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PREFACE

The rematodes or roundwormghabit virtually allecosystems thahclude aquatic and
terrestral environments. They fornthe phylum Nematodancluding free living andparasitic
forms of all biota as well as predatory orteat consumevarious microorganisns. Generally
they are smallor microscopi¢ usuallyless than a millimetre in length, with the exception of
some animal paré@g forms, which arelarge and can be seemth the n&ed eye Several
nematode genera are important as pégpsrasitesof crops and animalswhile othersare
beneficial andcontribute to nutrient mineralizatio8omeof themare agents in controllinglant
pests and pathogenBlematodes are also used lis-indicators, because of the numerous
properties they possesBhe soil food wehs a plethora of soil organisms including bacteria,
fungi, nematodes, annelids and arthropatiéch are dependent primarily on autotrophic input
from plants or other externaources including organic matteNematodesare the most
numerous componeswf themicrofaura and are considered alsindant and diverse invertebrate

faunaof the soil

In the present stugyan effort was made to documettte diversity, abundancand
distribution of soil inhabitingnematodes ofhe entire state of Goaof the various vegetation
typesandof the paddyfields. The ampling sites were chosen opportunistically apitl samples
were collectedrom all the 12talukasspread acrosthe state different landscapeand paddy
fields of three different ecolagal t y p @zs, &hazan, kher and morod. The samplesvere
processed to extract the nematodesidentification. The study was carried on fogarlythree
yearsfrom August 2011 to Febrnyg2014 and itresulted in documentingiembers belonging to



nineorders, 24amilies 48 genera and 69 specafghe phylum Nmatoda

The first chapter €lals with the diversity, abundaneed distribution of the nematode
speciesobserved in the soikample of all the talukas Among the nine mlers that were
documentedDorylaimida represented nirlamilies, 23genera and 33pecies followed bythe
order Tylenchida withfour families, eight gnera and ningpecies.Three families, six genera
and ten spaeswere reported in Mononchidéollowed by three families, five genera and nine
speciesn Rhabditida while order Aaimidahadone family, two genera and three specieshe
order Enoplidathere wasone family, one genus and two spediest were reporté The aders
Araeolaimida, Ahelenchida antlonhysteridawere recordedvith only one family, one gnus
and onespecies.Samplesfrom all the talukasndicated the presence of atle88tpecies out of

a totalof 69 gecies recordeduring the studies

In the trophic groups,rpdatorsrepresented 14 genera and péa@eswhile herbivores,
11 genera and 16pscies The omnivores accounted for eighemera and ine gecies while
bacivores for nine genera andl4 species and the fumgpres,two genera andhtee species

Members of Drylaimidadominated among the predators, omnivores and fungivores

The second chapténcorporates the data @bundancediversity and the distribution of
the soil nematodes in the various landscapes elements agigtiay tyges. A maximum of40
nematode gecies wagecorded from the soil samples collected from the vicinityoafdside
weeds bushesanda minimum of22 speciesvasrecaded from coconut grove areghe other



landscapserecorded themecies richness betweenthe abovementioned twaextremes.

Maximum abundance opscies was observed also from the samplesaufside weeds /
bushessimilarly minimum abundance was recorded from the samples of coconut dbdvies.
69 peciesthat were documentediostof the soil samples of the landscape®getationwere

represented by more than Zfesies.

In abundance, a little high, positive correlation was reported between fungivores /
bactivores and a moderate positive correlation was observed between omhinasb@gores and
between omnivores / predator but a very low positive correlation was observed between

herbivores / predators. A negative correlation was seen between the remaining trophic groups

The last chapter includes tlimcumerdtion of nematodesrom the paddy fields25
speciesincluding some of those recorded in thetfichaptemwerealsofound to be preent in the
paddy fields.Of these 25 mecies maximum number of species was belongng to order
Tylenchida(11), followed by Dorylaimida(8), Mononchida (3), Ahelenchida (2andminimum

specieshelonging teAraeolaimida(1).

Among thethreepaddyland types(khazan, kher & morod) studied species diversity
was maximum(22 gecies)in the soil samples collected fromorod land type and minimum
(13 pecies)n khazanland type Morod land also has high abundar(@99) of individual



species 20% of the pecies were found to be common to all the three land types.

Among the soil samples collected duritige various stages of paddy cultivatiotmose
collected prior to harvestinghowed thenaximum pecies abundancéphelenchoides besseyi
reported maximum species abundaincéhe samples collectdaefore transplanting in thiand
types,kher andmorod and itsabsence was obvious the khazan land type It was found that
the pecies wee evenly distributedhroughtout the soil ecosysh in the various landscapés

vegetation typesicluding paddy fieldshat were studied

The aim of this present investigon was tofill in the lacunae ofinformation on soll
nemabdes of Goa. The present styatpvides basic data and informatn on thesoil inhabiting,
free living nematodes of Goa. It will form a strong base for further studies and intense research
in soil nematology of Goa. The contents bistthesiswill be a usefuladdition to the already
existingscanty and scatterdilerature on the soil nematodes of Gongarticular andndia and
the worldin general The nature and quantum of theesentstudyis a preliminary one and the

first of its kind in the state
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INTRODUCTION



"If all the matter in the universe except the nematodes were swept away,
our world would still beaintly recognizabe,
and if,as disembodied spirits, we could theploreit,
we should find ithills, mountainsand valleysjakes,
rivers and oceansharacterizedy a film of nematodes."
Cobb, 1915

INTRODUCTION

NEMATODES 1 THE INVISIBLE THREAD WORMS

Nematodes ar@n ecologically successful gnouof lower invertebrate animaleven
thoughthey areplaced at a very low level of taxonomic hieraranythe animal kingdom
(Ahmad 2001).They areusually pseudocoelomatemicroscopic,unsegmented;olourless and
triploblastic animalsThey are structurally very divee and in numerical superioritthey surpass
all imaginationsChewin 1974 remarked that nematode populationnie of themostimportant
soil biota groupsThey play an importantandleading roleas regulat@ of energy A single are
of soil from a farmingland issaid to harbouas many as 3,000,000,000 nende® A least

500,000 species of nematogesbablyinhabit this earth (Jairajpuri, 2008).

Nematodes constitute the largestianost ubiquitous gup of kingdomAnimalia. They
are the most common of all the soil fauna, numbering from 1.8 to 120 million per sogetare
of soil in some casefevan, 196% Nematodes are Himgically diverse and versatjléhey
occupy variousabitats andn number constitute nearly 90% of athe metazoansn the world
(Jairajpuri,2001) By 2001, Hugot et al had consideed about26,646 speciesTheyare simple
animals, often containingnly 1000 cells ormay beless (Lambert and Bekal, 2002)lost
nematodes anmicroscopicand in sizenay rangg¢rom 100 micrometres in length (1L0th of a
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mm or 1/ 250th of an ich) to the female giantematodeDioctophyme renalevhich maygrow
up to 1/ 2 metrds or parasites of vertebrates that can reach to several r{edteus 8)in length

(Placentonema gigantissima parasite of sperm whal@girajpuri, 2002).

Nematodes are basically aquatic animals that adjust naturally to a variety of terrestrial
habits providedhere isa thin film of wateraround themWater or iquid medium is absolutely
necessary for their existence as well as for their survival, either parasitic divifige
Nematode species that aaelapted to a terrestrial mode of life survive only because of the
moisture holding capacity of the soil paréisl Nemdofauna like insects occur in all possible
kinds of climatic conditions and habitatSne important feature of nematode population is the
large number of species present in a given habitat; of an order of magnitude that is higher than
any other tagn (Platt and Warwick, 1980)The number of taxa unknown to science is
particularly more for the underground biota especially for nematodes. Beirkadr, (1994)

estimatedthadb nl 'y 3% of the worl dés species have so

The composition of species population densities and proportionate dominance vary
greatly in relation to food and othkiotic andabiotic factors. Nematodesetrophically diverse
acting asherbivores, bactivores, fungivor® omnivores and predatoras has beeclassified by
Yeateset al, (1993. There are generally two types of body forms in nematodedusiferm
and thefiliform. The fusiformshape is that of aalongatedspindle, widest through the middle
and tapering toward the blunt or pointed ends;pibsterior end is generally more tapering and
pointed tharthe anterior end and in some species is very slendefilifdren which is less

2



common has a body which is threldde and of uniform diameter throughout, not diminishing

toward the ends.

BIONOMIC IMPORTANCE

One of the reasonwhy nematodes are useful for biological research is due to their
simple anatomy anttansparent bodie&eing smallanda microscopidife form, Caenorhabditis
eleganshas beemegarded as one of the best modelshiemandiseases and it has contributed
enormously to our understandiof human neurodegenerative disordera c | udi ng Al zhe
(Sherringtonet al,1995 Levitan and Greenwald,995; Link, 1995 Par (aksostaln 0 s
2003) and Hu n tetiah §99P diséasesdepreasiore (Ranganathaet, al, 200,
cancer (Poulin et al., 20p4nd aging (Kenyon, 2005metabolic disorders suas obesity and
diabetes (Piercet al, 200) andgenetic diseases such as autosomal dominant polycystic kidney
diseag (Barr and Sternbergl999, muscular dystrophy (Gauet al, 2004 and arrhythmia

(Peterseret al,, 2004)

Nematodes possess sevebpaheficial featureghat make themuseful ecological bio
indicators (Bongers, 199FGreckman, 198; Neher, 2001)They areimportantorganismsin the
decomposition ofdead and decayingrganic matter mineralizationand recyclingof plant
nutrientsandin replenishingsoil nutrients irtheterrestrial ecosystei@Griffiths, 1994; Boag and
Yeates 1998 Yeates and Bongerd999. Many freeliving nematodespecies ar®io indicators
of pollution levels mostly of heavy metal&nd dher conditions in theoil or water(Li et al,
2011).They areconsideredis gad indicators of a variety afoil propertiesas hey not only

3



help in soil processedut alsoinfluencetheseprocesss eg. transformation of organic matter
into mineral and organic nutrien{8ongers, 1990; Freckman and Ettema,1993; Nehel,
1995).Nematodesire known taccupy an important and central pasitin the soil detritus food
chain and food wefinghamet al, 1985;Freckman, 1988vioore and de Ruiter, 1991As part
of soil organic matter, nematodase key soil components to enhance soil fertititgrebycrop
productivity and balance ecosystem unctioning, thus maintaininga balance of thesoll

ecosystem health.

As primary grazerf saprophytic bacteria and fungiematodes are able tmake
mineral nutrientseasily available to higher plants (Freckman and Baldwin, 198@though
bacteria andungi are the primary decomposers in the soil food web, these microbedsoan
immobilize inorganic nutrients in the soiWhen the bactivore and fungivonematodes graze on
these microbes, they give off €@nd NH;" and other nitrogenous compoundgsich directly
affect C and N mineralization(Ingham et al 1985) Besides contributing taC and N
mineralization,many freeliving nematodes, especialtize bactvores omnivores and predatory
nematodes,are also found to correlate with concentrations of maother soil nutrients
suggesting the possibility of matodes mineralizing many of theseatrients.Nematodes help in
capturing and storingarbon that otherwiseould contributdo global warming when allowed to

overload the atmosphere in the form aofbzan dioxide gas.

Soil freeliving nematode communities and their structural changesiieame foud to be
one of the bedtiological tools for assessing soil disturbances, including hesatgl pollution

4



(Bongerset al.,2001; Georgievat al, 2003, in addition toagricultural and extensivgrazing
activities(Yeates and Bongers, 1999; Kaneljial.,2001; Mills and Adl, 2006) inhe terrestrial
ecaxystems (Gupta and Yeates, 1997; Neher, 1999).t®treeirimmensesensitivity tovarious
changes inthe soil ecosystem and their ability to reflect differences betwdisturbed,
undisturbed and humampacted environments, the fréeing nematodes are considered to be

very useful and inexpensive organisifos ecological researgfiPorazinskat al.,199).

SOIL INHABITING NEMATODES

Soil inhabiting nematodes predominate over all other soil animals, both in number and
speciesSeveral taxonomically differingroups of nematodes inhiathe soil but members of the
order Dorylaimida occumore commonlyhanothers(Ahmad,2001). Nematodes are ubiquitous
inhabitants of soil, subsisting on living organisms of every type and, in turn, contributing their
biomass to other soil biot&oil nematodes aneermiform animalsusuallyvery small the adults
may grow upto 5.0mm long,are very abundangaboutmillions / m? andmostly diversen all
soils (Yeates, 197P In spite of being smalh sizeand usuallywith trivial contribution tothe
total biomass, thehave significant functions in soil communitieBofigers 1986; Ferris and

Ferris 1972fFreckman1982; Norton, 1978; Yeates, 1979).

Although, nematodes represent a relatively small amofl biomass in the soil, they
occur across multiple trophic levels and aggsentiallyvery important in the soil environnme
(Barker and Koenning, 1998Jheir feeding habits are clearly relatedtleir oral structure and
theyare easy tbeextracedfrom the soil using simple extraction proceduiRgz and Trudgill,
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1999) so their trophic roles can be readily inferi@ail texture (Hunt, 1993), soil temperature
(Boag et al, 1991) and broad vegetation types (Boag and Ortoniaiidl, 1976)have been

found to have a strong influence on the distribution and density of many soil nematode taxa.

The biotic factors of soil vironment include roots of living plants and soil microflora
and fauna including nematodd3lant roots and soil microorganisms influence the nematodes
and are in tur affected by nematode activitAs nematodes feed on a wide range of soll
organisms andre dependent on the continuity of soil water films for movement, their activities
are largely controlled by soil biological and physical conditidfsmatodes are influenced by
the physicechemical factors of soillnterpretation of soil health conditidoy using nem@de
community analysis requires compehensivestudy that includesdifferent nematode trophic
groups, fungal to bacterialfeeding nematode ratio, richness, diversity, dominance, maturity

index(Bongers, 1990Neher,et al. 1995 Neher and @mpbell, 1996Bongerset al, 1997.

Coarse textured soils (loamy and sandy loam) are ideal for nematode adthaty.
optimum soil crumb size for movement of nematodes is 150 to 250um in sandy loam and 250 to
400um in peat soil. Movement is faster inapsoil because of less friction between nematodes
and peat crumbs than in clyor sandy loam where there is more frictiddaximum
multiplication occurs in sandy clay loam with pH 6.4 (laterite ddirton, 1978; while sandy
soil alone supported mimum multiplication. Clayey loam (alluvial soil) and coarse sandy loam
also support appreciably high populatiomie texture of the soil is of some importance as the
nematode population is generally higher in lighter soils than in heavy(Ebdsne, 192).
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Extremeof soil moisture conditions is generaliarmful to nematodes. They are killed by
flooding either due to rain or irrigatioor by drying of soil during hot summer montfihe
watersaturated conditioof the soil isunfavourable because tlseil pores have only water, no
air. Extremely dry soils have only air, no water in the pdiesnatodes attacking wahd crops

like rice are well adapted to highly wet conditig®ngh and Saramaiah1993).

Terredrial nematodes are classifiedto three ecological categories: 1)oSimopolitan
speciesthat Ive under almost any condition®) Widely distributed specieshat are somewhat
limited to particular combinations of environmental conditions ansh@)ply local specieshat
arefound in veryspecialandoftenin peculiar situationsMoisture, presence of plant roots and
the presence of decaying plant and animal matter are the chief fdetbfavourthe abundant
occurrence of freéving soil nematodegHyman, 1992. They feed on dead, decayg or
diseased plant material;a general frediving nematodes show no particuladaptations to

terrestrial life(Steiner1917).

THE STATE OF GOA

Goais the smallestagrarian statdocated on the West Coast of Indiigure4-1). It has
rich flora and fauna, owing to its location on the Western Ghaksch forns most ofthe eastern
Goa andhas been internationally recognized as one of the Biodiversity Hstspet
geographical position is marked by 458 6 0 0 6 N 580 4ntiN742 00130 E
73406 3 3andEhas an area of 3,7R&7”. Esconed on the slopes of the Western G{Ssibyadri
ranges, to the north of Gaas theSindhwdurg district of Maharashtra, to the East iséggivi on

7
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the outh Goa is boundedly Uttara Kannadalistrict of the state ofKarnataka and on the west
by the Arabian Seat is interspersed with extensive paddy fields ainel network of waterways.
The gpriculture alongwith the forest cover(1424. 46 sqg. km) is instrumental in keeping Goa
green and covers nearly 65%tbé total area of the Stateaddyis one ofthe predominant crap

of the Statevhichis followed bycoconut and cashew

PHYSICAL FEATURES OF GOA

In a broad sensd¢here are foumain physicablivisions of GoaThe Eastern Hill region
encompassing areasthe Western Ghats likeaari, SanguembDharbandorand Canaconahe
Central Valley &nds comprise oPernem, Ponda, Bicholimnd Quepemthe Flood Plains
comprise of the coastal plains and undulating uplaants he Coastal Plains with areas of
Mormugao, Tiswadi, Salcete and Bardgk The height of Goa is from sdavel at the coast to
an altitude of about 1,022 metres above-lsgal and its highest point is at Sonsogad, 1,167

metres in the Sahyadri Gh4is.

CLIMATE

The state of Gaasituated vell within the tropics and flanked by the Arabian Sea to the
west and the Western Ghagsthe east, has tropical maritime and monsoon type of climate, with
profound orographic influence. Accordinglthe climate is equable and moist throughout the
year.Goa is in the path of the southwest monsoon, experiencing a dry period of six to eight
months followed by rainfall of four monthi receivesregular and sufficient precipitatiomith
uni-modal patterrduring the southwest monsoon season mainiy flane @ October which is
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about 250 an (2014) on an averagén 100 to 120 daysnd experiences temperate weather
conditions during the rest of the yeawith little or no clear cut demarcatidretweenwhat is
generally termed as winter and summer seasddg.and large,Goa experiences warm and
humid tropical climatewhichis generally pleasant.emperature variations through the seasons
are also slightThe month oMay is relatively the warmestyhen the mean daily tempéuge is
around39°C and the coolésnonth is Januarwhen themean daily temperature is@nd18°C.

The state is generally humidue to its proximity to the sea. The humidity rises during the

monsoongsbut on amverage the humidity mound76%.

The state ofGoa has rich sqilladenwith organic matteralong with vast expanse of
vegetation(Anonymous, 1979)Soil is an excellent habitat for nematodes; they inhabit the thin
film of moisture around the solil particles. Because of their size, nematodes tend to be more
common in coarseektured soils. Nematodes move in water films in large pore size. In soil, the
nematodes dominaten number as well as speciesver al other soilinhabiting animals
collectively and have occupied all possible habitagsresenting a very wide range adlbgical
diversity (Cobb, 191% Dense vegetation and grass, have contributed to high contents of organic
matter (0.5 to 1.5% organic carboi) several soilof the stateOn the wholethe pH of the
soilsranges from.5 to 6.5. Soil®f Goain generalare productive and respond well to irtiga
and fertilizer(N & P) managemengxi). The above mentioned conditions such as goaidfall,
humid climate moist soil thatis abundant with decayingnd decomposingrganic mattercan
make soils of Goa a wery favourable and rich halitat to sustain enormous diversignd

abundancef nematodespecies
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HISTORICAL ASPECT S

Members belonging tthe phylum Nematoda (round worms&jave been surviving for
approximatéy one billion yearsthusmaking themone of the most ancient and diverse types of
animals onthee ar t h 6 s(Wasiget dl,a @98). Perhapsthey might have evolved from
simple animalssome 400 million years before the "Cambrian explosion" of invertebrasze
able to be fossilize@Poinar 1983).Thus,we find thatvery few nematodes have been fazsil
and exactly what ancestral nematodes looked lé&mainsabsolutelyunknown. While we do not
know theinternal as well as the externadorphologyof the primitive nematodes, it iguite

probablethat they were microbial feeders in the primordial oceans.

The oldest known fossilof nematodes are onbaut 120-135 million years old; byhen
they might have been alreadjiversified to feed on microbes, animals gdnts(Poinaret al
1994, Manumet al 1994).The earliestfossils of nematodes amow found only in the amber.
Much of what we know about ¢hewlution of nematodeds the result of the study dhe
comparative anatomy of existing nematodasjr trophic habits, and by the comparisontioé
nematode DNA sequencéBhomaset al 1997,Powerset al 1993) It might bethat nematodes
have evolvd their ability to parasitize animals and plants several times during their evolution
and this inference is based upon the analyses of molecular phyl@iaxteret al. 1998).

10



It is very clear thahematodes have evolveddocupyalmost every condeable niche on
the earth that containpat least a thin filmof waterand someorganic matterlt is a fact that
nematodes are extremely abundant diverse animals. Most nematodpeciesare freeliving,
mostly feedng on bacteria, fungi, protozoans awther nematode (40% of the described
species);many are parasites of animalayertebrates and vertebrates ¥d®f the described

species) and plan{45% of the described spes)(Lambert and Bekal, 2002).

ANCIENT HISTORY

Occasional references to neimdesare found in thdRig, YajurandAtharvVedas (6000
4000 BC) under the Sanskrit nantermin or Krmi meaning worm(Ray, 1992). Later, when
indigenous medical sciencAyurveda(3000BC) developed, Charakrecognized 20 different
microscopic organisms askrmis in his Samhita which included nematodewith accurate

descriptions of intestinal helmintif€harak SamhitaHoeppli, 1959)

The oldest reference to giant intestinal parasitic nematidesman being¢Ascarig is
found in OHuangrl hle Weelil oG i BEnngpde roorr 6 s  Gfroms si ¢ o
China(ca.2700BC). Record of nematodes among the ancient citiizes of the Mediterranean
and Mddle-east occursintheE b er s 6 P a-p5p0BQ)sndicating the3presence écaris
lumbricoidesandDracunculus medinensievenat that timeOld Hebrew writings contain many
references of what may be interpreted as parasitic diseases caused by nemgabldasshides,
(180 BC).More definite references to roundworms and threadworms can bd fouBreek
writings of Hippocratesn 400BC and Aristotlein 350BC.
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EARLY HISTORY

It was in1656AD, thatBorellus first discovered théreel i vi ng nematsode
(Turbatrix acet), which once wer@resent in altypes ofvinegar.While Eurgean workers have
contemplated thextinction in the wild of thizinegar eelwormTurbatrix acetiit he f i-r st
l iving nematoded reported, | vinedanis Brazilasdsebaeen | y
reported byDe Mouraet al, 2006 Tysonwas the first to study theanatomyof nematodesnd
describéd a nematode egg ih683AD. Turbevill Needham, a Catholic Clergyman, in 1743
discoveredaccidently the wheat seed gall nematode which was later nam¥bes tritici and

now known asAnguna tritici by Steinbuch in 1798D.

In 1845AD, Dujardinpublished one of the major taxonomic woinks\Nematology where
two large gnera, Dorylaimus and Rhabditis were describgdhim. Berkeley in 1855AD
observedfor the first time,6 v i b Meladodgne {rom galls on the roots of cucumbers in
England.In 1857 AD, Kuhn reportedAnguillula dipsaci(Ditylenchus dipsagiinfecting the
heads of teaseDipsacus fullonumSchacht in 185%AD found thaf the decline in sugarbeet
production in Europe,was de to a cyst nematode which was later namedHaterodera
schachtiiby Schmidt in 1871AD. Bastian in1865 AD published a monographvhere over
hundred species of free living nematodes were desgriloedthe first time RitzemaBos
reported foliar nematod@phelenchoides fragariaen strawberry inl891 AD. Later, in 1892
AD, Liebscherdiscovered Pa cystnematodeHeterodera goettingianKuhn (191314) from
Germanymade thediscovey of potato cyst nematodejeterodera rostochiensi@Globodera
rostochienss).
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MODERN HISTORY

In 1941, the potato cyst nematode vadsodiscovered irNassau Gunty, Longlslands,
New York State,US. Christie & Perryin 1951, demonstrated the pathogenic potential of
ectoparasitic nematodes e.g.Xiphinema, Longidorus, Belonataus, Dolichodorus,
Hemicycliophoraetc. The yearl953 saw the discovery of a burrowing nematode as causal
organism of 6Spreading Declineé of <citrus 1in
Indonesia In 1955, lesion nematodd®ratylenchus peetranswas discoveredas the causal

organism of Peacheplant problem in Canada and demonstration of its pathogenicity to the

satisfaction of Kochdés postul at es.

CONTRIBUTIONS OF PIONEERS IN NEMATOLOGY

Cobb has many outstandingnd important contributits to Nematologyand fromthe
collectionsof h i s  w r Gomtributigns to a $cience of Nematoldgy p u b ih 1943isehe
most outstanding. His work is still rated to be of the highest standard till date. He devised many
techniques which are routinelysed today sieving nematodes, extracting them from sail,
mounting of nematodes for permanent slide preparation etc. He gave the descriptions of minute
sensory organs of nematodé® amphids, phasmids, deirids, cephalids Eie discovered many
new spees of nematodes and separated the-liugeg and plant parasitic nematodes from
Helminthology to Nematogy; a term proposed by hirm 1914 and is still in useHe also
established the Division of Nematology inetldS, Department of Agriculture in eari®00.
Bitschli (18795 produced comprehensive illustrated descriptions oflivéeg soil nematodes
including severaspecies belonging tor@er Tylenchida.De Man(1884) published numerous
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papers on nematode taxonomy. Monograph on free living nepsmtafdthe Netherlandsa the

year B84 isconsiderd a®ne of the most classicalork. The most outstanding account of
nematodes ig¥An introduction to Ematology (1937) by Chitwoods and collaboratorsfiA
synopsis of the families and genera of nematatigsBaylis and Daubney (1926) arfd he
nematode parasites of vertebraids/ Yorke and Maplestone (1926) are useful taxonomic aids.
Two outstanding Russian scientists, Paramanov and Fillipjev established philosophies that

brought Nematologto maturity as &oological Eience in 1930s.

Goodeypublished two exhaustive books on nematodée. first published ir1933was
fiPlant Parasitic Nematdes and the diseases they caumsed the seconpublished in1951was
e nt i $oll andfreshiwater nematodésGoodeywas instrumentah revising and updatingis
second bookn 1963 Filipjev in 1934wrote two books omematodesiNematodes harmful and
useful inagricultured which was later translated b§cruurmans inE n g | i sAMaaualdf A
Agricultural Helminthology (1941). Christie (1959 publ i shed an eRlanel | ent
nematodes, their bionomics and condrahat covers major plant parasitic nematodes, their
symptoms, life histories, feeding habits, distributaowd control. LaterThorne(1961)wrote a
usel | b o oFkinciples ,of NBmatology Taylor in the USA Franklin, Fenwick, Pitcher,
Jones andPeters in EnglashandHeinrich Micoletzky in Austriawere theother pioneers in the
field of Nematology A morecompleteoutline of histoiical developments veaprovided byFerris
and Bongers (2009Further noteworthyecological contributionslevelopedin the 1970s and
1980s (e.g.Nicholas, 197h Centers of ecological study on nematodes vestablishedn
Sweden (e.gSohlenius, 1973 Poland (e.gRPrejs,197Q Wasilewska, 1970 Italy (e.g.,Zullini,

14



1974), Germany (e.g.Sudhaus, 1991 and Russia (e.gTsalolikhin, 197¢. The study ofC.
eleganshas led to far bettensights into thdactsof animal development andeurobiology and

has been of get value in biomedical research as well as in uhderstanding of nematode
biology and also in deciphering the working of the anaesthetic mechanism in human beings

(Riddleet al.1997).

HISTORY OF NEMATOLOGY IN INDIA
The first ever reportfoa plant paasitic nematode from Indiavas by Barberin 1901
about the roeknot nematodeHeterodera radicicolgthe then name d¥leloidogyné infesting
tea in South Indi. During the period of 19339, But | er reported O6ufrabd
Bengalwhich wascaused byDitylenchus angustug\s the disease was first observed in the rice

fields of a farmer named Uftur Rahmé&om Bengaljt was named after him

In 1919,Milne reported seed gall nemato@enguina tritici) of wheat.During the period
of 192634, Ayyar recorded roeknot nematode owegetables and other crops iough India In
1936 white tip disease of ricdoy Aphelenchoides bessewias reported bypastur.6 Mo | y a 6
disease of wheat and barleyas recorded from Rajasthan Byasudeva in 1958vhich was
caused bynematode speciebleterodera avenadn 195961, Siddigidiscovered Plant Parasitic
Nematodes from Uttar Pradesh including citrus nematdgkerfchulus semipenetrgnCereal
cyst nematodevasreported for the first time from India BBrasacktal., in 1959.1n 1961,Jones
of Rothamsted Agricultural Experiment Station, UK., visited India and discoveregottien
potato cyst nematodeleterodera(Globoderg rostochiensigrom the Nilgiri Hills of Tamil
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Nadu in South India.In 1966 Nair and his coworkersrecordedthe burrowing nematode
(Radopholus similjsof banana in Keralal966 also saw the Division of Nematology established
at the Indian Agricultural Research Institute, New Delhil96768, the First Soutftast Asia
Post Graduate Nenwbgy course was held at Aligarh Muslim University and Indian
Agricultural Research Institute, New Dellm collaboration with the International Agricultural

Centre, Wageingen (Netherlands)

In 1971, thepublication ofindian Journal of Nematologyas sarted In 1977, Altindia
Co-ordinated Research Proje®iCRP) on O Nemat ode Pests of Crops
by Department of Science and Technology, and later by Indian Council of Agricultural Research
(ICAR) started functioning in 14 centreslimdia. Literature surveylsorevealed that many new
speciedelonging to different ordemnd generavere reported for the firstrie in different states
of India(AhmadandJairajpurj 1988). Relationship betweeiné new and known species of
generalripylina Brzeskiand TrischistomaCobb, 1913 (Nematod&ps also been studibg

Qudsia andabinda 2010

The studies on soil nematodes collected from the recent survey of Ladakh (July 2008),
revealed two new records for Indi@grvidellus vexilliger(de Man, 1880) Thorne, 1937 and
Chiloplacus deman{Thorne, 1925) Thorne, 1937, whilacrobeloides nanugde Man, 1880)
Anderson,1968 wa being recorded for the first time from Ladaldgion,Jammu & Kashmir,

India (Rizvi, 201(®). Review of the literature yoBoag and Yeateg1998)regardng nematode
diversity highlightedthe crucial lack of informationespecially in theropical areasD. J. Raski

contributel immensely towards developinghatology in India. He gave the first report of virus
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transmission ¥ Plant Parasitic NematodeBhe outstanding contributions of Siddiqi, Jairajpuri
and other cavorkers from Aligarh Muslim University, Das from Hyderabad, E. Khan from
Delhi and seveal other young taxonomists hgeeatly helped in establishing a soundi®ésr all

developmetal work in Nematology in India

NEMATOLOGY IN GOA

Ahmad and Jairajpuri in 1984 reported two new species of Dorylaimoidea,
Prodorylaimium goanesand Indodorylaimus saccatusom the soil of Mayem, God.ater, in
1988, they reportedor thefirst time, the presence dienonchium macrodoruritom thesoil
around roots of paddy)ryza sativalL., from Mangeshi, GoaKoshyet al., (1988 reported the
occurrence ba burrowingnematodeRadopholus similign the state of GosAhmadand Ahmad
(1992)reported the presence bfakatinus leynsia specie®f Dorylaimida, from GoaPai and
Gaur (2010) reported for the first timehe occurrence of an economically important spiral
nematode Helicotylenchus multicinctusCobb.) from GoaMaria and Pa(20149) reported 52
nematode species belonging to seven orders for the first time from the @stritt of Goa
Maria and Pa(2014) highlighted the importance ofasl inhabiting nem#ofauna in enhancing

the fertility of soil

CONTRIBUTIONS ON SOIL N EMATODES

A milestone in the ecology of frdving soil nematodes was the sewgar study in
Denmark byOvergaard1949)on nematode faunae of different soils, their physiological ecology
and inference tsoil ecosystem services. In the US, there whsge surge of activity in soil
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ecology around 198MNprton, 1978 Yeates and Coleman, 198inner and Crossley, 1982

and, in the same time period, a very productive program on the ecology ohlsbiting
nematodes developed in New Zealand (&/gates, 1970 Nematofaunaichness, as indicated

by the number of gener@Ekschmittet al., 2001), reflects biodiversity of soil environment
Future research aoil nematode ecology could also use molecular techniques and stable isotope
chemistry(Moenset al., 2009 to assist in determining or confirming the trophic groups of some
confusingspeciedound in the soilThe studies ofnghamet al. (1985)stimulated interest in the
positive contributions of freBving soil nematodes in nutrient cycling anagricultural
productivity and the extensive review of nematode feeding habit¥dayeset al (1993)
provided a necessary foundational baBisvious investigations showed that density, biomass,
trophic structure, species diversity, and sex ratio offse#living nematode communities were
sensitive to anthropogenic changes in soil ecosys{@asrgievaet al., 2002; Yeateset al,

2003 PenMouratovet al.,2008).Gradual reductions of nematode abundance and diversity, and
changes in the distributionf genus androphic group composition have been observed with

increasing soil depttiyeates, 1980y eateset al, 2000 Lazaroveet al., 2004).

Maggentj (1981) and Siddiqi, (1986)gavetaxonomickeysfor tylenchids identification
upto genus level whil®ickle, (1991) provided more recent keys for the identifican of the
same Keys for plantffeeding dorylaimidsand aphelenchidsyere given byHunt, (1993) and to
freelliving, predaciousand plantfeeding dorylaimids we given byJairajpuri and Ahmad
(1992). Andrassy (1984) providedkeys to most species of terrestrial and freshwag¢enatodes
that have no spear whileBongers (1988) to all soil and freshwatenematodes from The
Netherlands
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PURPOSE OF STUDY

The review of literature reveals that immessedies onthe diversity of nematodeand
on related issudsave been done in various placeand the globeCloser homehte taxonomists
during 1960s and970s had almost the entire nematofauna of India to disemcenade good
use of this chancé descibe more tharb00 species within a short tine about 13 years
(Sitaramaihet al, 1971).They first concentrated on the identification and descriptions of new
species and new records from India. Later on their appraastshifted in building a sound

classification and on the study of intraspecific variations.

A lot of work has been done on the fauna of @daonymous, 2008 But, groups such
as nematodes are practically ignored and unrecoifi@d could probablyoe owing to their
microscopic size andidden lifg thatthey have been totally neglecteBurther perusal of the
literature revealshiat regardlessof the extensive work done arematodes world over and in
various states of ourountry, Indig almost no workother than a few stray reports mentioned
in thereview of literaturéhas been carriedut from Goa.There is lardly any literatureavailable
on the diversity of nematodes of G@@ . Further,no quantitatre and qualitative reports on the

terrestria) free livingnematodes of Goare available

As a solid foundation for understanding nematofauna of the state of Gombdeand a
preliminarybut extensivestudywasundertakento prepare an atlas of the soil inhabitifige-
living nematode faunaf Goag which happesato be for theirst time in the state.
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Recognizing the importance of soil inhabiting, flieeng nematodes, the following

objectives were worked out for the thesis:

1) Documenation of the diversity, abundancand distribution of thesoil inhabiting, free

living nematodesof theentireState of Goa.

2) Recordng thedescriptiory diagnosisof thedocumented nematodes species along

with their morphometric information.

3) Documendtion ofthe diversity, abundan@nd distribution o60il nematodes of the
variousvegetaion types and landscape elememit§&soa.

4) Documenation ofthe specifimemdofauna of the paddy fieldsf Goa.

The study wa caried out to fill in the lacunaf the invertebrate fauna of Gespecially
of the soil nematodes anib add to the already esting knowledge on therich biodiversity of
Goa.The observation and ressilrecorded in this thesprovide the basic information and data

required on the diversity of saithabiting, free livinghematodes of Goa.
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Figure 4-3: Maps (A-L) of different talukas
of Goa (not to the scale) showing the sites
(red squareg of sampling (xii)
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SR. NO.

SAMPLING SITES
TALUKAS VILLAGES

LANDSCAPE

1. Marmagoa: i) Chicalim Flower gardens, banana grove
ii) Consua Bushy plantsAcaciaplantation
iii) Sao Jacinto Island | Gulmohar tree, near the roots of vegetable plants
iv) Cortalim Cashew plantation,@mana plantation
V) Vasco Coconut plantationl erminaliaspecies
vi) Quelossim Chikoo plantation,sadside weeds
vii) Cansaulim Mango plantation,gckfruit plantaibn
2. Salcette: i) Verna Flower gardens, arecanut plantatiomeardo plantation
i) Nuvem Cashew plantatiorcaciaplantation
iif) Carmona Casuarinaplantation, near roots of vegetables plants.
iv) Curtorim Comnut grove, Roadside weeds
v) Paroda Rubber plantation, chikoo (sapota) plantation
vi) Betul Casuarina plantationashew plantation
vii) Navelim Cashew plantation,@mana plantation
3. Quepen: i) Canaguinim Bamboo reedslerminaliaspecies
i) Balli Scrub jungle, sadside weeds
i) Quepem Teak plantationAcaciaplantation
iv) Corla Forest area,ashew plantation
v) Xeldem Mango plantation,gckfruit plantation
vi) Sulcorna Forest area,amboo reeds
vii) Padi Scrub jungle, sadside weeds
4, Canacona: i) Agonda Forest area, bamboo reedaslkew plantation
ii) Loliem Arecanut plantation, dnana plantation
iif) Cabo da Rama Casuarinaplantation, roadside weeds
iv) Butpal Near the roots of vegetable plants
v) Palolem Casuarinaplantation, oadside weeds
vi) Gaondongrem Forest area, wild bamboo reeds
vii) Avem Cashew plantationgar the roots of vegetable plants,
5. Sanguem: i) Oxel Coconut plantation)dwer gardens
i) Cumbaim Forest areapadside weeds
i) Salginim Acaciaplantation, lishy plants
iv) Uguem Forest areaCasuarinagrove
v) Rivona Acaciaplantation, coconut plantation
vi) Bali Forest area, bamboo reedaskew platation
vii) Vadem Mango plantation,cadside weeds
6. Pernem: i) Arambol Casuarinaplantation, forest area
i) Querim Betelnut plantation, ear the roots of vegetable plants
iii) Patradevi Cashew plantson, gulmohur trees
iv) Pernem Cashew plantation, amgo plantation
v) Morjim Betelnut plantation, ear the roots of vegetable plants
vi) Dargalim Betelnut plantation, coconut plantation
vii) Alorna Coconut plantation,ear the roots of vegetable plants
7. Ponda:i) Borim Roadside weedslower garden
ii) Banastari Betelnut plantation, coconut plantation
iii) Curti Banyan tree, @ar the roots of vegetable plants
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SR. NO. SAMPLING SITES LANDSCAPES
TALUKAS VILLAGES
iv) Dabal Palmolein plantation,
v) Cundaim Coconut plantation,ear the roots of vegetable plants
vi) Panchvadi Banyan tree, near the roots of vegetable plants
vii) Verem Betelnut plantation, coconut plantation
8. Tiswadi: i) Dona Paula Bushy plantsCasuarinaplantation
i) Agassaim Sweet potato plantation, chilly plantation
iii) Campal Casuarinagrove, wild palm tree plantation
iv) Carambolim Bushy plants, near the roots of vegetable plants
v) Chorao Chikoo plantation, brinjal plantation
vi) Goa Velha Sweet potato plantatioohilly plantation
vii) St. Estevam Coconut plantation,ear the roots of vegetable plants
9. Bardez: i) Mapusa Coconut plantation, mango grove
i) Aldona Acaciaplantation, paddy fields
iii) Britona Coconut plantdon
iv) Anjuna Casuarinaplantation
v) Tivim Flower garden, sugarcane cultivation
vi) Revora Mango plantation, jackfruit plantation
vii) Odxel Coconut plantation, chikoo (sapota) plantation
10. Satai: i) Birondem Banana plantation, chikoo (sapota) plantation
i) Anjunem Roadside weeds,
i) Bondir Coconut grove,
iv) Salorem Mango plantation, jackfruit plantation
v) Onda Near the roots of vegetabléapts
vi) Valpoi Forest area, crocodile bark tree plantation
vii) Carambolim Acaciaplantation,
11. Dharbandora: i) Collem Terminaliaspecies, Wd bamboo reeds
i) Usgao Roadside plants, bushy plants
iif) Mollem Forest area, crocodile bark tree plantation
iv) Codli Teak plantation, watermelon plantation
v) Dharbandora Cashew grove, wild palm
vi) Anvoldem Coconut groe, cashew grove,
vii) Toldem Terminalia species, W bamboo reeds
12. Bicholim: i) Amona Gulmohar tree, crocodile bark tree plantation
i) Surla Near the roots of vegetable plants
i) Sanquelim Roadside weeds, mango grove
iv) Maem Casuarinaplantation, forest area
v) Mulgaon Coconut grove, cashew grove
vi) Dodamarg Terminaliaspecies, Wd bamboo reeds
vii) Pale Cashew grove, j&gruit grove.

Table 4-1: Landscapeand sampling sites.

Marmagoa (M), Salcette (Sl), Quepem (Q), Canacona (C), Sanguem (Sn), Pernem (P),
Ponda (Po), Tiswadi (T), Bardez (Ba), Satari (Sa), Dharbandora (D) and Bicholim (Bi).
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For the purpose of docuntation, all the twelve talukag(Figure 42) (admininstrative
sub divisions)f the state of Gowere considexd as study siteSeven different villageg¢Figure
4-3) of each of the 12 talukas and five sampling sites of eatlhge were chosen
opportunistcally, for sampling. Soil sanples were also collected fromifferent landscapes
elementqTable 41) andfrom the vicinity ofthe roots ofvarious vegetation types. Collection of
soil samples also included from tipaddy fields representing three differemcologicalland
typesviz. khazan, kher and morod at three different pints of paddy cultivation; prior to

transplantation, prearvest and post harvest

Soil of the state can be classified as laterite, alluvial and sandy. The major portion is of
laterite type (81%). They aracidic (5.5 to 6.5 pH) in nature, sandy loam tolsitm in texture
and well drained. This type of soil is poor in lime, potash and loweg but rich irorganic
carbon and nitrogen. The coastal island comprises a stretch ofignkigh water tablewhich
can beutilized for irrigation and multiple cropping. These soils are also acidic, sandy to sandy
loam, fairly rich in organic matter but deficient in phosphate and potash. They are about 11%.

Theremaining 8% of the soils aedluvial in nature

The scenic beauty of Gpa tiny emerald of our countris prindpally attributed to its
vegetatiorcover, consisting of three main categories: the typical tropical monsoonal forest of the
Sahyadrian Ghats and their extensjalengthe projecting hill rangegowardsthe coastlands,
the poor cover of grass and shrub on its lateritic plateaus and nigendribelts of vegetation
along theestuaries anextensiveshoreline. The vegetal growth in marshy areas and sandy

shores has undgone very little floristic chage.
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Paddy field is being recognised asimportantplace forbiodivesity fostering a variety
of organismsHowever, there are few repods the ecology of paddy field nematodesGoa
the paddyis cultivated under thredistinct ecologies duringharif season (34,278a) namely
khazan, kher andmorod andduring therabi seasonWhile, upland rice cultivation dominates
the rice ecosystem in talukas adjacent to Western Ghats, the lowland rice and the salt tolerant

rice domnates the coastal ecosystéfigure 81).

Khazan lands(about32% of the areagonsistof low - lying areas, often below sea level
and along the estuaries. They are mostly used for monsoon paddy crop.
Kher lands or Midlandgaround32% of the areajre fat lands at low elevation above
sea level and having a high water table. Arable, sandy to sandy loams soils, suitable for multiple
cropping through irrigation.
Morod land (around16.4%)refers to lateritic uplands or terraced fieldsith single rain
fed crop of rice. These lands contain some amounts of nitrogen and phosphorous.

Remaining 9.6% of the land is used durimgbi season cultivation.
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MATERIALS AND METHOD

Methodology onsistedf the following techniques

1) SAMPLING

Sampling wasundertakenfrom the month of August téebruay for nearly three years
(2011:2014). During this periodthe adult nematodesan be found and identition becomes
relatively easy Also prior to this period is monsoons in Goa amden moisture becomes
excessive, owing to either heavy rainfall or irrigation, nematode number often d€tloiks
and Fielding, 1958)The nematode species get washed with the running rain water. This
leads in turn, to decrease of nematode densiurther, mmatode densities become greatly
diluted by flushing or flooding.Apart from the abovethe beginning of winter as well dse
drying of the soilduring summeiis harmful for nematode as they requira film of waterfor
their survival Runningof wateralsodecreases thate of oxygerdiffusing into the sd and tis
decreaseould beleadto decreasedxygen quantity in the sofMVan Gundyet al, 1968).Many
nematodesrelimited by oxygen during long periods in residual wgtdorton, 1978. Sufficient
time is required to allow sufficient oxygen to diffuse throughout the top 24 inches of soil.

Maximum number of adult nematodes can be extdaittsm the soil depth of abo&tto 25cm.

2) PROCESSING THE SOIL SAMPLES

Samples were processey modifiedC o b b 6 s) Sieving d4n8 Decantatiofgravity)
Method This method takes the advantage of the difference in size and specific gravity between
nematodes and soil components. The minineguipmens required for it are plastic buckets of
six to ten litres capaity, a stirring stick about 45cm long and &b wide, sieves of the type used
for sdl analysis. These are aboutc20 in diameterOne should be a coarse sieve of 20 to 40
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meshsizeto remove large size soil material and the other a finee¢200 t0250 mesh size,

glass beakers holding 300 to &dQFigure 5.).

The step by step protocisl as follows:
i) Place the soil sample about1000g in a bucket (No. 1) and add 5 litres of water.
i) Stir with the stick until all clodsind peatsre broken up. Then stop stirring for 30 seconds to
one minute. The purpose of stirring is to separate the nematodes from the soil particles and to
suspend them in the water. Nematodes have a specific gravity of only 1.05. If suspended in water
for a longtime, theytend tograduallysink to the bottomWhen stirring is stopped, heavy soll
particles sink to the bottom of the bucket and the nematodes remain suspended in the water.
iii) Pour the water through 20 mesh semto the second bucket (No.2aving the heavy soil
particles in the first bucket (No..lNlematodes will pass easily through tuarse sieve.
iv) Add about a litre of water and repeat the above (ii) and (iii) steps. Most of the nematodes will
now be in water of the second bucket.
v) Washthe residue otthe coarse sieve with more water anfiotv into the second bucket. The
purpose is to make sure that no nematodes remain in the residue on the coarse sieve.
vi) Discard the residuen the coarse sieve as well as frima first bucketwashand clean both.
vii) Pour the water from the second buckgeintly through the fine sieve @00 to 250 mesh
BSS (British Standard Specificatiorgnd allow the water to run down the drain. If this is
carefully done, most of the nematodes will be caughheriine sieve.
viii) Avoid pouring the fine mud at the bottom of the bucket.
ixX) Wash the fine sieve with a gentle stream of water to remove fine soil particles.

X) Then collecttheresidue on the sievie a beakeand usdor further processing.
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Advant ages of Cobbds Met hod

i) Since the method is not dependent on nematode movement, sluggish or quiescent nematodes
are extracted as effectively as the active ones

i) The method allows recovery of most nematodes from large soil samples

i) Nematodes ar available for direct examination in less than half an.hour

Di sadvantages of Cobbdés Method

i) The method requires expensive sieves, experienced workers and expertise to carry it out

i) Nematodes are difficult to find because they get mixed up witfirtbesoil particles or debris

iii) Unless it is carefully done more than half the nematodes in the soil sample will not be found.

3) ISOLATION OF NEMATODES

The nematodes weréheni sol at ed usi ng Modi fied Baer m
(Baermann, 1917{Figure 5.2) This method is used to isolate small nematodes from the soll
samples. It is based on the principle that nematodes have the tendency to move downward when
the soil is placed in a funnélhe Baermann funnel is a regular glasplastic funnel, bout 7.5
to 15cm in diameter, with a piece of rubber tubing attached to the stem and closed with a clump
or a pinchcockA moulded wire gauge is placed in the funnel. The funnel is filled with fresh tap
water. Care should be taken to ensure that therecaagr bubbles in the funnel or in the rubber
tubing as the nematodes can be caught in the air bubble and die. The wire gauge was lined with
tissue paper in the form of a cross (+). The edge of the tissue paper should not protrude out of the
funnel otherwse water will flow out. The residue that was collected in the le¥akas poured
over the tissue pap The entire setp was kept undturbed for a dayor two at room

temperature. Fresh water was addedhe funnel to compensate for loss by evaporafltme
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nematodeseingactive migrate to the bottom through the tissue pag®t getaccumulated in

the stemof the funnel and in theubber tubing at the bottorfiFigure 5.4) At the end of the
waiting period a small amount of water suspension was drawnantavity block through the
rubber tubing[Figure 5.3) The nematodes thus isolated weodlected for counting, fixingind
processed for making permanent slides.

Advantages of BaermanrFunnel Technique

i) Technique is simple and the equipment is im@gve and can be used ardinary laboratories

i) Recovery of active neatodes from very small sample is faiggod

iii) This method produces clean and healthy specimen for inoculation purpose

Disadvantages of Baermann Funnel Technique

i) Lack of aeratin in the water reduces nematode movement, hindering recovery.

i) Recovery may be reduced when the tissue and other materials obstruct nematode movement
iii) Recovery of active ancelatively sluggismematodes from large soil samples is poor

iv) Becaug the funnel capacity is small, the sample in it may be too small to be a representation
Disadvantages of the combination of both the methods

i) Although recovery of mobile nematodes is good, sluggish nematodes recovered during the
sieving part of the témique may fail to pass through the tissue in the funnel

i) Processing takes loeg and requires considerably expensgeipment

Advantages ofthe combination of both the methods

i) The combination method allows recovery of most nematodes from latgasples.

i) Resultant samples contain less silt and debris than it does with the gravity screening technique
and therefore easier to examine the nematodes under the dissecting microscope.
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Therefore inthe present workthe candidate hasombined bdt t he t echni ques

sieving and decantation thed and Baermann funnel methtwl getthe maximumnumberof

nematodes.

4) KILLING AND FIXATION OF NEMATODES

The nematodes were allowed to settle doatrthe bottom of the cavity block and excess
waterwas removedby using a fine needle syringe (insulin syringe). Fixative (@3 prepared
with 90ml distilled water, 8ml formalin and 2ml glycerol and heated f8€80as poured into
the cavity blockSeinhorst, 1959)This simultaneouslkilled and fixed he nematodedt is very
essential to fix the nematodisserve the following purpose

a) Fixative renders hardness to the material to resist further post mortem chadges
preserves the tissue as if in live condition.

b) Fixative coagulates and renders thHeidf of the material insoluble so that cellular
substances remain intact aa@ notwashed away.

c) Fixative alters the refractive ied of the material and makesaptically differentiated
under the microscope.

5) MOUNTING, SEALING AND PREPARATION OF PER MANENT SLIDES

After 24 hours of fixation, the nematodes were transferred to a dehydrating agent of
glycerinealcohol (GA) prepared with 79 parts distilled water, 20 parts 96% ethanol and 1 part
glycerol. This block was then kept in a desiccator contaianitydrous calcium chloride. After 4
to 5 weeks, the meatodes were dehydrated am@hdy for mounting. A tiny drop of anhydrous
glycerine was placed in the centre of a clean glass €liden thicknessland one by one the
dehydrated nematodes were trangférinto this drop using a horse hair mounted on a handle.

Care was taken to make sure that the nematodes were gently pressed to the bottom of the
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glycerine drop as there is possibility that they can move into the moltenfvtlagy are on the
surface of lhe glycerine drop. Small pieces (4) of wax were kept on four sidibe @rop and a
cover slip(0.1mm thicknessyvas gently placed on the pieces. This slide was then heated on a
hot plate (68C) till the wax melted. As the wax melted, it sealeddiwp d glycerinewith the

nematodes in the centfBhe permanent slidesene then used for further study.

6) TECHNIQUE TO HANDLE A LIVE NEMATODE

Using a compound binocular research microscopecstie nematode of your choice
from the cavity block containgithe nematode suspension (s3eps mentioned earliprLoosen
the chosen nematode from the bottom of the cavity block with a short twitch of the horse hair
mounted on a handle and gently lead it to the surface of the solutibhit is more or less
horizontal whilst simultaneously changing the focus of the microscept the fine tuning
knoh to make the nematode visiblas it is led to the surface of the solution. Thiaactfully
position the tip of the horse hair for the final twitch. The ned&iurls round the horse hair
the tip of the hair is positioned just below them and at right angle to their body axis. Gently lift
the handle with the nematode curled rduhe horse hair and place wheeeded. The viscosity
and the surface tension tfe liquid make the nematode to stick to the horse hair instead of

pulling it down to the bottom of the cavity.

Mastering this technique isportant for any one working with the nematodes it is
easy to identify themwhen they are alivehan wherthey are killedsince there is a possibility
that some parts of the nematode may be damaaleist killing and fixing them.
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Funnel

Figure 53: Collection of nematodes

Soil sample over wire mest
Clamp to hold the funnel

Rubber tubing

Clamp

Beaker forcollection ofnematodes

L

Figure 5-4: Extraction based on the
active movement of thenematodes

(motility dependent method
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CHAPTER |



When you walk on sgiéwim in the lake or swat a fly;
youarer ubbi ng agai ndtalbli edi & Ma te o ch
Jairajpuri, 2002

CHAPTER |

Documertation of the diversity, abundance and distribution of the soil
inhabiting, free living nematodesof the entire state of Goa.

INTRODUCTION

It is a challenging exercise to identify a habitaat is not occupied by a diverse
community & nematodes. The dry valleys of Antarctiteving an environmentonsidered to
be extreme providing bare minimunequirements for supportifge, has 74nematodes species
(Maslen, 1979)Soils of high Arctic populated so heavily with nematodes, thakceedshat of
the humid tropics. Temperate grasslands appear to sustain the greatest levels of diversity and

abundance in the phylum.

The freeliving nematodes, zoologically more importathian the parasitic ones, were mostly
neglected until the preat centurywhen the knowledge of them was greatly augmented by the
studies of Allgen, Cobb, d€oninck, Daday, Ditlevsen, Filipjev, déan, Micoletzky,
SchuurmansStekhoven and Steiner. Frid@dng nematodes belongmostly to the following
orders: Enoploida, dorylaimoidea, mermithoidea, araeolaimajaeanhysteroidea, rhabditoidea
(Hyman, 1992) Each soil sample contanan abundare and diversity of nematodes,
consequently, havingigh value of intrinsic informatio(Bongers and Ferris, 1999pateset al,
1993) All observers agree thahe soil nematodes are most numerarsund the roots of plants

and therefore their distribution in the sail not uniform. Free living nematodes occupy the
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interstitial spaces in the soil. They are seldom sedentanyincially moving to feed on a diverse
array of food.The type of food available in the different areas appears to be the chief factor in

determining the species found.

Generally nematodes belonging emtorders regularly occur in the sdihe ®@mmon ores
belong to the ordeMorylaimida,Rhabditda, Aphelenchida and Tylenchidéaxonomically, the
orders Tylenchida and Triplonchida constitute plant feeders, fungal feeders and predaceous
forms. Aphelenchida comprises of fiaigfeeders and predator®rder Dorylaimida includes
species that are plant feeders, fungal feeders, predaceous and omisgotesal feeders are
found in aders Rhabditida, Diplogasterida, Monhysterida, Alaimida and Araeolaimida, whereas
predators occur in various orders like Monoida, Diplogasterida, Aphelenchida and

Dorylaimida. All these types of nematodes have been found to occur in the soil.

Freeliving nematodes can be divided into fiveoad groups based on their diBacteriat
feedersmostly consume bacteria whifangatfeedersfeed by puncturing # cell wall of fungi
and suckng out the internal contentBredatory nematodgsey on all types of nematode species
and probzoa. Generally less disturbed soils contain more predatory nematodes, suggesting that
predatory nematodes ar@xtremely susceptibleto a wide array of disturbancesOmnivore
nematode$eed upora variety of organisms or mayefera different diet at each life stageoot
feedersare mostly plant parasiteand some of them aextoparasites. Thesemmain in the soil
and feed at the root surfacéhdughthey are ectoparasites, as they remain outside the plants, are
considered as free living nematod@ser twothousand species of Dorylaingonsisting about 1
/ 10" of total known nematodes faunexhbit considerable diversity in their size, structure of
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feeding apparatus including pharynx, gonad, copulatory structures and tail shapes and sizes
(Bongers, 1999)The Dorylaim nematodes are unique in the sense that within the same group,
they exhibit mosof the feeding patterns represented by nematodes. This is the reason for their

wide occurrence and diversifyairajpuri, 2002).

It is amazing to knowd h ssevmany specissanc oe xi st i n a smal | soi |
a typical soHcore sample onlya few species dominatevhile most ¢her species have low
abundancéFreckman and Ettema, 199Qyergaard 1949).Althoughthe diversity is most often
equated with species, it casobe applied at variousaxonomic levels of resolution, such as
genotype speciesgenus, familyorderand trophic groupFor freeliving nematodes, it is very
common to apply diversity indices to taxonomic levels above spdmesuse species

identification based ogeneraimorphology is difficul((Neher and Darby, 2006)

This present chaptgresentshe data on thebundancediversty anddistribution patterns of
the soil inhabiting, free livingematoddaunaof theentire statef Goa It documents the various
orders, families, gema and the species of the soil neofi@aing of Goa as well as the percentage
of the trophic and ordinal diversitit. also records thdescriptiory diagnosisof thedocumented

nematodes species along witieir morphometric information.

MATERIALS AND METHOD
The nematodes collection was cadiout with major emphasis ahe diversity of
nematode fauna. Soil samples were collected {fhmAugust 2011 to Febroya2012 (2) August

2012 toFebruary2013 and (3) August2013 to Felrary 2014 from all the twelve talukas of
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Goa, namely Canacona, Maagoa, Quepem, Salcette and Sanguem in South Goa and Bardez,
Bicholim, Dharbandora, Pernem, Pondajaaand Tiswadi in North GogFigure 4.9. Seven
different villages of each taluk®igure 4.3 AL) and five sampling sites from each village were
chosernopportunistically(Table 41). Also different soil types were selectéd the collection of

the samples425 soil samplesof 1000gfrom near thevicinity of the roots of the plantsvere
collected for assessmefrom about 5to 15cms depth. Each sample smeollected in aself
sealingplastic bag with a label contang necessary field detailShey were either processed
straight awayor stored in the refrigerator af@ and were processed latétematodes were
isolated using standard tedquesas mentioné above anddentification upto speciesand
countng wasdone in the laborator$s00 permanent slides were preparé€de work was carried

out in the laboratories of the Departments of Zoology of Carmel College of Arts, Science &

Commerce for Nuvem, SalceBoa and of Goa University, Taleigao Plateau, Goa.

Foridentification andclassification the nematodes were listed accordirtedollowing
literature Ahmad and Jairajpuril987, 1989; Ahmad, 1996 Andrassy, 1982 (a & b), 1984,
1993,1999;Bajaj and airajpuri, 1979 Choudharyet al, 201Q Esquivel, 2003Goodey,1951,
1963 Jairajpuri and Ahmad, 1992airajpuri andKhan, 1982 Mai et al, 1996; Ravat and
Ahmad, 2000Rizvi, 2010band Siddiqi, 1986, 2000. Information was als@ollectedfrom the
webstes of NEMAPLEX(iv), Animal Diversity Web (viand Nema Species MasterlistZA(vi).
Most of the species weldentified to the specgelevel using a Stereozoom LABOMED CzZM4
and MOTIC B SERIES BI 220 ASC Images were taken using Olympus BX51 JENOPTIX
which was attached with ProgRes CT1 camédaasurements were recorded using Ocular
Micrometer.
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RESULTS

Diversity and abundance In the presenstudy, atotal of sixty ninenematodespeciesincluding
forty eight gnera,twenty fourfamilies andnine aders(Table 61) were identified The orcer
Dorylaimida had the highestumber offamilies (9),genera(23) and pecies(33), followed by
Tylenchida with four families, eight genera and nipeces.Mononchidswererepresated by
three imilies, six genera anden Pecies followed by the ader Fhabditida having three
families, five genera and ninpecies while order Alaimidawas represented lpne family, two
genera and threepscies.Order Enoplida was represented by one family, one genus and two
species Araeolaimida, Aphelenchida, anddvihysteridawere represented bynly one family,
one gnusand one gecies each (Figure §.1lin terms of cumulative total ohdividuals,
Dorylaimida was the most d@undant, followed byMononchida, Tylenchida, Rhabditida

Alaimida, Enoplida, AraeolaimidaMonhysterideand Aphelenchida

Trophic and ordinal diversity: Among the trophic groups, inegera as welas in abundance,
Dorylaim geciesdominated amongredators (14), omnivores (@nd fungivores (2while
herbivores hd eightspecies of @rylaimsandnine of Tylenchids (Table &). Badivores were
represented by 14ecies The prea@tors dominated in the trophiemgera (37.50%) as well as in
abundance (37.68%) followed by herbivof22.19% and24.63%), bactivore(18.75% and

20.28%), omnivore£l6.66% and.3.04%) and fungivore@l.168% and4.34%) (Figure 6.2

In the ordinal diversity of gneraas well as abundandde order Dorylaimidadomirated
(47.91%% and 49.27%) followed byTylenchida (16.66% and 134%),Monondida (12.50%

and 14.4%), Rhabditida (10.41% and 11.59%laimida (4.16% and 4.34%lgnoplida (2.08%
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and 2.89%), Aphelenchida (2.08% and 1.44%), Araeolaimida (2.0% and 1.44%) and
Monhysterié (2.08% and 1.44%Figure 6.3. Maximum numbers of orders (®yere reported
from the soils samples of Dharbandora and minimum (5) were reported from those of Tiswadi

taluka (Figure 6.4).

Species Diversityand Abundance Maximum numbers of 50 nematode species and 38 genera
wererecordedrom the soil samples collectérom Bicholim taluka and minimum number of 36
species wa®dbserved from those ¢fonda talukgTable 6.3. Soil samples from Dharbandora
taluka recorded the minimum numk@d) of genera Among the &milies, minimum numbet6

was observed frorthe soilsamples of Tiswadi taluka and maxim2®) was recorded frorthe

soil samples of Perneffrigure6.4). Above 50% of pecies identified were observed in most of
the soil samies collected from Goa (Table3j. The most commonpgciesrecordedin most of

the soil samples werd.enonchium macrodorumLenonchium oryzaeQttolenchus parvus,
Psilenchus minor, Radopholus similis, Panagrolaimus rigidus, Panagrellus dorsobidentata and
CriconemoidegMesocriconemaxenoplax SpeciesProdorylaimium goanesevas observedn

few samples (Figure 4).. Most of the species belonged to predator (26) trophic group followed
by herbivore (17), bactivore (14), omnivo(89) and fungivore (03) (Table B. Species
abundanceer 100 gm of dry soil ranged from 98 individuals to Sa@ividualswith Psilenchus
minor having the maximum species abundan&40), while Prodorylaimium goanesbad the

minimum (98) abundance.

Diversity Indices: In individual abundance as well ageciegichnessthe soil samples collected

from Bicholim tabka showed maximum resulimdthose from Ponda taluka showed minimum
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results.Si mp s o nriasce dhamved highest results in the samples of Ponda taluka and lowest

in the samples of Bicholim talukaher eas Shannondés Divédesity va
samples ofBicholim taluka and less in the samples of Ponda talUkee species were more or

less evenly distritted in all the soil samples with the values ranging fB884 (Bicholim) to
0.875(Ponda) Equitability values too we almost the same for dhe taluka with a difference
ofjust0.04The val ues madvelitynter weless8A9)for the soil samples of

Ponda talukand more (8.72for the soil samples of Bicholim taluk&able6.5).

The dendrogram ohe cluster analysis @&pecies diversity of nematodes of soil samples
collected different talukashowed hat there wa close similarity betweethe samples of the
Pernem and Satari with similarity index of 79.Bicholim and Quepem 75, Bicholim and
Tiswadii 73.33while a wde difference between the samples of Pernem and Canacona with
similarity index of 65.42 and between Pernem and Salcette with §6i§Gre 6.5. The
dendrogram of the cluster dysis of diversity indices showetlose similarity between Bardez
and Marmaga, Dharbandora and Canacpaad Sanguem and Pernem sampling sites while a
wide difference betwee8alcete and Ponda, Pernem and Bichpéind Canacona and Quepem

sampling sitegFigure 6.7.

Various nematde morphometric parameters [kn formula) wereused to record the
measurements dhe nematode species (Table)6.4he presence of individual species in total
number 6 talukas wa also recordedMost of the species that were recordee@vpresent in the
soil sample®f aboutseven to nine talukaxceptProdorylaimium goanese&hich was present in
only four talukagFigure 6.6.
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ORDERS FAMILIES GENUS SPECIES
DORYLAIMIDA Dorylaimidae 1. Dorylaimus stagnali®ujardin, 1845
2. Mesodorylaimus chamoliensshmad 1995
3. Mesodorylaims mesonyctiugries, 1930) Andrassy, 1959
4. Thornenema lissurfThorne, 1939) Andrassy, 1959
5. Coomansinema dimorphicauddmad & Jairajpuri, 1989
6. Discolaimus majofrhorne, 1939
7. Discolaimus texanu€obb, 1913
8. Prodorylaimium goanesn. sp reported b\hmad & Jairajpuri, 1984
9. Indodorylaimus saccatushmad & Jairajpuri, 1984
10. Longidorylaimoides longicaudatamamural931) Thorne &wanger, 1936
Qudsianematidaj 11. Ecumenicus monohystef@e Man, 1880) Thorne, 1974
12. Labronemelldabiata Andrassy, 1985
13. Labronema feroXhorne, 1939
Belondiridae 14. Axonchium ampicoll€obb, 1920
15. Axonchium vulvulaturiNair & Coomans, 1974
Nordiidae 16. Lenonchium macrodorushmad & Jairajpuri, 1988
17. Lenonchium oyzaeSiddiqi, 1965
Leptonchidae 18 Timmus tenerhastuSoseco, Ferris &erris, 1976
Aporcelaimidae | 19. Aporcelaimellus obscurydhorne and Swanger, 1936) Heyns, 1¢
20. Aporcelaimus regisiThorne, 1974
21. Aporcelaimus americanughorne &Swarger, 1936
22. Aporcelaimium labiatuniDe Man, 1880) Loof & oomans, 1970
23. Akortonus vigoiThorne, 1974
24. Makatinus heynsi. sp. Reported by WAhmad &1.Ahmad, 1992
Actinolaimidae | 25. Neoactinolaimus agili§horne, 196
26. Neoactinolamus attenuates. spreported by Khan, Ahmad & Jairajpuril 994
27. Hexactinolaimus aneityYeates, 1973
Longidoridae 28. Longidoruselongats (De Man, 1876) Thorne & Swanger, 1936
Xiphinematidae | 29. Xiphinema brevicollé.ordello & da Costa, 1961
30. Xiphinema americanur@obb, 1913
31. Xiphinema elongatur8ch:-Stekhoven & Teunissen, 1938
32. Xiphinema orbun®iddiqi, 1964
33. XiphinemainsigneLoos 1949
MONONCHIDA Mononchidae 34. Mononchus tunbridgensBastian, 1865
35. Coomansus indusJairajpuri & Khan 1977
36. Coomansus parvuy®e Man, 1880) Jairajpuri & Khan, 1977
37. Clarkus elongatudairajpuri & Khan, 1977
lotonchidae 38. lotonchus trichurugCobb, 1917) Altherr, 1958
39. lotonchus indicudairajpuri, 1969
40. lotonchus basidontuSlark, 1960
41. Parahadronchus shaki{Jairajpuri, 1969) Mulvey, 1978
42. Parahadronchus andamanic(@airajpuri, 1969) Mulvey, 1978
Mylonchulidae | 43. Mylonchulus subsimili§Cobb, 1917)Meyl, 1957
TYLENCHIDA Belonolaimidae | 44.Tylenchorhynchus annulat¢€assidy, 1930) Golden, 1971
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ORDERS

FAMILIES

GENUS SPECIES

Tylenchidae

45. Tylenchus indicukhan et al, 1969

46. Ottolenchus parvu€Siddiqi, 1963) Siddiqgi, 1979

47.Psilenchus minqrSiddiqi, 1963

48. Radpholus similiCobb, 1893) Thorne, 1949

Hoplolaimidae

49.Rotylenchoides breyi$Vhitehead, 1958

50. Hoplolaimus galeatu§Cobb, 1913) Thorne, 1935

51.Hoplomaimus indicysSher, 1963

Criconematidae

52.Criconemoides xenoplgRaski, 1952) Lu& Raski, 1981

ALAIMIDA Alaimidae 53. Alaimus indicusChoudhary & Jairajpuri, 1983
54. Alaimus manipuriensjsChoudhary & Jairajpuri, 1983
55. Amphidelus novy8aqri & Jairajpuri, 1968
RHABDITIDA Rhabditidae 56. Mesorhabditis spiculigeréSteiner,1936) Dougherty, 1953
57.Mesorhabditis cranganorens{ghera, 1968) Andrassy, 1983
Cephalobidae | 58.Cephalobus persegnBastian, 1865
59. Acrobeles ciliatusinstow, 1877
60. Acrobeles cephalat(@Sobb, 1901)Thorne, 1925 (Thorne, 1937)
61. Acrobeles timmChaturvedi & Khera, 1979
Panagrolaimidae 62.Panagrolaimus fuchdRuhm, 1956
63. Panagrolaimus rigidug(Schneider, 1866) Thorne, 1937
64.PanagrellusdorsobidentatgdRiihm, 1956)
ENOPLIDA Ironidae 65. Ironus ignavusBastian, 1865
66.Ironus longicaudatusle Man, 1884
ARAEOLAIMIDA Plectidae 67. Plectus cirratuBastian, 1865
APHELENCHIDA | Aphelenchidae | 68.Aphelenchus avendastian, 1865
MONHYSTERIDA | Monhysteridae | 69.Prismatolaimus andrass¥ihera & Chaturvedi, 1977
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Table 61: Taxonomic status of soil nematodes of Ga.

m Families m Genera m Species

[NZ,S [NC7, [N(7,N N7, N7 A

Orders

Figure 6.1:0rder-wise soil nematode diversity of Ga.
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Sr.No. | Trophic Order Species Ind. species abundance
Groups / 100gm of dry soil(m)
I Omnivores | Dorylaimida | Dorylaimus sagnalis 451
(O) Mesodorylaimus chamoliensis 302
Mesodorylaimus mesonyctius 334
Thornenema lissum 205
Prodorylaimium goanese 98
Indodorylaimus saccatus 276
Longidorylaimoides longicaudatu 264
Ecumenicus monohystera 282
Timmus tenerhastus 476
Il Predators | Dorylaimida | Coomansinema dimorphicauda 442
(P) Discolaimus major 295
Discolaimus texanus 312
Labronemella labiata 300
Labronema ferox 404
Aporcelaimellus obscurus 411
Aporcelaimus regius 375
Aporcdaimus americanus 364
Aporcelaimium labiatum 343
Akortonus vigor 382
Makatinus heynsi 335
Neoactinolaimus agilis 425
Neoactinolaimus attenuates 377
Hexactinolaimus aneityi 382
Mononchida | Mononchus tunbridgensis 378
Coomansugdicus 453
Coomansus parvus 424
Clarkus elongatus 395
lotonchus trichurus 435
lotonchus indicus 461
lotonchus basidontus 384
Parahadronchus shakili 457
Parahadronchus andamanicus 483
Mylonchulus subsimilis 448
Enoplida Ironus ignavus 390
Ironus longicaudatus 280
[l Herbivores | Dorylaimida | Lenonchium macrodorus 512
(H) Lenonchium oryzae 520
Longidoruselongatus 375
Xiphinema brevicolle 384
Xiphinema americanum 486
Xiphinema elongatum 477
Xiphinema orbum 378
Xiphinema insigne 387
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Sr.No. | Trophic Order Species Ind. species abundance
Groups / 100gm of dry soil (m)
Tylenchida Tylenchorhynchus annulatus 360
Tylenchus indicus 378
Ottolenchus parvus 535
Psilenchus nmor 540
Radopholus similis 525
Rotylenchoides brevis 394
Hoplolaimus galeatus 420
Hoplomaimus indicus 477
Criconemoides xenoplax 502
\Y Bactivores | Alaimida Alaimus indicus 442
(B) Alaimus manipuriensis 270
Amphidelus novus 295
Rhabditida Mesorhabditis spiculigera 225
Mesorhabditis cranganorensis 378
Cephalobus persegnis 386
Acrobeles cephalatus 372
Acrobeles ciliatus 290
Acrobeles timmi 335
Panagrolaimus fuchsi 374
Panagrolaimus rigidus 435
Panagrellusdorsobidentata 464
Araeolaimida | Plectus cirratus 256
Monhysterida | Prismatolaimus andrassyi 270
V Fungivores | Dorylaimida | Axonchium ampicolle 285
(F) Axonchium vulvulatum 324
Aphelenchida| Aphelenchus avenae 245

Percent

m=mean values, n=425range= 98540

Table 6.2: Diversity and abundance(no. of ind. / 100gm ofdry soil) of different trophic

40.00% -

30.00% -

20.00% -

10.00% -

0.00% -

Groups
&°0% Genera 40.00% - 37.68% Abundance
22.19% 30.00% - 24.63%
18.75’616 66% 0.00% 20.28%
I I 4.16% 10.00% -
. . . . 0.00% -
P H B 0 F P H B F

Trophic groups

Figure 6.2 Community structure - Trophic diversity (Genera & Abundance)
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Figure 6.3: Community structure - Ordinal diversity (Genera &Abundance)

60 50 m Orders ®Families m Genera B Species

Pe Ba Bi Sa T

M Po D Sl Q Sn C
Talukas

Figure 6.4: Taxonomic status of thepresence ohematodesn different taluk as

Pe=Pernem, Ba=Bardez, Bi=Bicolim, Sa=Satari, T=Tiswadi, M=Marmagoa,
Po=Ponda, D=Dharbandora, Sl=Salcette, Q=Quepem, Sn=sanguem, C=Canacona
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TALUKAS Total
Sr. No. SPECIES Pe|Ba|Bi [Sa|T [M [Po|D [SI|[Q [sn|C |12

Dorylaimus stagnalis + -+ [+ - S+ [+ - -1+ 1+ 7
2 Mesodorylaimus chamoliensis| - | + | + | - | + | + | - | + | - | + | + | + |8
3 Mesodorylaimus mesonyctius | - | - -+ + ] -1+« -1+1+]-1-1s
4 Thornenema lissum + | - | - |+« - -1+ +]-7T+1-1T-T7>s
S Coomansinema dimorphicaudd + | - | + [+ | + | + [ - |+ | + | - | - | + |8
6 Discolaimus major + |+ | + | - [+ - T+ | - [+ - - 16
7 Discolaimus texanus + |+ ]+ -]+ ]-1-1+1+1-1+]17
8 Prodorylaimium goanese -+ -+ - - -1-1+1-1-134
9 Indodorylaimus saccatus + -+ - 1-1 -]+ +]+]-1+]+]7
10 Longidorylaimoides longicaudatu| + | + | + | + | - + N T N R i A
11 Ecumenicus monohystera o+ v+ - T+ -T+T+1-1T+77
12 | Labronemella labiata + | -+ [+ - -+ -+ ]7
13 Labronema ferox + | -+ [+ -1+ -1T+«]-17T++1+1s
14 | Axonchium ampicolle -+ -+ - -+ -+ -+ ]+ 6
15 | Axonchium vulvulatum B o e e R o R I
16 Lenonchium macrodorus + [+ + [ -]+ - T1+[+]-1+1+7]+79
17 Lenonchium oryzae x|+ [+ |+ - [+ + -1T+1+1+19
18 | Timmus tenerhastus + | -+ [+ ]+ -]+ ++-17-1+1s
19 Aporcelaimellus obscurus + | - + [+ ]+« -T+]+«]+1-1-1+71s
20 | Aporcelaimus regisi I I T i D i i e
21 Aporcelaimus americanus -+ + -+ + -1+ -7T+1+1-77
22 | Aporcelaimium labiatum + | -] -+ -1+ [+-1+1+«]+]-17
23 Akortonus vigor + | - S+ [ -+ [+ -1+ + [+ -717
24 Makatinus heynsi + | - + [+ -1+ 1+ -1+«]7++71-71s
25 | Neoactinolaimus agilis e N e e e A
26 | Neoactinolaimus attenuates | + | - | + |+ |+ | - | - |+ |- |+ |- |+ |7
27 | Hexactinolaimus aneityi + [ -+ [+ [+ - -1T+]-]+]-]+717
28 Longidoruselongatus + |+ | - [+ -+ -1+ -1T-T+1T+717
29 | Xiphinema brevicolle + |+ | - [+ -1+ | -1+ -1T-T+71+717
30 | Xiphinema americanum -+ + -+ [+ s+ -]+ -8
31 | Xiphinema elongatum B T I I D U i T
32 Xiphinema orbum + [ -+ [ +1- - S+ |+ |+ -+ 7
33 Xiphinema insigne + [ -+ [ +1- - S+ |+ |+ -+ 7
34 | Mononchus tunbridgensis -+ -+ -+ -1+]7
35 | Coomansus indicus -] + -+ [+ [ -]+ 8
36 Coomansus parvus + |+ | - + o+ 1+ -1+ s




TALUKAS Total
Sr. No. SPECIES Pe|Ba| Bi [Sa| T [M |[Po|D [SI|Q [sn]|C |12
37 | lotonchus trichurus + |-+« [+ [+ -1+ [+-1+]+]-1s
38 lotonchus indicus + | - + |+ |+ - [+ [+ -1T+]+]-71s
39 | lotonchus basidontus P N B I B A R
40 | Clarkus elongatus + | -+ [+ + ] -+ -+ -7
41 | Parahadronchus shakili + |+ ]+ -+ +]-1-1+1+1+1]-18
42 | parahadronchus andamanicug + | - | + |+ | - | * |+ |+ | - |+ |- |+ |8
43 Mylonchulus subsimilis + | -+ [+ -1+ ++«]-1+«]-1+718
44 | Tylenchorhynchus annulatus | - | + | + | - |+ | - |+ | - |+ |- |+ |+ |7
45 | Tylenchus indicus S+ -+ - [+ -1+ -1T+1T+17
46 | Ottolenchus parvus + -+ [+ -]+ +-1+]1+]+]9
a7 Psilenchus minor + | -+ [+ +] -1+]+«]-17+1+1+19
48 | Radopholus similis + |+ - [+ [+ + -+ [+]-1+]+7o
49 Rotylenchoides brevis ¥ |+ | - [+ -1+ -1T+«1+«1-1T+71T-717
50 | Hoplolaimus galeatus R
51 | Hoplomaimus indicus -+ + -+ -]+ +] -8
52 | Criconemoides xenoplax + |+ - [+ [+ + [+ -T+]+1+]-79
53 | Alaimus indicus + | - v+ -]+ -8
54 Alaimus manipuriensis -+ - T+ -+ -+ -1 -1+]6
35 Amphidelus novus S+ [+ -+ [ -1+ +«1-1T-1T+17
56 | Mesorhabditis spiculigera + |-+ [+ -1+ -T+]+1-17-1+717
57 | Mesorhabditis cranganorensis| - | - | + |+ |+ | - |+ |+ | - |+ |+ |+ |8
58 | Cephalobus persegnis -+ ] -+ - -]+ +]+ 8
59 | Acrobeles ciliatus + |+ - [+ -1 -1+ -1+1-1+]+717
60 | Acrobeles cephalatus + -+ [+ +] - ]+]-1+1-1+]+]8
61 | Acrobeles timmi + |+ -+ - -]+ +]-1+]+]+]8
62 Panagrolaimus fuchsi + |+ [ - [+ - -+ [+ -+ +] + |8
63 | Panagrolaimus rigidus R
64 Panagrellusdorsobidentata N -+ v+ ]+ + 109
65 I[ronus ignavus -+ |- I S+ [ -+ |+ |+ |7
66 | Ironus longicaudatus v+ - |+ -] - [+ -[-1-1T-1T+T7s
67 | Plectus cirratus + | -+ |- -+ -1-1T+[+]-1+7]se
68 | Aphelenchus avenae |+ - | - -+ -1-1s
69 Prismatolaimus andrassyi - |+ - | - + | -+ -1+]-16
TOTAL 43 |39 |50 |47 |40 |38 |36 |44 |37 |41 |43 |45

Table 63: Nematode diversity in different talukas + =present,- =absert
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Bray-Curtis Cluster Analysis (Single Link)

0. % Similarity 50.

Figure 6.5 Dendrogram of the cluster analysis bthe diversity (presence / absence) of
nematodespeciesof the 12 talukas

Sl

Sn

Po

Ba

Sa

Pe

100

Symbols Description for measurements

overall body length

distance of vulva from anterior

body length / greatest body diameter (width)

body length / distanceédm anterior to esophagntestinal valve (Pharynx I)

body length / distance from anterior to base of esophageal glands

body length / tail length

tail length / tail diameter at anus or cloaca (ABD)

stylet length / body diameter at base ofedty

% length of mail gonad relative to body length

% distance of dorsal esophageal gland opening from stylet knobs in relation to style

% distance of phasmid from anus in relation to length of tail

% distance of anterior phasmid fromt@rior of nematode in relation to bodylength

% distance of posterior phasmid from anterior of nematode in relation to body length

% length of anterior female gonad in relation to body length

% length of posterior female gonad in relation tdyotength

4 olo Lulo |glo|dlv|alo|o|o|y|<|r
NN ™ S

portion of body from anus or cloaca to posterior terminus

Table 64: Nematode morphometric parameters (de Man formula).
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Presence of individual species in number of talukas
Figure 6.6: Presence of individual species in the totadlumber of talukas
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Diversity indices Talukas

Pe Ba Bi Sa T M Po D Sl Q Sn C
Species Richness_S 43 39 50 47 40 38 36 44 37 41 43 45
Abundance_ A 525 | 501 | 603 | 567 | 513 | 497 | 474 | 544 | 495 | 517 | 536 | 548
Si mpsondés Dqdq0.032| 0.033| 0.030| 0.031| 0.033| 0.033| 0.034 | 0.031| 0.033| 0.032| 0.032] 0.031
Shannon_H 341 | 339 | 347 | 346 | 340 | 3.38 | 3.37 | 341 | 3.38 | 3.40 | 3.41 | 3.42
Evenness_e”H/S 0.855| 0.869| 0.834| 0.839| 0.867| 0.869| 0.875| 0.855| 0.871| 0.859| 0.856| 0.844
Equitability J 095|094 | 096 | 096 | 0.94 | 093 | 092 | 0.95| 0.93 | 094 | 0.95 | 0.96
Fisher _U 848 | 834 | 872 | 859 | 838 | 833 | 809 | 856 | 824 | 844 | 850 | 8.58

Table 65: Diversity indices of nemafaundfor different talukas
T Ba M Sl Po Sa CD Q Sn Pe Bi
. L |

Distance
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Figure 6.7: Dendrogram of the cluster analysis of the diversity indices of nematode species
of the 12 tabkas (UPGMA, Euclidean distance).
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DISCUSSION

Studies on belowground life fosnmmake up merely a small amou(lgss than 3%) of
papers published in the main ecological journals (Wardle, 200%) maintenance of high
nematode species diversity, in light of their presumably low degree of diethaitat
specialization, appears to be enigma (Andersonl975; Ghilarov, 1977; Giller, 1996)Even
though the number of species known today is a little above 20,000, this could be just the tip of an

iceberg(Jairajpuri, 2003).

In the present investigan, forty eightnematode genenaere recorded with dorylaims
constituting the most dominagroup The order also has the highest number of families and
specieswhich is in full agreement witlairajpuri (20028 that the abundance of dorylaims in
terms @ genera, species and individuals confirms thede occurrence and diversiiy the soil
ecosystem. Individual representation of dorylaims also was very high in this study as this order
forms a very large and important group of soil inhabiting nemat@issjpuri and Ahmad,

1992) Again dorylaims can be easily recognized at lower magnification.

Next dominant orders were Tylenchida and Rhabditida. This agrees weklneitkman,
1982where he reports thainly about terof the 20ordersof phylum Nematdaregularly occur
in soil, and four ordersut of the ten(Rhabditida, Tylenchida, Aphelenchida, and Dorylaimida)

are particularly common in soiDccurrence of Aphelenchids was very poor.

It was also observed thapecies belonging to ordddorylaimida were found to be
abundant among the trophic groups such as omnivores, predators, herbivores and fungivores.

Species abundanceas highest among the predatovghich mostly consisted of members
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belonging to order DorylaimidéDorylaims are unique becase within the same group, they
exhibit most of the feeding patterns represented by nematodes andotiesa$ thereasons for

their diversity and wide occurrence in the soil ecosygtkmajpuri, 2003).

Generally less disturbed soils contaimore pedatory nematodes, indigag that
predatory nematodes asensitive to a wide range aistability. Fungivores were represented
with minimum species densitambiguity in trophic classification of nematodes usually occurs
because it is inferred by mordbgy rather than actual experiments on feeding preferences
(Yeateset al., 1993). Furthermore, feedingabit grouping may be ambiguous ahar not

mutually exclusive in some casg&ohleniuset al., 1977).

Among the soil samples that were collected uigfmut the state, samples collected from
Bicholim taluka recorded the maximum diversity of nematode species. Bicholim is one of the
talukas where mining was carried phut had been stopped for nearly two years. Initially there
might have been decreasenematode communifyout probably the community was able to
recover and get stabilized quicklgo maximum number of nematode species was recorded
during the timeof collection. This is irmgreement with the reports df§ n(B002 and Sikoraet
al., (2014 that nematodes communitielevelopmore abundait with diverse communities and
a high proportion of omnivores and plgoarasites after reclamation practidasthe mining
areas The soil samples collected from Ponda taJugowed minimum diversity. Ais could
probably be becaus# the fact thafPonda consists mostly gbils that are poorly drained and
less permeable. They ameostlysaline, high in pHandcontainlesshumus yii). Most of the soill

samples recorded abo®&% of the species identifte Lateritic soil is the majotype ofsoil in
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the statealong with alluvial soil Lateritic soil is highly porousnd permeable, slightlyaadic;
with low pH valueswhereas alluvial soil in additioto abovehas high organic conteiind is

well drained(vii).

Maximum multiplicationof nematode®ccurs in sandy clay loam with pH 6.4 (laterite
soil) (Norton, 1978)Clayey loam (alluvial soil) and coarse sandy loam also support appreciably
high populations. Té texture of the soil is ofmportance as thenematode population is
generally higherin lighter soils than in heavy soil§Thorne, 1927)This couldbe the reason for

high occurrence of nematode diversity in most of the samples.

Predators formed the major group of the species identified. Thid bebecausalmost
half the number of speciesadtified belonged to the ordewoB/laimida and species belonging to
the order Dorylaimida commonly occur in soil ecosyst@hairajpuri, 2002a) and of this
maximum were predatarélso order Dorylaimida intudes speciethat are plant feederfungal

feeders, predaceousmnnivoresin general

Shannaomd sF i igelsiyrindises abnfim the presence of more diverspecies
and high abundance in tilseil samples of Bicholim talukdt can be also infeed based on the
same indices thathe soil samples collected from Ponda talllea less abundancend less
diversity of speciesS i mp s ommn@rge vdlues were high for the soil samples of Ponda faluka
while they were less for the soil samples of Biamotaluka. Since the diversity is less,
dominance of the species present is more. Soil samples from Bicholim study sitesHibited

more number of speciesomparaedo those from Pondavhich hasless number okpecies.
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Minute differencevasobservedn the distribution of species the samples of Bicholim taluka
when comparaed witthe distibution values of other talukas. It was also revealed Fioaida

talukasupports the high number of dominant species.

The cendrogram of the cluster analgsef speciediversity showedeither values close to
each other or a wide range from the highest to the lowest. This probalkdynexgther a close
similarity of the species diversity between the soil samples of Pernem and Satari tal@ka and
wide differenceof the speciediversity between the soil samples of Pernem and Canacona

talukas

SUMMARY

From this studyit can be concluded tha&9 specieswere recorded fronthe soll
ecosystem of Goa. Of these, 68Baximumnumber ofspeces belonged torder Dorylaimida,
followed by Tylenchda, Mononchida, Rhabditida, Enoplida, Alaimidgnd minimum to

AphelenchidaAraeolaimideand Monhysterida. Soil ecosystem favaudorylaims

Species diversity was maximu(BO0 species)n thesoil samples collected from Bicholim
talukaand minimum(36 species)n Ponda talukaReclamation practices after mining heip
the establishment of highly diverse nematode communities. Soils of Ponda talukasthe

saline and have highH; hence they doot favourthe presence afematods.

Soil samples from Bicholim taluka also hadgh abundancé€603) of individual species

while those from Ponda taluka had less abundance (474) of individual spdosty the
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species wie evenly distributé. Of the 69 speciesecorded,soil samples allected from seven

talukas had more than forty species.

Nematodes are ubiquitous inhabitants of soil and can survive on a variety of food and
hence high diversity. The studhowsthat since thesoils of Goa are rich in organic matter

favours the growh and population of soil inhabiting nematodes.

Predators were more among the spetiies were recorded followed byetbivores and

bactivores Many predator species belonged to order Dorylaimida and dorylaim occurrence in the

soil ecosystem is the higltes
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CHAPTERI |



"They occur in ariddeserts and at the bottoms akés andivers,
in the waters of hot springs and in polar seas where
the temperature is constantly below the freezing point of freshwater.
They werdghawed out alive from Antarctic ice in the far south
by members of the Shackelton expedition.
They occur at enormous depths in Alpine lakes and in the ocean.”
Cobb, 1915

CHAPTER Il

Comparision of the diversity, abundanceand distribution of the soil nematode

fauna from the various landscapes of Goa

INTRODUCTION

There is a greater diversity of nematode genera and species in subtropical and tropical regions
than in the temperate zgnget a few large scale and loAgrm surveys © nematode diversity
have been undertaken in tropi¢r example, only 10 out of 134 sites situated for nematode

diversity have been located in tropical zo(iResa and David, 2004).

Baird and Bernard (1984¢ported 100 specigis just two soyebean felds in Tennessee.
Increasing interest in the biodiversity and the interpretation of a growing knowledge of the
contribution of nematodes to soil ecosystem processes have resultediar ase of ecological
indices (Bongers, 1990ferris et al, 2001; Feris and Matute, 2003%nd so on. Nematode
distribuions are usually clustered aroufabd sources and so food source could profoundly

affect densities andetectability (Johnsoet al, 1972).

While literaure dealing with nematode faynas soil healthindicators in different
farming and natural systemis abundant, few studies deal with regiohlaihdscapé distribution
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pattern of nematodedinae. Most studies on nemataggleups in soil are centrexh field plots or

single crop farm fieldéWardleet al, 1995; Berkelmanst al, 2003;Ferris and Matute, 2003).

Soil nematodes offer great potential for use as indicatdnaafiversity and ecological
stability, and for assessing thepact of changing land use on soil condition. Bssemblagef
plant and soil nematode species occurring imaural or managed ecosystem constitutes
nematode communityGrasslandsnay possiblycontain 50 to 500 nematodes, and forest soils
normally hold several hundredper teaspoonThe proportionof bactivore and funigore

nematodes is related to the amount of bacteria and fungi in the soil.

It has been demonstrated thatarious plant species have great influence on the
abundance of nematod@d/ardle et al., 2003; De Deyret al, 2004; Viketoftet al, 2005).If
there are a great number of specific connections between particular plant and nematode species
an increased diversity of plant specistiould be relatemtl to an increase in number of
nematodes specieslowever, so farcurrent studies indicat®nly a weakassociation between
number of plant species and number of nematode sp@&meBeynet al, 2004; Viketoftet al.,

2009).

Theoretically,aboveground plant diversity generatiyomotes belowground diversity by
increasing the variety of food resourcesttéli quality and composition), the ga of
environmental conditions like temperature, humiddy;the structuraintricaciesof the habitat
(Anderson, 1995)Traditionally, not only have some nematode species been associated with
particular soiltextures(Joneset al., 1969; Bongers 1988, but also known thatpopulations of
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some of the larger nematodes are markedly reduced by soil cultif@ostenbrink, 1964; Jones

et al.,1969).While the litter or organic horizons normally contain the greatesterrations of
nematodes and a 10 or 15 cm deep sample including the organic horizon is appropriate, in some
situations (e.g., woody horticultural crops) samples to 30 cm soil depth may be preferred. In
some conditionsspecific populations may bentraceal® in superficial samplesbut may be
present in significant numbers at depth (éPgratylenchuysonly below 40 cm in an Italian field

(Geraert, 196p

This chapter pesents an assessment of abundagieersity and the distribution patterns
of the soilinhabiting, free livingnematoddauna ofdifferent vegetation typeso thatit adds to
the already existing riclkknowledge oninvertebrate biodiversity of Godt documents the
presence or absence of the different speofeeematodesn the landscapesas well as the
diversity in each landscapen t hi s st udy, di v er s itypg statistics,t a k e n
but also its separate components of richness, dominance, and evenness. The study emphasizes
the desirability of using species diversitgther than tropic diversityo draw the importance of

nematodes in soil communitie$ different landscapes

MATERIALS AND METHODS

Soil samples were collected fro(t) August 2011 to February 2012) August2012 to
February 2012nd(3) August2013 toFebruary2014from different landscape@able 41). The
landscapes represented most ofwbgetationtype commonly foundn Goa.Soil samples were
also collected from some Khulaghars and farms maintained for specific plantation, eg.

sugarcanepalmolen etc From each type of landape, soil samples dfkg near thevicinity of
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theroots of the plants were collkec from about 10 to 15cms deptim some places soil samples

were collected from deeper depth depending upon the season.

Eachsample was cadicted in a sel§ealing plastic bag with a label containing necessary
field information. They were either processed immediately or stored in the refrigerafi@® at 4
and were processed latddematodes were isolated using standardhriepiesas mentioned
above identification to speciesevel and counting were done in the laboratoBtatistical
analyse were made to analyze the distribution, dominance amghdanceof different
taxonomic groups and the relationships between gneups. Diversity ndices sue as the
ShannoAWeaver indexSimpson index etavere also calculatedsng PAST statistical software

Version 2.7 (vii)and Biodiversity Pratatistical software Version (iii) .

RESULTS

Maximum number ogpeckes (40), gnera (32)abundance (55@rd orders(seven)were
recordedfrom the sites nedheroadside weedsbushes. Majority of theandscapetad30 and
more of the recordedspecies except coconut plantationwhich had a minimum number b
species (22), minimum number o&nfilies (11) andminimum abundance (399)Yhis was
followed by lessnumber of pecies in tealplantation ared26), forest aread7) and acacia (28)
plantation.Sugarcane plantation, acaciargktion and forest area h&d genera(Figure 7.2)
Betelnut platation recordedive orders,flower garden and forest area sewderseach while
the rest of the landscap recorded members fromix orders (Figure B). Three pecies

Cephalobus persegnis, Plectus cirratus and Prismatolaimus andrassyipresent only in three
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landscpaes whereas the oth@esies wergreseat in more than four landscap€Bable 7.1 &

Figure 75).

In all the landscapesighest number of families (9), genera (23) apdcges (33was
recorded from the therder Dorylaimida followed by the eder Mononchida with three families,
six genera and 1(pscies. Tylenhida was represented by threenilies, eightgenera and nine
species;while ordersAraeolaimida, Ahelenchid and Mbnhysterida had just onarhily, one

genusand one gecies (Figure 2).

S mpsonds Domi nance s hsoWwandpledoilegtdddrent cocoreits ul t s
grove (0.04 and lowestm the samples from vegetable plots apddside weedsbushes (0.03
Shannono6s Dwasmoresnihe soil sanaplesifrom roadsideeeds/ bushes (3.44and
less in the samples from coconut groves (3.2he $ecies were more or less evenly distributed
in all the soil samples with the values ranging froi0 (roadsde weeds bushes) to 0.89
(coconut grove Equitability valuesranged fom Q90 (coconut grovgto 0.96 (roadside weeds /
bushes) wth a difference of almost 0.06 T h e v al u e sha divérsityFindexhwelegss Al p
(8.28 for the soil samples from coconut grovasd more (9.28for the soil samples roadside

weeds bushegTable 7.2.

Maximum percent occurrence tfie omnivores was observed ingarcane plantation
(23%) and minimum was recorded in palmolein farms (118agreas sugarcane had minimum
percentagef predators (27%) and maximunergent occurrence of thieophc group predators
was in forest geas (44%). Among the mMgivores, maximum was found iralpnolein farms
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whereas there werso fungivores observed in flower gardens, coconut groves and betelnut
plantation. Flower gardens had maximum percent of herbi(@4%) while forest areas and
coconut groves had minimum (19%). Bactivores had high percent occurrecm®mt groves

(31%) and low in cchards and roadside weedsushegFigure 74).

In abundance, a moderate positive correlation wasiced between omnivores /
herbivores #0.58) and between omnivorepredators (r=0.54). Similarya little high positive
correlation was observed between fungivoresbactivores (r=0.68) and a very low positive
correlation wa®bserved between herbivoregrédatos (r=0.11). The rest of the trophic gps

showed negative correlatigrigure 76).

The dendrogram of the cluster analysis of species diversity of nematodes ofrgidssa
collected different landscapeshowed thatthere is close similarity betweehe sampds of
flower gardens and teak plantatiovith similarity index of 64.28between roadside weeds
bushes and palmolein farn(®2.33, orchards and roadside weddsusheg61.79; while a wide
difference between the samples of orchards and flowetegs with similarity index of 52;
between orchards and acacia plantation withilarity index of50 and between orchards and

sugarcane planian with similarity index, 4320 (Figure 7.1).

The dendrogram of the cluster analysis of diversity indisiesws close similaity
between forest area and acacia plantation, betelnut plantation and grendrdlewer gardens
and wasteland areaampling siteswhile a wide difference betwedeak plantation and roadside

weeds bushes, and between wastelandas and vegetable plas@mpling sitegFigure?.5).
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Sr. SPECIES VEGETATION TYPES TOTAL
No.

O |FG |VP |FA |RWB |WA |CG | AP |SP | TP |BP | PF 12
1 Dorylaimus stagnalis + - - + + - + - + 7
2 | Mesodorylaimus chamoliensis - - + - - - + |+ | - - 5
3 Mesodorylaimus mesonyctius - - - + - - + + + - 6
4 | Thornenemdissum + - + - + | + - - R 7
5 | Coomansinema dimorphicauda - - - + + - - - R + 5
6 | Discolaimus major - - + - - - - ¥ - - 2
7 | Discolaimus texanus + - - - + - - - T ¥ 6
8 | Prodorylaimium goanese - - - + - - + |+ - - - 4
9 | Indodorylaimus saccatus - + - - - - + + - + 6
10 | Longidorylaimoides longicaudatu| + - - - - + + + - 7
11 | Ecumenicus monohystera + | - + - + | - |+ ]| - + 8
12 | Labroremellalabiata + |+ - - - - + | - - - 5
13 | Labronema ferox + - - - + - - - - _ ¥ 4
14 | Axonchium ampicolle - - + - + - - - . - ¥ 5
15 | Axonchium vulvulatum + + + - - - - + 6
16 | Lenonchium maadorus + - - + - - - + 5
17 | Lenonchium nyzae + |+ + - + - + + - - + + )
18 | Timmus tenerhastus - + + + + + - - - T T - 7
19 | Aporcelaimellus obscurus - + + + - - - - - n ¥ - 5
20 | Aporcelaimus regisi - + + + - + - _ - T T ; 6
21 | Aporcelaimus americanus - + + + - - - - - ¥ T - 5
22 | Aporcanaimium labiatum - - - - + + - + - + - 5
23 | Akrotonus vigor - + - + - - + + + 7
24 | Makatinus heynsi - | - + + + - - - ¥ + 7
25 | Neoactinolaimus agilis -+ - - + - + - + | - - + 5
26 | Neoactinolaimus attenuates - + - + - + - - - + 6
27 | Hexactnolaimus aneityi -+ ] - + - + - - - + 6
28 | Longidoruselongatis - + - - - - - - + 5
29 | Xiphinemabrevicolle - + - - - - N T 5
30 | Xiphinema americanum - + - - - _ _ n 6
31 | Xiphinema elongatum - + - + - - - ¥ 7
32 | Xiphinema orbum - + + + - - - + - + - ¥ 6
33 | Xiphinemainsigne + + + - + + - + - + - B 7
34 | Mononchus tunbridgensis - F - + + + - + - - - + 6
35 | Coomansus indicus -+ ] - - + - + | - - - 5
36 | Coomansus parvus + | - - - - + | - - 6
37 | Clarkus elongatus - - + + - - - - ¥ - 5
38 | lotonchus trichurus -+ ] - - - + + + - - 6
39 | lotonchus indicus + | - - |+ + - - - - + 6
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Sr. SPECIES VEGETATION TYPE S TOTAL
No.
O|FG|VP | FA| RWB | WA |CG| AP | SP| TP | BP | PF 12
40 | lotonchus basidontus - |- + - + + - - - - 5
41 | Parahadronchus shakili - + |+ - - + | - - - 6
42 | Parahadronchus andamanicus - + - + - - - - + - 5
43 | Mylonchulus subsimilis -+ |+ - - + - - - + - - 4
44 | Tylenchorhynchus annulatus - F - + + - - - + |+ |+ - 6
45 | Tylenchus indicsi - + - + + - - ¥ ¥ _ - 5
46 | Ottolenchus parvus + - |+ |- + - - - ; - : n 4
47 | Psilenchus minor -+ ] - - + + - - - ; : 4
48 | Radopholus similis + - - - + + - - - - 5
49 | Rotylenchoides brevis -+ - + - + - - + - R 5
50 | Hoplolaimus galeatus - - - + - + - - + - 4
51 | Hoplolaimus indicus - - - - - + - - + - 4
52 | Criconemella xenoplax - - + - - -+ -]+ + 6
53 | Alaimus indicus -+ - + + - - - + - - 5
54 | Alaimus manipuriensis + - - - - - - - + 5
55 | Amphidelus novus + - - - - - - ¥ 6
56 | Mesorhabditis spiculigera + + - - - - - - T T 5
57 | Mesorhabditis cranganorensis - |- + - + - + - - - - 4
58 | Cephalobus persegnis - - + - - + | - - - - - 3
59 | Acrobeles ciliatus - | - + - - - + | - + | - + + 5
60 | Acrobeles cephalatus + |+ - + - + - ¥ T - T N 7
61 | Acrobeles timmi - - + - - + |+ - - - R 4
62 | Panagrolaimus fuchsia - + - - + - - - + + + 6
63 | Panagrolaimus rigidus - | - + - - - + | - + | - + - 4
64 | Panagrellus dorsobidentata - - - + - + - + + - - T 5
65 | Ironus longicaudatus - - |+ + + -+ ] - - - 6
66 | Ironus ignavus - - + - + - + - - - 5
67 | Plectus cirratus - -+ - - - - ; S+ 3 3
68 | Aphelenchus avenae + - - - + - - - - _ i 4
69 | Prismatolaimus andrassyi -4 - + - - + - - - - R 3
TOTAL 32| 30 | 38 | 27 40 31 | 22 | 28| 30| 26 | 31 | 36

Table 7.1:Nematodediversity in different vegetation types of Goa: + =present; =absent

O= Orchards, FG= Flower Gardens, VP= Viatie Plots, FA= Forest AreaWW&B= Roadside Weeds /

Bushes, WA= Wasteland Area, CG= CoconBtove,AP= Acacia Plantation, SP= Sugarcane Plantation,

TP= Teak Plantation, BP= Betelnut Plantation (Khulaghars) & PF= Palmolein Farms.
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Figure 7.1: Dendrogram of the cluster aalysis of the diversityof nematode species
of the vegeftion types.
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Figure 7.2: Taxonomic status of the nematdes present in different vegetation tges
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7.4: Percent occurrence of trgphic groupsin different vegetation types.
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Diversity Indices Vegetation types

@] FG VP FA RWB WA CG AP SP TP BP PF
Species Richness_S 32 30 38 27 40 31 22 28 30 26 31 36
Abundance_A 481 | 456| 519| 432 557 463| 399| 450| 451| 427| 456 482
Si mpsondés Dj|0.032|0.033| 0.031| 0.033| 0.031| 0.032| 0.047| 0.033| 0.032| 0.033| 0.032| 0.032
Shannon_H 3.41| 3.39| 3.43| 3.39 3.44 340 3.21| 3.40| 3.39| 3.39| 3.40 3.42
Evenness_e"H/S 0.851| 0.863| 0.848| 0.879| 0.709| 0.854| 0.890| 0.864| 0.861| 0.872| 0.860| 0.850
Equitability _J 0.959| 0.957| 0.963| 0.954| 0.967| 0.958| 0.903| 0.954| 0.955| 0.953| 0.958| 0.961
Fisher _U 8.869| 8.831| 9.026| 8.673| 9.239| 8.831| 8.289| 8.679| 8.787| 8.472| 8.863| 8.991

Table 7.2 Diversity indices of nemafaina for different vegetation types of Goa

0.00

0.06

0.12

0.18

0.24 +

Distance

0.36

0.42

0.48

0.54

0.30

CG

TP

RWB
L

FA AP

— |

— 7 L

WA

Figure 7.5: Dendrogram of the cluster analysis of the diversity indices of nematode species
of the vegetation types (UPGMA, Euclidean distance).

66




Predators

Herbivores

Bactivores

Fungivores

120

* N 0.1878x+ 54.547
100 - ',?///’0 r=0.5390
80 » ¢ ¢ A
60 -
40 -
20 -
0 T T T T T T 1
0 50 100 150 200 250 300 350
Omnivores .
150 y = Q.3476x + 30.3¢
. * $ r= 0.5788
100 | &/’
50 -
O T T T T T T 1
0 50 100 150 200 250 300 350
Omnivores
60 y=-0.2128x+ 73.699
50 - * r=-0.5900
40 - 'S
30 - .
20 - * +
* L 2
10 - *
0 T T T T T T 1
0 50 100 150 200 250 300 350
Omnivores
D
20 - y=-0.0467x+21.238
* r=-0.3277
15 ’0 L 2
10 - ’\'\0\
L 2
5 | L 2 * L 2
0 T T T T T T 1
0 50 100 150 200 250 300 350
Omnivores

67



Herbivores

Bactivores

Fungivores

Fungivores

150 - =
y = 0.1889x + 89.70
4 Tr=01005
4 —
100 . .
50 -
O T T T T T 1
0 20 4 N an 100 120
Predators
60 - y=-0.2752x+ 55.945
50 - . r=-0.4582
40 - +*
30 - » o
”\‘
20 - *
L 2
10 - *
0 T T T T T T T 1
0 20 40 60 80 100 120 140 160
Herbivores
20 y=-0.0617x+17.497 G
=-0.2604
15 - o ¢
+*
10 - R
+
- . +*
0 T T T T T T T 1
0 20 40 60 80 100 120 140 160
Herbivores
20 ~ y=0.2701x+ 3.7443
r=0.6840
15 - H
*
10 -
5 -
0 T T T T T 1
0 10 20 30 40 50 60

Bactivores

Figure 7.6: Correlation between the trophic groups(Abundance)
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DISCUSSIONS

Vegetablegrowing plots and roadsideveeds bushes had maximum number of species
as these areas haslwversevegetation. Increasing litter diversity may increashe diversity of
microhabitats and therefore decomposer faunal diveféfardle, 2006)Nematode distribution
is usually clustered about foosburces and so food sourpeofoundly affect densities and
detectability(Johnsoret al, 1972).0One habitat irwhich the diversity of deomposer organisms
may significarly influence ecosystem functioning is in pladgbrisrather than in mineral soll
(Wardle, 2006)Soil samples fromaadside weedslushes study sites have more abundance of
individuals whilst those from coconut grove have less number of spedi@sous plant species
have great influence on the abundance of nemai®iaadleet al, 2003; De Deyret al, 2004;

Viketoft et al.,2005).

It is difficult to get moist soil sample from acacia plamatafter NovembelVithin two
to three weeksafter rainy seasorhe watertabledeclines to 18l5cm depth and belowHence,
topsoil does not remain moist for a longer period in acacia plantéflerBoeveret al, 2012).
Nematodes tend to move verticalipwnwards into the soil ecosystemhen water column

recedesinto the deeper layers and so it is difficult tgotthem in the togoil layer.

The eak plants aremostly grown in the drgropical zonegix), while coconut prefes
areas with abundant dight and does not requireverhead canopyas evena small ca@onut
trees require direct suix) and this might be the reason for minimum diversity of nefaana
in the teak and coconut plantations as nematodes need a water film for survival andetiive w

moist soil(Jairajpuri and Baqri, 1991).
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Shannonds and Fi s hemg the desenc ofsnore giverspactks ces ¢
and high abundance in tiseil sanples from roadside weedbushes which is in agreement with
the reporof Yeates (196), which sayst h a t high Shannondés diversit
occurrence of abundance of dorylairitscan be also inferred based on the same indiceshidat
soil sanples collected from coconut grove hbiess abundancend less diversity of spece
Si mpsonds Dominance values were high for the

were less for theoil samples roadside weedsushes.

The difference observed in the distribution of specietha samples of roadside weeds /
bushesomparedo the distribution values oftleer landscapeand of coconut grov&ipports the

high number of dominant specigsthe coconut groves

In abundance a moderate correlation ebween omnivores herbivores, beaween
fungivores /bactivorescould be attribted to the rapid colonizing activity of bactivores, having
high rate of reproduction and metabolic activigmnivores on the other handhave low
reproductive rate and low lamizing ability (Bongers, 1990;Bongers and Ferris, 1999).
Bacivores might beacting as asuitable food source for omnivores. A positiverrelation
between omnivoreshierbivores could be due to the fact flmnnivores fed on multiple food
items whichis in agreement with the findings ¥eateset al, (1993 and Yeates(1999).0n the
contrary herbivores depend on plant rodisr their food and so increase in their population. As
reported byH 8 n (2003)that omnivores being versatile feedeargervene in the food weand

create a lot of free spaaghich might be utilized by herbivorgghus increasing their population.
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The dendrogramf the cluster analyseof species diversitghowed eher values close to
each otheror a wide range from the hight to the lowest. This explaieither a close similarity
of the species diversity between the soil sampfdwer gardens and teak plantation, roadside
weeds bushes andgimolein farmsr a wide differencef the species diversity between thd soi

samples of orchards and sugarcane plantation, and orchards and acacia plantation.

The presence of individual species in total number of talukas was also recorded. Most of
the species that werecarded were present in the soil samples of abeaitto seven landscapes
except forMesorhabditis cranganorensis, Plectus cirratasd Prismatolaimus andrassyhat

were present only in three landscapes (Figure 7.7)

SUMMARY

From the presenthapter it can beconcludel that though diversity in landscapes or
vegetation type mawgot directly influence th@ematodespecies diversity, yet it may indirectly
have an effect on t haedfferenobnermatode sgecias flepdsod difbrient e r s i

vegeation.

In this investigationmaximum number of species, generader and abundance was
reportedfrom the soil sampleollectedfrom nearthe roadside weedsbushesAs the diversity
of weeds /bushes wa more it is probable thataboveground plantliversity may promote
belowground diversityby increasinghe variety of food resourceas well aditter quality and

composition
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Minimum diversity of nemiode species was found in teak, coconut and acacia
plantatiors. This could be becausef thesevegetation typesaquire direct sunlight antkss
water. Nematodes species cannot surwivout a thin film of watey even inthe terrestrial

ecosystem.

A lot of variation was found in the maximum occurrence of the different trophic groups
in the vegetatin types.It could be probably becausamong the Drylaims itself various

feeding groupexist and @rylaims diversityis morein soil ecosystem.

A positive orrelation between omnivores / predators and omnivohesbivores could
be reasoned becausé the omnivores are multiple feeders and soils of Goa are rich in organic
matter with verdant vegetation. A moderately high correlation betwleegivore /bactivore

could be because bactivores have high reproductive ratebdiig to colonizerapidly.
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CHAPTERI I



As a result of my investigations,
| am inclined to believe that these free nematodes
will be found to constitute one of the most
widely diffused and abundant groups in the
whol e ani mal ki ngdo
Thus,beginning with the land and freshwater species,
| have found them in all specimens of soil examined,

i n moss, vari ous speci e
bet ween the sheaths of | eavesé. . at
(Bastian 1865)

CHAPTER Il

Studies onthe diversity, abundanceand distribution of soil nematode fauna
from paddy fields ofGoa.

INTRODUCTION

There is a tendency amontg ®odus dnltage cvasismatd 6 s ¢ ¢
species, often failingo recognize the agroecosysteamd the species they contaas part of
wor | dos hVYanddrmeeeandRerfegto, 199The loss of inconspicuous species is the
very base of biodiversity crisis. Diversity of sdéhunais one of the important fac®r
influencing the sustainability of agroecosystefpecies richness of the nematode fauna of
agricultural soil may be higfFrechman and Ettema, 199#)d thiscould be due to dominance
of only a few speciesThey are the mostbundantcomponents of thenesofauna iragronomic
soils. Freckman and Ettema, (1993)ompared nematode communifigs agroecosystems
varying in level of humaninvolvement While Yeates and Bird, (1994)compared
agroecosystemswith shrubs in Australia, both demonstrating tpessbility of nematode
communities as bioindicators for monitoring the state of agricultural $misgerset al., 1997;

Bongers and Ferris, 199Benz and Eisenbeis, 2000).
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The paddy crognvironmenfprovides a specialized habit&r soil nematodes in wh
the soilparticleshave ahigh water holding capacitfdairajpuri and Baqgri, 1991)n paddy,the
roots arevirtually under watemost of the timeHence, knowledge onematodes parasitizing
paddy is poor. This is due to the fact that paddy is growntlynas the developing or
underdeveloped countriemd n these countrieappropriatefacilities and scientific personnel
who could tackle the problem are lacking. In Asian countniggeneral and Indian subcontinent
in particular,morepreciselythe easten region of India, rice is gromwidely and a largenassof

human population depends on it for its livelihood.

Nematodes are considered iagortant pests of ricéButler, 1913).Several groups of
nematodes can be foumd the paddy fieldsincluding thse which are specific parasites of the
roots, stem, and leaves of rice plants. The ghanasitic nematodeshat are associated with
paddy belong to several groups with different kinds, characteristics, feeding habits, hehavio
and pathogenecityAgriculture does seem to have produced a dynamic haipitathich a wide
range of soil nematode species can survive and muliidcNeely et al.1995). At the same

time, because ddifficulties in identification, many nematode pests of rice have gone unnoticed

In agroecosystemsoil texture, moisture and the availability of suitable food are critical
in determining the diversity of the nematode fauna. The nematode fauna comprises native
specieswhich have arvived agricultural managemesipecies which malyave been introduced
by human activity and species which have arrived by natural dispeMobronly the climate
driven annual cycles of agricultyreut also longer term cycles of land psefluence the

proportion of various nematode taxehich make p the nematode fauna at a particular time. A
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samplefrom an agroeasystem may contain iaround50 nematde taxain varying proportion.
Agricultural soilsby and largesustain less than 100 nematod&s each teaspoon (dry gram) of
soil. The nematode papation of the soil is highest in fertilized agricultural lands with animal
faeces. In undisturbed sqilsovered with grass and saol not grown to cropghe count runs

very high 7 to 9 hundred millions

Rice is the maircereal crop which is grown armnsumed all over the world. The rice
plant variety,Oryza satival., is cultivated inplains under flooded conditions, well drained
upland fields or on thenounts The total area under rice cultivation in the world is about 140
million hectares. In Indialone rice is grown on 37 million hectares and the total production is

approximately 65 million tonsvhich accounts fonearly one third of our total grain production.

About 300 nematode specjdselonging to 35 generdave been reportedo be pests
rice. Among them, nematode species from about ten genera are economically imporieat
production(x). Rice grown in different environments is attacked by different nematode species.
Ufra (Ditylenchus angustyisard rootknot (Meloidogyne sp)p are major nematodepests of deep
water rice. Intheirrigated ricefields, infections byHirschmanniella sppand Aphelenchoides
besseyiare common whereas upland rice is invariably infested beloidogyne and
Pratylenchusspecies. Among the important nematospeciesthat attack riceare Ufra and
white-tip nemaodes which findsa place as major pesté deep water rice iseveral countries

(Varaprasactt al.,2006).
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The entire &gte of Goa falls under 2agro ecological zone of India viz., West Coast
Plains and Ghats region. Rice is frdominanstaple food crop of the region as ritgh curry
being the main diet of thiulk of the pgulation Total area under rice cultivatiom the year
200809 wasaround49,966ha (Figure 8.1)in the two districs of Goa comprising of 12 talukas

(Korikanthmathet al., 2011J).

METHODOLOGY
Kharif cropsor Sorod crops (monsoon crops) are sown during the period from the first

week of June to early July and harvesting is done in Septe@tieber. Spthe study was
caried out in July, September and November 20k8July, the samples were collected before
transplanting, in Sepmber during thepre harvesperiodand inNovember;the samples were
collected during thepost harvesperiod Soil samples were collectedcbin five different paddy
fields, of each land typefrom both the districts of the state of Goa vixgrth Goa and South
Goa. The fields were chosen opportunisticadliyd the samples were takiam three different
land types, namelithazan (coastal safie soils),kher (arable, sandy to sandy loams soils, rain

fed low lands) andnorod (lateritic rain fed uplandsyvhere paddy is grown.

Altogether 30 soil samples were collectedhen the seedlings were about 25¢ins
length i.e. before transplantin@Q samples), then at ppaddy harvest period when the plants
were about 6@5cms tall (10 samples) and after the gwstvest period (10 sample$iom near
the vicinty of the roots of the plantérom about 1015 cm depth100 permanent slides were
prepred following the standard procedufas mentioned earliegnd nematode species were

identified.
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RESULTS

1) Diversity, abundanceand distribution of nemafauna of paddy fields of Goa.

In the present invesgtation, a total of 25 nematodpesies were iddified, including five
orders,15 families and 19 @nera(Table8-1). The ader Tylenchida had theighest number of
families (5), genera (8) and species (11) followed by tideroDoryhimida with fou families,
six genera and 8pecies. Monoohida was rpresented by threaihilies, threggenera and three
species while Araeolaimida had just onfamily, onegenus and onepecies(Figure 8- 2).
Among the trophic groupgshe herbivoreddominated with 47.36%enera diversity and 60%
abundance diversityfollowed by the other three groups, omnivores, predators and fungivores
and the least was observed in bactivores. IrOianal diversity of generas well as abundance,
Tylenchids dominated, (36.84% and 44 %lollowed by Dorylaims (31.40% and 32%),
Mononchia (15.78% and 12%), Aphelenchifi€.52% and 8%) and Araeolaimiffs.26% and
4%) respectiely (Figure 83). Species abundangeer 100 gm of dry soil ranged from 96
individuals to 116 individualéTable8-2). Oionchus obtuseandAphelenchoides besséadthe
maximum specieabundancevhile Laimydorusuterinusand Lenonchium oryzathe minimum

(Table8-2).

2) Nemaofauna diversity of Khazan, Kher and Morod land types.

Morod land type represented the maximum diversity of species (22) whidnaaan
land type minimum with 13 species and 20 species were obsenkdtimand type(Table8-3).
In the families as well as irgenerasimilar results were obtained, maximurmkimer andmorod
land type and minimum ikhazan land type(Figure 8-4). Five gecies namnlg Lenonchium

oryzae, Lenonchium macrodoum, Meloidogyne oryzae, Criconef@ileconemoidespnoesis
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andPlectus cirratusvere presenin all the three land typekhazan/ kher / morod (Table8-3)
i.e. 20% ofthe observedpecies were common to all therée land types, 32% were common to
khazan andkher land types, 68% were commonkber andmorod land type and 40 % were
common tokhazan and morod land types(Figure 8-5). Four of the five commo fecies
belonged to the trophic groupeitbivores while Plectus cirratus belonged to trophic group
bactivores. Among the trophiecaups, herbivores were more iergeraas well as in abundance
in all the three land types, above 5QPtgure8-6 A, B & C). Fungivores were absent khazan
land type whereas theywvere quite predominantn the other two land types recordiagove
10% abundance Predators were more the number ofyenera and in abundancekher land
type compared t&@hazan andmorod land type(Fig. 8-6 A, B & C). From Table8-4, it can be
deducd that, naximum number of mecies was found imorod land (22) and minimum in
khazan land (13) while kher land recorded for20 ecies. It also shows thathe Pecies
abundance wasighest inmorod land (299) and lowest ikhazan| and (16 3) .
Dominance showedhighest results inkhazan land and lowest inmorod land whereas
Shannon 6 svalle2swere moseiinnorod land and less ikhazanland. The pecies were
more or less evenly distributeid all the three lands with a very minute diffiece (0.984). The
values of Fishero6s Al p maodthndwieen sompand withkkhadasm x

land(Table8-4).

3) Soil nemaofauna diversity at different stages of paddy cultivation.
In all the three landypes, nematosl pecieswere found to beabundantprior to
harvestingand was lowest before transplanting and post harvesting sé€bsgure 8.7)

Hirschmanniella oryzaewas not observed irkhazan land type while Hirschmanniella
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mucronatawas not found irkher land type (Table8-3) but, both the $ecies oHirschmanniella
showed maximum species abundamcéhe morod land type when the samples were collected
prior to harvestingFigure 8-7). Dorylaimus stagnalisand Lenonchium oryzaéad maximum
species abundancehile Laimydorus uterinus, Helicotylenchus abunaaraad Criconemella
onoesis (aka Mesocriconemp had the minimum species abundanoekhazan land type.
Laimydorus uterinus and Dorylaimoides constrictusd minimum specieabundancen the
kher land type in the soil sampleghat were collectedprior to harvestingAphelenchoides
besseywas the only speciethatreported maximum species abundaimcthe samples collected
before transplanting in both the land typdser andmorod whereas it was absent in tkieazan
land type(Figure 8-7). Mylonchulus minor(8 ind. / 100gm of dry soil)reported minimum
species abundande the samples collected after harvesting eh&imydorusuterinusshowel

minimum species abundaniefore transplanting in theéher land type
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Sr. No. | ORDERS FAMILIES GENUS SPECIES

1 Dorylaimida | Xiphinematidae | Xiphinema insign&oos, 1949

2 Xiphinema brevicollé.ordello & da Costa, 1961

3 Dorylaimidae Dorylaimus stagnali®ujardin, 1845

4 Laimydorus uterinutoof, 1995

5 Thornenema mauritianuwilliams, 1959)Baqri & Jairajpuri, 1969
6 Nordiidae Lenonchium oryzaéiddiqi, 1965

7 Lenonchium macrodorushmad & Jairajpuri, 1988

8 Qudsianematidag Ecumenicus monohystef@e Man, 1880) Thorne, 1974

9 Tylenchida | Hoplolaimidae Hoplolaimws indicusSher, 1963

10 Helicotylenchus dihyster@Cobb, 1893) Sher, 1961

11 Helicotylenchus abunaamd&iddiqi, 1972

12 Helicotylenchus indicuSiddiqi, 1963

13 Meloidogynidae | Meloidogyne graminicol&olden & Birchfield, 1965

14 Criconematidae | Criconemoide®noesiq Luc, 1959) Luc & Raski, 1981

15 Criconemoidesenoplax(Raski, B52) Luc & Raski, 1981
16 Ditylenchus angustu@utler, 1913) Filipjev, 1934

17 Belonolaimidae | Tylenchorhynchus annulat¢€assidy, 1930) Golden, 1971
18 Pratylenchidae | Hirschmanniella oryzaéVan Breda de Haan,1902) Luc & Goodey, 19
19 Hirschmanniella mucronatgdDas 1889,1960)uc & Goodey, 1963
20 Araeolaimida| Plectidae Plectus cirratuBastian, 1865

21 Aphelenchida Aphelenchoididag Aphelenchoides bessdé@lhristie, 1942) Allen, 1952

22 Aphelenchidae | Aphelenchus avendastian, 1865

23 Mononchida | Mylonchulidae Mylonchulus minofCobb, 1893),Andrassy, 1958

24 lotonchidae lotonchus trichurugCobb, 1916),Andrassy, 1958

25 Mononchulidae | Oionchus obtuseSobb, 1913

Table 8.1: Taxonomic gatus of soil nematode®f paddy fields of Goa
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Figure 8.2: Order-wise soil nematode tversity of paddy fields of Goa
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Sr. | Trophic Order Genera Species Species Abundance
No | Group 100gm of dry soil
(m)
I Omnivores | Dorylaimida Dorylaimus stagnalis 103
Ecumenicus monohystera 108
Il Laimydous uterinus 96
Predators Mononchida Mylonchulus minor 112
lotonchus trichurus 105
Oionchus obtuses 116
i Fungivores | Dorylaimida Thornenema mauritianum 102
Aphelenchida | Aphelenchus avenae 97
Aphelenchoides besseyi 116
v Herbivores | Dorylaimida Xiphinema brevicolle 109
Xiphinema insigne 115
Lenonchium oryzae 96
Lenonchium macrodorum 101
Tylenchida Hoplolaimws indicus 98
Helicotylenchus dihystera 114
Helicotylenchus abunaamai 106
Helicotylenchus indicus 97
Meloidogyne graminicola 108
Criconemella onoesis 98
Criconemella xenoplax 111
Ditylenchus angustus 107
Tylenchorhynchus | annulatus 99
Hirschmanniella oryzae 104
Hirschmanniella mucronata 112
Vv Bactivores | Araeolaimida | Plectus cirratus 100

m=mean values, n=30, range=320

Table 8.2: Species @/ersity and abundance(no. of individuals/ 100gm ofdry soil) of
different trophic groups of soilnematodes of paddy fields of Goa
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Trophic diversity (Genera) Trophic diversity (A bundance)

Bactivores  Omnivores

5.26% Bactivores  omnivores

Fungivores 4

Fungivores
Predator
_ Predators
Herbivores Herbivores
Ordinal diversity (G enera) Ordinal diversity (Abundance)
Mononchida  Araeolaimida _
Dorylaimida Mononchida Araeolaimida

Dorvlaimida

Aphelenchida

Tylenchida Tylenchida

Aphelenchida

Figure 8.3: Community Structure of soil nematodes of paddy #lds
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Figure 8.4 Percent occurrence of commorspecies in different land type
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Presence or absence of species in the different land types

ORDERS FAMILIES GENERA SPECIES KHAZAN KHER MOROD
Saline land | Lowland Upland

Dorylaimida Dorylaimidae Dorylaimus stagnalis + + -
Qudsianematidae | Ecumenicus monohystera - + +

Dorylaimiche Laimydorus uterinus + - +

Dorylaimidae Thornenema mauritianum - + +
Xiphinematidae Xiphinema brevicolle + - +
Xiphinematidae Xiphinema insigne - + +

Nordiidae Lenonchium oryzae + + +

Nordiidae Lenonchium macrodorum + + +

Mononchida lotonchidae lotonchus trichurus - + +
Mononchulidae Oionchus obtuses + + -
Mylonchulidae Mylonchulus minor - + +
Aphelenchida | Aphelenchidae Aphelenchus avenae - + +
Aphelenchoididae | Aphelenchoides besseyi - + +

Tylenchida Hoplolaimidae Hoplolaims indicus + - +
Hoplolaimidae Helicotylenchus dihystera - + +
Hoplolaimidae Helicotylenchus abunaamai + + -
Hoplolaimidae Helicotylenchus indicus - + +
Meloidogynidae Meloidogyne graminicola + + +
Criconematidae Criconemella oNnoesis + + +
Criconematiae Criconemella xenoplax - + +
Criconematidae Ditylenchus angustus - + +
Belonolaimidae Tylenchorhynchus | annulatus + - +
Pratylenchidae Hirschmanniella oryzae - + +
Pratylenchidae Hirschmanniella mucronata + - +

Araeolaimida | Plectidae Plectus cirratus + + +
Total 13 20 22

Table 8.3:

Number

Figure 8.5: Taxonomic status of the nematodes present in different land types

Nematode diversity in different land types: + =present,=absent

12 13

Khazan

16

Kher

20

Land Types
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Figure 8.6 (A, B, & C): Percent occurrence otrophic groups (genera and specigsn
different land types
O=Omnivores, P=Predators, F=Fungieres, H=herbivores, B=Bactivores

Diversity indices Khazan Kher Morod
Species Richness 13 20 22
Abundance 163 265 299
Si mpsonbs Dot 0.07915 0.05148 0.04683
Shannon_H 2.55 2.981 3.076
Evenness_e"H/S 0.9854 0.9853 0.9847
Equitability_J 0.9943 0.9951 0.995
Fisher_alpha 3.322 5.018 5.475

Table 8.4: Diversity indices of nenatofauna for different land type




Species abundan¢d.00 gm of dry

Different stages of paddy cultivation in Khaan Land Type

60 - m Before transplantini ® Pre harvesting ® After harvesting

Speciesabundancé 100 gm of dry soil

(A) Nematode Speciesfdhazan Land Type

Different stages of paddy cultivationin Kher Land Typ e

60 - m Before transplanting ® Pre harvesting ® Post harvesting 52 58
49 49 49

(B) Nematode Speciesfdher Land Type
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Different stages of paddy cultivation in Morod Land Type
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(C) Nematode SpeciesfaMorod Land Type

Figure 8.7 (A, B & C): Speciesabundance ofin all the three land types atthree

Different points of paddy cultivation

DISCUSSION

Frechman and Ettem@993 observed thatspecies richness of the nematode fauna of
agricultural soils may be higthue to dominance of only a feyweeies. Species belonging to the
order Tylenchida which mostly represents pléagderswere more. The present investigation
also has similar results. This is confirmed by the reporidaMeelyet al, 1995, that agriculture
produces a dynamic habitat in whiehwide range of soil nematodpexies can survive and
multiply. Also plant feeders epend on plant roots for their nutrition rather than soll
microorganismsH 8 n N | repdréedtigat) omnivore nematodes with their versatile feeding
habits would intervene in the soil food welesulting in the absence of thpesies that are

dependent on undisturbed habitats. The free sphaé is createdmight be utilizedby the
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herbivores and their populationcreases. So th@acies abundancamong the herbivores was
more. Species belonginp omnivores had maximum abundan@s these ar®@mnivores
increase in the population of hyphae, bacteria, microfaunal prey neighit in the increase in
the gowth of their population. Theemera and the abundance in the ordinal diversiye
dominated by therder Tylenchida(McNeely et al, 1995).In the presenstudy, a total of 25
species isreported Herbivores showed highavl u e o f , wHiéh aln@st agrées with the
val ues recor dedwibtyn HShneDI| f o(lH9%9wWwb6i)ng successi on
agriaultural fields 2.66 (1986), 2.83 (1987). This might dee tothe presence of plants

belonging to other Graminaarhily besides paddy plants.

In the presenstudy,khazan lands reported less number gesies.The reason may be,
as the onditions in thekhazans pose special problems for agricultussice khazan soils are
poorly drained have an acidigH, relatively high organic carbgnsalinity and ironand low
calcium Salinity does not favour nentiauna growth and populatigivialhotra and Chaubey,
1993;Jairajpuriet al., 1974).Also these are alluvial soils with high water tables and are subject
to inundationby saline water. The salinity varies during mons(i3°B€) and noAmmonsoon
(41 5°Bé) times (Mani et al, 2012).Also Burns (1971 reported thatpH 6 was the best for
maintenancef several species of nematod&sazan lands have pH from 4-B.3 and so ftis
could be another reason why in the present study the nematodes diversity was found to be less in
khazan lands. Morod and kher ecologies showed maximurbundanceof nematodes than
khazan. Kher lands possess arable sandy loam soil modod lands are upind or terraced
fields suitable for horticulture crops as well as agricultural crops. Of the 5 spiheiesvere

common in all the three land types, 4 belonged to trophic group herbivores. The results are in
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agreement with the reporting ddirajpuri andagri, (1991)as nematodes are the most numerous
components of the mesafna in agricultural soils. Inegera and in abundance, in all the three
land types, herbivores dominated and were above 50%. These mostly depend on plant roots for
their food and noton soil microfauna. Predators were characteristicenofod land type.
Though this is uncommon in most ecosystems but may be related to rich food web of the site
(Baniyamuddinet al, 2007) which is the characteristicglso of the morod land Kher and

Mor od land type showing highest numbergenera and abundance of fungivores represents that
sincetheselandsare used for multiple cropping through irrigatimmgal diversity could benore

and so fungivores Shannondés and Fi shertdespredence emorei t vy
dominant pecies and high abundance in therod land. It can be also inferredased on the

same indices thakhazan land has Ies abundance and less domingmcses in thekhazan

land Morod land has more number op&cies whilstkkhazan land haséss number ofpecies.

The minute differencebserved in the distribution ofpecies inmorod land compared to the

other two land types supgsrtthe high number of dominargexies.

Maximum gecies abundangprior to harvestingwas reprted in all the three land types.
This is in agreement witflikhinova (1966),who suggests thaat late tilling stage, nematode
numbers may increase rapidly, and may reach a peak during the reproductive stage of the plant.
Nematodes tend to remain actiaea temperature range of-42°C with ideal relative humidity
above 70%. Also most nematodes do best at temperatures between 25CGarith80could be
the reason why maximum pecies abundanceas recorded during pitearvesting periodas the
soil tempeature of paddy fieldsduring this period rages from25 to 3GC (months of

Septembef October) It has been reported th&w recovery of nematodepeacies occyrwhen
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the crop is not in lush green conditi(Morton, 1978)Similar was the observation the present
study too. Minmum $ecies abundance/as recordedin all the three land types prior to
transplantationHirschmanniellahave been reported to be presamtall the irrigated rice fields
all over the worldH. oryzaeandH. mucronataare tte dominant gecies infecting rice crop in
all the parts of Indiairrigated, semideepwater and deepwater rice environméktathur and
Prasad, 1971; Sivakumar and Khan, 1982; Prasatl, 1987; Varaprasaet al, 1992).Varieties

of weed pecies that @w, in and around paddyields have also been reported to host
Hirshmanniellaspp. (Mohandaset al, 1979).Both these gecies were abundant in the morod
land type in the present studylaximum gpecies abundancef A. besseywas foundbefore
transplantingQiu et al, (1991)suggested thaf. besseyinvades ricemainly during sowing to
the 3leaf stage. Besides low temperature and more precipitation favours the growth of this

specieswhich is seen to bprevalent dung transplanting season in Goa

SUMMARY

From this study it is conlcudetthat 25 ecies were found to be present in thedya
fields of Goa. Of these 2fecies maximum species belonged tader Tylenchida, followed by
Dorylaimida and minimum to Aphelenchida and Araeolaimida. Paddy fesddsystem favour

Tylenchids as these are mostly plant feeders.

Of the thee land types, pecies abundanceias maximum(22 Secies)in the soill
samples collected frormorod land type and minimun{13 Soecies)in khazan land type.
Khazan lands being salig do not favour nematode growth and populatiorod land also has

high abundanc€99) of individual Species. Mostly thepscies wee evenly distributed.
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20% of the pecies were found to be common to all the three land types. In the soll
samples collged during various stages of paddy cultivation, those collected prior to tiagves
had maximum gecies abundanc&oot growth is more during this stage of paddy cultivation,
and since herbivores mosttiepend on plant roots for their food, and not on sodrofauna,
their number increases. The soil ecosystem of paddy fields provides favourable environment for

the growth of herbivores.

91



CONCLUSION



Nematodes do not furnish hides, horns, tallow, or wool.
They are not fit for food, nor do they produce anything fit to eat;
neither do they sing or amuse us in any way; nor are they ornamental (...).
Lacking in all these respects, they fail even in furnishing
any moral or praiseworthy example;
they are not kown to be industrious like the ant,
or provident like the bee (...), or anything else that is admirable.
What claim, then, one may ask,
can such beings lay to our attention?

(Cobb, 1915)

CONCLUSION

Nematodea r e n 6t e x a ct mgst peple, buthhey plfayaah anportandle in
the environmentFrom tre presenstudies it can beconcludel that the soils of Goa harbow
considerablaiversity of nematde pecies and these playvdal role in the feitization of the
soil. This stug alsoreports thatammg thesoil inhabiting, free living nentafauna, maxmum
species belonged tader Dorylaimida and minimum to dhhysteridalt is well known that, sil
ecosystenof the tropical regioravours Dorylaims. Of all the 12 talukaspscies diersity was
more in the soil samples collected in Bicholim taluka and minimum in Ponda taluka. Vegetable
plots and roadde weeds bushes hagnaximum pecies diversity. In the soil samples of the
talukas as welas of the landscapes elementg@es wereevenly distributed as 73.4 % of the
soil in Goa is lateritic, rich in organic matter and nitrogen. Of the tbagly land typesviz.,
Khazan, Kher andMorod, species diversity was moie the soil samples collected framorod
land type and less1 khazan land type.Khazan lands beingsalinedo not favour nematode
growth and populatiorMorod land also has highbundance of individuapgcies Plant feeders
were found to & more abundant in paddy fieldSpecies abundance was more at pre harvest

period han during the transplantation and post harvest period.
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This thesis providebasic information and data required on the diversibundance and
distribution of soil nematodes of Goan different soil and vegetation typescluding paddy
fields. It could form a strong foundation for further studies and intense researtths field on
various aspectst could alsoprovide a strorg basis for furtheexplorationon the nematodes of
various landscapes and vegetation types inclugadyly field. It could hel to study nematte
diversity of the different soil and vegetation typbesased onthe type and frequency of the
fertilizers usegdadvantage ofiseof natural fertilizers ovechemical fertilizers, use of pesticides,
nematodes as bio indicas of the hedh of soilecosystem and effective means of controlling the
pest nematode®y and largesaline so do not favour nematode growbht as the salinity of
Khazan lands decreas@uring rainy seasqrone can use thes&dsduring the monsoon season

for paddy cultivation as planned by the Government of GAagnymous, 2015)

LIMITATIONS AND FUTURE DIRECTIONS

Theresults yielded important information on the diversity, distribution and abundance of
soil inhabiting, free living nematodes of the state oGt further studigson the topic may
wish to addressome of the limitations faced in this research and interpretation. The initial
limitation was thatthis was a random survey and so every nook and corner of the state could not
be surveyedAll the different soiltypes and different vegetati@ould not be assessed for lack of
time and trained personnel in identification of nematottemtifcation was a major difficulty.
The secod limitation was lack ofnematologists in the statd Goa, with the exyertise and
knowledge in the subject of nematology. The third limitatias avery minimal or hardly any

literature availabl®n nematode population tfe stateof Goa The fourth limitation wassince
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this was goreliminarystudy,but first of its kind,with regard to the dimension and covering the

entire state of Goamuch emphasis was not laid on detailed information

Further research may includesystematic study on the diversity, distribution and density
of the terrestrial types based specificallyon dfferent vegetation, soil typederrairs and
topography Apart from the above, as Goa happens to have proximity with Ar&iahwould
be more meaningful to study aquatic nematodes too, which has not been attampte®e far.
can also extend hisher studies to nematodes from other freshwadelies, mangrovesnarshy
areas mudflats etc., The researcltan also be extended further, to understaachmunity
structure based on the feeding habits or different trophic groups. It can also addlteatsg
known species and report some new spediesny endemic to the state. Detailed study on
specific orders, family, genera and specids be adding to th&knowledge Keeping pacavith
modern day biologyresearchat molecular and genetic levédying emphasis on how nematodes
could be beneficial to human beingsther than the alreadiknown beneficial aspects of
nematodesn the various developmental and biological processes of human fesngsll as to

throw light on the diseases and physiotagidefects in human beings.
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Some images of the species from the oBenylaimida

Axonchium vulvulatum

Discolaimus texanus
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Discolaimus major

).

Axonchium amplicolle

Aporcelaimium labiatum

Coomansinema dimodphicauda
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Neoactinolaimus attenuates

Neoactinolaimus agilis
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Some images dhe species from the ord€ylenchida

Hoplolaimus galeatus

Hoplolaimus indicus

Rotylenchoides brevis
Some images of the species from the oElerplida

Ironus longicaudais
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Ironus ignavus
Some images of the spesitom the ordeRhabiditida

Panagrolamius rigidus

Panagrolaimus fuschi

Panagrellus dorsobidentata

99



Mesorhabiditis spiculigera

Acrobeles ciliata
Some images of the species from the oMenonchida
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lotonchus basidontus
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Mononchus tunbridgensis

g

Image of the species from the ordeaeolaimida

Plectus cirratus
Image of the species from the orddaimi da

Amphidelus novus
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