversity Measurements
Random soil samples were taken from each plot and composite aliquots were used for the following
measurements.

SoillVlkroblal Activity
Soil respiration of different treatment plots were detennined by using the method described by Anderson
(1982).

Free-living nematode populations
Popnlation of free-living nematodes in soils under different treatments was assessed as per Southey (1981) at
the Nematology laboratory.
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Micro-arthropod assessment
Soil micro arthropods were extracted in water using a simple modification of Berlese apparatus at the
Nematology laboratory. The numbers of insects, mites, Collembolans and Myriapods were counted using a
compound microscope.

Earthworm Assessment
The earthworm biomass was assessed by taking soil samples from 0-15 cm and 15-30 cm depths. The soil of
3375 cm3 volume was removed at each deptb, and carefully separated the earthworms and eggs in each
sample. This was then extrapolated to the eartbworm population and earthworm eggs per ha.

Data analysis
Data were analyzed using Analysis of Variance (ANOVA) and the means were compared using the
Duncan's New Multiple Range Test (DNMRT).

RESULTS AND DISCUSSION
Soil Microbial Activity
The tea ecosystem is generally undisturbed with a relatively stable micro climate and as such biodiversity
components are close to a natural forest. In tbis study, the measurements of soil respiration revealed that
both organic and biodynamic treatments enhanced soil biological activity over that of the conventional
treatment (Figure 1). Although not significant, the microbial activity under organic and biodynamic
cultivation systems bas shown an increase presumably due to environmentally friendly soil management
practices; in contrast, chemical management under conventional tea cultivation system has led to reduced
microbial activity (Fliebach and Mader, 2000, Entz et al., 2004, Mohotti et al., 2002, Tu et al., 2006).

Soil CO 2 Evolution Rate Under Three Treatments
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Figure 1. Soil microbial activity under organic, biodynamic and conventional cultivation systems.

Free-living nematode popUlations
A large density of saprophytic organisms is associated in soils witb high organic. matter and decomposing
materials. Various fungal species, free living nematodes and micro arthropods are among these, where
undisturbed natural soil systems generally promote such species. In the present study, a greater population
of free living nematode species was seen associated with organic and biodynamic tea soils (Figure 2). The
results agree with records of significantly increased free living nematode densities in organic matter
incorporated tea soils as reported by Mohotti et af. (2002).
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Micro arthropod popula tioDs
Interestingly, tea soils exposed to organic and biodynamic cultivation systems exbibited greater densities of
mites, myriapods and collembolans as compared to that of the conventional system (Figure 3). Species
richness too was high under tbese organic systems while the chemical usage in the conventional system has
resulted in lowered micro arthropod levels as shown by Mohotti et al. (2002).
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Figure 3. Mean micro arthropod species in soils nnder organic, biodynamic and conventional
management systems

Earthworm Biomass
As shown in Table I, the earthworm biomass was significantly higher in both 0-15 em and 15-30 cm soil
depths of biodynamically and organically treated soils than that of conventional soils (p>0.0044 & P>0.0124
respectively). Mohotti et al. (2006) also reported a significant elevation of earthworm biomass in soils under
organic, biodynamiC tea fields when compared to conventional fields.
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Table 1. Mean earthworm activity in soils under organic, biodynamic and conventional management
systems
Number per ha ('000)
Treatment

Earthworms

Eggs

0-15 cm

15-30 cm

0-15 cm

15 -30 cm

Biodynamic

866.67 '

1000.00 '

53.33

146.67 b

Organic

ll20.00'

893.33 '

200.00 '

226.67 '

Conventional

53.33

b

66.67 b

0.00 b

0.00 b

P>F

0.0044

0.0124

0.0080

0.0050

b

Green Leaf Yield of Tea

As presented in Figure 4, it was interesting to note that the plant responses to organic and biodynamic
cultivation practices have been superior to that of the conventional system despite the limited resources.
The improved soil health discussed above and altered chemical and physical properties experienced in tea
soils maintained under sustainable agronomic practices have complemented the growth and yield sustenance
under organic and biodynamic systems as reported by Mohotti and Mohotti (2008). The improved soil
biological resources have certainly helped activation of natural nutrient cycles as well as providing macro
and micro nutrients
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Figure 4. Mean green leaf yield under organic, biodynamic and conventional management systems.

CONCLUSIONS AND THE FUTURE
The overall results clearly show that organic and biodynamic cultivation practices have improved biological
properties in tea soils despite low soil agro-inputs. The important soil biodiversity components responsible
in assuring soil health such as earthworms and micro arthropods have clearly been enumerated under such
systems while there is a direct negative impact by chemical agricultural methods (Glover et ai., 2000;
Mohotti et at., 2002, Fliebach and Mader, 2000, Tu et at., 2006, Entz et at., 2004.
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With the results experienced in the tea ecosystem, the importance of soil biological assets in maintaining the
productivity of agricultural lands is clearly illustrated. One step to sustainable agricultural methods and
practices is the use of the best practices learnt in the organic, biodynamic and conventional management
systems. These illustrate the potentials of sustaining the productivity, with low dependence on external inputs
and to act as an ecosystem service and support in low carbon agriCUlture through activation, conservation and
enumeration of important soil biological resources in agricultural soils. Undoubtedly, these would result in
saving foreign exchange on synthetic agro inputs and increasing cost benefits of the environmentally friendly
and ecologically sound agricultural systems. Fmther, non -erosive land degradation through deteriorating soil
health by use of agrochemicals could be nullified through integration of various sllstainable methods as
opposed to intensive farming methods which damage soil propclties,

While the relationship between the levels of soil biodiversity components and the soil and crop productivity
status were elucidated, the results of this study cOlToborated with those of Mohotti (2002) on the potential of
using soil biodiversity measurements. These could be highlighted in certification of organic and biodynamic
lands as clear determinants,
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22.
BACTERIA WITH POTENITAL PLANT GROWTH-PROMOTING ABILITIES IN THE
ROOT ENVIRONMENT OF SELECTED RICE VARlETIES GROWN IN SRI LANKA
W. S. Dandeniya* and R. M. C. P. Rajapaksha
Department of Soil Science, Faculty of Agriculture, University of Peradeniya.
ABSTRACT
Microorganisms with plan! growth promoting traits can be isolated from plant root environment known as
the rhizosphere. Cul!urable microorganisms with the ability to solubilize phosphrous (Pl, fix di-nitrogen (N,)
gas, secrete hormones like auxin are used in preparation of biofertilizers. The diversity of beneficial
microorganisms in soils and their cbaracters are poorly studied in Sri Lanka. The objective of the present
study was to identifY plant growth promoting bacteria inhabiting rice root environment. Rhizosphere soil
samples were collected from 19 traditional varieties and one exotic variety, and two new improved varieties
grown in irrigated paddy fields at Eppawala and Maha-Illuppallama at flowering stage. Total bacteria,
cellulose decomposers, and Azotobacter in rhizosphere soils, rhizoplane and in endorhizosphere were
enumerated using selective growth media and isolated and sub-cultured for characterization. Cultures were
tested for P solubilization and auxin production and free-living N2 fixation. Selected cultures positive for
beneficial traits were identified using phospholipids fatty acid (PLF A) profiles.
The numbers of total cOlmts of distinct colonies in selective media were different among valieties. Bacterial
colonies with the ability to solubilize P, produce auxin, decompose cellulose and/or fix N2 were found in
rhizosphere soils in to varying degrees depending on the rice variety. Results indicated that despite the
taxonomic similarity, differences exist in the beneficial traits among Pseudomonas sp., which is the
dominant species among bacteria isolates. In addition, Azospirillum, Enterobacter, Exigubaclerium,
Kluyvera, Aeromonas, Acinetobacter, Stenotrophomol1as, Bacillus and Staphylococclls were also isolated.
The study confirms the presence of bacteria with possible plant growth promoting abilities in the rice
rhizosphere. Their diversity and abundance may depend on the rice variety.
Key words: Phosphorous solubilization, N 2 jixetion, Auxin, Pseudomonas

INTRODUCTION
High reliance on chemical fertilizers and pest,cides is a characteristic feature of the widely practicing
agronomic package for rice cultivation in Sri Lanka. An alternative option for nutrient management with
high inputs of inorganic fertilizers is the inclusion of bio-fertilizers along with organic manures to the
nutrient management package (Gunarto et al., 1999; Garai et aI., 2013). BiD-fertilizers are widely formulated
from bacteria he longing to genera such as Rhizobia, Azotobacter, Azospirillum, Pseudomonas and Bacillus
etc. or mixtures aiming to fix nitrogen, solubilize phosphates or decompose fresh organic matrer (Gunarto et
aI., 1999; de Salamone el aI., 20 !O). In addition, mycorrhizae spores and infected roots are also used as
biofertilizers particularly in nurseries. Development of a biofertilizer involves isolation and screening of
microorganisms, testing under controlled condition and verifYing under field condition.
Microorganisms having beneficial traits can be isolated from the rhizosphere and phyllosphere. The diversity
of microorganisms in such habitats is affected by plant species, grov.'lh stage, microbial interactions, hahitat
characters, and agronomic practices leading to selective microbial communities more adapted towards
specific environments (Berg and Smalla, 2009). A comprehensive study of rhizosphere microorganisms
would provides an insight in to the diversity of microorganisms and also provides an opportunity to collect a
large gene pool with beneficial traits.
Despite the fact Sri Lanka has a wide genetic pool of rice little information is available on the diversity of
microorganisms associated with them. Thus, this study was undertaken to establish a culture collection of
plant growth promoting rhizo-bacteria by screening the culturable bacteria inhabiting the root environment
(rhizosphere, rhizoplane and endo-rhizosphere) showing beneficial traits such as fixing nitrogen, solubilizing
Ca-phosphates, producing auxin and/or decomposing cellulose.

* Corresponding author: warshisd@&rrlwil.com
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MATERIALS AND METHODS
Rhizosphere soil and plant samples of 22 rice varieties were collected from paddy fields having Rhodustalf

soils from Eppawala and Maha Iluppallam in the dry zone (DLl) of Sri Lanka.

Table 1. Rice varieties used in the study, their maturity period, sampling stage and cultivated
location

Variety
No.

VI
V2
V3
V4
V5
V6
V7
VB
V9
VIO
V!l
VIZ
VI3

Crop duration*
(Months)

Growth stage
at sampling

6;;,

B

5:6

B

5
9 y,

B

PI

3 Yz

B

7

B

Eppawala
Eppawala

Matba samba
Kalubala Wee

7Y2

B

Maha Iluppallama

6~

B

Sudu Heenaty
Snduru

3>'2t04

B

Maha Iluppallama
Maha I1uppallama

7

B

4 ;z'2

PI

Variety

Buruma
Mabamariya
Kohu Ma Wee
Rathtbal
Rath Suwandal
Raththaran

B0450'

Bandara Haththawa
Nona Bokra b

Location

Eppawala
Eppawala
Eppawal"
Eppawala

B

Maha lluppaUama
Maha !luppallama
Maha !luppal!ama

B

Maha lluppallama
Maha Iluppallama
Maha Iluppallama

VI4
VIS

BO 357'

3 y,

B

R.ath Karol

3:1::

PI

VI6

Al Wee

SOl,

PI

VI?

DikWee

7 Y?

B

VI8
Vl9

Goda Wee
Heen Dil< Wee

V20
V2l

B

Maha Jluppallama
Maha Iluppallarna
Maha Iluppallama

Kalu Heenaty

6
6

M

Maha l1uppallarna
Maha Iluppallama

Weda Heenaty

5;1,

B

Maha lluppallama

B

a - new improved variety. b - exotic variety. B Booting, PI = Pauicle Initiation, M = Milky
"'source: Personal com.munication-P Jant genetic resource center, Gannoruwa; Sri
The Movement of the Protection of Indigenous Seeds, Eppawala.

121

Lanka

and

Proceedings ofrhe NOlionai Symposium on Soil Biodiw:rsiry 201:;

Field at Eppawala was owned by a
organic farm (The Movement of the Protection of Indigenous
Seeds) and has been continuously cropped with traditional rice varieties in both Yaia and Maha seasons for
past 12 years.Field at Maha lluppaUama was located at the research farm of the University of Peradeniya
hand has been cultivated in both seasons under conventional management for more than 20 years.
Rllizosphere soils from one plant from each six traditional varieties being grown in Maim 2006/2007 season
Eppawala and three plants from each 13 traditional, one exotic and two new improved rice varieties being
grown in Yala 2007 season were collected (Table 1).
Afrer transferring samples to the laboratory, shoots were removed and soil adhering to milky roots were
separated as rhizosphere soil and stored at 4°C until commencing with analysis, Fresh milky roots were
separated and used to stain for
fungi and enumeration of rhizoplane and cndorhizosphere
bacteria on the same day, Soil pH, available N forms (NO,' and NIL,), available P (Olsen and Sommers,
1982) and organic carbon content (Nelson and Sommers, 1996) in rhizosphere soils were detennined.
Sample preparation and the analyses were performed at Department of Soil Science of Faculty of
Agriculture, University ofPeradeniya,

Microbiological analyses
Selective growth media listed in SSSA special publication on microbiological methods were used in this
study. Using plate count method with Tryptic
Broth erSB) agar medium and a cellulose medium,
population sizes of total culturable bacteria and cellulose decomposing bacteria in rhizosphere soils were
estimated and
as number of colony fonning units per unit of dry soil (CFU g"). Numbers of
distinct colonies based on
characters were used as a measure of diversity and selected
colonies were isolated and sub-cultured for characterization and identification,
To isolate rhizoplanc
a
of
roots of each rice variety was washed thoroughly with
distilled water and then with
water to remove adhering soil particles. The washed roots
were placed separately in
TSB and N free mineral medium selective for bacteria and
AzospirillulI1,
and incubated at fOam temperature in dark. Later TSB was sub cultured on
Tryptic Soy
(TSA)
B medium and N free medium selective for generic bacteria,
Pseudomonas sp, and Azotobacter type bacteria, respectively, and incubated at 28°C. Azaspirillum broth
was subcultured on to TSB agar medium and incubated until pigment production was observed, Colonies
with distinct characteristics were isolated
TSA and stored at 4°C until further characterization,
To isolate endorhizosphere bacteria, a sample of young roots of each rice variety was washed thoroughly
with distilled water to remove
soil particles and then surface sterilized (Lalande el al., 1989). Roots
were then crnshed and aseptically transferred into bottles containing sterilized TSB and Azospirillum broth
and incubated at room temperature in dark. The broth cultures were sub cultured onto agar plates as
described previously and colonies were isolated for characterization, Fresh roots were examined for
mycorhizal infections (Brnndrett et
1996),

Screening the isolates for beneficial traits
Rhizosphere, rhizoplane and endorhizosphere bacteria isolated on TSA medium and Pseudomonas selective
media were tested for auxin production and phosphorous solubilizing activity. Qualitative detennination of
auxin production was performed following the procedure described by Gordon and Weber (1951). To test
the P solubilizing ability isolates were streaked on plates containing yeast extract- glucose medium (Yeast
extract 5 g L,j, Glucose 10 g L",
20 g L,j, Tri Calcium phosphate 3 g L") amended with rock
phosphate and incubated at 28 'C for a week. Colonies positive for phosphorous solubilizing activity result a
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clear zone or haloes on the medium surrounding them, Single colonies obtained on Azotobacter medium
were subcultured on nitrogen free LG medium containing bromothymole blue as the pH indicator. A colour
change from characteristic blue colour to yellow colour in the medium waS used to screen nitrogen fixing
organisms (Aquilanti et ai" 2004),

Identification of bacteria isolates
Bactelia were identified by analyzing whole, cell cellular fatty acid composition as described in the MID!
protocol (MIS Operating Manual, 2002), Fatty acids extracted were derivatized (0 methyl esters, i,e. FAMEs
and ideotified using the gas chromatograph (Agilent 6890 Gq, Identification of bacteria was perforroed
using Sherlock Microbial Identification System version 4.5 (MIDI, Newark, DE), The extracted fatty acids
from the unknown samples are automatically quantified and identified by the Sherlock software to generate a
fatty acid profile, The generated profile is then compared to a digital library of profiles of reference strains
and" list of best matches with associated similarity indices is produced by the software, The similarity index
is a numerical value that expresses the closeness of the fatty acid profile of the unknown organism to the
mean fatty acid compositions of the strains in the data base, thus used in deciding the identity of the
organism or its most close relative. An exact match would resnlt in a similarity index of 1,000, Similarity
index of the first choice (>0,300) and the adequate separation from the second choice (at least 0.100
difference from the first) in the computer generated list were considered in determining the identity.
The identified bacteria was given an accession number as pdnVr X (r code nnmber for variety ranging
habitat of the isolate that denoted as R, RP or E for Rhizosphere, Rhizoplane and
from J to 22; X
Endorhizosphere, respectiely). lsolates from cellulose medium and nitrogen free medium were indicated as
Xc and Xn respectively.
Analysis of varience (ANOVA) was perfom1ed to assess statistical significance of microbial counts and soil
data and moan separation waS perforroed using LSD mean separation teclmiqne at P < 0,05 using statistical
software SPSS 13,0 version,

RESULTS AND DISCUSSION
Rhizosphere soil properties varied across varieties (Table 2), Significant differences were observed among
conventionally grown rice varieties with respect (0 the pH and llutrient contents, irrespective of the fact they
were grown in the same soil type in close proximity (Table 2). Differences in plant uptake and microbial
transforroations lead to differences in nntrient availability in the root environment (Dandeniya and
Thies, 2012).
Culturable bacteria population size varied from 5 X lOB to 8,57 X 10 10 CFU g" Carbon in studied
rhizosphcre soils (equivalent to 3 X 10' to I 14 X 10 9 CFU g'l soil), Popnlations of aerobic hacteria in paddy
soils are known to vary from 10' to lOs g'! soil (Aragari and Tangcham, 1979), Cellulose decomposers are
abnndant in environment with high cellulose content. Aragari and Tangcham (1979) observed cellulose
decomposing popnlations in rice rhizospherc increase with crop maturity and prolonged dry periods.
They reported a population of cellulose decomposers of about lOs CFU g'! Carbon for soils collected from
Thailand, The populations observed in this study were several folds higher and varied from lA X 10 7 CFU to
3,06 X 10' CFU g,ICarbon. The differences in qualilY and quantity of organic inpnts to root environment by
plants could cause differences in microbial communities across varieties (Dandeniya and Thies 201 I).
The differences could not be explained by total organic carbon contents oftlle soils,
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Table 2. Chemical prollerties of the rhizosphere soils
Variety

pH

NH:;' N

(mg kg")

---- .......

No,,- N (mg
kg' )

Olsen P
{mg kg-'}

Organic~c:ir:,:··

bOD

(%)

Organically managed rice*'

VI

6.15

13.04

4.35

72.84

0.7

V2

6.34

8.29

4.15

40.15

0.8

V3

6.44

26.08

1738

71.70

11

V4

7,54

4.71

0.00

25.41

0.5

V5

6.48

4.03

403

73.39

0.8

V6

5.94

1998
5.00
Conventionally managed rice

38.88

0.4

VI

6.33 f

10.67 abed

4.93 be

22.18 ab

3.9 at

V8

5.65 ab

9.19 abed

3.11 abc

26.68 ab

2.6 at

V9

5.55 a

8.52 abed

0.70 ab

33.41 ab

19 ab

VlO

6.25 of

8.05 abc

080 ab

4108 b

2.3 ab

VII

5.88 be

5.01 a

0.00 a

2166 ab

1.7 a

VI2

6.00 edef

S.83 abed

2.95 abc

21.74 ab

3.5 ab

VI3

623 def

980 abed

3.35 abc

26.85 ab

1.0 a

VI4

5.74 abc

5.44 e

65.01e

3.5 ab

VIS

6.04 edef

7.10 ab

2.08 abc

15.59 a

l.7a

VI6

6.06 edef

904 abed

2.27 abc

27.96 ab

3.0 ab

VI7

5.89 bed

9.63 abed

4.09 abc

35.7] ab

3.6 ao

VIS

5.92 bode

1109 bed

l.58 abc

34. i5 ab

19ab

VI9

5.91 be

14.12 de

4.38 ab

36.70 ab

4.1 ab

V20

606 edef

7.36 abc

0.76 ab

38.51 b

4.1 ab

V21

5.87 be

7.55 abc

1.37 abc

26.19 ab

0.8 a

17.05 e

Means given in a column followed by different letters are significantly different ((1.= 0.05)
*Not included in statistical analysis as there was nQ field replicates at the fanner's field.
Rice rhizosphere is inhabited by a diverse group of microorganisms (Bai el ai, 2000; Berg and Smalla, 2009;
de Salamone el al., 2010). The highest numbers of distinct colonies were identified for varieties VIO and
VIS; and the least for VI, V3 and V6. A number of varieties did not have culturable P solubilizers among
tested isolates
V6, V7, V8 and V13).
Presence of Pseudomonas, Clostridium, Choromalium, Thiospirillum, Azotobacter, Bacillus, Aeromonas,
Staphylococcus and Azospirillwn species in the rice rhizosphere has been recorded previously (Guamto et
01., 1999; Bai el 01., 2000; de Salamone et al.. 20 10). Reche and Fuiza (2005) reported that Enterobacter sp.
was present in irrigation water in channels of paddy fields in Brazil. Pseudomonas pu/ida is known to
colonize root surfaces aggressively (Anderson er 01., 1988). In line with the previous findings, predominant
bacteria isolated in this study were genera Acinetobacter. Pseudomonas, Bacillus and Staphylococcus Crable
3). Some organisms promote plant growth by auxin production and/or solubilizing C"',(PO,h, Number of
phenotypically distinct colonies isolated from rhizoplane varied across varieties hinting difference in
diversity (Figure 1).
Among tested colonies in this study, 52% of isolated bacteria inhabiting the rhizosphere and rhizoplane, was
found to belong to genera Pseudomonas. Bacillus, Pseudomonas, Herbaspirillum, Jdeone/la, Enlerobacler
and Azospirillum are among the bacteria occupying the endorhizosphere of rice (Gunarto et al., 1999; de
Salamone el al., 20 I 0).
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In the present study, bacteria belonging to genera Pseudomonas and Baciiius were isolated from
endorhizosphere, According to the root staining study, tested rice roots were negative for mycorrhizal
associations,
The culture collection made from 22 varieties comprised of 152, 80 and 77 isolates from rhizosphere,
rhizoplane and endorhizosphere positions, respectively, The numbers of isolates that have the ability to
decompose cellulose and fix nitrogen were 171 and 108, respectively, A total of 118 Pseudomonas sp were
isolated from the rbizoplane of all varieties, Amoug the total collection, 48 and 26 were positive for
P solubilizing and auxin productioo, respectively, Results indicated that despite the taxonomic similarity,
differences exist in the beneficial traits among Pseudomonas sp, Therefore, this culture-based study suggests
that the diversity of beneficial bacteria associated with the rhizosphere of different rice varieties is high and
different

Table 3. Taxonomic diversity of predominant bacteria in the rhizosphere and rhizopJane of
selective varieties and their ability to solubilize P and produce auxin
Sample ID

Similarity
Index'"

Auxin produetion

Taxonomy

P solubllization
+

pdnV9R5

0.465

Acinctobacter johnsonfi

pdnVIORS

0327

Paenibacillus po/ym}xa*(Bacillus)

pdnViORl5

0,805

Pseudomonas syringae-syringae

pdnV1OR17

0.878

Enterobacter agg{omerans

pdoVl1R4

0,647

Staphylococcus cohnit-cohnii

od

nd

pdnVI8Rcl7

0,606

Pseudomonasputida-biotype B*

nd

nd

pdoV3Rl'4

0.848

Pseudomonas putido-biotype A

nd

+

T

nd

od

~

pdnV4Rl'S

0.169

Pseudomonas chlororaphis

.,.

pdnV5Rl'3

0348

Pseudomonas putido-biotype A

nd

pdnV6Rl'1

0.219

Pseudomonas pulido"biotype B

od

+
+

pdnVlORP2

0.356

Exiguobacterium acetyiicmn

od

od

pdnV12Rl'2

0,712

Enterobacter ca!lceJ'ogenus

nd

+

pdnV13Rl'1

0,677

Kluyvera ascorbafa

od

+

pdnV14Rl'1

0,823

Pseudomonas putida-biotype A

nd

pdnV14Rl'2

0,758

Pseudornonas syringae-syringae

+

nd
+

pdnV14RPN2

0,719

Pseudomonas putido-biotype A

od

nd

pdnV17Rl'3

0.666

Aeromonas caviae

nd

+

pdnV18Rl'3

0,272

Stenotrophomonas maltophtlia

nd

nd

pdnV20RPpl

OA80

Pseudomonas pllfida-blotype A

nd

nd

pdnV21Rl'1

0,922

Enterobacter cloacae

nd

+
nd

A

nd

nd

* A value generated by Sherlock software by calculating the relative difference of the fatty acid profile of the
sample (unknown organism) to the mean profile of the closest strains in the digital library, Values >0,500
good compa1ison, 0,500 to 0.300 a good match but atypical
<0.300 - do not have the species in the
library but most closely related species is given, nd = Not detected
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Figure

1.

Number of distinct colonies isolated for bacteria "ith TSB medium
(light grey), Nl fixers with N free medium (dark grey), Pseudomonas sp. with King's B
medium (white) from the rhizosplane of different rice varieties.

CONCLUSION
Diversity of microorganisms inhabiting rice roo! environment is influenced by the variety. AzospirillwJ1,
Enterobacter, Exigubaclerillm, Kluyvera, Aeromonos, Acinetobacter. Slenotrophomonas, Bacillus and
Staphylococcus were among the Isolates but Pseudomonas were found in high abundance among culturable
bacteria isolated from rhizosphere, rhizoplane and endorhizosphere. There were microorganisms with
potential plant growth promoting abilities such as producing auxin, fixing
decomposrng cellulose
and solubilizing Ca,(P0 4)2 among the microbial occupants in the rice root cnvironment. \Vhile there is
possibility to screen beneficial microorganisms from the rice root environmems findings suggest that
differcnt varieties harbor beneficial microorganisms to different extents.
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23.
RELATIONSHIP BETWEEN GRAIN 'l'lELD AND SOIL BACTERIAL POPULATION AS
INFLUENCED BY SOIL ORGANIC J\-iATTER CONTENT IN RAIN-FED RICE
D. P. P. Jayakodyl*, W. K. Hirimburcgama1 aud D. S. De Z. AbeysiriwardenaJ •
1 National

Plant Quarantine Service, Canada Friendship Road, Katunayake.
1 University of Colombo, Cumaratnnga Munidasa Mawatha, Colombo 03,
3 CIC Agri Business (Pvt.) Ltd., Pelwehera, Dambulla

ABSTRACT
The relationships between grain yield and soil bacterial population as influenced by soil organic matter
content which was varied by applying different levels of straw under inorganic fertilizer free environment in
rain-fed wetland rice were studied, An experiment with three treatments namely straw 2 tI ha, straw 3 tI ha
and the control with no added straw was conducted in two locations, Treatmenls were applied for four
soil organic matter
seasons before conducting the experiment for two seasons, Bacterial popUlation in
content and grain yield were determined, Multiple regression analysis with soil organic matter content and
bacterial population as dependent variables showed that not tbe soil organic mattcr content but the soil
bacterial population has a significant relationship on grain yield of rain-fed rice, Increase in soil organic
matter content resulted in increase in soil bacterial population, as measured by bacterial count but not the
grain yield of ricc, With increasing soil bacterial popUlation, I,'fain yield of rice increased, All these
relationships were found in rice fields with no added inorganic fertilizer. Thus, increase in organic matter
content would result in increase in bacterial population in rice soils and increase in grain yield of rice under
an inorganic fertilizer free envirotunenL

Keywords: Grain yield, Rice, Soil bacteria! population, Soil organic matter, Straw

INTRODUCTION
Rice is the staple food for more than 50 % of the people in the world (Maclean et 01.,2002), Factors such as
poor water management, adverse soil conditions, poor soil fertility, improper land preparaHon, poor seed
quality, improper selection of rice varieties for cultivation and non-adoption of proper integrated pest and
weed management practices have been identified by the Department of Agriculture as causal factors for low
yield in rice in Sri Lanka (DOA, 2000),
Supplementation of chemical fertilizer with organic manure will be beneficial in maintaining overall soil
fertility while chemical fertilizer Can help to replace some of the nutrients lost from the soil by crop removal
(Amarasiri, 1984), An organic carbohydrate SOllIce should be present as the C-energy source for soil
microorganisms (Killham, 1994), The presence of soil organic matter improves the sustainability of
agricultural soil productivity by improving physical, chemical and biological properties of the soil (Syers
and Craswell, 1995), Application of rice straw is the most convenient, practical and economical way to
supply organic matter for rice soils (Amarasiri, 1984), Importance of soil micro-organisms, particularly
bacteria, in the decomposition process of soil organic matter is well known,
Studies on micro-organisms, particularly bactelia, in rice soils in the past have been limited to laboratory
experiments (IRR!, 1988) and surveys and identification of soil microbes (Kulasooriya, 1991). In contrast,
infonnation on the relationship between grain yield and soil organic matter content in rice is available
(Arshad and Coen, 1992; Ponnampemma, 1984), However, available literature on the relationship bet\veen
soil bacterial population and soil organic matter content is little (IRID, 1988) while hardly any information is
available on the direct relationship between grain yield and soil bacterial popUlation in low land rice,
particularly under rain-fed conditions, Studies on soil microbiology in rice fields may be immensely
importaot to improve productivity with the lowest cost of low productlve rice soils where the rice crop is
poorly managed, Therefore, the objective of the present study was to detenninc the direct relationship
between grain yield Hnd soil bacterial popUlation as influenced by soil organic matter content in poor
yielding rain-fed rice in Sri Lanka,

* Corresponding author: npposriianiro@.v;maii.com
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MATERlALS AND METHODS
The study was carried out in the Low Country Intennediate Zone (lL) of Sri Lanka in two locations;
Makandura and Wariyapola representing two rain fed conditions being Wariyapola drier than Mak.andura.
matter contents were
Tluee rates of straw, 0 2 and 3 t ha- I as treatments to achieve different soil
tested in a randomized complete block design with two replicates in each location, The plot size was 613 ill.
Treatments were applied and rice was planted over four seasons including both Yala and Maha seasons
before conducting the experiments to achieve stable Organic Matter levels and bacterial populations, and to
remove any residues of previously applied chemical fertilizer. In this period land was prepared using a four
wheeled tractor to a depth of 25 em in both locations, Initially land in
seasons was prepared
mammaty to keep the plots intact.
manually
Sun-dried straw was evenly added on to the soil in respective plots just after initial ploughing in each season,
Straw was incorporated into the soil Iv,o weeks later when soil was puddled. Pre-germinated rice seeds of
variety Bg 94-1 were broad cast sown at the rate of ISOg per plot (100 kglha), Plots were maintained under
rain-fed condition and with supplementary irrigation whenever the
were not received, Hand
weeding was adopted for weed control and insects were controlled as per recommendation by the
Department of Agriculture. At harvesting, rice crop was cut at approximately 15 em above the ground leveL
During the study period (2 seasons) straw was applied and cultivation practices were done as described
earlier,
Harvesting was done at maturity using a net plot area of 5.40m x 2.40m
removing a 30 cm broader
around each plot. Soil organic matter was detennined as Walky and Black (1934) method and total bacterial
count by Kepner and Pratt (1994) was determined for top soil layer (0-2 em). Soil sampling was done One
month after sawing, Soil bacterial count was determined at two months
straw application or one month
after sowing at the top most layer of the soil.

DATA ANALYSIS
Combined analyses of variance over environmcrlts (location X season combinations) were run for grain yield
data, soil bacterial count and soil organic matter content. Relationships of soil bacterial COtIDt with grain
yield and soil organic matter content were studied using multiple and
linear regressions Each data
point of a regression was an average of two replicates and the eITor tenn used to test the significance of
parameters in regressions was the deviation from regression term, As
were conducted over
locations and seasons, location X season combination was considered as an environment. Thus, there were
four environments (2 locations X 2 seasons) and three treatments in each environment so that there were
altogether 12 data points (3 treatments X 4 environments) per regression,
As data from different environments with different bacterial populations (4 environments) were pooled to
the number of data points for the regression analysis, data were adjusted to remove the
environmental effects by taking deviation of each datum
the relevant environmental mean, For
example the mean of the environment one was subtracted from the data from tluee treatments in that
environment to measure the deviation from the environmental mean,
deviations are independent of
environment effect so that they can be pooled into one data set regardless of the environment for regression
analysis. When deviations are taken, minus values are possible, In
to remove minus values of a given
set of data the lowest minus value was added to each data point so that the lowest minus value the data set
became zero without affecting the original variability of the data set, ,

RESULTS
The soil bacterial populations as measured by soil bacterial count, soil organic matter content and grain yield
in Maha and Yolo seasons at Makandura and Wariyapo\a are presented in Table I. The values adjusted for
environment means are given in the parenthesis and they were used to study alI the relationships,
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Table 1 Grain yield, soil organic matter content as a % and total soil bacterial count! 100 grams of
dry soil at Makandura and Wariyapola in Malia and Yala seasollS.

Maha

Locationl

Yala

Grain yield
(t/ha)

Soli organic

Bacterial
Count

Grain yield

MatterOJi,

(Uha)

Soli organic
Matter%

Bacterial
Count

2S

2,36 (I

235(0,73)

6.49(605)

1.84( l.23)

2.11(1.04)

2.56(4.85)

3S

2.47 (1.61)

2,45(0,83)

6,67(6.23)

1.69(1.08)

2.31(1.24)

2.92(5.21)

Control

1.39 (0.53)

2.15(0,00)

2.59(2.15)

1.63(102)

1.35(0.25)

1.55(4.35)

25

2.95(161)

3.19(1.43)

9.45(6,85)

0,59(1.41)

2.02(0,69)

3.33(5.16)

38

3.04(1.70)

3,16(1.30)

9,93(7,33)

0.67(1.40)

2.37(1.45)

3.82(5.65)

Control

1.34(0,00)

1.56(0.09)

2.60(0.00)

0.50(1.23)

l.58(0.48)

2.30(4.13)

Treatment+'

Makandura

Wariyapola

*25 and 3S - 2 and 3 tones Iha straw, respectively; control no straw.
** Values in the parenthesis are adjusted values for enviromnent means
In the combined analysis of variance over four environments (2 location x 2 seasons), interaction effect of
environment x treatment and the main effects of enviromnent and treatment were found to be significant at
5% probability level with respect to grain yield, soil organic matter content and soil bacterial count. The
errOr term in the combined analysis was reps I environment x treatment combination. Thus, the results
allowed valid regression analysis,
In the multiple linear regression analysis of soil organic matter content and soil bacterial count on grain yield
with a r value of 0, 965, only soil bacterial count was found to be significant at 1% probability level while the
soil organic matter content and the interaction between soil organic mattcr content x soil bacterial couut were
found to be not significant. Interestingly, this indicated that 93% (R" ~ 0.93) of the grain yield variability
could be explained by the variability of soil bacterial count. Therefore, the relationship between grain yield
and soil bacterial count or popUlation was separately studied using simple linear regression, As the variability
of soil hacterial population was expected to be created by varying the level of organic matter content in the
field in different locations and seasons, the relationship between the soil bacterial population and the soil
organic matter content was also studied.

RELATIONSHIP BETWEEN SOIL BACTERIAL POP{JLATION AND SOIL ORGANIC
MATTER CONTENT
The adjusted values for cnviromnent meaus as indicated in the methodology, of soil bacterial count and the
soil organic matter content measured as a percentage were taken for this study, According to the regression
CUlve (Fig. 1) with the correlation coefficient r
0.7996, the association of soil bacterial count with soil
organic matter percentage was found to be significant at I % probability leveL The R2 value was 0,6395
indicating that about 64% of the variability of soil bacterial population could be explained by the variability
of organic matter content in the soiL
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Figure 1. The relationship between adjusted soil organic matter percentage and adjusted soil
bacterial count in rain-fed rlee fields
RELATIONSHIP BETWEEN GRAIN YIELD AND SOIL BACTERIAl. POPULATION
The adjusted values of grain yield and soil bacterial count for environment means were used to study the
relationship. According to tbe regression curve (Fig. 2), the association between grain yield and soil
0.9759) was found to be signifieant at I % probability leveL The R' value was 0.95
bacterial COUllt (r
indicating that about 95% of the variability of
yield could be explained by the variability of total
bacterial count in the soiL
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Figure 2. The relationship between the adjusted grain yield and adjusted soil bacterial count in
rain-fed rice
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DISCUSSION
Soil bacterial count was determined at the particular time of the crop growth and at the particular layer of the
soil when and where the highest bacterial COl1l1t could be observed, The highest bacterial count could be
observed at the top most layer of the soil at two months after application Df straw (one month after sowing)
in rain-fed rice SOlIs (Jayakody et ai., 2008),

RELATIONSmp BETWEEN SOIL BACTERIAl" POPULATION AND SOIL ORGANIC
lVlATTER CONTENT
Soil bacterial varies with the level of organic matter content in rice soils as evidenced by the highly
significant relationship (r 0,7996, b = 22965) between bacterial count and organic matter content in the
soil, The accuracy of the predictability of the association was more tban enough to establisb a relationship
between soil bacterial count and soil organic matter content in rice fields, In addition, a course and result
relationsbip can also be built between soil bacterial count and soil organic matter content as food source for
soil bacteria (Margeret and Ladba, 1996), Thus increase in soil organic matter content by 1% would increase
soil bacterial population by 3.2xl 06 in a rice field which is free from cbemical fertilizeL

RELATIONSHIP BETWEEN GRAlN YIELD AND SOIL BACTERIAL POPULATION
Soil organic matter content was varied by application of different levels of straw that influence on the soil
organic matter content differently in different environments (location x season combinations) as evidenced
by the significant straw treatment x environment interaction effect in the combined analysis of soil organic
matter content Soil organic matter content influences grain yield of rice (Ponnamperuma, 1984; Sharma and
Mittra, 1990; Arshed and Coen, 1992; Jayakody, 1995) and soil bacterial population (Krishnakumar et aI.,
2005). Thus, if the influence of soil bacterial population on grain yield of rice is needed to be studied, it bas
to be independent of the direct inl1uence of the soil organic matter content on grain yield as, in general, soil
bacterial popUlation increases with the increase in soil organic matter content However, in the present
study, the direct influence of the soil bacterial population on grain yield of rice has been separated from tbe
dlrect influence of the soil organic matter content on grain yield througb multiple linear regression where
dependent variable was grain yield wbile independent variables were tbe soil bacterial population as
measured by the bacterial count and tbe soil organic matter content. Interestingly, in tbe mUltiple linear
regression analysis, only soil bacterial count was found to be Significant indicating that 93% of the grain
yield variability could be explained by the variability of the soil bacterial count alone, Tbus, the simple linear
relationsbip bet\veen grain yield of rice and soil bacterial count was establisbed.
1be association berween grain yield and soil bacterial count (r 0,9759) was found to be bighly significant
0,95) of the grain yield variability of rain-fed rice conId be indicated by bacterial count
and at least 95%
Tbe accuracy of the predictability of tbe association was adequate to establisb a relationship between soil
bacterial popUlation and gram yield of rice, The established linear relationsbip between soil bacterial count
and grain yield of rice was very strong indicating tbat increase in soil bacterial count by I X 10' would
increase grain yield by 02365 tlha in rain-fed rice fields which are free from cbemical fertilizeL
Present findings arc limited only to organic farming where chemical fertilizer is not applied, Based on the
present findings, application of organic malter has an indirect influence through increase in soil bacterial
population rather than a direct influence, on grain yields of rain-fed rice However, an explanatiou for tbe
increase in grain yield with tbe increase in soil bacterial population is beyond the present study, In addition,
application of chemical fertilizer may dismrb the relationsbips establIshed in the present study as cbernical
fertilizer will definitely influence grain yield and may influence soil bacterial population too, However,
these are the subjects of future studies,

CONCLUSIONS
Tbe relationsbip between soil bacterial popUlation as measured by bacterial count and grain yield ofrain-fed
rice under cbemical fertilizer free condition was found to be significant Increase in soil bacterial count by I
x 106 would increase grain yield by 02365 t iha. The relationship between soil bacterial count and organic
matter content which was varied by application of straw was also found to be significant Increasing soil
organic matter content by I % would increase soil bacterial population by 32 x 106 lncrease in organic
matter content would result in increase in bacterial population in rice soils whicb in tum results in increase in
grain yield of rain-fed rice lmder an inorganic fertilizer free environmenL
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ABSTRACT
Soil biodiversity includes living organisms existiug iu the soil and can be categorized as micro, meso and
macro biola iuteractiug with each other forming biological web, Generally, soil biodiversity can be
deteriorated and lost due to several biotic and abiotic factors. However, recovetiug of depleted biodiversity is
a serious challenge. In agricultural ecosystems, improved biodiversity has been recorded iu the application of
developed microbial biofilms. N2 fixing bacteria and rhizosphere fungal species have been used to develop
fungal-bacterial biofilms in vitro. When such biofilms are coupled with 50% of recommended chemical
te,tilizers, they tend to increase soil biodiversity especially bacteria, fungi and cyanobacteria with pest and
weed control. Therefore, this review is focused on the biofilms developed in vitro and their impact on the
enrichment of soil biodiversity in agriculture. Dormant seeds of plants and microbes, which create
voluminous seed bank in the soil, tend to be resuscitated with the induction of beneficial organic secretions
of the applied biofilms. Consequently, the dormant seeds which are physiologically inactive are transformed
into physiologically active forms. Thus, the soils applied with the in vitro developed biofilms can enrich the
soil biodiversity, addressing many issues related to loss of biodiversity in agroecosystems for a sustainable
agriculture.

INTRODUCTION
Soils are the habitat for over one fourth of all living species on earth, and one teaspoon of garden soil may
contain thousands of species, millions of individuals, and hundred metres of fungal networks. They come
from both functionally and taxonomically diverse groups which range from invisible microbes, bacteria and
fungi to the more familiar macro-fauna such as eartbwomlS, insects and termites. They interact in complex
belowground food webs and, thus provide numerous and essential services needed for ecosystem
productivity. Their functions comprise of supporting services, nutrient cycling, soil formation and primary
production. Major part of the soil biodiversity is jed by diverse soil microbiota which includes bacteria,
fungi, cyanobacteria, protozoa and actinobacteria etc. Due to their biological functions including metabolism
and nourishments, they decompose organic materials and also create a soil rich with nutrients through actions
such as biological nitrogen fixation (Tiwary et ai., 1998; Cocking, 2005), mineralization (ivlolla et al., 1984)
and produce diverse organic acids (Tien e/ al., 1979; Barca et al., 2008). These blOlogical activities
interacting with soil make available and recye\e nutrients back to plants. Thus, soil microbes influence above
ground plant communities for improved productivity. However, the situation is completely inverted
in the agroecosystems, since they are continuously exposed to different agronomic practices.

Generally, microbia! diversity is reduced in agroecosystems as a result of the intensive agricultural
practices (Peixoto et aI., 2006; Ndour, 2008). Soil tillage has been reported to have negative impacts on the
soil biodiversity, particularly Nl fixing bacterial communities (Seneviratne el al., 20 II). Tillage practices
also alter soil physical properties and affect the habitats of soil microbiota, which lead to loss of soil
microbial diversity and community structure (Hungria et ai., 2009). Chemical fertilizers and other
agrochemicals tend to collapse soillnicrobial communities resulting in declining yields in the long run

'* Corresponding author: : aruniruh~amail"com
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(Seneviratne et ai., 2009). Application of N fertilizers tellds to produce N poor soil microbial communities
with low biomass (Cemy et ai., 2003; Strickland and Rousk, 2010). Addition of mineral fertilizers is a
sellective force for the strnctural and functional shifts of soil microbial community since tbey modify
available N and P fertility, thus resulting negative impacts on soil quality and nutrient tluxes (Cruz el al..
2009). In this manuer, conventional agricultural
cause loss of many microbial species and their
n,,"'p,,,p functions. Some species become less abundant and others become more common due to collapse of
their natural balance. This could be a real risk, especially when the abundance of unwanted species, for
instances plant or human pathogens, increase. How can we rectify this imbalance of microbes? There are
several options. For example, management of soil organic matter will promote soil biodiversity, so that
unwanted microbes may not be able to develop in high numbers. Other possibility is to reduce soil
disturbance to a minimum when managing soils.

Soil microbial diversity and its loss in agroecosystems
Illve1'se microDora in the soil has been identified for its beneficial fimctions in soil-plant system (Kennedy
and Smith, 1995). Their significant functions have been identified and tested concerning plant growth
benefits in many ways. They perform different catabolic activities, and hence are important in
decomposition of organic malter and nutrient balancing, rhizoremediation, pathogen suppression and
maintenance of soil strncture and water relationships (Shanna et ai., 2010). In addition, their interactions
with plant root system play key roles in primary production through improved photosynthesis (Ren et aI.,
2006). Hence, the diversity of soil microorganisms is consldered as one of the most important indicators of
soil quality (Bastidia ot al., 2008; Sharma el al., 2010). Increased microbial
witb the enrichment of
microbial diversity is also an important determinant of quality and productive
of soils (Fernandes et
01., 1997).
Unfortunately, in agroecosystems, keeping microbes in their natural balance and the diversity is difficult due
to continuous alteration of soil physicochemical parameters. Jones and Lennon (20 10) from their theoretical
model have demonstrated that the structure of microbial communities is shaped by different biotic and
abiotic factors in the environments. They have poimed out that microbes become dormant to evade such
unfavourable environmental conditions. Thus, being members of a voluminons microbial seed bank,
dormancy results in loss
diversity. Dormant
sustain a mllnmal metabolic activity and revive if
future conditions would be favourable. Thus, dormancy can be viewed as the metabolic tlexibility to
changing conditions and physiOlogical tolerance of an organism, which makes it resistant to envirOlmlcntal
disturbances. Consequently, microbial individuals in dormant forms determine the dynamics of the future
microbial communities, Therefore, awakening of a previously unknown or a rare organism from the
microbial seed bank can change the composition of microbial community and thereby potentially
affecting ecosystem processes (Seneviratne et al., 2013).

Reversal of soil microbial diversity loss by biotilm action
Since dormancy is driven hy environmental factors, resuscitation of dormant microorganisms is also
influenced by different biotic and ahiotic factors that are present in tbe environment. Generally, microhial
diversity and their community stnlcture vary widely depending on environmental factors. Increasing
availability of resources, typically low molecular mass compounds, such as amino acids and sugars results in
the resuscitation of donnant forms. In addition, reversal of microorganisms from dormancy involves
quorum sensing (QS), which leads to spontaneous resuscitation (Lennon and Jones, 2011). Furtber,
different growth
like cytokine secreted by metabolically
microbial cells can also do
this revival (Mukamolova e/ ai., 1998).
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Importance of biofilms as effective microbial communities has been described in temls of plant growth and
development and other beneficial biological functions in the micro-environment of plants (Ramey el al.,
2011). Biofilms can be developed in vitro by using nitrogen fixing bacteria and
2004; Seneviratne ef
rhizosphere fungal species, which can then be fonnlllated as biofilmed biofertilizers (BFBFs) foragricullllre.
They can reduce cbemical fertilizer use by 50% in tea (Seneviralne el 01., 20 II) and many other crops witb
increased soil microbial biomass and soil functioning Interestingly, the developed biofilms have becn
observed to produce a higher number of diverse organic compounds that enbance the availability of organic
substrates to donnant microbial cells for resuscitation (Seneviratne and Kulasooriya 2013, Herath et 01.,
2013). West et al. (2007) showed that biofilms generate public good wbich neighbouring microbes can
utilize in their communication including cxopolysaccbaride, QS molecules, different growth factors and
resuscitation promotion factors (RpF).
soil application of BFBFs showed the resuscitation of soil
microbial seed bank when it is applied with 50% of chemical fertilizers. Buddhika et al. (2012) clearly
indicated tbat the soil application of the developed biofilms increased species richness and bence diversity of
bacteria, fungi and cyanobacteria in comparison to
with chemical fertihzers alone application (Buddhika
01 al., 2013). Role oflbe developed biofilms in controlling tbe switch between active and donnant microbial
cells is summarized and depicted in Fig. 1. It illustrates the relation among microbial diversity, ecosystem
functioning and sustainability.
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Figure l.Tbe intercbange of dormant and activc stages of microbes in tbe soil seed bank. Transition of
metaholically active cells into dormant cells is a response 10 biotic and abiotic stresses Induced by tbe hum.n .nd
the environment. Developed hiofllms switch dormant cells to become metabolically active cells, thus improving
sust.inability in agroecosystems througb increased microbial diversity and ecosystem functioning (Sene.iratne et
al., 2013).
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In addition, pest control has been observed in tea cultivation with the application of the developed biofilms
(Seneviratne et ai., 2011), indicating the maintenance of natural balance of soil biodiversity. Microbes being
the focal point of the ecosystem can regulate all other biotic and abiotic components (Seneviratne et ai.,
2013), which lead to a balanced biodiversity in agroecosystems.

CONCLUSIONS AND RECOMMENDATIONS
Depleted microbiota in the agroecosystems due to conventional agronomic practices can be revived by
applying developed biofilms when coupled with a reduced dose of CF. Increased microbial diversity as a
response to the applied biofilms developed in vitro leads to a healthy soil through improved microbial
diversity in the soil-plant system. Reduction of soil sickness in this manner can address soil sterility issues in
the agroecosystems. Accordingly, biofilms developed in vitro can be a remedy for the revival of soil
microbiota, the focal point of below ground food webs. Natural ecosystems affected by abiotic and biotic
stress factors may also be restored from the biofilm application. Thus, the in vitro developed biofilms as
microbial ameliorators would address issues of depleted soil biodiversity in both natural and agricultural
ecosystems.
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25.
EFFECTS OF TWO HERBICIDE FORl\1ULAnONS ON AVOIDANCE BEllAVIOUR OF
THE EARTHWORM (Eisenia Andrei) IN TWO DIFFERENT SOIL TYPES
Hansani P. K. C I*., Asha R. L2., De Silva P. M. C. SI
1 Department of Zoology, Faculty of Science, University of Ruhuna.

2 Departments of Zoology, Faculty of Natural Science, Open University of

Sri Lanka, Matara.
ABSTRACT
Herbicides are most commonly used pesticides in agricnlture in Sri Lanka. Earthworms are dominant soil
fauna among soil dwelling species. Excessive use of herbicides is known to affect earthworms. In this study,
the earthwoIm avoidance tcsts were perfoImed to investigale the effects of some selected herbicides on
earthworm avoidance behavior. MCPA and Propanil were used as the test substances and OECD
(Organization for Economic Co-Operation and Development) artificial soil and natural soil were used as test
substrates. The experimental process was perfoImed based 011 ISO (International Standard Organization)
guidelines for earthworm avoidance studies (ISOIDIS 17512). Net avoidance response LOEC and NOEC
values were determined. Results showed that significant avoidance behavior in contaminated soils with Pro
pam! followed by MCPA as compared to untreated. Higher concentrations (IOOmg a. i/kg and 300 mg a.i/kg)
had significant avoidance as well as reduced habitat functions. Higher toxicity was recorded in natural soil
than artificial soil. Overall results of this study indicared that avoidance test could be used as an initial.
screening lest to investigate the herbicide effects on earthwom1s.

INTRODUCTION
Ever-growing human population demands increasing food production and intensification of agricul
tural activities in tropical countries including Sri Lanka which depend heavily on agrochemical use.
Pesticides may pose always non beneficial to environment. Discriminate use of pesticides usage
may lead to environmental imbalance too. Use of herbicides in Sri Lanka has been
to
alarming
in recent years. Direct application of herbicides to soil may affect beneficial soil
orgamsms.
edaphic fauna, specifically earthworms, are important soil organisms inhabiting in
the soil ecosystem (Edwards and Bohlen, 1996; Lavelle and Spain, 2001). Earthworms represent
and are considered as most useful group to
greater proponion (80%) among the soil
evaluate ecotoxicology tests either on field or laboratOlY. The epigeic species Eisenia andrei was,
and still remains, as the favored eeo toxicological test species mainly because of their universal dis
tribution. In addition, they have life cycles with short duration, adaptability to wide temperature
ranges as well as moisture tolerance range and flexible body structure. They can move easily and
quickly within deep soil strategies exposing to contaminated soils with herbicides.
most com
mon endpoints in evaluating toxicity of herbicides to earthworm are mortality, changcs in body
grov,'!h and cocoon production. In addition, earthworm avoidance test has been used as a simple
risk assessment tool in soil ecotoxicology, especially for tropical regions. Therefore earthworm
avoidance tests were performed to investigate some selected herbicides on earthworms.

*' Corresponding author: chamila/ul!1si@gmaj,(conl
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MATERIALS AND METHODS
Test Organisms and Test Conditions
The tested earthwonn species was Eisenia andrei. Adult Eisenia andrei were randomly selected from syn,
chronizcd stock cultures established at the Department of Zoology, University of Ruhnna, Matarao Cow dung
was used as the feeding material,

Test Substrates
A standard artificial soil was developed bascd on OEeD guidelines (1984)0 Artificial soil(PH 405,WHC
66%,Organic matter 1006%) was prepared by a mixture of 69 % ofNoo 70 mesh silica sand, 20% kaolin clay
and 10% coco peat with a small amount of calcium carbonate added for pH adjustment Coco peat was used
instead sphagnum peat In addition, natural soil was also used as the substrate for this experiment Natural
soil (sandy clay loam soil) was collected from University premises and sieved (pH 6.2, WHC 45%, organic
matter 9%)0 Deiouized water was used to adjust the water holding capacity up to 50%0

Test Su bstances
Commercially available MCPA and Propanil formulations were used as test substances of which the detailed
information is given in Table L

oTable 1. Detailed information of herbicides formulations tested
Chemical name

Trade
nameMCPA
Propanil

(4,chloro,2,
methylpbenoxy) acetic acid
3'

dichlorof1!2£ionanilide

Molecular

\\later

weight

solubility

Badge
number

Reg;
nnmber

Shelf
life

200062

825 mgfL

6131095

007

2 Yrs

218.08

225 rug/I,

AKl2BB2

FF 15405

2 Yrso

Avoidance Behavior
Pesticides concentrations of MCPA and Propauil (I, 3, 10,30,100,300,900 mg aj /kg dry soil) were prepared
by dissolving in deionized wateL The plastic trays (20 x 10 x 6 cm size) were used as test containers with
two sectionso Oue side was filled with pesticides treated soil and other side filled with control soil (about 500
g dry weights)oWeight ofthe soil in both side was adjusted to 50% WHC Adult Eisenia andrei (300,350 mg,
n~ lO)were randomly selected from synchronized stock cultures, cleaned and were placed into the middle
groove of each containeL This procedure was perfonned for all tested concentrations of each herbicide and
consisted of five replicateso The two sides were separated from using a rough cardboard piece to avoid
mixio:g of soils in respective sideso
were kept under lights to facilitate the movements oflhe introduced
earthwollns into the soil and tbin black colour perforated polythene sheets were used to cover the test
containerso These sheets prevented worms escaping during each exposure period and also facilitated air
exchange between tbe medium and the environment Test trays were kept for a 48 hours incubation period
and the worms in both sides were counted by locating the direction of the head (Figure I),
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Figure 1: Experimental procedure for avoidance test for earthworms (C = control
treatment soil)

soil

and

T

DATA }\c."lALYSIS

Results of the avoidance tests were calculated as percentages. Percentage avoidance was calculated using
followiug equlati,)o

Avoidance percentage={ (C-T)/N} xl 00
Number of WOl1llS in the control soil,
Number ofwonns in the polluted soil,
N= Total number ofwonns at the start of the test

Data were recorded as posJ1we and negative avoidance percentages. A positive percentage indicates
avoidance of the polluted soil, a zero indicates no avoidance, and a negative percentage iudicates an
attraction for the pesticide-treated soiL Avoidance response for each chemicals exposed concentrations with
five replicates was also used to detennine significance of avoidance. Lowest Observed Effect Concentration
(LOEC) and No Observed Effect Concentrations (NOEC) were analyzed using one way ANOVA and
Dunnett's t tests.

RESUI~TS

AND DISCUSSION

In the study, the effective test procedure ensured a homogenous distribution of earthworms iu both
when control soil is iu both compartments. The untreated soil in both sides did not show any signitlcant
preference to one side (P >0 .05). Differences of homogenous distribution of earthworms iu each soil were
not evident due to their physical characters, organic matter conlent, etc.

Effect of MCPA on the avoidance behavior of Eisenia andrei iu artificial soil is summarized in Table
2. Low concentration such as 1, 30mg a.ilkg did not show significant avoidance behavior compared
to the other
and did not iudicate reduced habitat function. But, a higher concentration i.e. 100,
300mg o.
had significant avoidance as well as reduced habitat function. LOEC (Lowest Observed
of Concentration) was 100mg oj/kg and NOEC (No Observed Effect of Concentration) was 30mg o.ilkg per

MCPA
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Table 2. Effects of MCPA on the avoidance behavior of Eisenia andrei in artificiai soil.

MCPA concentra
tions

3
10

earthworms(%)

Net response (%)

Toxicity
evaluation

Control

Tre.ted

44

56

_12NS

NRHF

60

40

20'1$

NRHF

34

32

NS

NRHF

4S

NS

NRHF

66

30

74

26

100

86

14

300

!OO

0

100"1)

RHF
RllF

(*P<O.05, **P<O.OI, **'P<O.OOI, NS: Not Significant at P>O.05, NRHF: No Reduced Habitat Function was
considered when 20% ofwOITl1s in treated soil and toxic =< 20% of worms in treated soil and RHF: Reduced
Habitat Function, "TI: Not Determined due to 100% avoidance or mortality)

According to Table 3 concentrations of lmg a.i/kg ,3mg a.iikg and IOmg ai/kg did not show significant
avoidance (P>0.05) and <20% were observed in the control sides indicating no reduced habitat fllnctioll. Bnt,
MCPA concentration 30mg a.iikg showed significant avoidance behavior (p<Q,Q5) in natural soil and this is
contradictory with the artificial soiL Highest concentrationlOOmg a,ilkg, 300mg a.iikg recorded significant
avoidance (p<Q,QOl) ,These two concentrations also showed reduced habitat function. NOEC value aud
LOEC value per mcpa in natural soil was IOmg a.ilkg and 30mg a.iikg respectively. MCPA is a slightly
toxic compound and a general
Pesticide. MCPA and its formulations are rapidly degraded by soil
microorganisms and it has low persistence, with a reported field half-life of 14 days to 1 month, depending
on soil moisture and soil organic matter (Wauchope et aI., 1992). Previous work did not report avoidance
behavior on earthworms with reference to MCPA but reported acute and chronic toxicity of MCPA to other
animals.

Table 3. Effects of MCPA on the avoidance behavior of Eisenia andrei in natural soil.

MCPA
concentrations

3

Distribution of
eartnworms {%1

Toxicity

Avoidance
response (%)

evaluation

Control

Treated

60

40

20NS

NRHF

76

24

20NS

NRHF

NS

10

60

40

20

NRHF

30

74

26

48'

NRHF

100

98

2

96"'on

Rill'

300

100

0

100ND

RHF

(*1'<0.05, **P<O.OI, ***P<O.OOI, NS: Not Significant at 1'>0.05, NRHF: No reduced habitat [uuction is
considered when 20% of worms in treated soil and toxic =< 20% of worms in treated soil and RHF: Re
duced Habitat Function, 1'-iD: Not Detennined due to 100% avoidance or mortality).
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Effects of Propanil on the avoidance behavior of Eiseniaandrei in artificial soil are reported in Table 4. All
the concentrations [l, 3 mg a. ilkg (p<O.O 1), 10 mg a. i!kg (p<O.OO 1) and 30,1 00 mg aj/kg] had significant
avoidance. In concentartionl to 30 mg a.ifkg reduced habitat function was not reported. >20% of the worms
were recorded in treated side. At higher concentrations used 30mg o.i!kg and lOOmg o. i!kg 100% avoided
was recorded but only 100 concentrations. NOEC value for Propanil in artificial soil could not be determined
as all the tested concentrations caused significant avoidance behavior.

Table 4. Effeets of Propanil on the avoidance bebavior of Eisenia andrei in artificial soil
-------------------------~----

0:f

Prop.nil
conccntrati(lllS

earthworms ~%)
C(lntrol
Treated

Avoidancerespollse (%)

Toxicity
evaluation

66

34

32""

3

60

40

32*'"

NRHF
NRHF

10

58

42

72"'*"

NRHF

30

74

26

100

98

2

waND
woND

NRHF
RHF

(*P<O.05, **P<O,Ol, ***P<O,OOI, NS: Not Significant at P>O.05, NRHF: No Reduced Habitat Function is
considered when 20% of worms in treated soil and toxic =< 20% of worms in treated soil and RHF:
Reduced Habitat Function, ND: Not Determined due to 100% avoidance or mortality).
Effects of Propanil on the avoidance behavior of EL~enia andrei in natural soil were given in the Table 5.
The lowest concentrations tested I mg G. i!kg reported tbe eartbworms were attracted to the treated side.
The reasons that caused this attraction can not be explained. Earthworms and showed sif,>nificant
avoidance at 3mg a.i/kg (p<O,Ol) and lOmg a.i!kg (p<O.OOI). Earthworms in 30mg o.i!kg and lOOmg a.il
concentration were attracted to the control side indicating higher toxicity of Propani! in natural soil.
Reduced habitat was recorded at 10,30 and 100mg a.ilkg. A NOEC and LOEC value per Propanil in
natnral soil was !Jng o.i/kg and 3mg a.ilkg respectively. Propanil is an acetanilide post-emergence
herbicide with no residual effect and also it is used against weedy grasses and broad-leaved weeds in rice,
potatoes, and wheat. This is a low persistency chemical (Wauchope et al., 1992). The field half-life is 1 to
3 days (Wauchope et ai., 1992). Propanil has higher water SOlubility and it adsorbs only weakly to soil
particles as well as rapidly broken down in the soil by microorganisms. Propanil shows highest activity
under moist and wOlmy conditions.
that the toxicity of
The overall results of the stndies conducted with MCP A and Propanil
Propanil was higher than MCPA in both natnral and OECD artificial soils, In addition, toxicity in natural
soil was always recorded higher than in the artificial soil. This indicates that low
matter contcnt in
natural soil affects bio availability of these herbicides resulting in higher uptakes of herbicides.

Table 5. Effects of Propanil on the avoidance behavior of Eisenia andrei in nainral soil
of
Prop"llil
concentrations

eartbworms (%)

Avoidance
response (%)

Toxicity
evaluatioll

Control

Treated

46

54

_SNS

NRHF

3

74

26

42**

NRHF

10

86

14

72"""

RHF
RHF
RHF

30

100

0

IOO ND

IOO

100

0

lOOND

(*P<O.05, **P<O.OI, ***P<O.OOI, NS: Not Significant at P>O.05, NRHF: No Reduced Habitat Function is
considered when 20% of worms in treated soil and toxic =< 20% of worms in treated soil and RHF: Reduced
Habitat Function, ND: Not Determined due to 100% avoidance or mortality).
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CONCLUSION
Avoidance behavior is a very valuable and simple tool for environment toxicity assessment of pesticides
on earthworms. Accordingly, it can be used to investigate the effects of hcrbicides on earthworms in
contaminated soil. The toxicity of herbIcides was higher ill natural soil than OECD artificial soil. Therefore
it is recommended to perfoml acute and chronic toxicity tests with these chemicals to achieve a better
understanding on non target effects on soil fauna, specifically earthworms.
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26.
EVALUATING THE ABILITY OF RICE TO EFFECTIVELY SUPPRESS THE ACTIVITY
OF SOIL NITRIFIERS
W. S. Dandeniya
Department of Soil Science, Faculty of Agriculture, University of Peradeniya.
warshisd@gmaiLcom
INTRODUCTION
More than 20% of the N fertilizer produced worldwide is used in rice fields in Asia, The cost ofN fertilizers
usually represents 10-20 % of the total production cost of rice; however, the agronomic nitrogen usc
efficiency in rice farming is around 30% resulting yield reductions and waste of foreign exchange (Sirisena
et ai, 2000), Nitrification is a microbiologically mediated transformation governing tbe pool sizes of plant
available nitrogen forms (NH,- and NO,-) in soiL The rate of nitrification reactions is affected by
environmental factors such as substrate (NH/ and NO,) concentration, oxygen concentration, presence of
toxic or inhibiting substances, pH, and temperature, Allelochemicals, a group of plant-derived secondmy
metabolites, interfere with growth of surrounding plants and microbial community dynamics in soil
including nitrifiers (Subbarao et ai., 2007). The suppression of nitrification by biologically active plant
derived compounds is refelTed to as biological nitrification inhibition (EN!) (Subbarao el ai., 2007),
Nitrification in the rhizosphere can be suppressed by plants and other microbes by secreting inhibitory
compounds, competing for Nfl, + and/or by encouraging the !,'Towth of fast-growing heterotrophs in the
rhizosphere that out-compete slow-growing nitrifiers Considering the immense diversity of rice gene pool in
Sri Lanka, there is a great opportunity of finding rice varieties with BN! potentiaL A study was conducted
with ten rice varieties to determine the ability of rice to suppress nitrification.

METHODOLOGY
A soil sample was collected to isolate nitrifiers from the 0 10 em depth from a paddy field at the
experimental farm of University ofPeradeniya in Maha lIlnppallama, Ammonia oxidizing bacteria, a group
of microorganisms involved in the first step of nitrifieation, was isolated using a culture based approach with
P buffer medium (pH 7,8) as described previously (Weaver et ai, 200n Fourteen days old seedlings often
ricc varieties (BG 300, BG 352, BG 358, BG 94/1, AT 362, Suduru Samba, Sudu Hecnati, Dahanala, Kalu
were immersed in distilled water (4
Heenati and Sllwandel) were used in the study, Roots of rice
mg fresh roots! ml), and shaken for 30 min to collect root wash (RW) and then the roots were pat dried,
ground and dissolved in sterilized distilled water to obtain a root extract (RE) solution with a concentration
of 10 mg fresh roots mrl A bIOassay was conducted with RW to test its
on potential ammonia
oxidation (p AO) activity of isolated ammonia oxidizing bacteria, A soil incubation study was conducted to
test the effect of RW and RE on nitrifiers in the presence of other microorganisms, The potential nitnfication
rate (PNR) of soil nitrifiers after incubating with RW or RE (at a rate of 400 f'g of fresh roots per milliliter
of soil slurry) for 2h was measured
shaken slurry method as described previously by Hart el ar (1994),
A control with 2 ml of sterilized distilled water to replace root derived compounds was performed in
triplicates, Suppression of nitrification was calculated by
PNR with RW/RE from the PNR of
control.
Data were statistically analyzed. Analysis of variance was
for data generated from BNI
experiment using MINITAB® Release 141 statistical software (Minitab lnc,)~ Means were compared by
LSD mean separation (p < 0,05).
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RESULTS AND DISCUSSION
Tested rice varieties differed in their ability to affect the activity of nitrifiers (Table 1). Root wasb (RW),
which mainly contain root exudates, enhanced the activity of ammonia oxidizers isolated from soil to varying
degree depending on the variety. The observations made on the effects of R W on nitrifiers in the isolated
culture did not agree always with the effect on nitrificrs in soil. Root extracts of all varieties obtained by
!,'Tinding fresh roots and dissolving in distilled water suppressed the potential nitritication at the rate of RE
applied in this study, which is nearly compounds from 400 flg fresh roots per milliliter of soil slurry (400
ppm). Interestingly, RW and RE application to soil affected nitrifiers differently for some rice varieties
For
although the application rates of two different type of root derived compounds were similar (Table
example, RW from BG352 stimulated the nitrifier activity while the RE from the same variety suppressed
soil nitrifiers,

Table 1. The effect of root derived compounds on soil nitrifiers' activity (Values are given as Mean ±
Standard Error mean). Values are calculated as [activity whell applied RW or REI I [activity of
cOlltrol], Therefore, values <1 illdicate that potential activity was suppressed by added compounds.

Variety

Effect ofRW on potential

Effect of RW on poten-

Effect ofRE on potential

activity of ammonia

rial activity of nitrifien

activity of nitrifiers in

in soil **

soil

oxidizers

'*

**

BG300

L72±O.ISb

144± Ll8ab

0.58 ± 0.10 a

BG352

25.50116.1 b

3.11±OAOa

0.69± 0.06 a

BG358

L03± 0.020

0.52 ± 0.060

0,55 ± 0.05 a

BG94il

1.04 ± 001 b

1.51 ± 0.17'0

0.55 ±

AT362

U6±O.19o

0.65 ± 0.24 b

0.62 ± 0.14.

Suduro Samba

453,47± 6.51 a

0.59 ± 0.29 b

0.85± 0.16.

Sudu Heenati

410.95±2,83a

136 ± 0.87 ao

0.67 ± 0.04 a

nahanala

L03 ± 0.01 b

0.22 ± 0.04 b

0.76 ± 0,07 a

Kalu Heenati

1.02 ± 0.04 b

0.98 ± 0.06 b

0.58 ± 0.06 a

435.56 ± 8.37 a

L38± 0.67.1>

0.74 ± 0.25 a

Suwandel

om a

* The effects on ammonia oxidizers were assessed on using a culture isolated from soil
** Suppression of nitrification was measured duectly using soiL
Means in a given eolmml followed by the same letter are not signitlcantly different at p < 0.05.
Once added to a medium the availability of an organic compound is determined by the complexity of the
medium. Soil is a highly complex medium due to soil matrix itself and the presence of soil microorganisms
that use plant metabolites as C and energy sources. Physicochemical reactions like chelation, adsorption to
clay and organic matter, dilution by soil moisture, and root exudation as affected by plant stress and plant
age can change thc active plant-derived secondary metabolite concentration in soil (Gopalakrisbnan el aI.,
2009). Therefore, the results from laboratory bioassays conducted using arrificial growth media may not
agree with studies conducted using soil as a medinm (Tanaka 01 aI., 2010), Results from laboratory bioassays
on allelopathy arc relative and provide information about potential BNT only (Tanaka et aI., 2010; Subbarao
et al., 2007), It was clearly indicated in the present study that although some varieties like Sudum Samba,
Sudu Heenati and Suwandel stimulate the activity of ammonia oxidizer isolated from soil, similar results
were nol obtained when applied the root exudates to soiL Rool exudates in Sudum Samba suppressed the
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nitrifiers activity in soil by nearly 50 % compared to control even though the same extract stimulated the
ammonia oxidizers activity nearly 450 times in laboratory bioassay.
Dominant nitrifying bacteria in soil are chemolithoautotrophs that use CO 2 as the cellular C source but some
members have the ability to grow as a chemolitho organotroph nsing fructose, pyruvate and amino acids like
organic compounds (Clark and Schmidt, 1967). The composition of root wash of rice varieties was not ana
lyzed in the present study. However, a previous research conducted with traditional and improved rice varie
ties in Sri Lanka confirmed that rice varieties have varying root exudation profiles and some varieties exude
more organic compounds like amino acids than others (Dandeniya, 2007). The rate of application of root
derived compounds in the present study was 0.4 mg mr' (final concentration in soil slurry) and suppression
of nitrifier activity was observed even at this level. Root derived organic compounds might stimulate the
growth of other fast growing bacteria in the rhizosphere exerting a pressure to slow growing nitTifiers. This
may contribute to the observed low nitrification rates in soil media compared to ammonia oxidizer growth
media used in the laboratory bioassay.
Results indicate that the diversity of rice gene pool in Sri Lanka present great potential to search for biologi
cal nitrification inhibition. Information on ability of rice to suppress nitrification will be useful in developing
rice varieties with better N use efficiency to use in environments with excessive nitrification such as rain-fed
and upland rice cultivation systems.

CONCLUSION
Root derived secondary metabolites in tested rice varieties possess the ability to suppress nillification to dif
ferent extent. The suppression ofnitrifiers' activity may have achieved via manipulation of other soil micro
organisms that can exert a competition for slow growing niltifiers and this should be fmiher investigated.
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27.
EARTH WORMS ARE PAID FOR THEIR ECOSYSTEM SERVICES: CASE OF
INTRODUCING NOVEL LIVELIHOODS IN TO RURAL ECONOMY:
Leel Randeni'· & P.M.C.S De Silva"
'Biodiversity Secretariat, Ministry of Environment and Renewable Energy.
1 Department of Zoology, University of Ruhuna, Matara.
BACKGROUND
Sri Lankan economy underwent a major policy change in 1977 from centrally plarmed agricultural import
snbstitution type, morc or less closed economic system, to export oriented, industrially lcd, open market
economic system. Despite the above policy change, successive governments continued open market
economic system. However, by now, Sri Lanka has been elevated into lower middle i.ncome countly status
by the global community. With the new economic identity, access to donor funding was restricted as donors
are interested in the poorest developing countries. For the country's natural resources management,
biodiversity conservation etc., financial requirements lleed to be generated from the national economy by
applying strategic resources mobilization mechanisms. Need to shift towards market based policy tools has
arisen to create green jobs and sustainable livelihoods for needy groups and to assure long term
sustainability. Therefore, this paper examined the possibility of introducing Payments for Ecosystem
Services (PES), a type of economic instrument for soil biodiversity and ecosystem services (BES) as a means
of implicit fund raising mechanism, so that twin objectives of conservation of soil biodiversity and novel
livelihood options for people are possible. Earth worms were selected as the group of soil biodiversity, and a
series of generic research questions were raised and answered exploring the contemporary literature
available in the internet and other sources. Research work conductcd in the Uuivcrsity of Ruhuna was
summarized for identification of suitable earth worm species. Their performance in contaminated soils was
also examined. Experts consulted and their views on PES for earth worm ecosystem services were critically
examined. Finally, a means of incorporating earth worm services into "Diveneguma,a rural livelihood
promotion programme was suggested with possibJe implications.
Key words:

Earth worms, Payments for Ecosystem Services (PES), Market based policy tools,
econmnic instruments, Strategic resources mobilization, Dlvineguma Programme

PAYMENTS FOR ECOSYSTEMSERVICES (PES)
Understanding tbe full economic value of ecosystems and biodiversity to those who benefit from them can
encourage investment in their protection and enhancement. Payments for Ecosystem Services (PES) value
ecosystem services conservation aud increase mcome generation in ruraJ areas, food security and sustainable
development. PES schemes can be found in all continents. Most PES schemes revolve around three of
ecosystem services: water and soil-related services; climate stabilization; and biodiversity couservation.
Although PES schemes may be focused on the enhancement of one ecosystem service, interventions have
multiple benefits; reforestation may target carbon sequestration but it will also produce positive impacts on
water quality and biodiversity. Thus, there is a need to develop PES schemes that address bundled ecosystem
services. Signifying fauna, flora and the habitats as ecosystem service providers, is a novel experience for Sri
Lankan community. But, latest developments in the Millennium Environment Assessment identified four
categories of ecosystem services and viewed components of biodiversity as natural capital or wealth
suggesting tools towards inclusive growth.
Earthworms playa vital role in soil ecosystems and their presence to sustai.n a healthy soil was already
highlighted by Charles Darwin in 188!. They represents> 80% of biomass of all ten·estrial invertebrates in
soil ecosystem and their commumties give aclear indication of healthy soil. Their contribntion to complex

* Correspond.ing author; leelr2fJOJ@yahoo.com
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processes such as litter decomposition, nutrient cycling, soil aggregation and pedogenesis as ecosystem
engineers is very important Hence, presence of earthworms is beneficial to soil ecosystem, and the
ecosystem services they provide are priceless, Earthworms
in a wide range of soH types and horizons,
thereby being classified in the ecological categ01ies as epigeic species that are surface active and feed on
decaying matters, the anecic species that feed on leaf litter mixed with soil in the upper layers and the
endogeic species that feed on organically rich soil which they used to build permanent burrows in deep
mincral layers, Earthworm activities in soil and associated process have largely contributed to their
ecosystem services and could be used in l11xalIivelilioods,

EARTH WORM CULTURE AS A NEW LIVELIHOOD VENTURE
worms arc not easily visible like other terrestrial fauna of birds, mammals etc. They are hidden inside
soil or in decaying organic maner. Laymen's understanding and awareness are minimal about the valuable
services provided by them, Although not a popular organism, their ecological fimctions cannot be
sllstainably replaced by other natural or synthetic means. As a poliey decision, the Government is promoting
organic means of plant nutrition for phased out reduction of fertilizer subsidy, Government apprcciates
raring livestock such as cattle,
poultry etc. There are incentive schemes to promote livestock
husbandry, If backed witb strong policy directives, strategies and actions employing rigbt tools with target
groups, earth worms will mainstream their beneficial ecosystem functions into rural economies.

RATIONALE
Sri Lankan economy is operated by a vibrant services sector. There is a potential for in -cooperating
ear1bworn1 services into economy, One potential way is to mainstream earth worn1 services in to rural
livelihoods, Their ecosystem services can be identified, defined, valued and mainstreamed into national
economy. Venru-composting is one of tbe services derived and has the potential to make livelihoods more
sustainable and enhance the sustainable liveliboods in rural areas in spite of spending 2% from the GDP to
import fertilizer to distribute among farmers as a national fertilizer subsidy, Vermicomposting, using
earthwomlS, is recognized as an ceo-biotechnological process that can transform complex organic substances
into stabilized, humus-like products, Earthworms accelerate tbe mineralization rate and convert manures into
casts with a higher nutritional value and degree of humification than the composts resulting from traditional
methods of eomposting, The increased mineralization and conservation of nutrient are due to the bioeatalytic
effect of earthworms in the decomposition and conservation mechanism, Tbe extent to whicb vcrmicomposts
influence soil properties and therefore soii restoration or soil
however, depends on the amount, type,
and stl11cture (functional groups, molecular weight, humification, etc,) of the added organic materials, Their
effect on the maintenance of environmental quality will depend on the substrates used during the
vermicomposting process, The application of organic matter to degraded soils is a good environmental
practice and innovatrve green technology, Although verrnicomposting is a viable recycling technique, it has
very little popUlarity in soil waste management process in Sri Lanka, mainly due to the lack of large scale
compost WOIID production,

OBJECTIVES
Overall objective:
To assess potential earthworm species and incorporate their ecosystem services into large scale
vermicomposting practices to empower the rural economy, In addition we investigate the
of
vermicompost On contaminated soil aiming to increase the productivity of agro soil ecosystems,

METHODOLOGY
Identification of potential species:
A survey on earthworms was perforn1ed in selected home gardens and agro ecosystems in the Southern,
Uva and Central provinces, Worn1S collected were classified according to the ecological categories as
epigcic, anecie and endogeic species,
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Identification of potential substrates:
Compost wonu production was investigated in locally prepared artificial soils (AS) osmg paddy husk, saw
dust and coco peat (composted & uncomposted)< Adult earthwonns of compost wonns (Eisenia sp and
Perionyx excavam" n 10, 6 replicates) were introduced into prepared AS and incubated under tropical
conditions for 28 days< The moisture content of the prepared AS was set to 50% of the respective water
holding capacities. After 28 days adults were removed and containers were kept for another 28 days for
batching of the juveniles< Mortality and mean number of cocoons (28 days) and juvenile production (56
days) were detemlined. Temperate artificial soil was used as the control substrate.

Effects of vermicompost on contaminated soils:
Selected vennin compost concentrations which caused a mortality of less than 50% were prepared using
relevant the weights of contaminated soil and vennin composts. The mix::Ure of soil was added into glass
botties with 750ml volume< Age - synchronized adult earthwonns (300-600mg) were obtained from cultures
maintained at the Department of Zoology, University of Ruhuna, Sri Lanka. Ten earthwonns were taken;
rinsed with water; blotted dry on filter paper and initial weight was measured & introduced into each bottle
filled with mixture of vennin composts & contaminated soil ofthrea replicates for each concentration<
of
fresh frozen finely ground cow manure which was moistened to 50% (w/w) were added into a hole ill the
middle of the soiL The lids were not closed tightly to facilitate free exchange of aiL The test containers were
kept at 26± 20C and !2D:12L hrs photoperiod. Moisture loss from the test mixture was checked by weighing
the test containers at weekly intervals & replenished as needed to maintain a moisture content of 50% WHC
max. After 28 days of introduction, adult worms were removed by band sotting and the final weight was
measured for ten worms. Ibe mixture was retumed to same and kept for another 28 days for cocoon
development. After 56 days, juveniles were extracted from the test mixture using a water bath at 60° C and
counted< The final endpoints studied were change of biomass after 28 days & number of juveniles produced
after 56 days.

Establishment ofvermin composting units and profitability:
Selected earthwonn species and potential substrates were introduced to commercial vermin compsting units
and to selected households to asses the economics and profitability of the vennin compost uSc< Production
costs were divided as variable and fixed costs, and project evaluation was carried out for each unit.

CONCEPTUAL OR THEORETICAL FRAlVIEWORK
Identified ecosystem services by earthwonns will be used to commercial production of vcnllicompost
Vermicompost is a good replacement for artificial fertilizers in the shon tenu and it will increase the soil
fertility in the long tenn. Successful vennicomposting production depends on suitable species and potential
cul::Uring substrates< In addition, the quality of the vemlicompost and its effects on contaminated soils can be
quantified< Finally, such approaches can easily be used to empower the rural economies.

RESULTS/FINDINGS
The recorded earthwol"m fauna in study areas was dominated by Family-MegascoJidae (43 species), Family
Octochaetidae (12 species) Family Monilgastridae (6 species), Family-Lumbricidae (3 species) and Family
- Eudrilidae (l species). Family-Magascolidae consisted 56 % of the indigenous species including 12
endemics and exotic earthwonll Periyol1ix exacavalus was the dominant species< The highest abundance was
reported with Family-Eudrilidae represented by Eudrilus eugenoe, an exotic species; followed by Eisenia
fe/ida (Family- Lumbricidae). The recoded species such as Eisenia felido and Periyonix exocavotus
have already been widely used in vermicomposting< The results indicate that anificial soils made from
composted coco peal give similar perfonnance in juvenile production of both compost wonns tested and
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may be used in mass scale compost worm production under tropical conditions. Experiments carried out to
investigate the effects of verrnicompost on contaminated soils found that 5% to 25% verrnicompost was the
suitable range of amendment and 50% and 75% amendments were highly toxic to the adult worms. Higher
toxicity reported could be linked with high acidity and high mineral content in higher vermicompost
amendments. Tests with !,'Towth and reproduction of earthworms indicate that the optimum amendment
concentration was 5% amendment. Introduction of earthworm species Eisenia was very successful in both
commercial and household units. Variable costs were carried with level of output but flxed costs only
marginally varied with output.

CONCLUSIONS AND POLICY IMPLICATIONS
The conversion of earthworm ecosystem services into rural economy has a good potential. The applicability
of such a frame work depends on species selected, suitahle substrates and profltability. Novel livelihoods
such as large scale culturing of suitable species and vermicomposting can be introduced in rural areas to
uplift the social status. "Self - help groups" of rural women can be incorporated with activities such as
verrmcomposting and vermicul(uring aiming a better life and also aiming at a healthy environment and the
promotion of sustainabiljty.
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28.
PESTICIDE EFFECTS ON TROPICAL EARTHWORMS: CURRENT STATUS, TRENDS
AND FUTURE

P. Mangala C. S De Silva
Department of Zoology, University of Ruhuna, Matara
chathura@Zoo.ruh.ac.lk
Expansion of agriculture in tropical regions is heavily relying on the use of pesticides. Pesticides, however,
are generally also toxic to non-target soil organisms and as a consequence may hamper proper functioning of
the soi l. Sustainability of tropical agriculture, therefore, requires information on the effects of pesticides on
beneficial soil organisms like earthworms, which play an important role in the soil ecosystem. Nevertheless,
pesticide toxicity under tropical conditions is only rarely assessed and understanding the effects in such
conditions remains a priority. In addition, tropical risk assessments often rely on data generated under
temperate conditions. This approach is rather questionable mainly due to different climatic conditions.
Therefore, it is essential to understand pesticide toxicity and the consequent ecological effects under tropical
conditions.
Temperature and soil type may act as critical factors that modify pesticide toxicity. The higher activity of
earthworms at higher temperatures may trigger a higher uptake of pesticides causing larger effects on
survival under representative tropical conditions. However, sub-lethal endpoints, such as growth and
reproduction, do not show clear differences between the tested temperatures and vari ed with different soil
types indicating that the nature of the pesticide and soil type were more important than temperature.
Temperature may also influence the stability of the pesticides and its degradation kinetics, resulting in a
lower toxicity at higher temperatures. Therefore, temperate data should only be used with caution in tropical
risk assessment and pesticide regulation. Tropical risk assessment and tests using earthworms currently uses
data generated with the temperate compost worms Eisena fetida and Eisena andrei. These species are less
ecologically relevant as they are rarely found in natural soils. One good alternative is to use indigenous
species specific to tropical regions. Recent results indicate that the local species Perionyx excavatus is more
sensitive than the standard species Eisenia andrei. However, it should be noted that differences in sub-lethal
effects in sensitivity were relatively small. In addition studies show that Perionyx excavatus may be used as a
good alternative test species under tropical conditions in future studies, applying the available standard test
guidelines for Eisenia sp. The effects of both pure compounds and formulated products on tropical
earthworms and the estimation of possible added toxicity of formulated products have often been neglected
in toxicity studies. Very few studies indicate that the toxicity of formulated products was higher than that of
the pure compounds. In general, it can be also suggested that the toxicity of formulated products may be
masked by interactions with the soil resulting in more or less similar toxicities of formulations and the pure
compounds. Lack of cost-effective tests with short duration often hampers the risk assessment of pesticides
under tropical conditions. Recently the earthworm avoidance test has been considered a good alternative in
toxicity studies. Siruple experimeutal design and short duration of the test makes it ideal for an
initial screening test in pesticide regulation in tropical countries like Sri Lanka. Comparison with
literature data showed that endpoints generated through earthwonn avoidance tests are generally
less sensitive than reproduction but more sensitive than survival and, therefore, could be used in the
initial risk assessment to facilitate pesticide regulation in tropical regions.
The standard test guidelines for earthworm toxicity testing often use the ·OEeD artificial soil, which is
composed of sand, kaolin clay and sphagnum peat. Development of a tropical artificial soil is a timely need
due to increasing costs, non-availability and environment concerns associated with sphagnum peat. The
suitability of locally available, environmentally friendly substrates such as coco peat (composted and non
composted), saw dust and paddy husk has been investigated and modified artificial soil has been invented by
151
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substituting sphagnum peat in the standard artificial soil. It is learnt that composled coco peat is a good
alternative for sphagnum peat and being used in tropical ecotoxicology. The extrapolation of laboratory
studies to real time filed situations still remains a challenge. As an example effects of pesticides on
structural properties (species diversity, abundance, biomass) and functions (organic matter breakdown,
nutrient cycling) of soil ecosystems have rarely been studied in the field under tropical conditions, hence
future experiments based on litter bag test and earthwonn field test that have been introduced and
standardized by the QEeD should be encouraged under tropical conditions. In addition, it should be noted
that incorporation of generated scientific infoIDlation into policy decisions still remains very poor, and
effective mechanism is urgently needed.
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29.
PROPERTIES OF SOIL AND PLANT BIODIVERSITY IN THE LANDSLIDE PRONE
AREA OF NIKOLA OYA, RATTOTA

JinadliSlI Katupothll* and Snmanajith Knmara
Department of Geography, University of Sri Jayewardencpnra, Nugegoda

ABSTRACT
The study analysed surface and sub-surface soils, underlying rocks, vegetation types and relief in
the massive landslide prone area at Nikola Oya. The influence of soil properties and identification of
dominant, original and effective plant species on landslide occurrences were undertaken by fIeld
work on December, 2012; July and August 2013. Other relevant data and information were
collected from maps, images and through formal and informal discussions with affected persons and
officials.
The study on physio-chemical parameters of soils in the Nikola Oya landslide area has revealed
undifferentiated chamockitic biotite gneisses; Quartzite and Marble are the dominant rock types in
the area. Likewise, Red-yellow podzolic and wet mountain soils as well as Red-yellow podzolic and
immature browc loams appear in this area. A salient feature of the area is the steep, hilly and rolling
terrain. The vegetation cover of the Nikola Oya basin comprises Sub Montane Forests and Moist
Monsoon Forests, but the vegetation in the landslide affected area is characterized by poor-nutrient
content due to the disturbance of plant biodiversity and the deficiency of managing nutrients like
Nitrogen. Such nutrients fixing plant species like Gliricidia cover parts of the landslide prone but it
was found that diverse species with dense vegetation would be more appropriate.
Precipitous slopes and absence of a dense vegetation cover are not the only reason for landslide
occurrences in the region. Other environmental factors such as heavy rainfall during the monsoon
periods as well as the nature of soil have contributed to slope failure, together with production
clammy soils by microbial. Thus, the study has identified the multitude of factors including
microbiology responsible for landslides in the area and highlighted the need for urgent short and
long term mitigatory measures such as relocation of affected persons and reforestation of this
environmentally fragile area,

Keywords: Environmentally/ragUe area, Plant biodiversity, Microbial, Properties of soils,
Landslides.
L""'TRODUCTION
Landslides increase by biophysical (ecological) diversity, Geertsema and Pojar (2007) reeegnized tbe
biophysical diversity at tluee levels: site, soil, and habitat (ecosystem) diversity. Specific soil parameters,
particularly physical properties, such as bulk density, cohesiveness and shear strength have been noted to

* Corresponding author: katupOtha@gmail.com
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affect stability on disturbed slopes
et al 2010). Soils vary in their suitability
specific purposes.
For example, in Central Highlands of Sri Lanka a deep, fertile clay soil is suitable for intensive agriculture
and dense forest but a shallow, sandy soil is better suited to grazing and growing native trees. Exces:siv·e
rainfall within two or three days, location of
and moderate slope (between 35° and 50°), soil organic
matter and soil carbon sequestration as well as water holding capacity are mainly responsible for landslide
process. Similarly, soil depth, soil texture, structure, colour, soil pH level, nutrients, dispensability,
penneability and porosity are the other most common properties used to compare and recoguize soil in
landslide areas. Out of these: pH, salinity (BC), Calion Exchange Capacity (CEC), organic matter and C:N
ratio (Carbon to Nitrogen) include into soil chemical properties and others take account as physical
properties. Plant biodiversity in any area is governed by those properties, which follows the soil formation
factofS, and changing or altering of these properties also affect negatively for plant biodiversity,
changing or altering of these factors on slope areas in many districts in Central Highland of Sri Lanka
distinguish as landslide prone areas,
excessive rainfalls also occur.
When weathered material is saturated with rain water the iron-rich clayey material acts as a lubricant,
there is no
cansing the mass of earth and rock to move rapidly down the slope under the force of
material together the lubrication of
and earth can be
vegetation cover to bind and hold
intensified. During the heavy rains, the fall or topple of rock material may be further
due 10 sbaking
of weathered rocks and debris by thunder and lightning (Katupotha, 1991 and 1992. Katupotha (l995)
emphasizes·thatman-made causes such as construction of reservoirs, blasting ofrocks in rolling and hilly areas,
forest felling on an extensive scale, periodic uprooting of tea and rubber trees, tunnelling and pumping out
of water from gem pits in the valley bottoms have all led to slope failures and subsidence of the lands,
creating slope instability. Therefore, inefficient drainage of steep slopes along bare rocky lands and those under
plantations may also contribute to slope failure.
A recent devastated landslide at NikolaOya, which occurred in the davm of Monday 17,2012 has followed
the common soil properties and plant biodiversity at Nikola Oya stream valley scarifying seven lives and
overwhelming honses and other properties' Accordingly, this paper hypothesize that
at Nikola Oya
npper catchment sites are inherently "problem soils", where slope failure can occur even without any human
interference.

GEOGRAPIDCAL SETTING OF THE STUDY AREA
North-east of the Kandy Plateau is the Knuckles Massif, with severnl fine mountains over 1,600m, its
highest peaks are Gombania (l,905m) and Knuckles (l,863m). The knuckles Massifis really a complex of
ranges resnlting from a large recumbent fold, and some of finest and most rugged mountains in Sri Lanka
are to be found in this comparatively inaccessible and little known region (Cooray, 1984). Long
escarpments, some rising over 900m in sheer rock walls are also common, particularly in the Knuckles area.
These escarpments may be the results of faults but mare often they are the result of jointing and some are
resulted from the branching of long anti-dinal folds. Main rocks of the study area are Granite gneiss,
undifferentiated charnokitic biotitc
Quartzites (pure coarse-grained ridge forming quartzites locally
with <5% each of sillimanite, kaolinized feldspar or biotite: Figure I).
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Figure 1: Photos A-D show that the highly weathered undifferentiated charnokitic biotite gneisses (A & B),
Quartzites (pure coarse-grained ridge forming quartzites locally with <5% each of Sillimanite, kaoUnized
feldspar or biotite (C & D)).

Nikola Oya, a small stream located in the Bambarakiriella Grama Niladhari Division (GND), Rattota
Divisional Secretariat Area (Figure 2), shows the dendritic drainage pattern, which follows the rugged
morphology with steep slopes. From Knuckles Range Nikola Oya flows westward and joins with Sudu
Ganga at Rattota. Long and small streams of the Nikola Oya flow across the Medawatta Tea Estate, which is
under State Plantation Corporation. The crest of the mountain range extends north - south direction, and
height of the starting pa int of the Nikola Oya extends about 1,610m (7'28'35"N and 80'43'46"E) from
MSL'.
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Figure 2: Location ofthe Nikola Oya landslide at Rattota Divisional Secretariat Area

Red-yellow podzolic and wet mountain soils as well as
podzolic and inunature brown loams
appear in the Nikola Oya and surrounding area. Tbe
podzolic and wet mountain soils are
predominant in the Wet Zone thaI is in the Hill Country and the south west region of Sri Lanka.
Metasediments and chanockitic gneisses of the Highland
are the main rock types (Cooray, 1984).
The immature brmvn loams occur wlth the Red-yellow podzolic soils. Both soils are on steeply dissected
hills and rolling terrains in the study area.
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Average rainfall of the Nikola Oya area varies between 2,200 and 3,500 mm, But, excessive rainfaH has
occurred on 17 (812,80 mm) and ]8 (635,69 mm) December 2012, The annual rainfall for the year 2012 was
4,204,80 (Data from Nikola Oya Estate),
The vegetation cover of the Nikola Oya basin complises of Sub Montane Forests and Moist Monsoon
Forests, It plays a key role in providing a water supply to ecosystems and livelihoods throughout the year in
the doviTIstream areas, But, the vegetation types are threatened due to the Cardamom cultivation, expansion
of tea and human activities, The northern and eastern mountains and hilly landforms in Bambarakiliella GND
and adjoining divisions have steep and moderate slopes aud which accelerate soil erosion, In SOme places
rocky layers are exposed at steep slopes, and rock falls and debris flow occur in such areas,
The total population of the Bambarakiriella GND is 1,189, at which Nikola Oya basin is located, Out of this
figure, 534 (/67 families) are included into rural population, and other 655 (151 families) are included into
estate sector (Resource Profile, Rattota DSD, 2012), There were 318 permanent houses in the GND area, but
no semi-permanents Or temporary houses, The estate workers houses and many private houses were
distlibuted along and close to the both side of Nikola Oya baw, Concerning the land ownership, there were
320 land parcels, out of this 55% owners were less tban 0,62 ha, A land parcel in size from 2,0 ha to 4 ba
belonged to one person, Distlibutions of Land utilization data of tbe GND indicate that tea (138,8 ha,),
protected lands (247 he,) forest lands (135,6 he), cultivated (mixed) lands (128 hal bare lands (88.3 hal and
other lands (I 13 ha.),
Human population, land use types and activities on steep slopes clearly impact the non-productivity of
physical and chemical properties ofthe soil.
METIIODOLOGY
Twenty houses in Nikola Oya (12 completely damaged and 8 partly damaged) of Bambarakiliella GND,
Rattota area identified as being prone to landslides were destroyed on in the dawn of Monday 17 of
December, 2012 by a devastating and defenseless landslide, Three (3) persons died, 4 persons disappeared
and 69 were displaced by this event.
Due to the limited time-frame, three Soil sampling points were selected arbitrarily from the landslide area of
the Nikola Oya, The data collected on the characteristics of the profile site was location, soil classification,
topography, slope, micro-topography, land use, parent material, effective soil depth, erosion, soil water
relationships, flooding, drainage, groundwater depth, moisture conditions and soil horizon description, Some
soil parameters of these samples are shown in Table L For this pUlJlose field investigations were conducted
on 29 th of December, 2012, 27-29 July and 11-12 August, 2013. Soil color was described using the Munsell
Colour Chart, (2000), Information in relation to fauna and flora were collected during the field investigation
and through formal and informal discussions held with officials of the Nikola Oya Estate, labours and
gcneral pUblic, Secondary data were collected from "Resource Prome 2012" compiled by Rattota Divisional
Secretariat, I :50,000 Topographic Map and Google Image (coverage the Nikola Oya basin),

RESULTS
Clay Minerals
The clay from the red-yellow podzolic soil differs from an the other soil clays examined, in containing an
appreciable amount (about 10 per cent.) of gibbsite, Kaolinite is the predominant mineral in this soil clay,
and goethite, hematite and quartz are present in the Nikola Oya area,
Clay minerals are typically formed over long periods of time by the gradual chemical weathering of rocks,
usually silicate-bearing by low concentrations of carbonic acid and other diluted solvents, These solvents,
usually acidic, migrate through the weathering rock after leaching through upper weathered layers, In many
places of the Nikola Oya it is possible to see goethite and bematite diluted solvents spring water pockets
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(Figure 3). In addition to the weathering process, some clay minerals are formed by hydrothermal activity.
Clay deposits may be formed in place as residual deposits in soi l mainly from microbial activity, but thick
deposits usually are formed as the result of a secondary sedimentary deposition process after they have been
eroded and transported from their originaiiocation of formation.
In the Nikola Oya upper catchment, clay minerals are unstable and break down under intense chemical
weathering to become hydrated oxides of Aluminum (bauxite) and Iron (goethite), which are very poor
substitutes for clay minerals in retaining soil nutrients. As a result, jungle soil relies on the presence
of humus, an organic substance produced by microbes that cause dead plants to decay; humus takes off the
ability of clay minerals to retain soil moisture and nutrients.

Figure 3: Photos show that under the intense chemical weathering, hydrated oxides of
Aluminum (bauxite) and Iron (goethite) concentrated water pockets are in
the study area.
Humus is much more fragile than clay minerals to chemical weathering, and is protected by sub montane
forest canopy, which softens the torrential rainfall. Such rainfalls occur in the study area and illegal forest
felling in montane or sub montane forest causes the humus to quickly wash away.

Shear Strength
Shear strength, characterized by the angle of internal friction and cohesion is one of the basic geotechnical
parameters describing the mechanical characteristics of soil in the aspect of its stability. To withhold or
remove the washed way material depend on the shear strength , which is characterized by the angle of
internal friction and cohesion. It is one of the basic geotechnical parameters describing the mechanical
characteristics of soil in the aspect of its stability. Based on obtained results from southern Poland, Zydron
and Zawisza (20 II), state that the values of the shear strength depend on variations in moisture content.
Further, the stress-strain relationship of soils, and therefore the shearing strength of the Nikola Oya
headstream, is affected by:
1. Soil composition (basic soil material): mineralogy, grain size and grain size distribution, shape of
particles, pore fluid type and content, ions on grain and in pore fluid .
2. State (initial): loose, but normally consolidated, stiff, soft, contractive, dilative characteristics are
seen.
3. Structure: arrangement of particles within the soil mass; the manner the particles are packed or
distributed. Features such as layers, joints, fissures, slickensides, voids, pockets, cementation, etc. are
part of the structure. Structure of soils in the study area can be recognized as disturbed by mega and
meso fauna as well as microbial.
4. Loading conditions: drained, dynamic and cyclic.
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Biodiversity
Tbe Nikola Oya landslide area and surroundings have different floral types namely, riverine forests, rock
outcrop forests, shrub-lands, semi-natural home gardens, agricultural lands (tea, cardamom, cbena, forest
plantations etc. ). Successional status (time) and evolution of tbese govern by the environmental factors such
as climate, geology, soils, topograpby and drainage network (Figure 4).Tbe montane forests (above 1300m)
of tbe upper catchment are covered by Calophyllum spp. (Kina sp.), Syzygium cordifolium (Wal jambu),
Semecarpus walkeri (Badulla), Strobilanthes spp.(Nelu sp.), Orcbids & Epiphytes. Field visits confirm tbat
during tbe year heavy mist can be seen in these types of forests.

Figure 4: There is no thick soil cover in old agricultural lands (tea plantations, E, F & G).
A thin top soil layer (with humus) has developed in Sub Montane Forests (H) of
the Nikola Oya catchment, but the thicknesses vary according to micro mor
phology of forestlands.
Montane forests are the most important catchments and water shed areas oftbe Knuckles Range. They playa
key role in providing a water supply to sustain the ecosystems and livelihoods tlirough the year in the
downstream areas. These types oftbe forests contribute a lot when it comes to the natural beauty in Knuckles
Mountain Range.
The Sub Montane fore sts of the study area and surroundings are covered by Aglaia congylos, Cryptocarya
wightiana (Gulu Mora), Elaeocarpus glandulifer (Titta Weralu), Symplocos spp., Syzygium neesianum (Panu
Kera) & Strobilanthes spp, Calophyllum spp. (Kina sp.), Syzygium cordifolium CWal jambu), Sem ecarpus
walkeri (Badulla), Strobilanthes spp.(Nelu sp.), Orchids & Epiphytes (wet areas) and Actinodaphne
stenophylla, Dlypetes gardneri, Gomphia serrata, Psycho tria spp. & Memecylon spp. (dry areas). Sub
Montane Forest type is threatened by Cardamom cultivation, expansion of tea and other human activities
(Photos (E - F). This vegetation type mostly experiences the dry wind during the year, especially during the
period of May-August and this forest type also plays a key role as primary catchments and watershed area.
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Soil Microbiology
Microbial and faunal activity and ecology in soil are also very significant factors in landslide prone
areas. Soil life or soil biota include earthwonns, nematodes, protozoa, fungi, bacteria and
different arthropods. Soil biology plays a vital role in determining many soil characteristics; and about
how the nature of soil is affected. However, organisms in soil, their functions, and how they
soil
properties are very significant phenomena, because they affect the structure aad fertility of different soils.
In many soils, earthworms playa major role in the conversion of large pieces of organic matter into
rich humus, thus improving soil fertility. Due to moistnre contenl and distribution of annual rainfall,
earthworms live in soil layers of the montane and sub montane
and they help to make clammy soils.
Such conditions can be seen in soil of the Nikola Oya upper catchment area. Similarly, Nematodes have
successfillly adapted to nearly every ecosystem from marine to fresh water, to soils, and from the Polar
Regions to the tropics, as well as the highest to the lowest of elevations. Accordingly, their diversity of life
cycles, and their presence at various trophic levels in forest soils help to microbial and faunal activity, which
help to produce clammy soils.

As components of the micro and meiofauna protozoa arc an important food source for micro invertebrates,
Thus, the ecological role of protozoa in the transfer of bacterial and algal production to successive trophic
levels is importanl. As predators, they prey upon unicellular or filamentous algae, bacteria, and micro
Protozoa are both herbivores and consumers in the decomposer link of fhe food chain, Beside the above,
they
many bugs, known as arthropods, make their home in the soiL Arthropods are invertebrates, that
have no backbone, and rely instead on an extemal covering called an exoskeleton. The 200 species viewed
were extracted from one square foot of the top two inches of forest litter or soiL Among such species, mites
from
are poorly stndied, but enormously significant for nutrient release in the soiL Arranged in
microscopic to several inches in length, arthropods include insects such as springtails, beetles, and ants,
crustaceans such as sowbugs, arachnids such as spiders and mites, myriapods such as centipedes and
millipedes, and scorpions. AU these directly and indirectly help aeration and water circulation and to keep
nutrition in soils.
Nearly every soil is home to many different arthropod species. Certain row-crop soils contain
dozen
species of arthropods in a square meter. Arthropods can be grouped as shredders, predators, herbivores, and
fungal-feeders, based on their functions in soiL Most soil-dwelling arthropods eat fungi, worms or other
arthropods. Root-feeders and dead-plant shredders are less abundant. As they feed, arthropods aerate and
mix the soil, regulate the population size of other soil organisms, and shred organic materiaL
In addition to microbial, Knuckles range holds a wide variety of meso and mega fa\lnal
Most
importantly it is a home to many endangered and endemic
247 vertebrate species have been
recorded in this area of which 26% are endemic to Sri Lanka, including 14 hirds and 9 fish species. More
than 100 of ofher resident and migrant bird species can be observed at different times ofthe year. Five of
these endemic species, tlnee fresh water fish (Phillips's Gara- GOI1'O phillipsi, Martenstyn's Barb- Puntius
marlenstyni and Blotched Filamented Barb-Puntius srilankensis), Olle amphibian (Marbled Rock
Nonl1ophrys mamorala) and one lizard (Leaf Nosed Lizard (Cerelophora tennenti) are restricted to knuckles
forest range. Further, Knuckles Mountain Range is home to most of the mammals found in Sri Lanka. In
addition to elephants, leopards and samburs, there are also Small mammals (mice, rats, shrews), bats,
buffalo, wild boar, spotted deer, barking deer, mouse deer, fishing cat, jackal, mongoose, porcupine,
pangolin, leaf monkey, Sri Lanka Red Slender Loris and Giant squirrel etc.
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DISCUSSION
Courses and consequence
Rainfa ll-induced landslides have been a serious threat to people in mountainous areas in Sri Lanka. In-depth
understanding of the physica l and chemical properties of soil and biodiversity as well as process of soil
moisture changes in soil slope during heavy rainfall is therefore important in developing early warning
systems for landslide hazards.
Soil properties and plant biodiversity clearly influenced major landslides that occurred recently on moderate
slopes in western Knuckles Massifs. A mudflow, located at the Nikola Oya catchment (a protected forest
site), create a deep debris flows on the Nikola Oya stream basin, in which deforested unstable soi ls and steep
slopes (30°_50°) were surveyed (Figure 5). This unstable condition is developed due to local weathering
conditions, heavy rainfa ll, root systems of the plants, soil microbial and other plant ecological conditions.
The soils at the landslide site at Nikola Oya are particularly identified as "problematic soils" and thus prone
to landslides.

Figure 5:

Nikola Oya landslide area. A. Head of the landslide; B. Middle part of the landslide;
C. Appetence of emerged ill situ rocks and boulders after washout the left bank of tbe
Nikola Oya; D. Damaged houses; it is possible to expect buried lives and property under
this debris; E. Folded quartzite band. The numbers denote the CPS points.

161

Proceedillgs ofthe Notional Symposium on Soil Biodiversity - 2013

Grain size distribution (Figure 6), shear strength and factor of safety (Fs) are very significant to maintain the
soils in moderate to steep slopes. Three soils samples at Nikola Oya basin sites exhibited expansive potential,
owing to clay contents well above 20%. A clay content exceeding 32% was identified at the debris flow sites
implying an extremely high expansive potential of the soil (Table I and Figure 6). High liquid limits at upper
catchment (headstreams) make the soils qualify as susceptible to landslides. The value of Fs\1 for the
headstream site signifies an inherently unstable slope, and unstable conditions interplay of various physical,
geological, pedological and anthropogenic factors.

Table}. Results of the sieve analysis of selected samples from Nikola Oya
Sieve Size

Percentage
Sample 1

Percentage
Sample 2

Percentage
Sample 3

4=

10.54%

32.06%

16.85%

2mm

10.04%

14.02%

5.51%

1.7=

4.81%

4.70%

8.32%

500).lm

47.18%

3 1. 86%

59.87%

I25).lm

25.50%

15.43%

9.42%

90).lm ·

1.90%

1.50%

0.00%

63).lffi

0.00%

0.40%

0.00%

45).lffi

0.00%

0.00%

0.00%

Pan

0.00%

0.00%

0.00%

Source: Field investigations, August 2013.
The column I denotes (Figure 7) the unstable conditions of soil layers of tea planting area, Nikola
Oya right bank, because the soils are not in situ position. The deposition sequence shows that, these
soils should be fo=er debris material. In column J a weathered quartzite layer is seen, but no
proper soil development. Due to layering, breaking up and cracking some plant roots and meso and
arthropods are living and help to accelerate the weathering and seepage the water.

162

Proceedings ofthe National Symposium on Soil Biodiversity · 2013

Percentage- Sample 1
50.00% -,--- - - - -
40.00% -j---------j~:__-------30.00% t-----+-~-------20 .00%
10.00%
D.00% +-- .-----,-
~

t,.~

~

"v~

~

~

"\~ ~~-y

')..

<,"

~

<,-y

....."v

~

OJr:.)-Y

~

,f),'l

~

~

",-y

q

~

v

- -Percenta ge' Sample 1

Percentage - Sample 2
35.00% . , - - - - - - - - - - - - - - - 
30.00% -I-+-- - - -I'r- - -- - - - - 
25 .00% +---'\, - - - --1"--'1. -- - - - - - - 
20.00% -1--+-- --/-- + - - -- - -- 

15.00%

+----'\,---I--~.__-------

10.00%
5.00%
0.00%

-I---~-J'----"*-------

~

~

~

~

~

....<$' "v~ "\~ ~t:>-y ,,<,-y
V
<," ">-v

~

Ojr:.)-y

~

,f),-y
v

~

<-,-y

'>'

- -Percentage · Sample 2

~

q

Percentage - Sample 3
70.00%
6000%
50 .00%
40.00%
30.00%
20.00%
10.00%
0.00%

I

I

1\
I \

\

\

I

......

\

-

Percentage· Sample 3

..........


.:;:f ~~ ~~ N-~ N-~ N-~
t>'

');

').":-

<,r:::,'S ,,>-"v'"

of'

.,t

<o'?

N-~ q~<:-

~<.;

Figure 6: Three soils samples coUected from Nikola Oya (August 2013) indicate that top soils contain
cousiderable amount of clay particles
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Such areas also show unstable conditions. The column K also indicates unstable condition, loose soil with
much clay conditions, mainly grassy surfaces. Sbmewhat compact soil layer is shown in column L, it also
shows unstable conditions. Accordingly, many places of the Nikola Oya basin not stable due to fonner
debris flows, weathering of quartzite bands and their locational directions, dip and folding patterns,
microbial behavior and damaging of soil nutrient cycles. But, general public or many officials working
individual aspects, for e.g. geology, weathering, soil, microbial and faunal activity do not consider a
landslide prone area as malty-activity based block. For public awareness programs and mitigatory
measurei, it is necessary to pay attention on all parameters as a unique.

Figure 7: Photos I - L shows the unstable conditions of soil strata along the Nikola Oya basin.
During the debris flow along the stream bed heavy abrasion process continued. By this mean, huge boulders
rolling and collision fall to downward with other debris. Accordingly, some places of the stream bed appear
gneissic bedrock surfaces and both sides show that there are no soil layers. The banded quartizite layers have
.broken due to the flowing of debris at this time, and boulders roll further down damaging houses and other
properties located along the banks Figure 8.
Geertsema and Pojar (2006) recognize that biophysical diversity at three levels: site, soil, and habitat
(ecosystem) diversity on occurring of landslides. Landslides usually change the site conditions at a given
location, making conditions drier or wetter, or stonier or muddier, more pervious or less pervious, sunnier,
more exposed, etc. Changes to site conditions then also lead to changes in soils developing on those sites.
Changes to site and soil, and the resultant changes in vegetation contribute to increased habitat diversity
which is expressed at the landscape scale. Accordingly, soil and plant biodiversity on landslide at Nikola
Oya have some parallels to within habitat, between habitats and regional hierarchy of species diversity.

164

Proceedings ofthe National Symposilfm 011 Soil Biodio.;ersiry - 2013

Figure 8: Photos M - P prove that heavy abrasion process continues during the flowing of
debris on bedrock related river beds. The broken rocks scatter in low slopes and
damage the houses and other property.
CONCLUSION
Landslides are not a direct result of only physical conditions and buman interference. It is higbly
related witb microbial and faunal activity as well as otber mega and meso faunal activity. They help to
build or damage tbe nutrient cycles and affect tbe subsurface soils. During tbe heavy rain falls, tbe top
soil layer which contain bumus and microbial produce clammy soils. Such soils amass the clay
material, mainly produced by weatbering of minerals in local Tocks, always try slipping downward
along the moderate slopes. In Sri Lanka, many landslide areas have been subjected to number of times
as slope failure places. Most of those places including the Nikola Oya basin are not stable due to
former debris flows, regional geology, mineralogy and soil microbiology as well as human
interference. Therefore, it is necessary to manage and take mitigaroty measures concerning public
awareness programs on influence of tbe microbial, and in mitigatory measures it is necessary to pay
attention on all parameters as a unique.
ACKNOELEGMENT
We tbank the Officials of Medawatta Tea Estate at Nikola Oya, Rattota Divisional Secretariat and
Officials of the Police Station at Rattota. Also, we acknowledge our Geography Special Third Year
students of the Department of Geograpby, University of Sri Jayewardenepura, and MslMsc.
(Geograpby) students, University of Kelaniya for their participation on fieldwork. Also, this study has
been completed based on tbe Researcb and Development Allowance paid by University (Management
Services Circular No: 44 and the Letter ofUGC/CIPS/7 - dated 14 Marcb, 2011). Special tbanks go to
Ms. Dulanjali Wijethilake, 4"' Year Student (Faculty of Applied Sciences, University of Sri
Jayewardenepura) for helping to undertake sieve analysis on soil samples).
165

Proceedings o/flle Nation al Symposium on Soil Biodiversity - 2013

REFERENCES
Cooray P.G. 1984. An Introduction to the Geology of Sri Lanka. Revised Edition, Ceylon National Museum Publica
tion, Colombo.
Geertsema, Marten and Pojar, James. Influence of landslides on biophysical diversity- A perspecti ve from British Co
lumbia. Geomolphology 89 (2007), 55-69.
Katupotha, 1., 1991 : The landslide hazards and their impact on environment and society: the experience of Sri Lanka. Pro
ceedings UCLA Intemational Conference on The Impact on Natural Disasters: Agenda for Future Action, University of
California at Los Angeles, USA, July 10-12, 1991.
KatupoJha, J., 1992: Geomorphic surfaces of the river basins along the west and south coasts of Sri Lanka. A report, 140
pages, 1992 (NARESA).
Katupotha, 1. 1995. Human Responses to Landslide Hazards and Environmental Changes in the Central Hills Country
of Sri Lanka. In. Global environmental change: perspectives of remote sensing and geographic infonnation system /
editor, R.B. Singh. Published: Rotterdam: A. A. Baikema, 1995.
Mugagga F., Kakembo V. & Buyinza M. 2011.A characterisation of the physical properties of soil and the implications
for landslide occurrence on the slopes of Mount Elgon, Eastern Uganda. Joumal of the international Society for the
Prevention and Mitigation ofNatural Hazards. Vol. 60 (3), 1113-1131.
Zydron, T and Zawisza, E. 2011: Shear strength investigation of soils in landslide areas. Geologija. 20II. Vol. 53.
No. 3(75), 147-155.

166

Proceedings ofthe National !>);mposil1m on Soil Biodiversity. lOl3

30.
MICROBIAL ACTIVITY IN DIFFERENT TEA SOILS IN
SRI LANKA AS AFFECTED BY SOIL PESTICIDES
K. M. Mohotti* and P. G. D. S. Amarasena

Entomology and Nematology Division, Tea Research Institute, Talawakelle
ABSTRACT
Use of soil pesticides is an integral component in modem agriculture to ensure high agricultural yield by
controlling pests, diseases and weedso Never1heless. soil pesticides cause water aod soil pollution, affect non
otarget organisms in the soils and human health indirectlyo Since, the effects of different soil pesticides on
microbial activity in tropical soils have been poorly researched; a case study with tea soils was performedo In
this study, 10 soil pesticides were tested on different tea soils representing different Agro Ecological Regions
(AER) elevations, and organic matter status. They include Deniyaya, Kottawa, Hantana, Passara, Ratnapura
and Talawakelle. Rehabilitated soil with Guatemala grass and Mana and soil from an undisturbed forest were
also used. To investigate the feasibility of ameliorate pesticide treated soils, compost was used in the study ..
The soils were exposed to Mo soil fumigants (Dazomet and Metham Sodium), two insecticides (Cadusafos
and Carbofuran) one nematicide (Phenamiphos) and
four herbicides (2,4-D, Diuron, Glufosinate
Ammonium, Glyphosate and Paraquat) at recommended rates, The CO 2 evolution rate was measured to
elucidate changes in soil microbial activity due to application of different pesticides.
Importantly, reduction of soil microbial activity in tea soils due to application of tested pesticides was
significant (P<O.05) and ranged from 8.2 to 60.1 %. Among the soil pesticides tested, Metham Sodium and
Glufosinate Ammonium showed greater negative effects, Similar trends were observed with soil rehabilitated
with Mana and Guatemala and forest soils. Compost treated soils resulted in improving microbial activity in
all tea soils by 9.5% and in rehabilitated and forest soils by 11.7%,
Overall, the agrochemicals seemed to interfere with soil microorganisms in the tea ecosystem. Therefore,
site specific pesticide applications are proposed to reduce adverse effects on soil biology,Further,
conservation of soil biological resources through minimizing agrochemical usage, locally available organic
matter incorporation and grass rehabilitation should be promoted. Their bioremedial properties should be
harnessed. Also, use of Biochar with added characteristics would help reduce pesticide dosages required by
way of reducing the chemicalleachates and improving adhesiveness and thereby securing soil micro biology.

Keywords: soil pesticides, microbial activity, insecticides, nematicides,filmigants, herbicides
INTRODUCTION
Soil health is an important indicator of long term fertility of agricultural soils in any agro ecosystem
(Mohotti, 2002)0 Agro chemicals, though possessing benefits in nutrient supply and pest control in
agriculture, are known to cause negative effects on soil microbial communities. In contrast, maintenance of
soli organic matter through incorporation, mulching, green manuring and minimum use of agro chemicals
etc. enhance soil biology (Goyal et ai., 1999, Wolters, 2000).
Tea (Camellia sinensis (L.) O. Kuntze) is grown in a range of climates and soils. Hence, the tea plant is
subjected to various types of insects, nematodes, diseases and weeds. The use of pesticides forms an integral
component of tea cultivation to ensure high agricultural yield in the integrated management of pests

* Corresponding author: Jnohotfik@yahoo.com
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(http ://www.agridepLgOv.l kJindex.php/en/institutes/430). However, the Tea Research Institute of Sri Lanka
advocates least priority for pesticide usage and promotes adhering to cultural and biological methods owing
to worldwide concerns on health, environment and MRLs. The impact of pesticides on soil, water and
environment, however, needs to be addressed as it depends on several factors such as properties of
pesticides, properties of soils, condition of the sites and management practices (Misra and Mani, 1994).
Soil microbial activity has not been adequately researched as a determinant of studying the impact of soil
pesticides in different agricultural soils. The fate of pesticides used in tea in Sri Lanka and their non target
effects were identified as important in view of environmental safety and soil biodiversity. The present study
is therefore, evaluated the effects of ten soil pesticides on microbial activity in different tea soils
representing different Agro Ecological Regions (AER), elevations and organic matter status.

MATERIALS AND METHODS
Composite soil samples were collected from different Agro Ecological Regions representing different soil
types i.e. Deniyaya, Kottawa, Hantana, Pas sara, Ratnapura and Talawakelle for the study. Soils from
rehabilitated lands with Mana (Cymbopogon confertiflorus) and Guatemala (Tripsacum laxum) grass and
undisturbed forest also were collected.
Soil pesticides viz. Dazomet, Metham Sodium (fumigants), Carbofuran, Cadusafos (insecticide),
Phenamjp)J.9s.(lleJJwtidde), 2,4 - D, Diuron, Glufosinate Ammonium, Glyphosate and Paraquat (herbicides)
at rates recommended by the Tea Research Institute of Sri Lanka were applied as treatments. Compost and
untreated soil were used as control for comparison. Treated soils were incubated in vitro at 25°C under
laboratory conditions for 2 weeks and analyzed for determination of CO 2 evolution rate as the measure of
soil microbial activity using Anderson (1982) method. The percentage changes in CO 2 evolution rate in soils
after soil pesticide application were calculated in comparison to untreated soils used in the study.

RESULTS AND DISCUSSION
1. Microbial activity of tea soils as affected by different pesticides
Overall, tb.e results revealed a significant (P<O.05) effect by soil pesticides on microbial activity of tea soils
of different agro ecological regions. The level of impact on soil microbial activity by various pesticides
varied with the soil type with different soil organic carbon contents. Pesticides are highly adsorbed by
organic matter and clay particles in the soils. Soils with more clay and organic matter tend to hold water and
dissolved chemicals longer. Hence, the microbial activity was significantly low in such soils as negative
effects on microorganisms by pesticides persisted longer.
Metham Sodium, Dazomet, Carbofuran, Cadusafos, Phenamiphos and Glufosinate Ammonium showed
significant effects on soil microbial biomass while the effects due to Diuron, Glyphosate, 2,4- D
and Paraquat being not significant (Table 1). On the contrary, compost treated soil showed the highest
microbial activity prohably due to higher microbial biomass and considerably high organic matter.
Therefore, in situations with lower soil microbial activity In soils affected due
to contamination of pesticides, incorporation of compost seems to have a bioremedial action. Tablel shows
the percentage changes in microbial activity of tea soils due to various pesticide applications.

168

Proceedings oflhe Nationai Symposium OJ! Soil BJOdiFersil), -1{)13

Type of

Pesticide

Talawakele

Kottawa

Deniyaya

Ramapura

Hanatana

Passara

Mean

SD

Dllzomet

·265

40.0

·29.7

·22.2

·34.8

·25

·30.6

]3.1

MSodiUID

·73.5

·53.3

·67.6

·58.3

47.8

-47.5

·60.1

10.7

Insecticides

Carbofuran

-17.6

·35.6

·18,9

-16.7

·32.6

·27.5

·24.3

8.2

Nematicides

Cadusafos

-17.6

·35.6

·21.6

.] LI

·28.3

·22.5

·22.8

8.5

Phe.namiphos

·20.6

·33.3

·2,7

·25.0

·24A
·156

·162

·2.8

·25.0
·25

10.2

·2.9
4.4

·21.7
-8.7

-20.7

2,4·D
Dhlfon
GAmmonium

·11.0

9.0

··16.2

-2.5

-10.6

5.6

·2.9

·15.6

·8.3
4.2

-8,7

-5A

·13.0

6.1

·5.9

·1 Ll

1A

1,4

-32.6

0.0
-12.5

·8.2

Glypbosate

·9,4

12.6

Par.1qllat

-2.9

-24,4

·16.2

-5.6

·28.3

·8.8

-15.5

lOA

14.7

6.7

10.8

ILl

4.3

6.3

95

3.9

pesticides
Soil

fumigants

He.rbicides

Compost

2. Microbial activity offorest and grass rehabilitated soils as affected by differen! pesticides
The rehabilitated tea soils with Guatemala grass and Mana and undisturbed forest soils are expected to be
comparatively rich in organic carbon and resultantly a greater soil microbial activity. Results indicated a
significant effect on such soils by soil pesticides (Table I). The importance in improving the soil microbial
activity through rehabilitation was highlighted in view of biotemediation of contaminated tea lands. Data
also revcaled an apparent possibility in teaching soil microbial activity of an undisturbed forest.
Table 2 shows the percentage changes in microbial activity after soil pesticide application in rehabilitated
and forest soils. Metham Sodium treated soil showed significal1tiy lowest microbial activity while compost
treated soil showed the highest

Table 2: Percentage changes in microbial activity in rehabilitated and forest soils after soil pesticide
application
Type of pesticides

Pesticide

Forest

Mana Soil

Soil
Dazomet

-38.1

M. Sodium
Insecticides

Carbofuran

·62.9
-35.1

Nematicides

Cadusafos

Soil Fumigants

Herbicides

Guatemala

Mean

SD

-29.4

·34.6

4.6

7

Soil

-36.4
·86.4

-55.9

-21.6

-361

-31.8
-34.1

·25.5

·68A
'29.5
·31.9

Pbenamiphos

·19.6

-18.2

·176

-18.5

2,4·D

·19.6

-18.2

·11.8

·165

4.2

Dimon

-23.7

·11.4

·7.8

-143

83

G. Arnmonium

-11.3

·11.4

-9.8

-10.8

0.9

Glypbosate

-34

-182

-7,8

-20

13.2

Paraquat

·27.8

·]2.5

·216

-20.6

U

13.4

8

137

117

3.2

169

16
5.6
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CONCLUSIONS
The fate of different soil pesticides in different tea soils from agro-ecological zones with varying levels of
organic matter was demonstrated in this study. The non target effects of soil pesticides were clear on soil
microbes irrespective of the active ingredient of the pesticide. Observations were similar to findings of
Goyal el 01. (1999) and Misra and Mani (1994). Hence, compared to the existing blanket recommendations,
a location specific and more rational pesticide recommendation based on soil type was made clear in this
study. This would serve as a precision agricultural practice with concerns on leaching and retention capacity
of pesticides and effects on soil health.
Also, the bioremedial properties (Amarasena, 2005) by important Good Agricultural Practices (GAPs) such
as soil rehabilitation with Guatemala or Mana pass and incorporation of organic amendments in rectifying
affected tea lands were shown. Adherence to such cultural practices shall accomplish improved soi l micro
bial activity and overall soil productivity and also reach biological status of undisturbed forests .

FUTURE PROSPECTS
Despite tea ecosystem being maintained as a mini forest with humid rnicroclimatic conditions, agrochemi
cals seemed to interfere with inherent soil biological organisms. Therefore, site specific pesticide applica
tions will aid to reduce inverse effects on soil biology. Further, conservation of soil biological resources
through minimizing agrochemical usage, locally available organic matter incorporation and grass rehabilita
tion should be promoted.
In addition to Pre Harvest Interval (PHI), Maximum Residue Level (MRL) and Restricted Entry Interval
(REI) in connection with pesticide use, non target effects on plant soil and water environments are of para
mount importance in reserving the biological wealth in tea soils. Adherence to such requisites would ensure
product quality standards for customer needs as well as environmental, social and ethical certifications.
Also, the bioremedial properties should be harnessed by adopting important Good Agricultural Practices
(GAPs) such as soil rehabilitation. Planting of species with phytoremediation properties would further assist
in lowering the pesticide residues in soils and thereby minimizing the effects to soil microbes. Use of Bio
char would be another avenue to reduce pesticide dosages required by way of reducing the chemical
leachates and improving adhesiveness.
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IMPACT OF ORGANIC FARMING ON SOIL BIODIVERSITY
K. M. S. K Bandara

Green Movement of Sri Lanka, GangodaVlllJa, Nugegoda
senakagmsl@gmail.com

ABSTRACT
Massive soil destruction has taken place worldwide and also in Sri Lanka in the name of intensive agriculture
over a considerable period of time. Soil biodiversity bas been under threat as a result of tbe soil degradation.
Our experience over the last three decades has shown that soil healtb is deteriorating. This is due to attempts
at pure economic development at the expense of natural resources, thereby resulting in unlimited
environmental degradation. If this continues without any limitation, land aud life in it might die'? A set of
activities should be accomplished to conserve the soil biodiversity, Organic farming is one among tbose
activities that are supportive of the soil. We present this paper with the aim of conservation of soil
biodiversity through tbe organic farming practices. Beuefits of organic management on soil biological
diversity and activity are briefly explained in the paper and also the environmental benefits are elaborated,

INTRODUCTION
Organic fanning is a production system which avoids or largely excludes the use of synthetically
compounded fertilizers, pesticides, growih regulators and livestock feed additives, To the maximum extent
feasible, organic farming systems rely upon crop rotations, crop residues, animal manures, legumes, green
manures, off,fann organic wastes, mechanical cultivation, mineral-bearing rocks and aspects of biological
pest control to maintain soil productivity and yield to supply plant nutrients and to control insects, weeds and
other pests.
Organic farming is the form of agriculture that relies on crop rotation, green manure, compost, biological
pest control, and mechanical cultivation etc. to maintain soil productivity and control pests, excluding or
strictly limiting the use of synthetic fertilizers and synthetic pesticides, plant grmvth regulators, livestock
feed additives, and genetically modified organisms (Lotter,2003), However, there are various deflnitions for
organic agriculture and there are many arguments on it.
The tenn "conventionaLfarming" will be used to refer the production system which employs a full range of
pre- and post-plant tillage practices (e.g., plow, disk, plant, cultivate), syntbetic fertilizers and pesticides.
Conventional farmiug is characterized by a high degree of crop specialization. By contrast, organic fanning
is characterized by a diversity of crops. Organic agriculture is based on four factors named as principal of
health, principal of ecology, principal offaimess and principal of care (lFOAM 2005).
Many changes observed in tbe environment are long tenn, occurring slowly over time. Organic fanning
considers the medium and long term effect of agricultutal interventions on the agro ecosystem. It aims to
produce food while establishing an ecological balance to prevent soil fertility or pest problems. Organic
farming takes a proactive approach as opposed to treating problems after they emerge,
The paper aims to explore the following, the impact of organic fanning on soil biodiversity.

SPECIFIC OBJECTIVES
(!) Identification of the benefit of soil biological activities which enhances the soil biodiversity.

(2) Identification of soil biodiversity benefits with special focus on organic manage field,
(3) Examine environmental benefits of the organic fanning.
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Soils contain enormous numbers of diverse living organisms assembled in complex and varied communities.
Soil Biodiversity reflects the variability among living organisms in the soil ranging from the number of
invisible microbes such as bacteria, fungi and soil and more familiar macro faunas like earthworms and
termites. Plant roots can also be considered as part of soil biomass in view of their symbiotic relationships
and interactions with other soil biotic components. These diverse organisms interact with one another and
with plants and animals in the ecosystem, forming a complex web of biological activity. Environmental
factors, such as temperature, moisture and pH as well as antbropogenic actions, in particular, agriculhlral and
forestry management practices, affect, to different extents, soil biological communities and their functions.
Soil organisms contribute a wide range of essential services to the sustainable functioning of all ecosystems.
They act as the primary driving agents of nutrient cycling, regulating the dynamics of soil organic matter,
soil carbon sequestration and greenhouse gas emissions; modifying soil pbysical structure and water
regin1es, enhancing the amount and efficiency of nutrient acquisition by the vegetation and enhancing plant
health. These services are not only critical to the functioning of natural ecosystems but constitute an
in1portant resource for sustainable agricultural systems.

IMPORTANCE OF SOIL BIOLOGICAL ACTIVITIES
Benefits of soil biological activity for agricultural production requires the following ecological principles.

Supply oforganic matter
Each type of soil organism occupies a different niche in the web of life and favors a different substrate and
nutrient source. Most soil organisms rely on organic matter for food, thus a rich supply and varied source of
organic matter will generally support a wider variety of organisms.

Increased plant diversity
Crops should be mixed and their spatial and temporal distribution varied, to create a greater diversity of
niches and resources that stimulate soil biodiversity. For example diverse habitats support complex mixes of
soil organisms, and through crop rotation or inter-cropping, it is possible to encourage the presence of a
wider variety of organisms to in1prove nutrient cycling and natural processes of pest and disease control.

Protecting the habitat ofsoil organisms
The activity of soil biodiversity can be stimulated by improving soil living conditions, such as aeration,
temperature, moisture, and nutrient quantity and quality. In this regard, reduced soil tillage and minimized
compaction and reducing synthesized artificial chemical used to conserve the habitat of soil organisms.
Improvement in agricultural sustainability requires, alongside effective water and crop management, the
optimal use and management of soil fertility and soil physical properties. Both rely on soil biological
processes and soil biodiversity. This calls for the widespread adoption of management practices that enhance
soil biolOgical activity and thereby build up long term soil productivity and health.
Adaptation and further development of soil biodiversity management into sustainable land management
practices require solutions that pay adequate consideration to the synergies between the soil ecosystem and
its productive capacity and agro ecosystem health. One practical example of holistic agricultural
management systems that promote and enhance agro ecosystem bealtb, including biodiversity, biological
cycles and soil biological activity is organic farming.
Organic farming significantly increases the density and species richness of soil's life. Suitable conditions for
soil fauna and flora as well as soil forming and conditioning and nutrient cycling are encouraged by organic
practices such as manipulation of crop rotations and stlip cropping, green manuring, manure and organic
fertilization (animal manure, compost, crop residues) minimum tillage and, of course, avoidance of pesticide
and weedicide use.
Benefits of organic management on soil biological diversity and activity are summarized below.
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Abundant Arthropods and Earthworms.
Organic farming practices increase the abundance and species richness of beneficial arthropods living
aboveground and earthworms and thus improves the growth conditions of crops. More abundant predators
help to control harmful organisms (pests). In organic systems the density and abundance of arthropods, as
compared to conventional systems, have up to 100% more carabids, 60-70% more stapbylinids and 70-120%
more spiders. This difference is explained by prey deficiency due to pesticide influence as well as by a richer
weed flora in the standing crop that is less dense than in conventional plots. The biomass of earthworms in
organic systems is 30-40% higher than the conventional systems, their density even 50-80% higher.
Compared to the mineral fertilizer system, this difference is even more pronounced.

High occurrence of symbiosis
Organic crops profit from root symbioses and are better able to exploit the soiL On average, mycorrhizal
colonization of roots is highest in crops of unfertilized systems followcd by organic systems. Conventional
crops bave colonization levels that are 30% lower and the nutrients absorbed directly from the soil. The most
intense mycorrhizal root colonization is fonnd in grass clover, followed by tbe vetch rye intercrop (lannee
Bengtsson 2005). Roots of winter wheat are scarcely colonized. Eveu when all soils are inoculated with
active micorrhizae, colonization is enhanced in organic soil. This indicates that, even at inoculums in surplus,
soil nutrients at elevated levels and plant protection suppress symbiosis. This underlines the importance of
appropriate living condinons for specific organisms.

High densities of micro-organisms
Earthworms, fungi, bacteria, and numerons other microorganisms are in the soiL In organically managed
soils, the activity of these organisms is higher. Micro organisms in organic soils not only mineralize more
actively but also contribute to the build up of stable soil orgarric matter. Thus, nutrients are recycled faster
and soil structure is improved. The amount of microbial biomass and decomposition is connectod, at high
microbial biomass levels little light fraction material remains un-decomposed and vice versa.

Increased microbial carbon
Tbe total mass of micro organisms in organic systems is 20-40% higher than in the conventional system with
manure and 60-85% than m the conventional system without manure. Tbe ratio of microbial carbon to total
soil organic carbon is higher in organic system as compared to conventional systems. The difference is
significant at 60 em depth.

Increased soil enzymes
Microbial activities reflect important functions in the soil system; soil enzymes indicate these functions. The
total activity of micro-organisms can be estimated by measuring the activity of a living cell il$sociated
enzyme such as dehydrogenase (Jannee Bengtsson 2005). This enzyme plays a major role in the respiratOlY
pathway. Proteases in soil, where most organic N is protein, cleave protein compounds. Phosphates cleave
organic phosphorus compounds and thus provide a link between tbe plant and the stock of organic
phosphorus in thc soil. Enzyme aclJvity in organic soils is markedly higher than in conventional soils.
Microbial biomass and enzyme activities are closely related to soil acidity and soil organic matter content.

Wild flora
Large organic fields featurcd flora six times more abundant tban conventional fields, including endangered
varieties. In organic grassland, the average number of herb species was found to be bigher more than in
conventional grassland, including some species in decline. Vegetation structure and plant communities in
organic grassland are more even and more typical for a specific site than in conventionally managod systems.
In particular, field margin strips of organic farms and semi natural habItats conServe weod species listed as
endangered or at risk of extinction. Animal grazing hehavior or ronting activity was found important in
enhancing plant species composition (Jannee Bengtsson 2005). Weeds inflncnce the diversity and abundance
of arthropods and flowering weeds are particularly beneficial to pollinators and parasitolds.
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High-energy efficiency
Organic farming follows the ecosystem theory of closed nutrient cycle on the farm. Organic land
management allows the development of a relatively rich weed flora as compared to conventional systems,
Some "accompanying plants" of a crop are desired and considered useful in organic management The
presence of versatile flora attracts beneficial herbivores and other air borne or above ground organisms.
Their presence improves the nourishment of predatory arthropods. \Vben comparing diversity and tbe
demand of energy for microbial maintenance, it becomes evident that diverse populations need less energy
per unit biomass. A diverse microbial population, as present in the organic field plots, may divert a greater
part of the available carbon to microbial growth rather than maintenance, In agricultural practice this may be
interpreted as an increased turnover of organic matter with a faster mineralization and delivery of plant
nutrients. Finally, more organic matter is diverted to build-up stable soil humus,

Erosion control
Organic soil management improves soil structure by increasing soil activity and thus, reduces erosion risk.
on the development and stability of soil structure. Silty and loamy soils
Organic matrer has a positive
profit from organic matrer by an enhanced aggregate structure. Organic matter is adsorbed to the charged
surfaces of clay minerals, The negative charge decreases with increasing particle size. Silt is very snsceptible
to erosion since it is [lot charged, but organic matter layers on the silt surface favor aggregates with silt.
ENVIRONlVfENTAL BENEFITS OF ORGANIC FARMING
Soil: Soil building practices such as crop rotations, inter-cropping, symbiotic associations, cover crops,
organic fertilizers and minimum tillage are central to organic practices. These encourage the growth of soil
fauna and flora, improving soil formation and shucture and creating more stable systems. In tum, nutrient
and energy cycling is increased and the retentive abilities of tbe soil for nutrients and water are enhanced,
compensating for tbe non-use of synthesized artificial fertilizers. Such management tecbniques also play an
important role in soil erosion control. The length of time that the soil is exposed to erosive forces is
decreased, soil biodiversity is increased and nutrient losses are reduced, helping to maintain and enhance soil
productivity. Crop export of nutrients is usually compensated by farm derived renewable resources but it is
sometimes necessary to supplement organic soils witb potassinm, phosphate, calcium, magnesium and trace
elements from external sources,
and !JC""w'U.~
Water: In many agricultural areas, pollution of groundwater sources with synthetic
is a major problem. Organic farming never use artificial synthesized chemicals. In organic field inorganic
fertilizer is replaced by tbe organic fertilizer and for plant diseases and pests, organic pesticide and
ecological control metbods are used. Organic matter enhances the water retention capacity in the soil. Well
managed organic systems with better nutrient retentive abilities, greatly reduce the risk of groundwater
pollution. In some areas wbere pollution is a real problem, conversion to organic agriculture is highly
encouraged as a restorative measure.
Air: Organic agriculture reduces non-renewable energy use by decreasing agrochemical needs (these require
higb quantities of fossil fuel to be produced). Organic agriculnue contributes to mitigating the greenbouse
effect and global warming through its ability to sequester carbon in the soil. Many management practices
used by organic agriculture (e.g. minimum tillage, returning crop residues to the soil, the use of cover crops
increase the return of carbon to the soil,
and rotations and the
integration of nitrogen fixing
raising productivity and favoring carbon storage.
Biodiversity: Organic
are both custodians and users of biodiversity at all levels. At the gene level,
traditional and adapted seeds and breeds are preferred for their greater resistance to diseases and their
resilience to climatic stress. At the species level, diverse combinations of plants and animals optimize
nutrient and energy cycling for agricultural production. At tbe ecosystem level, the maintenance of natural
areas within and around organic fields and absence of chemical inputs create suitable habitats for wildlife.
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The frequent use of under utilized species (often as rotation crops to build soil fertility) reduces erosion of
agro biodiversity, creating a healthier gene pool - the basis for filturc adaptation. The provision of structures
providing food and shelter, and the lack of pesticide use, attract new or re-colonizing species to the organic
area including wild flora and fauna (e.g birds) and organisms beneficial to the organic system such as
pollinators and pest predators,
Ecological services: The impact of organic farming on natural resources favors interactions within the agro
ecosystem that arC vital for both agricultural production and nature conservation, Ecological services derived
include soil forming and conditioning, soil stabilization, waste recycling, carbon sequestration, nutrient
cycling, predation, pollination and habitats. By opting for organic products, the consumer through his/her
purchasing power promotes a loss poHuting agricultural system. The hidden costs of agriculture to the
environment in terms of natural resource degradation arC reduced.
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THE INFLUENCE OF ANTHROPOGENIC ACTIVITIES ON SOIL CHARACTERISTICS:
A CASE STUDY FROM BELLAN\YILA-ATTIDIYA WETLAND
W. D. Chethika Gunasiri\ Pubudu Wewalwala\ Ranjana Piyadasa'
and Deepthi D. WickramasingheI *
lDepartment of Zoology and 2Department of Geography, University of Colombo.
ABSTRACT
This study demonstrates how anthropogenic activities have influenced the physical and chemical properties
of soil in an nrban settiug. Properties of soils in Bellanwila - Attidiya Sanctuary, an urban wetland situated
close to Colombo, were compared with that of adjacent areas under human iufluence. Selected physical
parameters of soil (wet soil color, percentage of clay, moisture content, electrical conductivity and soil pH)
were analyzed using standard methods. Soils of the sanctuary exhibited typical wetland properties. Except
for pH and phosphates, all other parameters were significantly different iu anthropogenic habitats. To ensure
healthy functioniug of the wetland, it is of vital importance to stop or at least minimize any unsustainable
activities that includes pollution, encroachment and habitat destruction iu fbe adjacent areas by adoptiug
sound conservation practices.

Key words: Anthropogenic activities. Soil characteristics, Bellanwila-Altid;ya Wetland, habitats.
INTRODUCTION
Wetlands are amongst the world's most productive ecosystems where a unique combination of
soil
and biodiversity exist (JUCN, 2004). Due to favorable topographic and climatic conditions, Sri Lanka
supports a wide array of wetlands which possess various ecological functions and values (Kotagarna and
Bambaradeniya, 2006; Atapattu et al., 2009). Attempts to understand the physic- chemical and biological
interactions·in wetlands often focus on different biota (Jolmson, 2006) and less attention is given to one of
its major components, the soil. Physical and chemical properties of soils act as major ecological factors of
wetlands that greatly influence the productivity of the ecosystem (Mitsch and Gosseliuk, 2000).
The study of wetland soils is VItal as they are often subject to various influences of urban activities and land
use practices (Grunwald et aI., 2006). The ecological functions of wetlands partially depend on external
factors which iucludes
transport from outside (Mait!,
Despite the expansion population and
developmental pressure on urban wetlands, a few studies have
published on soils, and lack of the
information, causes escalatiug degradation and loss of potential ofthe resource.
The objectives of this study were to iuvestigate the contents of selected soil quality parameters in Bellenwila
Attidiya Wetland, a protected area (sanctuary) iu the outskirts of Colombo city which is under immense
developmental pressure. We hypothesized that the soil quality in the sanctuary is under minimal
anthropogenic disturbances. To investigate the impacts of manmade alternations, the soils of adjacent areas
under different land use practices too were studied and compared with that of wetland soils.

MATERIALS AND METHODS
Study Area
This study was carried out iu Bcllanwila-Attidiya wetland which is located in east of Attidiya, between 6°
52' Nand 79° 52' E to 6° 48' 1\ and 79° 56' E; 759157 K and 374779 E to 751770 Nand
E in
Colombo District, Western Proviuce. This wetland is consisted of complex of shallow fresh water ponds,

* Corresponding author: deepthi@zoology.cmb.ac.lk
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marshes and seasonally flooded grasslands. The total area of marshes in the wetland is about 372 hectares
(Cooray et aI., 2012). A part of this wetland has been declared as a sanctuary because of its high biodiversity
richness. However, since this wetland is located in a rapidly developing urban landscape, it has experienced
severe disturbance in past few decades. Some of its landscape has been converted to areas with high
anthropogenic interactions i.e. human settlements, agricultural areas (paddy fields and small scale crop
lands) and industrial areas as shown in Figure 01. Thus, this location is best suited to investigate the impacts
of anthropogenic activities on soil quality of a landscape.

Land Use Map of the Study Area
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Figure 1: Land use map of the Bellanwila-Attidiya area (natural wetland indicated in purple)

METHODOLOGY
Six sampling locations were selected starting from the Boralesgamuwa Lake towards the sanctuary
representing different land use practices. The first three sites (sampling locations I, 2 and 3) were chosen
from outside the sanctuary where the land is under high anthropogenic activities due to industries (garments,
motor mechanics, chemical etc) and human habitation. The remaining locations (4,5 and 6) were within the
sanctuary and represented natural habitats that are characteristic to a wetland. Six soil samples were collected
from each location using a manual soil borer. Soil was removed from the surface (top soil) to a depth of 1.25
m, at the intervals of 25 cm (surface layer, 0.25m, 0.50m, 0.75m, 1m and 1.25m). Sampling was duplicated
at each site. Soils were then taken in plastic bags to the laboratory analysis. Selected physical parameters of
soil were analysed using standard methods: percentage of clay, moisture content, wet soil color, pH and
(EC). Standard pipette method was used to measure the clay % (content) and gravimetric method was used to
detect moisture % (content) (Maiti, 2012). Soil pH was measured, dipping the pH meter in a 1:2 soil- water
suspension. EC and wet colour of soil were measured by portable salinity/ conductivity meter and standard
soil color chart (Munsell) respectively (Black, 1965).Concentrations of phosphates and nitrates were detected
in soils at 0.5 m depth only using UV visible Spectrophotometry (Clesceri et al. 1999).
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One -Way Analysis of Variance (ANOVA) and Tukey's test (as a multiple comparison method) were
carried out to find out whether the measured physical parameters of soil were significantly different between
natural habitat and anthropogenic habitats in Bellanwila - Attidiya Wetland.

RESULTS AND DISCUSSION
The analysis revealed that soils that have been sampled from the natural habitat represent typical wetland
soil. The colour of wet soil from the wetland were more blackish (lOYR 211, lOYR 212) than in other sites
(Table: 1). Soils from anthropogenic habitats were lighter in colour and many of them could be best
described as shades of brown and grey (5YR 6/2, 7.5YR 4/3, 75YR 3/4, IOYR 6/3, IOYR 312, IOYR 516).
As Browne et ai" have stated in 1995, when wetland soil contains more organic matter it is called "wetland
organic soil" and it can be easily recognized by its black or dark brown colour (JOYR 211, IOYR
7S,{R
2.512),
Therefore, as one expects, the wetland soils were of natural conditions, In addition, soils obtained from
different slr"ta of the wetland were not very different from each other in colour, indicating a higher degree
of coherence. On the contrary, the co lours of soil varied in areas under human influence.

Table 1: Wet soil colour in all sampling locations
Sampling
Depth (m)

Natural habitats

Anthropogenic habitats

2

1

4

3

: Brownish
: black

Dark brown

Pale brown

Dark

Dark

Pale brmvll

Black

brown

ish bro\vn

Dark greyish brown
Brown

Very

pale

Black

1.25 (f)

Pale brown

Yellowish
brown

Greyish
brown
Dark greyish
brown
Grey

Black

1.0 (e)

Pinkish
grey
Pinkish
grey
Pale brown

I

dark

greyish

5

6

Brownish
black

Brown
black

Brownish
black
Brownish
black
Brownish
black
Brownish
Black
Black

Brownish
black
Black

brown

025 (b)
0,5 (c)
0,75 (d)

Source: Munsell
Q,75m

grey-

Brown

brown

Black
Black

Black
Black
Black

Colour Chart (a) surface soil layer, (b) 0.25m depth (c) O,Sm depth (d)
(e) 1m depth (f) 1.25 depth

Except for pH, all other parameters measured showed a significant difference between anthropogenic and
natural habitats (One way ANOVA;
Q,05), Moreover, clay % showed an increase vertically (Table 2) in
each sampling location, but a similar pattern was not evident for the results of moisture % and electrical con
ductivity (Table: 3 and 4).
As one might expect, soil in tbe sanctuary contained higher percentage of clay and moisture when compared
to the altered habitats. This was further proved by the soil triangle which was developed nsing data obtained,
where it showed from outside to inside of sanctuary that the soil has become more clay in texture. The rea
son for recording less clay % in anthropogenic habitats might be due to the accelerated erosion rates result
ing from developmental activities. According to the Street et ai. in 2005, having high clay amount and mois
ture content is a characteristic property of typical wetland soil.
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Table

2:

Mean±

SD

of

percentage

of

clay

content

Denotes

±0.38
63.7
±0.99
94.15
±0.74
44.5
±0.4
52.8
±O.tS
91.45

±0.33
±0.92
77.12
±0.66
74.63
±0.49
64.71
±0.54
92.11

±31.26

H].88

Depth (rn)

0.25 (b)
0.5 (c)
0.75 (d)
1.0 (eJ
1.25(f)

±0.21
18.1
±0.85
54.65
±0.64
55.85
±0.64
52.65
±O.91
52.65

±1.29
17.3
±0.31
30.5
±0.89
64.3
±0.59
76.35
rO.48
62.15

±0.24
±0.68
7Ll
±OJ8
49.85
*2.60
40.65
±1.39
66.85

±1.56
43.15
±0.08
80.2
±0.42
48.35
±0.83
56
±0.78
69.65

±17.87

±25.53

±IS.SS

±201

29.5

6735

Average

Table 3: Mean± SD of Percentage of moisture content
Sampling location

Depth

, of

, content

habitats

Surface (a)

0.25 (b)
0.5 (e)
0.75 (d)

LO (e)
1.25 (f)

Average

Natural habitats
5

1

2

3

4

68.86
±4.74
28.78
±1.92
28.9
±3.46
±3.93
29.55
±1.99
34.76
±2.94

53.13
±3.14
49.16
±2.77
37.69
±1.99
34.75
±2.63
37.37
±3.54
37.G4
±4.41

55.85
±3.22
49.57
±3.73
32.49
±3.25
43.6
±2.31
45.14
±4.55
45.33
±4.47

50.83
±4.17
57.55
±2.74
58.12
±2.98
6Ll3
±4.13
61.28
±4.89
63.83
±2.31

54.72
±3.23
55.73
±4.01
59.08
±8.34
61.lS
±1.99
62.96
±2.90
64.35
±3.51

69.92
±2.98
69.64
±3.75
65.76
±1.67
66.41
±2.38

37.79
±17.45

41.523
±7.63

45.33
±7.70

58.79
±4.53

59.67
±3.88

73.33
±8.62

3289
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86.16
±4.09
82.08

±2.72

Proceedings oJthe National Sympo.q'wn on Soil Biodiversity - 2013

Table 4: Mean± SD of Electrical Condnctivity (EC)
'piing location
Electrical Cnodoctivity

(Eq ("S)

Depth (m)

0.25 (b)

0.5 (c)
0,75 (d)

LO (e)
1.25 (f)

I

2

3

4

5

6

756

975

±9.9
355
±2.S3

±1L31

357
±15.66

2600
±3UI

279

476

±15.56
215
±7,07
205

±4,25
472
±7,07
445

±T07
131

±849
393

1056
±15.56
1169
±9.89
317
±7.7I
385
±4,24
452
±846
330

±224,99

±283,72

±387,51

±197.14

lOW
±9.9

680

sao

±l4.l4

282

±18.38
1030
±9,<)8
]]90

±1L31
188
±5.66
134

±5,66
1520
±9,94
1650

4030
±7,17
3330
±1L31
2160
±8.52
3350
±1442
2780
±12.27
3570

±637.58

±651.63

439
±1.41

One salient feature in this wetland is high values of Electrical Conductivity (EC), Even though this habitat is
not very close to the sea, saline water intrusion might be the reason for this, Piyadasa and Chandrasekera
(2010), reported elevated levels of salinity in the Bolgoda Lake whicb is connected to the surface channel
network of Bellanwila - Attidiya Wetland which might have transported salts to the wetland,
Soil pH did not exhibit any particular paUern (Table: 5),The lowest average pH value was recorded in the
sampLing location 4, whereas highest value was given by the location 5, However, all the sampling locations
in tbe acidic range which is a characteristic feature of wetland soil (Street el ai" 2005). Only
showed soil
nitrate cOtlcentrations were significantly higher (ANOVA, pg).5) in anthropogenic habitats than in the wet
land (Table 6). Lower nitrare levels in the wetland could be due to anaerobic bacterial reactlons that could
lead to denitrification in the waterlogged soil (Campbell of at., 2002),
Table 5: Mean± SD of soil pH
Sampling location
Soil
Depth (m)

habitats

1

Surface (a)
0.25 (b)
0.5 (e)
0,75 (d)
LO (e)
1.25 (f)

4.88
±0.31
4.95
±0.4
4.96
±O.04
5.08
±O.lO
5,05
±0,23
5,06

3

4

Natural habitats
5

5,47

5,4

±0.23

±0.24

4.3
±0,27

6,38
±0,79

±0,64

569
±034
568
±0,06
5.42
±0,11

5.36
±049
5.39
±0.38
5.54
±0.34
5,65
±L07
5,72

4.31
±0.42
4,47
±O.74
4.97
±O.58
4.87
±Ll9
5,07

6.33
±O,49
6.37
±O.95
6.39
±O.68
6<4
±0.48
6.4

5.25
±0,71
5.27
±0.30
5.23
±0,82
6.38
±0<37
6A

5,29

±0.40
5,22

Average
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Table 6: Mean± SD of soil nitrates and phosphates
Qan. ....Hn.rr

location

Parameter

Anthropogenic habitats
[N03"]
(ppm)

Namral habitats

O.93±O23

037±O,O8

Ll±0.08

0.1 7±0, 10

O.32±O,34

O.lI±0.37

LOG
±O23

H5
±L07

2,97
±O58

238
±O,O3

2A
±O.33

1.39
±O,68

[P043-]
(ppm)

This condition warrants special attention of the enviromnentalists and policy makers to combat degradation
of quality of wetland soils since these habitats are sensitive to changes. To ensure healthy functioning of the
wetland, it is-,,lf vital importance to stop or at least minimize any unsustainable activity that includes land use
changes, cleaning of vegetation and habitat destruction, pollution from waste water as well as from solid
wastes in the adjacent areas by, for example, creating buffer zones. The interest in the policy ruakers in
restordtion of natural ecosystems including wetlands has grown steadily during the past few years. While
conservation of wetlands is a key to environmental health, there is a growing awareness that restoration, crea
tion, and enhancement of wetland habitats are essential in sustainable development of urban landscapes,
Thus, it is of vital importance to develop conservation management plans ensuring healthy functiouing of
wetlands, while benefiting the social and economic needs of the society.

CONCLUSION
The results of the present srudy indicate that although the soils of the wetland represent natural conditions,
adjacent areas with different degrees of human influences possess soils with altered chemical and physical
compositions, If the present trend of increasing anthropogenic pressure on wetlands continue and alter soil
properties, the services and values of wetlands could be adversely affected. Thus, it is essential to establish
programmes to manage wetland degradation to ensure their healthy functioning.
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33.
PRELIMINARY STUDY ON THE IMPACTS OF LAND USE CHk~GES THROUGH
SOME SOIL PROPERTIES
Weerasingbe T. K.'*, Edirisingbe E. A. D. N. 2 & Nazar F. N 2
'Department of Botany, Open University of Sri Lanka, Nawala, Nngegoda
2Department of Zoology, Open University of Sri Lanka, Nawala, Nngegoda
ABSTRACT
When human disturbances to natural habitats are considered, filhng is one of the common processes due to
urbanization. The present infrastructure of the Open University of Sri Lanka (OUSL) has been established on
a land fill that used to be a marshy wetland next to the Diyawanna Canal. The main objective of this study is
to determine the curren! pbysical, chemical & biological characteristics of OUSL soils in comparison with a
lllltural habitat to understand the impacts due to land USe changes (filling). The studies on physical, chemical
and biological properties of this soil were carried out using standard methods.
Moisture and air content of OUSL is almost equal to the uudisturbed habitat. With observed high sand & air
content in OUSL soils, high moisture content cannot be expected. This may be due to clay layer formed
about 30 . 50 em below the surface of OUSL soil due to erosion of lateritic soils. However, the high value for
bulk density clearly proves that OUSL soil is still under compaction or with very high clay. The pH of OUSL
soils (7.44) clearly shows that proper chemical processes are not happening. The low conductivity is mainly
due to erosion by rainfall and low decomposition rates. High OM may be due to high clay content in the soil
profile. Significantly low Cation Exchange Capacity (CEC) indicates that chemical fertility is not good. Low
CEC encourages leaching and hampers tbe delivery of a steady, adequate supply of nutrients throughout the
growing season. This could be one of the reasons why some die backs are reported in the OUSL premises.
Reduced bacterial counts and microbial biomass indicate that OUSL soils are not biologically fertile and still
under the effect of compaction. The results for soil fauna clearly showed that OUSL soil is still under
rehabilitation after heavy compaction. No effect is recorded to indicate that habitat conversion has caused
this poor quality.

INTRODUCTION
Soil has been described as our most precious non-renewable resource and is vital for productivity in
terrestrial environments (Lavelle,l996). Chemical and physical properties of soils have been studied
intensively for many years. Although soil organisms have a critical role in soil development (Pawluk 1985)
and maintenance of soil fertility (Seastedt, 1984), the biological component of soils has been largely ignored
mainly due to non availability of expertise and high cost involved. Further, the biological component of soils
also plays a major role in deciding the soil stresses.
TIle abundance, diversity and ecological roles of soil organisms including microorganisms sites affected by
human disturbances arc poorly understood due to a lack of intensive studies and basellue information
(Kevan, I 993). Over the last tI'Icnty years, there have been regular studies on the effects of both physical and
chemical disturbances of soils and of land rehabilitation. Zak et al.(l992) and Visser and Parkinson (1992)
pointed out that diverse soil microbiological criterion may indicate changing soil quality. However,
ecosystem parameters could provide the best assessment of ecosystem recovery and stability. Visser and
Parkinson (1992) further suggested that ecosystem level approaches give the best chance for rapid
assessment of soil quality changes.

* Corresponding author: tkwee@ou.adk
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When human disturbances are considered, tilling is one of the common land use change due to urbanization.
watersllow lying
The term "fill" includes any material that is placed in, on, or over wetlands or other
if they
areas. For example, dirt, sand, gravel, rocks, shell, pilings, mulch and concrete are all considered
are placed in a wetland or other surface waterflow lying areas. Construction activities often lead to
significant changes in soil properties, making it difficult to determine the properties of the natural soil that
existed before construction. Information about the native soil conditions may be useful with regard to
building construction
snitability and limitations. Soil compaction is one of the most critical components
sites, roads,
embankments, and foundations. Compaction is the process of mechanically densifying
together into a
state of contact with
a soil. Densitication is accomplished by pressing the soil
compaction is usually
air being expelled from the soil mass in the process. In soil science and agronomy
a combination of both engineering compaction and consolidation that may occur due to a lack of water in the
soil, the applied stress induced by internal suction resulting due to water evaporation as well as passage of
animal feet. Affected soils become less able to absorb rainfall, thus increasing runoff and erosion. Plants
have difficulty in establishing themselves in compacted soil because the mineral grains are pressed together,
leaving little space for air and water, which are essential
root growth. Burrowing animals also find it a
soil is more difficult to penetrate. The ability of a soil to recover
hostile environment, because the
from this type of compaction depends on climate, mineralogy and fauna. Soils with high shrink"sweil
capacity, such as vertisols, recover quickly from compaction where moisture conditions are variable (dry
spells shrink the soil, causing it to crack). However, clays wbich do not crack as they dry cannot recover
from compaction on their own unless they host ground-dwelling animals such as earthworms. After earth
filling, these disturbed soils are settling over time to have the basic soil characteristics of that agro
ecological zone. During this settlement, the soil will arrange in such a way to achieve suitable physical,
chemical and biological characteristics (Nadian et.oL 2008).

tm

The premise of the Open University of Sri Lanka (OUSL) was a marshy wetland next to the Diyawanna
Canal before it was reclaimed. With the decision to constl1lct the Open University, this prelnise was f1lled
resulting a change of land use and the present infra-structure was built. According to the present corporate
plan (2011-2016), one of the main goals is to develop a green environment in the Open University.
Therefore, it is important to investigate the prescnt status of soil after 30 years of succession through filling a
natural ecosystem and human intervention by change ofland use. This will be done through the investigation
of changes in physical, chemical and biological parameters of soil and through some soil micro faunal
studies.

OBJECTIVES OF THlS STUDY
•

To determine physical, chemical & biological characteristics of OUSL soils in comparison
with a natural terrestrial habitat

•

To obtain a baseline data set on the species diversity and abundance of both soil micro
fauna and soil micro flora (bacteria and fungi) of OUSL premises

•

To gain an understanding on the recovery status of OUSL soils after disturbance (filling)

METHODOLOGY
Sampling pInts (10 plots to cover the Narahenpita area) were marked based on Fully Randomised Block
Design (RBD) to obtain representative samples from OUSL premises and a home garden (HG). Four
samplings (each sampling with 10 samples from OUSL and three samples from HG) were done within a
period of 6 months from the same plots.
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Soil samples were collected from first 30cm of the soil profile from the plots marked to cover impacts of all
possible levels of succession during land use change. These samples were collected in polythene bags and
tied with sufficient air. To avoid any further growth, the soil samples were kept in the refrigerator at 4°C. Soil
samples were tested for % air & moisture content, permeability, bulk density, % sand content, pH,
conductivity, % organic matter, Cation Exchange Capacity(CEC) (Head, 1986) and microbial biomass
(Jenkinson and Powlson, 1976) using standard test methods.

Samples of litter and soil were collected from the respective sites of OUSL premise using standard quadrate
method. (20cm x 20cm x 10cm quadrate, bottomless square stainless steel box). Eight samples were collected
in each plot in stratified random manner using metal quadrates. All the litter was collected from within the
quadrate and then the quadrate was pressed into the soil up to a depth of 10cm. The soil and litter samples
were collected into separate polythene bags and sealed. The collected samples were transported to the
laboratory for faunal extraction, preservation and identification.

RESULTS AND DISCUSSION
Moisture and Air content of OUSL is almost equal to HG. With observed high sand & air content, high
moisture content cannot be expected. This may be due to clay layer formed about 30-50cm below the surface
due to erosion on lateritic soils (Personal communication with Civil Eng.). Even though the air content and
water content is almost similar to the HG soil, low permeability & very high bulk density reported for OUSL
soil should be given a deep thought. As reported by Yavuzcana ef 01. (2005), this clearly indicates the
presence of impervious layer which is the clay layer formed with gravitational water. However, the high
value for Bulk Density clearly proves that OUSL soil is still under compaction or with very high clay as
found by Carter (1990). The high sand content may be due to erosion on lateritic filled soil which is liable for
easy removal of clay with runoff water. Gupta ef 01.(2002) reported that compaction can be defined in terms
of an increase of the bulk density (g/cm-3) of a soil as compared to its natural uncompacted state.
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The pH of OUSL soils falls in the neutral range compared to the characteristic values expected for the soil in
the agro climatic zone within which OUSL is located indicating that proper chemical processes are not tak
ing place even after 30 years of human disturbances. The pH of the OUSL is slightly alkaline (Fig 4) and
therefore, better decomposition cannot be expected. Further low chargeable ion content also indicates a low
decomposition rate. The low conductivity observed in the OUSL soil can be attributed to erosion due to rain
fall. Soil organic matter tends to increase as the clay content increases. Soils with higher clay content in
crease tlW petellti.al Jor,aggregate formation. Macro aggregates physically protect organic matter molecules
from i'tiither mineralization caused by microbial attack (Rice, 2002). Therefore, high OM content observed
may be due to the high clay content in the soil profile. The CEC levels are significantly low indicating poor
chemical fertility (Fig 3).
As reported by Rice (2002), low Cation Exchange Capacity (CEC) encourages leaching and hampers the
delivery of a steady, adequate supply of nutrients throughout the growing season. This could be one of the
reasons why some die backs are reported in the OUSL premises and is also another very impOltant finding
that supports the hypothesis that the OUSL soil is still not reached the level of good quality after 30 years.
Both bacterial counts and microbial biomass indicate that OUSL soils are not biologically fertile as com
pared to HG (Fig 5 & 6). When compared with both chemical and physical data, it is clear that OUSL soil is
still under the 'effects of compaction due to earth filling.
Therefore, it is very difficult to have biologically high quality soil at the premises of OUSL. Since the de
compositi on rates are very slow as indicated by low CEC and high OM content, high microbial biomass
(activity) cannot be expected. As reported by Xiao et al. (2001), Microbial biomass (activity) is reduced with
soil compaction due to high water content, low available OM, less permeability & low decomposition rates.
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No effect is recorded to indicate that habitat conversion (land use change) has caused this poor quality . Even
though there are no significant differences, data clearly shows that microbial counts of soil have not yet
reached the values of home garden. The reasons for this low microbial activity too could be reduced physical
and chemical fertility of OUSL soils as reported earlier. The results for soil fauna clearly show that the home
garden (RG) so il has a high faunal density than the OUSL soil. It clearly shows that OUSL soil is still under
rehabilitation after heavy compaction. As reported by Saetre et al,(l999), low faunal density recorded may
also be due to poor vegetation cover, lack of plant litter covering, lack of direct sun light (high temperature)
and low moisture content.
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CONCLUSIONS AND RECOMMENDATIONS
This research clearly indicates the formation of impervious clay layer over the time with erosion on
compacted and filled soil. Further, obviously low soil quality based on selected physical, chemical and
biological properties of OUSL soils clearly justifies the impacts of filling. Further studies are needed to
explain tbese results witb more numbers of sampling.
Findings do not indicate the actual scenario of the soil profile and give a set of unexplainable data mainly for
physical properties. This could be due to not enough depth of sampling.
Chemical and biological data clearly indicates that filled earth of OUSL premises is not yet settled up to near
natural status.
Some mitigation measures such as soil amelioration with suitable amendments (inorganic fertilizers) is
suggested during planting. Only possible reason for die backs could be retarded root growth.
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34.
Status quo: A SRI LANKAN PERSPECTIVE OF SOIL mODIVERSITY
Somaratne S.
Department of Botany, The Open University of Sri Lanka.
ssomaseneviratne@gmail.com & ssoma@ou.ac.lk
Soil is the prime habitat of the world's biodiversity. Soil biological communities play an indispensable role
in various soil functions providing a driving force (0 enormous number of soil-based proc~sses. The diversity
of these soil based processes provide the basis of the functions required in past, present and future. However,
in contrast to the other habitats, water and air, soils have long been ignored. Soils contain a very high, but
mostly unknown biodiversity, and soil biology remains as a less traversed topic among the scientific
community, let alone the general pUblic.
with the available evidcnces, scientists are in the opinion
that most soil inhabiting biological species are yet to be identified. Further, there are also gaps in the
knowledge and lack of awareness about the relationships among soil, soil organisms and ecosystem services.
This invaluable resource is threatened by a number of anthropogenic activities such as agriculture and other
intrusive developmental processes which have led to degradation and erosion, contamination,
overexploitation, the impacts of these activities are easily to be seen in our own country and all over tbe
world~ This has been leading to irrecoverable changes to the country's climate patterns which in tum deplete
the soil biodiversity. Thus, soil biodiversity is passing a stressful situation in large parts of the island and in
certain areas it is in the verge of decline.
The Convention on Biological Diversity has recognized the importance of soil biodiversity and, in 2006; it
adopted the International Initiative for the Conservation and Sustainable Use of Soil Biodiversity. Since soil
plays a vital role in the fundamenlal processes of life on planet Earth, similar to the water and carbon cycles,
ecosystem management activities (such as sustainable agricultural practices and soil management) could help
to achieve the national ambitions set by the Framework Convention on Climate Change, the Convention to
Combat Desertification and the Convention on Biological Diversity.
The fonnation and variation in the climate system of the planet earth are not new and it is a continuing
variatiolls have been transforming the
into a habitable
process since the birth of the earth.
condition in the earth for millions of life fonns. The distribution of biota on the planet is led by the climate
and it is evident from the current geographical distribution of plants and animals of the world. It is obvious
that climate of our planet is not static and is naturally changing with its own pace. Under this condition, the
cycling of material and energy has b"en maintained in an equilibrium for millions of years. However,
immergence of mall, expansion of his knowledge and activities has directly or indirectly affected the natnral
phenomena of cycling of materials and energy eqnilibrium has shifted drastically which causes unexpected
changes in the dimate system which is referred to as climate change or global wanning. Climate change, as
scientists believe, rednces the biodiversity throngh changing the habitat conditions of particular organisms
and favoring the other. The knowledge of the above ground-biodiversity bas been well- documented and
belowgtound biodiversity has received little attention fonn the world scientists. The soil is tbe major
substratum which is rendering benign service to the biota. However, knowledge on the relationships between
the changing climate and the soil biodiversity is yet to be nnderstood, Soil organisms perfonn a variety of
functions leading to soil physical and chemical properties which are crucial in maintaining a healthy soil.
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The change in the climate undoubtedly changes the soil environment making it unfavorable for living
organisms and soil becomes dead. Dead soil supports no life. Preserving this precious resource with its
biodiversity will secure the food supply to the ever growing population of the earth, meanwhile creating a
habitable substratum for all living organisms in the world.
The national symposium on the soil biodiversity organized by the Biodiversity Secretariat (BDS), Ministry
of Environment and Renewable Energy will, no doubt, give an opportunity to explore the knowledge on the
soil biodiversity and identify tbe gaps in the knowledge on the soil biodiversity in the Sri Lankan context
and expand the awareness of the present situation of the soil biodiversity.
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35.
LEGAL PROVISIONS FOR THE CONSERVATION OF SOIL
Jagath Gunawardana
sabarittalk@gmail.com

THE SOIL CONSERVATION ACT NO 25 OF ]951 AS AMENDED BY ACTS NO 59 OF
1953 AND 24 OF 1996.
The purpose of this Act is to take necessary action for the enhancement of productive capacity of soil, to
restore degraded land for the prevention mitigation of soil erosion, for the conservation of soil resources and
protection ofland against damage by floods salinity, alkalinizing, water logging and draught.
The Director-General of Agriculture can order necessary surveys and investigations to determine the nature
of and the extent of soil erosion and land degradation to enable the Minister to declare Conservation Areas
under this Act (Areas have been declared since 1953 as Erodible Areas until the new word was substituted in
the amendment in 1996)
The Minister can make regulations to control, restnct or prevent or even order certain types of activities in
any Conservation Area under the provisions of Section 4. In addition, the minister can make regulations in
respect of other areas (undeclared areas) tlider the provisions of Section 6. These regulations can be made to
achieve any of the matters specially stated in the Section including the maintenance and promoting of soIl
fertility preventing or mitigating erosion, remedying damages from soil erosion, the control oithe floods and
effects of draughts, prohibiting or restricting of the burning of grasses, to conserve water and watersheds. If
the minister is satisfied that any extent of land already within a conservation area should be withdrawn from
cultivation or take any other measures to prevent or mitigate erosion, the minister can declare that the land is
needed for a public purpose and bave it acquired under the Land Acquisition Act
Soil conservation Act provides for the making of regulations under two broad categories. One is the
provision to make general regulations that are applicable to any part of the country. The other types of
regulations apply only to the already declared Soil Conservation Areas or for a specific area or areaS named
in the regulations, TIle general regulations can be made under Section 6 of the act are intended, among other
things, to preserve and promote soil fertility and for the facilitating the absorption of moisture by soil, for the
prevention or reduction of soil erosion or to remedy the damage caused by soil erosion, to control grazing by
animals, for the prohibition of or the restriction of the burning of grasslands and to control the spread of
during the burning of chenas, for the specification of tho times of tillage and irrigation and of the methods of
irrigation in specified areas to ensure the economic use of available water, to give directions for seasonal or
periodic changes in the crops to be cultivated, or for the alteration of or adoption

cultivation practices for

the promotion of soil conservation to protect land vninerable to degradation and to increase the productive
capacity oflands and to conserve water and watersheds as far as necessary for the conservation of soiL
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NATIONAL ENVIRONMENTAL ACT NO 47 OF 1980 AS AMENDED BY ACTS NO 56
OF 1988 AND 53 OF 2000.
The objectives of this Act are, among other things, the protection, management and enhancement of the
environment. Part IV oflhe act empowers the Central Environmental Authority to, with the assistance of the
ministries, make recommendations on the Environmental Management in the Section. This includes
fonnulation of policies on
and soil conservation.
Part IV C of the act deals with the Approval of Projects. The minister is empowered to make orders under
Section 23Z to determine the projects and undertakings for whieh approval is needed under this part of the
Act. Such projects are called "prescribed projects" under this Act. Anyone who wants to undertake a
prescribed proj eet has to get approval under this part of the Act. It has to be done after doing an
Environmental Impact Assessment (lEA) or Initial Environmental Examination (lEE) as the situation make
it necessary.
The list of prescribed projects is published in gazette
no 722122 0[24"06.1993" The project and
undertakings are given in a schedule comprised of three parts" Part one is comprised of project and
undertakings that need approval. Part three gives these areas known as sensitive areas. If a project given in
part one is within such an area, it needs approval under the Act irrespective of the size. Those that are
limited in Part 2 need approval only if they are within an area provided in part 3. The sensitive areas under
Part 3 include any areas declared under the Soil Conservation Act.

FOREST ORDIN~"lCE NO: 16 OF' 1907 AS AMENDED
The objectives of this ordinance are the conservation protection and
resources and for the felling and transport oftimber and forest produce.

of forest and

This Ordinance provides for the declaration of three types of protected areas. They are the Conservation
Forests, Reserved Forests (Forest Reserves) and Village Forests" In addition all areas of State Land not
declared as protected areas by this enactment, or the Fauna and Flora Protection Ordinance and the National
Heritage Wilderness Areas Act arc given protection under Sections 19,20, and 21 of the Forest Ordinance.
These
are known as Other State Forests (OSF) for the purposes of clarity although there is 00
declaration of such a category of forests. The declaration
Conservation Forests is done under the
provisions of Section 3A by a notice published in the Gazette" The following activities, among others, arc
prohibited inside a Conservation forest, under provisions of Section 7A.They are, cutting, destroying or
collecting of plants, making any fresh clearing or quarrying for minerals, kindling and keeping any fire,
clearing up or breaking up of land.

FAUNA AND FLOR<\ PROTECTION ORDINANCE, NO: 2 OF 1937 AS AMENDED
This Ordinance provides for the protection, conservation and preservation of the fauna and flora of the
Lanka and for the prevention of the commercial exploitatiorr The provisions of the enactment make it
possible to protect habitats by providing legal protection to them and the protection to species of animals and
plants. Part one of the Act is for the protection of habitats and Section 2 makes it possible to declare two
main types of protected areas namely National Reserves and Sanctuaries.
A National Reserve is declared only over state land and entry is allowed only upon the permission given by
the Department of Wildlife Conservation. Seven different types of National Reserves can be declared under
the Section 2( 1) and the highest protection is enjoyed by
Strict National Reserves. One can enter a Strict
National Reserves only for the purpose of performing an official dnty or to scientifically study the plants and
the animals. The other six
enJoy same type of protcellon and entry can be permitted only for
observations"
192

Proceedings a/thi? National Symposium on Soil Biodiycrsity lfJ13

The other types of National Reserves are the National Parks, National Reserves, Jungle Corridors, Refugees,
Marine Reserves and Buffer zones, However there are only three types, namely the Nature reserves, National
Parks and Jungle Corridors declared so far. The activities that are restricted and prohibited in National
Reserves are provided in Sections 3 and 6, These include, among others, clear or break up any laud for
mining, cultivation or for any other purpose,
Another type of protected areas is Sanctuaries, It is possible to under Section 2(2), to declare a Sanctuary on
any state land and on any private land. According to Section 07, the following are among other prohibited
activities, They are, clearing or breaking up land for mining, cultivation or for any other purpose, making
any fresh clearing.

PASTURE LANDS (RESERVATION AND DEVELOPMENT) ACT, NO 04 OF 1983
This Act provide for the reservation of certain state land as pasture land, the leasing of such land and lhe
recovery of possession of such lands from persons in unauthorized possessions of occupations.
The minister can under Section 2, with the concurrence of the minister in charge the subject lands, declare
any area of state land as Pasture Land by a notification published in the Gazette. All Pasture Lands declared
under this Act are deemed to be state lands within the meaning of State Lands (Recovery of Possession) Act
and the provisions of this Act can be applied as necessary for the ejectment of anyone in unauthorized
possession or occupation of a pasture land,
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36.
A COMMUNICATION STRATEGY FOR THE SOIL BIODIVERSITY
Devaka K. Weerakoon
Department of Zoology, University of Colombo, Colombo 3
devakaw@gmail.com

INTRODUCTION
Soil is a complex ecosystem inhabited by a highly diverse biotic community that uses soil either as a
permanent or temporary habitat. The organisms that inhabit the soil range in size from invisible micro biota
(e.g. bacteria, fungi and protozoa) to more conspicuous mesofauna (e.g. mites, collembolans, enchytraeids
and nematodes) and macrofauna (e.g. earthworms, termites, millipedes, scorpions, snails, slugs, insects and
their larvae and burrowing vertebrates).
As the knowledge on soil biology increases, it becomes increasingly evident that there are many indirect and
direct threats to the soil biodiversity. The indirect effects include structural decay, erosion and decline of
organic matter. The direct impacts on soil biodiversity include compaction, acidification, salinization and
contamination of soils by agro-chemicals and industrial pollutants. Most of these threats are due to human
activities such as agriculture, land conversion, deforestation etc., and contribute to an overall decline in soil
biodiversity.(Kunast, 20 I 0) Further, climate change will also have impacts on soil communities as there is a
strong connection between soil formation, soil structure and climate. However, unlike the changes in above
ground communities that are easily detected, these changes that take place below ground escape detection as
they are not directly visible. Further, the intricate relationship between above and below grolmd
communities are poorly understood at present. Available research data indicate that above ground
communities depend heavily on the ecological processes that take place below ground such as recycling of
material, water storing capacity, absorption of nuh'ients, etc., (Turbe, 2010)

IMPORTANCE OF CREATING AWARENESS ON SOIL BIODIVERSITY
There is an increasing body of research evidence to support the fact that ·sustainability of agricultural
production depends on the optimal use of natural soil capital including the soil biotic community (Stockdale,
2006). However, the current agriculture practices have many negative impacts on the physical and chemical
properties of soil. This in turn will have an impact on the organisms that inhabit the soil, leading to a
reduction in soil biodiversity and therefore, loss of services rendered by them. Thus, there is a pressing need
to create wide scale awareness about the influence of agricultural practices on the soil communities and their
functions as well as the value of maintaining a diverse soil biota to enhance agricultural productivity. The
adaptation of proper soil management practices can minimize the negative impacts of agriculture on soil
biological populations and diversity and can maximize the positive effects of soil biota on agricultural
productivity. Creating awareness not only contributes to better soil management but also provides an
opportunity to get local communities involved in monitoring the changes in soil biodiversity. This type of
citizen science programmes are widely used in the conservation of above ground biodiversity.
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PRESENT STATUS IN TERMS OF AWARENESS ABOUT SOIL BIODIVERSITY
In Sri Lanka, traditionally, the subject of soil has been dealt with by geographers and chemists and therefore,
the emphasis is mostly on physical and chemical properties of soil, The biotic aspect of soil has been largely
neglected and most of the below ground biodiversity remains undiscovered. This does not come as a surprise,
since only a fraction of the above ground biodiversity, which is much more amenable to study, has been
documented to date. Since very little is known about below ground biodiversity, much of the awareness
work, botb formal and informal, have a heavy emphasis on the physical and chemical aspects of soil with
little attention been given to the biotic component of soiL This could be attributed to the low level of
scientific knowledge and understanding regarding soil biodiversity, especially with respect to ecosystem
processes and functions.

NEED FOR A COMPREHENSIVE COMMUNICATION STRATEGY FOR SOIL
BIODIVERSITY
As soil biota can have both positive and negative effects on agricultural production, it is necessary to be able
to measure or assess the impacts of individual soil management practices on soil biodiversity. If agricultural
production systems are to be made sustainable, there should be clear understanding as to how changes in land
management practices impact both short and long-term functioning of soil ecosystems. Increased attention
been given to establish holistic and a systemic approach towards soil management, especially in developed
countries, has resulted in a wealth of information on the effects of changing land use and management
practices on soil biological diversity. This knowledge needs to be made available for use by various actors
(policy-makers, technical support personnel, farmers and other land managers) through targeted materials,
case studies and through capacity-building processes.

OBJECTIVES OF THE COMMUNICATION STRATEGY
•

Promote awareness, knowledge and understanding about the major functional groups of soil
biodiversity, the key roles they play in the soil ecosystems, essential ecosystem services provided by
them and the positive and negative impacts of land management on soil biodiversity

•

Building capacity to promote the adoption of an integrated approach towards the sustainable use of
soil hiodiversity and thereby, enhancing agro-ecosystem functions

•

Promote awareness about the need to conduct research on soil biodiversity and establish protocols to
monitor long term changes in it

•

Enhance the capacity to provide extension services by public sector institutions on sustainable use of
soil biodiversity resources

•

Promote awareness about use of agro-chemicals in a sustainable manner

KEY STAKEHOLDERS
To assist in the effective implementation of the communication strategy on soil biodiversity, the target
audience could be grouped in to four major stakeholder groups.
Farmers and other land managers: The focus here will be to build on the previous experience and
traditional knowledge through comhining the skills and wisdom of farmers and modem scientific knowledge.
This could be achieved through enhancing their knowledge and understanding about the major functional
groups of soil biodiversity, the key roles they play in agroecosystems, tbe positive and negative impacts of
the diverse farming practices on soil biodiversity and tbe principles of integrated soil biological management
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Students starting from primary school to postgraduate level: Here, the emphasis will be to provide a
holistic understanding about soil ecosystems as well as to emphasise the need to conduct more research on
soil biodiversity, especially at the postgraduate level.
Public Sector agencies involved in soil management: Here, the focus is going to be providing focused
education and training on aspects such as integrated soil management, effective communication, monitoring
techniques etc.,
Private sector organizations that market agrochemicals: The emphasis here will be to create awareness
about actions that should be taken to minimize the impacts on soil biodiversity in their respective trade
activities.

KEY TOOLS
The following communication tools could be used to ensure effective internal and external communication.
Media Printed and electronic media can be used to reach a broader audience to create general awareness
about soil biodiversity as well as to deliver key messages on sustainable use of soil biodiversity.
Seminars or Workshops - can be used to reach specific stakeholder groups such as farmers, plantation
industries, extension officers,
distribntors, scientists and students conducting research on soil,
education sector, media, and agencies that are indirectly linked to soil management such as the Centr:al
Enviornemental Authority, Geological Survey and Mines Bureau
The idea will be to develop a dialogue
on sector specific issues and workout methods and mechanisms to address these issues
Website - will function as an interactive infom1ation portal which can be accessed by a wider stakeholder
community from general public to research scientists. The site will have different access levels where access
to information will be controlled through a password system which will enable the user to access and
download or upload information to the portal
Specialized training - will be provided to key stakeholders involved in soil management such as far1mer's_
planters, agriculture extension officers etc.,. The training modules will impart specific skills and knowledge
with respect to management of soil biodiversity with the aim of
capacity to adopt an inteOTM"rl
approach towards sustainable use of soil biodiversity.
Merchandise and promotional materials - These wiU include posters, brochures, booklets, bi11 boards,
stickers etc., to promote broader public awareness to be used in places where large number of general pubic
gather or for creating awareness about specific issues such as wise usc of agro chemicals, organic farming
practices and land management practices that enhance soil biodiversity.

Academic publicati{)ns - The focus here is to document technical information arismg from
field of soil biodiversity periodically
Curriculum reforms -The focns here will be to develop a curriculum with the relevant stakeholders to
ensure that soil biodiversity is included in the curriculum from primary to postgraduate education and that
tbe curriculum is designed in a way that will provide a incremental amount of information.
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ANTICIPATED OUTCOMES
The following outcomes are anticipated through the implementation of the communication strategy on soil
biodiversity of Sri Lanka.
•

Increased public awareness of the value of soil biological resources and the need to use it in a
sustaillilble manncr

•

Enhanced capacity to promote integrated agro-ecosystem approaches and thereby, achieve
conservation, sustainable use and enhancement of soil biological functions.

•

A mechanism established for the flow of information and better cooperation among different actors,
institutions and development organizations such as farmers, cxtension officers, researchers, policy
makers and cnvironment specialists. This should provide the basis for promoting improved soil
biological management and thereby, achieving more productive and snstainable agricultural systems<

•

A set of case studies made available on sustainable management of soil biodiversity in specific
agricultural systems

•

Adoption of proven practices for the management of soil ecosystems which contribute to productive
and sustainable agriculture and the restoration of degraded lands.
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37.
ROLE OF THE NAnONAL SCIENCE FOUNDAnON (NSF) IN SOIL BIODIVERSITY
RESEARCH IN SRI LANKA
Geethika Yapa* and Inoka Sandanayake
Research Division, National Science Foundation
Soil encompasses enormous numbers of diverse living organisms from microorganisms to small mammals.
These organisms form an important fraction of terrestrial biodiversity. Furthermore, soil biota play funda
mental roles in providing essential ecosystem goods and services such as food production, water filtration,
nutrient cycling, and soil structure maintenance etc. These services are critical to the sustainahility of all eco
systems and the well-being of human societies.
The National Science Foundation (NSF), successor to the National Science Council and the Natural Re
sources, Energy and Science Authority, has been the premier research funding organization in Sri Lanka for
the past 45 years. Since inception, 1987 research grants have been awarded to researchers and academics in
universities and research institutes to carry out research in all fields of Science and Technology in Sri Lanka.
Out of these research grants, only 27 have been awarded for research relating to soil biodiversity.
These grants have led to career advancement of these researchers, and capacity building and human resource
development through the award of postgraduate research degrees to young scientists. Further, new knowl
edge generated through the research activities has been disseminated through publications in local and inter
national journals and presentations at various fora.
During the period 2002-2012, the NSF has awarded 41 2 grants out of which 67 (16%) grants have been for
research related to biodiversity. However, as seen from the following graph, only eight grants (2%) have
been awarded for research on soil biodiversity during this period.

Number of research grants awarded during 2002 -2012

2%

t4%

DSoil Biodiversity

• Biodiversity other than soil
biodiversity

o Other disciplines

84%

Of these eight grants relating to soi l biodiversity, six grants have been completed and have led to the award
of two PhD degrees and publication of five research papers in international journals and 23 communications
in local and international fora. Further, an annotated checklist has also been published.

* Corresponding author: geelhika@nsfac.lk
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Research output of grants related to soil biodiversityduring

2002 - 2012

2
U PhD Degrees
• Publication s

o Communicaticns

In conclusion it can be recommended that considering the importance of soil biodiversity to the sustainable
function of all ecosystems, Sri Lankan researchers and academics pay more attention to research and devel
opmental activities in this area of research.
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38.
EVALUATION OF THE EXPORT TRADE IN MINERAL RESOURCES OF SRI LANKA;
COMPARISON WITH THE ENVIRONMENTAL IMPACTS ON SOIL BIODIVERSITY
Samantha Gunasekara
Biodiversty, Cultural & National Heritage Division, Sri Lanka Customs.
gunasekara.samantha@gmail.com

ABSTRACT
Many varieties of minerals in Sri Lanka are exported in mineral export trade, posing a serious environmental
issue. Despite the environmental problems, previous attempts to analyze the aspects of foreign exchange
earnings against the exported quantities of minerals in Sri Lanka are scanty. Therefore, the present study was
intended to analyze and evaluate the trade of minerals in Sri Lanka, with a particular focus on foreign
exchange earnings of those minerals compared with the environmental impacts.
Data on the mineral exported were extracted from the Customs declaration forms (CUSDECS/Customs 53)
submitted by mineral exporters at the Exports office, under the Department of Customs, during the period
from 01 Jan 2000 - 31 June 2013. The data were also extracted from the published data of Customs
statistical branch, Automated Data Processing Division of Customs, detection data bases of Central
Investigation Division and Biodiversity Protection Division of Customs and from Central Bank annual
reports. Data on environmental impacts were gathered following standard evidence-based protocols that
included searching the primary literature, field visits, personal communication, personal observations to
meet the objectives.
During the thirteen year period of I" January 2000 to 31" June, 2013, total of minerals exported under
seventeen commodity codes were collected. The exported minerals are natural Graphite, Quartz, Mica,
Ilmanite, Rutile, Granite, natural sand, Kaolin, other clay, natural Corundum, pumic stone, pebbles and
gravels, Dolomite, Feldspar, Zirconium, Zirconium ores &concentrates, Vanadium, lime powder, calcium
carbonates, articles of stone etc. Total income generated out of mineral exports is 32.9 million US$ in 2011
and 61.3 million US$ in 2012. Minerals are exported from Sri Lanka to 48 countries. China, Japan,
Germany, Italy, India, Malaysia, S. Korea, Singapore, Taiwan, UK and USA, are the leading importers of
minerals from Sri Lanka.
Mineral exports consist of I % of the total export commodities from Sri Lanka in 2012. When considering
the total quantities of exported minerals during the thirteen year period, the biggest commodity is Ilmanite.
Quartz and Rutile follow that. Natural Graphite, Mica and Granite have also been exported in a regular
manner during the thirteen year period.

INTRODUCTION
The extent of Sri Lanka is 65,610 lan2 , and, based on relief, it consists of three main peneplains; a lowland
(up to 300m mean sea level (MSL)), upland (300-900m MSL) and highland (> 900m MSL). The lowland is
extremely wide in the north and east, and has several isolated inselbergs rising above it, some over 300m in
elevation. A marked escarpment, conspicuous in the east and south, separates this lowland plain from the
middle upland plain. The highest parts of the Central Hill Country are made up of basins, plateaus, massifs
and ridges. The highest peak in the island is 2524m MSL and several peaks rise to heights of over 2000 m,
Cooray el al. , (2000) .
Sri Lanka has formed part of Gondwanaland in the distant geological past, and it was never fully submerged
by the sea. The only major marine transgression was in Tertiary times when Miocene sediments were laid
down in the North-western belt of the island, including the Jaffua Peninsula. As a result, nearly 90 percent of
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tbe area of tbe island is not covered by any sedimentary rocks. Precambrian rocks consist predominantly of a
sedimentary succession of a variety of metamorphosed sedimentary rocks of two groups, Higbland Complex,
and the Vijayan and Wanni Complexes. Miocene formations cover large areas in the northwest and in tbe
Jaffua Peninsula, Cooray, (1984).

Among the superficial deposits of recent origin in many parts of the country are alluvial on the river
floodplains and loose unconsolidated sands in the coastal bells. Tbese superficial deposits are economically
important in agriculture and also in mineral industry Most important minerals are gemstones, heavy mineral
sand, Graphite, llmanite, rock phosphate, Quarts, Dolomite, industrial clays etc. whicb bave higb potential
commercial value for exports.
Soil is the matrix of terrestrial ecosystem and it is produced as a result of degeneration tbe minerals.
Therefore mineral reSOurces are the basis of soil ecosystem. Mineral resources are mining from the soil and
resources is depending on excavation
rocks for export trade as well as for local use. Export trade of
and mining activities. Due to the above factor unsustainable utilization of mineral resources may affect the
biodiversity including entire ecosystem. Soil-biodiversity is the most affected enviromnental component in
the process of excavation, extracting and processing of those minerals for local use and export purposes.
Mining of minerals, being an environmentally unfriendly activity, and the effects are multifaceted, Saxena
(2001). The environmental effects in gemstone mining is well reported in the aspects of water (contamination
of rivers, lakes and groundwater, alteration of surface and groundwater flow); soil (erosion and instability,
loss of soil, material contamination, improper sanitation; air (increased dust);fauna &11or3 (loss of babitat,
overuse of timber resources, increase poaching; hornans (contamination of drinking water, land rendered
infertile for agriculture, safety hazard pits during and after mining, relocation of populations adverse
environmental health conditions, land-use conflicts), landscape destruction etc.(Hilson2002,r,,1aCfarlane et
ai, 2003,Cardiff 2007 ,;Cartier,(20 10).
Among those effects of social impacts are displacement of the people, loss of livelihood, changes in
population dynamics, cost of living, water scarcity, noise and vibration, health impacts, infrastructure
facilities" self employment opportunities, increase in aspirations, addictions, economic disparity and
frustration ,Saxena (2001). Stream ecosystems, and hence, their invertebrate communities have been
significantly affected by human exploitation of the land. Among tbese uses tbe extraction of forest and
mineral resources resulted in long-term and often highly destructive modification of the environment,
Harding et al. (2000).
Sludge from mining exploitation can be a source of land and water contamination in the adjacent zone. The
change in mobility and therefore in toxicity can occur at short or long term after exposure of sludge at
environmental conditiolls Lacal et al. (2003).
Tbe important natural controls, such as climate, and anthropogenic activities such as mining and mineral
processing methods mostly mOdifY tbe environmental effects controlled by mineral deposit geology and
geochemical process. These environmental alterations could be deposit size, bost rocks whicb the ground
water hydrology depends, surrounding geologic terrene, wall-rock alteratiollS which strongly affect
environmental signatures, nature of ore, deposit trace element geochemistry, mineral characteristics,
secondary mineralogy, topograpby and physiography affect the position and sbape of ground water table,
Edward (1995), Danielopol et al. (2003).
Magnitude of soil erosion losses within the larger resources basis of the economy, Cohen el al. (2006).
Different types of chemical and physical impacts associated with diverse mining and mineral processing
operations, Ashton et aL (2001).These environmental impacts are economic, technical, legal and operational
in nature, Benjamin et al. (2002).
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OBJECTIVES
The present stndy was intended to analyze and evaluate the export trade of mineral resources with a
particular focus on the following areas:
1. Determine the exported varieties, and their trade quantities in Sri Lanka.
2. Evaluate the actual foreign exchange eamings from the export trade of mineral resources.
3. Propose a suitable way forward to address the revenue related to export trade of mineral
resources in Sri Lanka.
4. Address the environmental impacts in excavation and mining the mineral resources.

METHODOLOGY
The research was carried out in Sri Lanka Customs from 01 June 2013 to 31 July 2013. The following
sections elaborate the methodology adopted to gather relevant data in order to achieve the objectives of this
survey.
Data on the mineral exported were extracted from the Customs declaration tonus (CUSDECS/Customs 53)
submitted by mineral exporters at the Exports office, Customs head quarters, under the Department of
Customs, during the period from 01 Jan 2000 - 31 June 2013. The invoice, packing list attached to the
Warrant I Security copy of the CUSDECS were sorted under the commodity codes, which are the
international Customs code for minerals. The data also extracted from the published data of Customs
statistical branch, from Automated Data Processing Division of Customs, Detection data bases of Customs
Investigation Division and Biodiversity Protection Division of Customs and Central Bank annual reports.
The export permits issued by the Director, Geological Survey and Mines Bureau to expOlt certain minerals
were also evaluated to detennine exported quantities. The data on export of minerals were entered manually
on an Excel spreadsheet, under the following information categories: Date of entry; CUSDEC No.;
Exporter's Name; mineral species; Quantity; Value; Destination and Availability of permits. The export
quantities of each species were tabulated on a monthly basis, for the years from January 2000 to June 2013.
In addition, infonnation on international market prices was also extracted from the relevant websites. In the
case of different data (quantity) on the same mineral due to different sources the mean value was considered.
Exports of gems and diamonds were not taken into consideration in this stndy.
Gathered data tabulated according to the mineral under the columns of year, quantity and value. Bar charts
were developed on the basis of quantity against the time period.
Data on environmental impacts were gathered standard evidence-based protocols that included searching the
primary literatnre, field visits in mining sites, personal communication and personal observations.

RESULTS
Considering the quantity of minerals exported, llmanite, Titanium ores, Zirconium ores, Quartz, Granite,
Mica, and Graphite are the minerals which are subjected to export in larger quantities. And Ilmanite 319,580
MIT have been exported during the period of 2006-june20 13. Titanium ores 285,194 MIT have been
exported during the period of 2000-June 2013 (except 2005/2006). Considering the non renewable minerals,
Quartz 140,567 MiT; Graphite 66,159 MIT; Granite 42,797 MIT and Mica 26,117 MIT have been exported
during the period of2000 -June 2013. The highest quantity ofa single mineral variety exported is a stock of
llmanite, 75,650 MIT in 2009. The present mineral export trade is about 1% ofthe Sri Lankan exports.
When considering the foreign revenue earned, mineral exports is 32.-<J"million US$ in 2011 and 61.3 million
US$ in 20 12.This is respectively 0.3% and 0.6% of contribution to the national revenue. The foreign revenue
earned by 319,580 MIT of llmanite is 33,961,683 US$. The biggest non renewable, exported mineral is
Quartz, export earnings during the study period is 30,194,097 US$. And Mica 26,117 MIT have been
exported and eaming is 9014 US$ during the period of2000 -June 2013.
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48 countries have imported mmerals from Sri Lanka during the study period. Japan, Malaysia, Netherlands,
tndia, Germany, China, Taiwan, S. Korea, Singapore, Italy, Ken ya, Thailand are the main buyers of Sri
Lankan Quarts. Main buyers of Natural Graphite are Japan, Pakistan, Germany, Australia, UK, India,
Thailand, Singapore and USA. Mineral sands such as Ilmanite, Rutile etc. mainly exported to Japan, UK, S.
Korea, India, China, Israel and Hong Kong .

......
There are incidents in attemptinglo export prohibited or restricted minerals under false declarations. Once
eight container loads of Eppawala Rock Phosphate and in another occasion two container loads were
attempted to be exported under the guise of "fertilizser" of the same stuff and detected by Customs. There
were attempts to export Dolomite, soil, foss ils, Rutilated Quartz, under various false declarations.
Table lA-IL. QuantitiesNalue of top 12 minerals exported from Sri Lanka during the period of 01
Jan. 2000 - 31 June 2013
RS Cod e

25.04

Description

Natural Graphite

Year

Qu antity
(Kg)

2000

6,938,900

224 ,789,114

2002

7,134,022

205,245,376

2003

6,43 0,670

242 ,934,299

2004

5,023,0 14

268,749,039

2005

,4,597,060

264,354,808

2006

5,276,070

322,840,434

2007

5,515,401

439,942,509

2009

3,067,830

Natural Sand

Year

Quantity
(Kg)

Value (Rs)

2000

3,780

15,577

2001

0

2002

25.06

Year

<K,,)

Value (Rs)

2000

6,938,900

190,933,333

0

2001

5,982,558

224,789, 1l 4

40,000

949394

2002

7,134,022

205,245,376

2003

4

116

2003

6,430,670

242,934,299

2004

7,336

113,530

2004

5,023,0 14

268,749,039

2005

7,632,231

1l0,365,853

2005

4,597,060

264,354,808

2006

1,960,095

58,968,417

2006

5,276 ,070

322,840,434

2007

5,468 ,375

136,672,095

2007

5,515,401

439,942,509

2008

1,8 11 ,377

67,688 ,1 85
2008

17,318,283

346,804,686

2009

3,458,866

77,399,728
16,232,963

14,340,548

2009

275 ,573 ,216

2010

11 5.745,673

2011

11 ,232,720

158,542,273

2010

12, 133,696

267,836,570

2012

575,529

26,175,662

2011

1l,833,926

309,320, 186

2013 June

88,165

9,272,543

2012

21,705, 155

564,597,367

380,120,989
264,066,408

20 10

3,210,711

454,521,403

2011

3,342,103

478,836,701

2012

3,08 1,099

558,418, 144

2013 June

1,374,945

264,931 ,937

Table: 1 A

Description

HS Code
Description

190,933,333

5,982,558

5,184,460

25.05

Value (Rs)

2001

2008

as Code

Table: 1 C

Table: 1 B

203

Quartz
Qu anti ty

I

Proceedings o/fhe National Symposium

011

HS Code

25 .08

Description

Other Clav

Year

Quantity
(Kg)

Value
(Rs)
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HS Code

26 14.00 .10

as Code

25.25

Description

llmanite

Description

Mica
Quantity

Quantity
(Kg)

Value (Rs)

Year

(Kg)

Value (Rs)

2000

0

0

2000

1,286,900

33 ,470,483

2001

0

0

2001

1,018,200

35,406,499

2002

0

0

2002

1.202,500

44,285,16 1

1,632,815

57,705,504

Year

2000

21 ,293

188,734

2001

lJ ,457

808,541

2002

2,466

243,470

2003

11 ,219

238,202

2003

0

0

2003

2004

0

0

2004

1,324, 100

49,068,994

2005

0

0

2005

1,586,493

6 1,949,01 1

2004

1,5 16

91,460

2005

14,37 1

634, 169

2006

0

0

2006

30,109,581

31 ,025,221

2006

2,219,628

97,081 ,914

2007

22,227

2,859,477

2007

15,002818

555,007,250

2007

3,048,608

133,903,555

2008

38,442

1,635,626

2008

8,129,289

118,790,222

2008

2,l72,7ll

104,141,613

2009

13,2 77

762,873

2009

15,649,651

43 1,814,33 1

2009

2,250,824

109,024,234

2010

16,927

685,974

2010

27,224,648

379,393,345

2010

1,971,065

119,305,508

2011

1,431

439,387

2011

43877 242

912,216,543

2011

2,939,500

139, 188,094

49,515,845

1,945,889,106

2012

2,449,110

166,468,134

82 10,680

250096,667

2013 June

893 , 100

52,277 ,132

2012

11,323

187,906

2012

2013 June

38 ,432

881.687

20 13 June

HS Code
Description
Year
2000
2001

HS Code

26. 15

HS Code

2614.00.20

trates

Description

Zirconium.
Vanadium... tlc

Descriotion

Year

Rutile
Quantity
(Kg)

Valu e (Rs)

0

0

Quantity
(K,)

120,000
3,373,440

28,78 1,242
109,104,455

103,200

30,908,158

236,000

9,433,434

3,543 ,000
9,419,999

Q""tilY (](o)

Value (Rs)

2000

0

0

2001

0

0

2001

0

0

2002

0

0

2002

0

0

Year

Value (Rs)

2002

2005

I

26.14
Titani um ores and concen-

2003

2004

Table: 1 F

Table: 1 E

Table: 1 D

41,783,095
285,659,610

2000

2003

0

0

2003

0

0

2004

13 , [99,000

607,749,928

2004

0

0

2005

0

0

2005

0

0

2006

0

0

2006

23,22 1,6 19

298,446,084

2007

0

0

2007

46,604,96 1

573,642,785

2006

0

0

2007

0

0

2008

2 1,947,242

438,96'),62 1

2008

21,246,746

2 11 ,879,648

2008

3,305,841

130,816,858

2009

7,929,2 10

149,533, 125

2009

6,029,182

152,770,35 1

2009

79,421,658

564,979,215

20 10

49,421,658

67'),406,223

2010

12 140,67 1

216409,369

2010

1,914,254

180,579,004

2011

19,696,645

205,617,924

?Oll

2,265,543

293,405,721

2012

3,635,000

307,924,655

2012

1,385,506

461,199,411

714,000

143,574,419

2013 June

15,000

1,363,747

2011

48,540,480

1,255,058,374'

2012

59,678,494

2,860,53?,099

2013 June
Table: I G

8, 128,180

250,778,541

1013 June

Table: 1 I

Table: 1 H
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HS Code
OescrintioD

68.1 5
Articles of
stone

Year

OU311 tih' (Ko)

Value fRs)

2000

36,597

1,494,186

200 1

42,300

3,511 ,421

2002

69,572

10,829.49 1

2003

106,404

7,&50,567

2004

96,59 1

5,552,799

2005

0

0

2006

0

0

2007

0

0

2008

100,072

50, 168 ,832

HS Code

2615.10
Zirconium ores & conceu-

DescrintiOQ

tutes

Year

I

V alue(Rs)

O ""tily (1(2)

2000

0

0

200 1

2,500

32,354

2002

19,108,002

154,502,508

2003

5,708,200

63, 150,571

2004

0

0

200;

0

0

200.

0

oI

2007

0

0

21,246,746

2 11,879,648

7,679,210

133, 166,700

2009

176,957

129,18 1,009

2008

20 10

25 1,181

54,539,353

2009

1011

21 1,970

214,374,139

20 10

12,069,278

2 11,678, 158

2012

232,292

512,076,394

20 11

19,426,645

154,870, 196

105.772

408,864,697

2012

3,635,000

307,924,655

20 13 June

Table: 1 K

Ta ble: 1,J

Plate. 1A-1L. Quantities of top 12 minerals exported from Sri Lanka d uring th e period of 01 Jan. 2000
- 31 June 2013
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DISCUSSION
The monthlylannually export quantities of minerals clearly indicate that natural Graphite, Quartz, Granite,
Mica, Ilmanite have a stable demand in the export trade. The drastic decline of exports of the Ilmanie in the
year 2013 and Rutile from 2008 can be observed. There is a large increment in the export volume of
Zirconium, Zirconium ores & concentrates, Titanium ores & concentrates since 2008. Export of natural sand
in huge volumes was started in 2005 and seems to be halted in 2011.
As the demand for quartz the world over has increased because the deposits in Brazil are nearing exhaustion
and the Quartz found in India and China is not as pure as in Sri Lanka. The world market value for Quarts is
US$ 400- 4500 MIT depending on the quality and variety. Generally, pure Silica Quartz fetches US$ 2500
3000MIT but the export price in Sri Lanka is US$ 100- US$ 175 for rough Quartz and semi processed as
Quartz grits US$ 190- US $ 300 MIT, which is a matrer should to be considered seriously. Also this is the
only exported item an export duty is applicable at Customs.
The natural Graphite in Sri Lanka, wlJich is supposed to be the finest quality in the world market, was
exported for US$ 700-800MIT. The export price is 139 US$ MIT.
Mica PGP is exported for 410-570 MIT. Granite blocks (w/l) are exported for 500-800 MIT.
According to the provisions of Mines and Minerals Act, no mineral can be exported without a valid pennit.
The detection of illegal export of "Eppawala Rock Phosphate" revealed that the price obtained for 10
container loads ofthe material is 90 US$ per MIT.
International market for Rutile is 2000 US$ for low and 2445 US$ for high quality variety.
Value addition on these raw materials may direct towards earning more foreign exchange. It may be multi
folded, if the high-tech local industries such as fused Quartz, chips, nanotechnology based enhancements etc.
are established.
Minerals washed and gathered at eastern and South - eastern shores such as Rutile, Ilmanite, Zirconium ores,
Titanium ores etc. are regenerated and renewable.
Other minerals are non-renewable. Extraction of those non-renewable minerals in Sri Lanka should be done
in a sustainable manner by taken suitable mitigation measures on the massive environmental destructions.
It should mitigate the impacts on soil-biodiversity when extracting and processing of the mineral resources.
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29-CM 17110

Proceedings ofihe National Symposium on Soil Biodiversity. 2013

(Siltation and sedimentation were observed in processing mica, gem mining etc. Contamination of rivers,
groundwater, alteration of surface and groundwater flow, erosion and instability, loss of soil were observed
in gem mining. Destruction of Miocene fossils and safety hazard pits during and after mining were observed
in extracting the limestone in Puttlam Habitat destruction and alteration was observed in many mining sites
inclnding Quartz, Mica, Dolomite, Limestone, Clay etc. Noise pollution was observed when blasting the
of Quartz, Granite and Dolomite.
It has estimated the radiological impacts due to
phosphate industrial activities; Khater
al {200
is a matter for consideration in extraction of Phosphate deposits of Sri Lanka.

el

Many developing conntries are losing out both economically and ecologically by specialization on the export
of natural resources. In addition the authors state the costs and benefits of the export of natural resources are
distributed highly unequally within developing countries Muradian el al ,(2001) and Behrens et al (2005).
World-economic integration allow for developed countries to treat less developed counlties as supply depots
to satisfy their unsustainable resource consumption levels, which often leads to deforestation and increased
environmental degradation in many less developed countries, Jorgenson (20lO). This is a factor to be
considered seriously in Sri Lanka.
There is an existence of a monopoly among a few exporters, and as much as these minerals are collected
from natural habitats the overheads are low. Many of the exporters have not touched the correct world
market and, perhaps, they are not concerned with it. Hence, the country does not receive the actual foreign
exchange that can be obtained.

CONCLUSIONS Ai"D RECOMMENDATIONS
Sri Lanka is rich with both renewable and non renewable mineral resources. However, the conntry does not
receive proper revenue out of those resourees. Following recommendations are made for sustainable
utilization and earn better foreign exchange earnirlgs;
I. Establish and Promote mineral based local industries, especially on Quartz based manufacturing.
2. Export of raw materials should be in value added fonns ..
3. Separation of mineral sands such as Ilmarute, Rutile, Monazite, Titaniulll ores, Zirconium ores etc.
ofPuhnoddai should be done with modem technology for better value addition process.
4.
more advance technology in extracting, separating and manufacturing of products.
5. Explore the possibilities for use ofnanoteGhnology in mineral industry.
6. Capture the correct international market.
7. Establish and enforce minimum exportable prices.
8. Address the gaps in legislation.
9. Address sufficient mitigation practices On environmental destructions.
10. Take necessary action to minimize the destruction and to conserve the Miocene Fossils.
11. Promote research on minerals, especially fossils.
12. Stem action against the violators, environmental destructors and culprits on mineral issue.
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ABSTRACT
Soil is one of the natural habitats having a huge biodiversity, including micro and macro-organisms and a
seed bank for a wide variety of plants. Life in soil may be either beneficial or may be noxious pests of
agriculture.
soil plays a significant role in Plant Protection, explicating the importance of the
regulatory activities on international movement of soil and soil biodiversity. This specific review aims to
discuss the phytosanitary significance of soil and the cummt phytosanitary smlus of soil in international
trade, with special emphasis on Sri Lanka. As the National Plant Protection Organization of Sri
the
National Plant Quarantine Service plays a significant role in regulation of international trade of commodities
having phytosanitary significance. Importation of soil to
Lanka as a commodity is entirely prohibited.
However, permission is granted to import soil in small quantities for scientific research or in bulk qnantities
for industrial purposes with stringenl regulations. This includes soil contaminations in other imported goods
also. In cOllo:a81, all the plallt commodities to be exported are tested at the quarantine laboratories for the
phytosanitary requirements of the importing country, wherever necessary for soil, and confirmed by issuing
a phytosanitary certificate.
Key words: Plant Quarantine, IPPC. NPPO, Phytosanitary certificate, soil

INTRODUCTION
1. International Plant Protection Convention
The International Plant Protection Convention (IPPC) is a multilateral treaty that came in to fimction in 1951
and is overseen by the Food and Agriculture Organization (FAO). The IPPC aims to secure coordinated,
effective action to prevent and to control the introduction and spread of pests of plants and plant products
throughout the world. The core functions of the IPPC extend beyond the protection of agricultural
biodiversity to the protection of nature and natural biodiversity. It also takes into consideration both direct
and indirect damage by pests, and therefore it recognizes weeds also as a pest (http://www.fao,orgl
agriculture/cropslthematic-sitemap/theme/treaties/eni#c 15940).
The Commission on Phytosanitary Measures (CPM) was established under the fPPC with the aim of
ov/;rs,;eulg tbe implementation of the IPPC. As of July 2013, the IPPC has 179 parnes, which include
176 United Nations (UN) member states, the Cook Islands, Niue, and the European Union. The IPPC is
recognized by the World Trade Organization's (WTO) Agreement On the Application
Sanitary and
Phytosanirary Measures as the only international standard setting body for plant
(https:11
w'Nw,ippc.int/).
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\\,l1ile the IPPC's primary focus is on plants and plant products moving in international trade, the Convention
also covers
and other growing media, research materials, hiological control organisms, gemlplasm
banks, containment facilities, food aid, emergency aid and anything else that can act as a vector for the
spread of plant pests - for example, containers, packaging matelials, soil, vehicles, vessels and machinery
(bttps:/lwww.ippc.intl).
The IPpe places emphasis 011 three core areas, namely I) international standard setting, 2) information
exchange, and 3) capacity development for the implementation of the rppc and associated international
phytosanitary standards. TIJe Secretariat of the IPPC is housed at FAO headquarters in Rome, Italy, and is
responsible for the coordination of core activities under the IPPC work program (bttps:llwww,ippc.intl).

2. Soil and its phytosanitary significance
The word "Soil" represents soil as it is (3 collection
carth particles of size less than 2
soil related
matter (in bulk, i.e. soil with associated earth) as well as any other commodity contaminated with or in
contact with soil (Items contaminated with soil and related matter, such as logs/lumber, containers,
equipment, blocks of stone, machinery, tools, vehicles, military equipment and vehicles, etc.) (CFIA, 20 10).
Soil is a high-risk pathway for the movement and introduction of pests. The position paper on soil movement
signed on April 24, 2003 by the three member conntries (Canada, United States of America and Mexico) of
North American Plant Protection Organization (NAPPO) describes the risks and complexities associated
with soil and associated pests:
"Soil, as evidenced from tbe international restrictions and prohibitions conceming its movement, is
considered to be a high fisk pathway fOf spreading a wide range of pests including, but not limited to:
bacteria, fungi, insects, nematodes and weeds. Numerous soil-borne pests can survive for many years, with or
without suitable hosts. Some of these pests can be detected visually while the detection of others requires
sophisticated diagnostics," (NAPPO, 2003)
Therefore as a commodity or a contaminant, soil is an almost universally prohibited item to trade
internationally. Soil contains an ononnous microbial and microfaunal population, only a fraction of which is
known and which varies with soil type and from place to place. Soil is very difficult to sterilize in large
quantities, so when used in growing media it should normally be regarded as non-sterile, and its risk will
vary with that of its place of origin. Many plant pests inhabit soil during all or part of their life cycle and
often produce durable resting stages in the soil which may be difficult to detect. Normally, living plants
moving in international trade arc required to be virtually soil-fTee or to he in soil-less media. Planting
material such as tubers, bulbs and conns arc usually required to be soil free or to carry the minimum amount
of soil practicable (http://www.inspeetion.gc.ca).
Requirements covering plant produce for consumption can be less stringent because the risk of imported soil
finding its way on to agricultural land is much less. Soil is often found as a contaminant or substrate in goods
where it may escape attention. Soil is also often overlooked, even when present in substantial quantities,
when adhering to imported used vehicles, agricultural machinery, or military equipment that has been used in
the field. Some pests associated with soil and related articles, which have phytosanitary significance, are
listed in Table 1. Other than these species, a wide variety of weeds are also considered as regulated pests
under quarantine by many countries.
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Table I: Some Soil-borne quarantine pests regulated by different countries (www.biosecurity.govt.nz;
Ylorschel, 1961; Cook and Dube, 1989; McLeod et aL, 1994)
Common Name

Scientific N arne

Alfalfa snout bectle

Otiorhynchus iigustici (L.)

Apple maggot

Rhagolelis pomoncila Walsh

Blueberry maggot

Rhagoletis mendax Curran

Columbia root kuot nematode

Me/oidogyne chitwoodi Golden, O'Bannon, Santo & Finley

European brown

Comu aspersum (MUlier) syn. Helix aspersa (Muller)

snail

Golden nematode

Globodera rostochiensis (Wollenweber) Behrens

Japanese beetle

Popilliajaponica Newman

Pale

Globodera pal/ida (Stone) Behrens

nematode

Potato rot nematode

Ditylenchus destructor Thorne

Potato wart

Synchytrium endobioticuill (Schlib.) Percival

Ralstonia (potato brown rot)

Ralsronia solanacearum Race 3 (Smith) Yabuchi at al.

Ramomm blight and dieback

PhYlOphthora ramorl/'" Wan-es et af.

Soybean cyst nematode

Heferodera glycines Ichinohe

Verticillium Wilt

Vertic/Ilium dahliae

Citms Nematode

Tyle/1chulus semipel1etrans

Needle Nematode

Paralo/1gidorus eucalypti

Sheath Nematode

Hemicydiophora arenaria

PRESENT STATUS
Sri Lanka ratified IPPC in 1952 (http://wwwJao.org) and therefore, is a party holdmg the responsibilities
designated by the convention. Facilitation of phytosanitary activities required for the international trade is
done by the National Plam
Service (NPQS) of Sri Lanka, which is also designated as the
Nalional Plaut Protection Organization (NPPO) for IPPC in Sri Lanka (www ippc.int).
Further, the NPQS has the responsibility of enforcing the implementation Plant Protection Act No35 of
1999 and Regulations made thereunder in relation to plant quarantine activities
Since the
made under the Plant Protection Aetare still in the process of enactment, the
regulations made under the Plant ProtectlOn Ordinance are still in operation (The extraordinary gazette No.
165/2 Monday the 02 0d of November 1981).
Responsibilities of the NPQS of Sri Lanka lie in both impOtiation and exportation activities. It is bound to
function in accordance with the IPPC as well as the provisions given by the Plant Protection Act No. 35 of
1999.
When tlle imponation of plant and plant products in to Sri Lanka is considered, the plant protection
regulations
"soil" as an miiele prohibited to import from any country in the world. This includes
soil attached to imported plants and plant material such as tubers (potato) and other underground pans, crOp
seeds for
purpose, machinery and vehicles, wood and timber, peat etc. (Director General of
Agriell lture, 1991).
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However, the Plant Protection Act pennits importation of prohibited items for research purposes, under
stringent conditions. Thereunder, soil as such is also pennitted to import into Sri Lanka strictly for scientific
purposes, with a special pennission of the Director General of Agriculture, and the pennission will be given
only to the chief authority of a government department or a public corporation engaged in scientific research.
Fnrther, the report compiled by a special committee which conducted a Pest Risk Analysls (PRA) for
(2006) has elaborated the importance of allowing importation of sand
importation of sand for cemenl
as a raw material for cement industty. The committee has take in to coosideralion and declared three major
factors. I. The necessasity and importance of importation of soil, 2. Phytosanitary conditions to be officially
fulfilled by the NPPO of the counlly of export! origin, and 3. The recommendations to the Sri Lankan plant
protection authority (Liyanarachchi el 0/., 2006).
According to the corllinittee recommendations (Liyanarachchi ot ai., 2006), the Director General of
Agriculture Sri Lanka (Authority for .Plant Protection Act) at present issues the official permission for
importation of bulk qnantities of specialized quality sand only for the cement induslly. The importation
permit demands following conditions to be filifilled at the country of origin and upon arrival to Sri Lanka if
sand to be imported.
L The consIgnment should accompany a phytosanytary certificate ce11ifying that the lot is free from
pests including insects, nematodes, microbes, weeds and allY other organism that can be a plant pest,
based on a test report issued by an accredited laboratory in the Coulltry of origin.
2. Quantity per consignment (one importation) should not exceed 10,000 kg.
3. Upon arrival, a rcpresentallvc sample sbould be tested at the quarantine laboratories for the presence
of above mentioned pests, before releasing to the impol1eL
4. If the consignment IS found to have contaminated with any pest, the Director General of Agricultttre
(Depending on the lest reports) will decide the consignment to be destroyed, re- exported or release
after a recommended phytosanitary treallnent.
5.

Sand imported should strictly used only for manufacturing purposes ami sand or any refiJse should
not be discharged to open environment so that no accumulation of remnant sand (Liyanarachehi e/
al.2006).

Soil can be moved from any other counlly to Sri Lanka in international trade aC(1"ilies, both as the main
commodity and as a contaminant with other imported articles. Therefore, when the Plant import pennits are
issued for other plant or plant based commodities, a special import phytosanitary condition is stipulated on
the permit This indicates the import requirement of Sri Lanka that is, the NPPO of exporting cmmtry should
certify that,
the commodity is free from soil (or growing media ifthe consigmnent is a live plant species), or
a declaration for freedom from any specific soil-bome pest, or
an "area freedom" for such devastating soil- bome or soil inhabiting pest
Further, if any used machinery or vehicle is imported to Sri Lanka, plant quarantine officers inspect for ant
possible contamination with soil. This is "elY important since this small quantity of soil may harbor huge
number of pests (lmp0l1 permits issued by the ~l'QS No.s-NPQS/SP/20 13105 and NPQS/PIP120 131707). For
example, the invasive giant Mimosa (;v/imosa pigra) is said to have introduced with some used agriculture
machinery and invasive Parthinium weed (Parthci1ium hysterop0nJs) is believed to have introduced with the
soil in the shoes of Indian peace force (Ranwala, 2011). Both the weed species are at present recorded as
damage to the Agriculture and envirorunent
very noxious invasive species causing
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In contrast, the exports commodities also require a certification for freedom from soil Or any specific pest
These phytosanitary requirements are solely dependent on the country of import In such
the
l'<l'QS, Sri Lanka
out otIicial test> or surveys fulfilling the importing count!)' requirements, Some of
the count!)' requirement~ are given in the Table 02,

PROCEDURE FOR IMPORTATION OF SOIL
The importer shall submit au application to the Director General of Agriculture according to the fonnat
specified by the Department of Agriculture, Sri Lanka, The Technical Committee for Evaluation of Plant
Quarantine Issues (A technical panel consists of experts in Plant Protection) will evaluate the purpose of
importation of soil and decide whether to approve or disapprove the importation of consignment If the
purpose complies with the policy decisions and regulations (Liyanage et ai, 2006 and Plant Protection Act
No, 35 of 1999) the importation will be approved with strict phytosanita!)' conditions specified by an official
at the
plant import permit in duplicate copies, One copy of the import permit should be sent to the
country of origin, EX.porter should refer the phytosanitary conditions giVe!l in the import
of
Lanka
and should fulfill them through the l'<l'PO of the particular country, NPPO of the country of
should
confum the phytosanita!), conditions by an official phytosanita!)' certificate, which should accompany the

Upon ent!)' to Sri Lanka at the port of entry, the plant quarantine oftlcers will verify the documents
(Phytosanitary certificate, Import pennits, Bills of lading elc,) and
the
Random
representative
will be submitted for further testing to the laboratories at National Plant Quarantine
Service
the results given by the test reports issued by the NPQS, the consigmnent will be
released to the importer if there is no threat reported, or destroyed, fe-exported or treated with a NPQS
recommended procedure 10 eliminate any pest present in the consignment (If any pest 15 recorded), Further,
according to the import phytosaniatry conditions, a post ent!)' quarantine procedure will be carried out Post
ent!)' quarantine activities assure strict use of imported soil only for manufacturing purposes or research
purposes and sand or any refhse will not be discharged to open environment so that no accumulation of
remnant sand (Manual of Plant Quarantine Procedures, Sri Lanka),

CONCLUSIONS AND RECOi\'Th'IENDATIONS
Soil may contain large number of inhabitant species, where some of them are possibly of phytosanita!),
significance. Testing for a wide variety of soil pests is not practically achievable since some life
of the
pests may not be detect in available tests, Tberefore, regulato!), mechanism should be established to manage
the it1temational transfer of soil Inhabitant pests, According to the lPPC intemational transfer of soil as such
or as a contaminant is prohibited considering its high risk
According the Plant Protection Act, No 35 of 1999, Sri Lanka, importation of soil was prohibited,
considering its high risk nature, However, depending on the industry requirement, as a raw material or for
scientific research, soil can be imported into Sri Lanka under stringent quarantine regulations,
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Table 02: SQme importing Country requirement for Soil
(Wlvw.biosecurity.govt.nz; www.ippc.int)

Country

Regulatory status

Belize

Earth, soil or dung- prohibited, At the port of entry an inspection will be
done
Soil from outside Sabah and Sarawak prohibited. Import Permit for
soils intended fbr chemical and physical analysis and only
by
the Director of Agriculture

Bruna! Damssalam

Cyprus

Soil Gravel, Leaf and garden mould including when present with other
materials (Plants, Seeds or Veillcles) except guano, bone dust and peat
moss - prohibited

Egypt

Soil that can be used for growing or containing organic matter
prohibited
Sand and clay or earth except for experimental scientific, manufacturing
or industrial purposes under import permit- prohibited

Fiji
Grenada

Hong Kong

Soil as such, unless under special permit for recognized research
laboratories, Plants, Plant products, machinery, equipment, conveyances
or non- plant articles must be free soil or freed of soil. Non
andJ or treatment if soil contamioated
articles are subjected to
soil with plants, soil including earth, sand, clay, and peat except with
prior permission and if sterilized- prohibited< Permitted items should
carry an Phytosarntary certificate with additional declarations stating that
soil is free from plant parasitic organisms and an inspection on arrival

Kenya

Any rooting medium for plants which consists either or wholly or in part
of soil, whether or not it is attached to any plant- prohibited

Napa!

Soil, Humus, Forest litter, Saw dust, or any other medium in which plants
can grow except as indicated for
rooted plants - prohihited
Soil hy it self or adhering to
prohihited. Peat from the United
Kingdom! Ireland if accompanied by a veterinary certificate; clean sand,
clay tor processing or manufacturing; soil for speclal purposes
subject to conditions oflmport permit
Soil and any other unsterilized medium such as compost, litter, humus, or
sawdust capable of carrying pathogens.

Newzealand

Pakistan
Singapore

Soil as such and with plants except from west Malaysia

Sweden

Soil, compost, animal manure- prohibited. Exception given for technical
purposes and some amount of soil with plants

United Slates of
America

As
and with plant, plant products or contaminating any commodity,
except from Canada- prohibited
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