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I, ITRODUGTIOI

2t is aa. established fast that various aiero-

orgmi^rasg inhabit the soil| the stmdy of which is

difficult because of" thei? life in complicated environ

ment. fhe living phase of the soil is, dynamic and res

ponsible for niMerous biological activities. Some

organism ifill decompose organic matter thus impx'oving

the soil fertility. But a majority of them is capable

of causing ©nonaous economic losses by damaging laany

crop plants*

iematodes are lainute thread-like animals

eoiaiionly called threadworms 5 roundworms, eelworras or

nemas. They nay b© plant parasitic or may b© free.

living in soil9 fresh water or sea water. A plant

parasitic nomatod© can generally be differentiated

from the rest, by the presence of a needle-like feeding

organ ealled the south Spear at the anterior end of the

body. Bventhough great majority of the members of this

phylliM are aiicroseopie, according to Jones & Jones (1964)

they rank next to insects as pests of eiiltivated erope.
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Earlier studies ha^e shorn that the Kerala soils

abotmd ia TOrious types of aeiaatodes. Some of thes© ha¥e

alrea# been recognised as potential pests of important

srops» These iaeltide the burrowing neaatode, RadQtshoiiaH

MMIM ^ 1966) g the Gitrias-letasitoa© !I?yl9iiehT2.ltia

(Mair 1965)^-the root knot nematode

(Sathsra'lajan ^ 1966) and th© spiral nematodej

•-e.ari'bensis,, Various -Tiiiiaentified species of

I^cptyl,eng^a&' • 'SaSSlgMlSli" gricQaemoids have been '

observed' to ©̂©cur^ >in, âssoeiatioa.; x^ith 'banana (VargheesQ and

Mair 1968) • Much. Teaaias to b© done in laaderstandiag th©

irarious .parasitic •aematodes infesting th© various crops of.

Kerala especially with refereaee to their ecological factors,

$h© only work on the ecology of soil naaatodes

in ,Kerala is that of fargheese aad lair (1968), This work

has given -definite indication that the type of soil plays

aa important role ia deciding the population of the soil

abiding iseEiatod©s# Hothiag, however;, is kaom,about the

different properties of the soil ^ich govern th© popiaatioa

'build lap of the ixematodes. Hence an attempt is mad© in the

present work to study the effect.of the chemical and biotic

'properties of soils on the •aematode popiilation, The ehemlcai



=4

Hproperties studied include p , conductivity and organic

matter content and the blotic properties include the

population of bacteria and fungus.

The literature on the ecological factors of

soil nematodes have been reviewed.
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mvim OF LITERATURE

Following is a review of the literature available

on the influence of the aifferent soil factors on th©

population of soil nematodes.

Peters (1926) made the first attempt to correlate
H

p levels and nematode population in soils. He found little

correlation between soil and cyst concentration of

Heterodera rostoehlensis in various districts of South

lilncohnshire, England,

Godfrey and Hagan (1933) found that pineapple raised

in soils having ranging from 4.0 to 8.6 in Hawaii, showed

no difference in the infestation of Meloidogvne Sp.

Petherbridge and Jones (1944) observed that

Heterodera schachtll was absent in the highly acidic

soils of the Fen district of England,

Ellenby (1946) Soaked cysts of Heterodera

rostoehlensis for 24 hours in a series of acetate buffers.
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washed and soaked them in distilled x/ater for another

24 hours and then placed in potato root diffusate for

hatching. Larval emergence decreased as fell from

6»7 to 4 and at levels of 3,4 and helow there was

no emergence at all,

Penwick (1951) Studied larval emergence from

cysts of Hetorodera rostochiensis in root diffftsates

containing different proportions of M/10 Sodiiam Carbonate

and N/10 hydrochloric acid. There was no difference in

total emergence or rat© of emergence over a range of

'3,0' to 8,0,

Ahlberg (1961) observed that there -was no difference

in the rates of reproduction of Heterodera rostochiensis

in the acid and alkaline soils in Sweeden,

Stocldi (1952) believed that the ordinary variations

foimd in the soil have little direct effect on Soil

nematode,

Simon (1955) reported that there was a positive
H

correlation between soil p and the level of Heterodera

schachtli infestation in Belgium, He observed that Sugar

beet grevf best on alkaline soils, so nematode infestation
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ml^t fce eorrelated witli host plaat gro-^Jth rathei' thaa

P 6

Bofeinson anci I©al (1956) studied the iiifluenee

H
of p on lai'val eaergenee fi'oai. a Heterodera rostoehiensis

eyst in distilled water eoatainiag laydrocblorie acifi»

HEmergence reached a maxiimia at p • S,-5 in- a range i to 6,6.

Similar results ¥@r@-obtained .witii'citri® ©eS'f@Mie aei<Ss«

Oostealsriiik (1968) also fomd that some cases of

poor sugar beet groxfth soiala be ewed 'by treatiag the soil

i#itli ebalk, heat or i-jitii lematieide D,D. 'He attributed the

subsequeat improvement .in sugarbeet gieo^rth to increas© p® .

caused by.tliese treatment ratiier than to iiematode control.

• Harrisoa (1959) reported that in the range in which
M

the potatoes were normally gromj p had little iafluene©

on th© siieeeptibility of potato to attack by Heterodera

rogtoehieasis.

Bird (1959) observed in his studies on, the attraction

H
MeleidoCTae .lavaniea to the roots, of the host that p

plajefi only a seaondary role although larvae were repelled

at p®3 and 10,6 at either ©ai of the raii,g©«- - - ^



Loewenbex'g ^ ad (1960) reported that the hatch

of Meloldogvne incsognlta incognita and larval survival

reached the maxiiimitt in p 6,5 in Heller's nutrient solution.

Lomsbery (1961) found no difference between

population levels of Criconemoids xenoplax on peach soil

at p^^4. and p^^7*

Jimmenesmillian (1962) studied the influence of

pH on Rehabditis terricola from Central Spain Soils. Invitro

culturers were made in a mixture of boiled root extracts of

Vicia faba.L and Hordim vulgare -L. in sterile soil buffered

at different Knoxfn numbers of living nematodes were

placed in petridishes and the population that developed was

counted every 12 hours upto the 14th day, the living eelvrana

being recorded as a percentage of number introduced, Inspite

of being collected from an acid soil maximum reproauetion

occurred at pH 8| the largest numbers being recorded in the

pH range 7.7 to 8.6. At pH 4 or less all nematodes diesi,

between pH 4 and 6 different percentages of mortalities

were recorded. Hematode numbers fell sharply above pH 9.3.

Koen (1967) determined the influence of pH on

brachvurus. The parasites were placed in water



acidified at different levels with Hcl, and the percentage

of larvae x^hich survived one x^eek after \fas noted, There

were no significant differences in the Survival of larvae

in pH values 6, 7, and 7»3. At a pH of one all the v/ona

were dead5 and at a pHs only 39,2% of the eelworms were

alive#

Organic matter contents of Soil

Linford et al (1938) reported that decomposition

of organic matter in soil reduced the number of Heterodera

marioni galls in roots of coi^peas, They also found that the

varying of the fineness of pl^t materials added to soil or

the frequency of their application had little influence on

nofiiatode population* There was a simultaneous increase in

the population of Saprophagus and microphagus free living

nematodes and of predacoous nematodes (Dorylaimids)•

Duddington, ^ al (1966) found that organic matter

reduced the cyst population of eelworm Heterodera schachtii.

Oostenbrink (1960) reported that organic manures

such as stable dung, green manure compost anc other organic

materials promoted the Sapro2oic nematodes which resulted

in an increase in the total nematode population.



Mankav sad.Mliitee^ (1962) found that ©ut of 8'

organie materials added t© soil-j infested i^ith g-g3.enGhal.as

semiBenetraas^ only stSer aaaur© failed to eause substantial

reeuetioii ia nwmbers of lar'^ae in 84 days# They observed

that eastor pomaee eleminated all citrus nematode larva©

from the soil5 though apparently It did not eontaia sTib-

staaces tossie to neaatode. Eavironrflantal factors ssaociated

with increased microbial activity following organic amendments

was presiamed to .produce eonditioas• mfa^ourable for the survival

of Citrus aenatode larvae in fallow soil* ,

Mai&;av (1962) studied the effect of several orgsnie ^

additives vis dung (steer laaaiire) green manure (alf^a)

rotted wood shavings., oatjliay, and chicken manure on the

nematod© faunaj and found that thero w&s a large increase

in numter of microphagus nesiatodes -in ©asily decofflposable

aaendments, She population of preflaeeous Borvlaimus Sp,

was not influenced greatly by organic matter.

Fungal Flora of- Soil

Holdejaan and Grahaa (1958) found that varieties

of cotton, resistant to fusarium "wiltsr, .euccumbled .to wilt

only when the sting nematode BelonolaimtLs gracilia* was-

present in the soil.
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Smith (1954) showed that th© effect of Fusariua

xfilt in eottoa iaofeased, irheii the plants xrer© attaeked

by the aeEiatodes, • ,He suggested that ia addition to

pmwMixig openings in the root for the fungus,. Meloldogyna

also increased th© siiseesptibilitj of the host ia th© later

stages of fieTOlopmeat,

Sass©!' ^ ^ C195S> greir two varieties ©f blaek

ahank j^esistant tobaeeo in Steam .sterilised soil to which

£k¥t<5iiia]tQra Barasitica var aicsotianae and MeloidQevne Sp,

were added alone and in eoaMnation. Whm the inoculm

contained fMigus anti n©aatod©s together the black Shank

spaptoras 'developed ea3?lier and more sewerely than ia soils

with twigus alone* , The aeaatodes appeareti to do aore than

slaply wonS the tissues, bscaus© the plant roots cut arti-

fieiallj and inoomlated with fimgms showed ao. increased

syiaptoias., They obser¥ed that the nematode altered the host

eell$ bioQhemieaily thersby providing a more congenial

sufestratm for th© fmgus.

• Moree et al {1956) reported that, an iaereased

resiatane© to blask shaaK xms achieved by crossing varieties

known -to be tolerent to infestations ©f Meloidogvae.

Pratv^lenehtis and fvlenehorhirnehus elavtoni %/ith resistant

varieties.
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Holdeiaan (1966) fotmd that v;llt symptoms in tobacco

caused by Fusarium oxvsnoi'iiiB var nicotiaaae vjero greater

when Tvloiichorhvaehiia clavtoni >ms present in the soil.

But the fungus was not dependent on the nematode for invasion

of the host.

Bondict and Mountain (1956) found that thei Fungus

Rhizoctonia soiani and the nematode Pratylenchus minvus

were closely and consistently associated with naturally

occurring infection of vinter wheat# la greenhouse and

field experimonts #h© combined effect of the Fungus and

nematode on the gro^'fth of wheat was almost twice that of

either pathogen alone. Pure culture techniques did not

reveal the dependence of the fungus on the nematode for

host penetiation although they were closely associated

in the disease*

Reynolds and Hanson (1957) found that 'post emer

gence damping off* of Cotton by the fungus ?!hly.ftet;onia

soiani visls higher in the presence of Meloidogyna incognita

a,erita.

Jenkins and Gourseen (1957) found that the incidence

of wilt in Tomato was increased by root knot nematodes.
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,eonelisded that nematodes lowered the natural resistance

in son© varieties la additloa t© providing a aeans of entrj

f03? the fimgusj since artifidal womriding did not affeet

•sTOcesptibility,

Bindar and HutelaiEsoa C1969|'̂ repeat©^ soia© of the

xfOTK Of Jenkins and Goiirsea and foima that although the

wilt resistant toiaat© 'Chesapeake' \ms heavily galled by

Meloi^ogyne .iaeognita aogita the resistanee to fiasagi-um

¥as not impaired, fhsy <2otieli2fie<3 that the breaking of

fssistaae© in tomato was iaflueaeecl by th® race of Jieaatode

used in the e3q)©riaants and hj ths aiiiaber of nematpia© In th©

inoctilaai,

LabiBye' ^ ^ (19S9) ohseinred the combiBeci

ineid^ne© of the aematode HoT^lolaimus imifnTTwia and the

fimgus Eusariim oxyspoyuia eaused extensive decay of root

coytex @a4 early yellowing of peas. The nomatod© and th©

fimgus did not produce sjmiptoms when inoculated separately.

Mcksen and Moimtaia (I960) repo3?ted that plant

nenatodQs pi-ovicled an ©atry for the fiingus' in to host islants

by isechanical damage and the ©azymes secreted during feeding^

provided a substrate for ftrngal growth.
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Later work by Maimtain and Mek©©n (1962) shotfsd

that 2gzMslll3aai -dalallae added to a filed soil infested

ametrans increased the rate of reprodu

ction of the aematod© in the roots of brin^al and tomato^

hut not in Pepper, The rat© of reproduction of fylenehog*

ISSiteS -gaBitjallmg .in tomato roots also increased with th©

fungus added, fhey pointed out that ther©' was a direct

association batvxeen the incidence of wilt and the suitabi

lity of the plant as a host for Pratvlenehus penitrans.

,l.aeteria;^, UoM M

Gheo. ,(1946) elaiaed that badterial ^-diseas© of ¥iieat

was the.resiat of an obligate relationship between a bacteriaia

Mejesiiaa and the nematod© Anauina tritici.

Crosse and pitcher (1962) found that symptoms of

Cauliflower disease of Strawberries appeared only if the

tm Pathogens involved Gorynebaeterium flaecmi faoious and

•Mht3.moliioideg .ritaeaabois are inoculated in Combination,

Lucas ©£ <19SS> reported that Symptosas of bacterial

wilt caused by Psuedprnonas .solanaeea'rm in tobacco increased

while associated with Meloidogvme incognita aorita.

Stev/art and SeMndler (19S6>. studied lilting of '

Carnation cuttings infested with bacterium Psuedomonag
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garvoovlll in assoeiatioR. with different Phytoparasltie

nematodes. Cuttings were inoctJlated with either Mel-oidogviie

sp. diverslcauda.tiMa or

Ditylmchug Sp» followed by Inoculation with bacteriiM,

Treatiaeats ¥itli and witliout root wouiMs and parallsl treat

ments without i>acteria vQr& also lacludod* The results of

the experiments indicated that wounding MeloidOEYae Sp, and

Helicotvlenehus namiiis increased the rate of wilting in the

presence of bacteria, Xiphiaema diversieaudatm showed no

effect with or v/ithout bocteria, and with the Bitv lenchus

inoculaia the rate of wiltiog even decreased# It ims concluded

•that endoparasitic and ectoparasitic aematodes aggravate th©

bacterial wilt in earmtions hy woimdliig the roots- and allowing

the bacteria to eater the plant.

Lucas anti Krusberg (1956) fomd that fvlen chorhvnchua

elaytoai did not increase ".th© severity of bacterial x#iit by

xanthomonaa golaaaceariaa in tfilt resistant tobaoc© plents.

They suggested that weakening of the tobacco roots

by the aoraatodes provided a less suitable environment for

th© bacterim which dovolopecl best in vigorous and actively

groiiring plants» They also pointed out that Tv1enchorhvnehus

clavtoni did not penetrate to the syleoi tissues of th© tobacco
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root iiirijig feeding md heaee the symptoms ciia not

aggrairate in their pi'sseEc©.

•iamtei

Petherbridg© Jones (1944) fomd Heterodem

jSlliSMMi 3.n Bost soil types, but hot in heairj soils wher®':'-

beet ¥as gmim les© freqiieatlya

Seinliorst (1950) observed that infestation of

M^sagj were more frequent on elay soils ia

Holland and he siiggested that the high moisture. content

ia smeh soils favoured infestation and movemeat. Seinhoyst

also showed that thei'© was some factor in the sandy soils

x^hich iiAibited activity.

Ahlberg (1951) reportei that repro'diaetion of

fiillESSSEE -l-O-g-tja-^iMisis was low ia sandy soils beca'use of

the high permiability -whieh caused dry eonditioas®

Gh2?istie (19S2) reported that the population of

•gQlij3kQdp.pjA^s MMgoQj^Blislus vas aore in heavy soils#

Sasses? (19S4) stated that iafsstation of Meloi^

i§ms MmgalM? msMaaan aenta and Meloi^

wer© more sever© in sandy loam soils than ia
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heavy clay soils of Sastern Maryland*

Oosteufcrink (1964) exaiained the roots of several

crops of Maize and beet in a heterogenous agricialtural area

in Hollands He foimd that Pratvlenohus pratensis and

Pratvlenchus penetrans i;ere more abundant in sand and sandy

peat soils, whereas nratvlenchus minvus occurred chiefly in

clay soils,

Sleeth and Reynolds (1956) conducted experiments

in five soil mixtures, mixing loaaysand and clay loam in

different porportions, The level of infestation of Sesbania

_exalJ:;.aM by Meloldogvne iavanica was assessed in. each soil

mixture. Infestation increased in proportion to the loamy

sand in the mixture,

Seinhorst (1966) shov;ed a very close correlation

between high population levels of Bitvlenchus dittsaci in

clay soils in the island of Geeree-flakkee,

Minton (1967) reported that root knot neraatodes

were found in soils ranging from light sand to heavy clay,

Hollis and Fielding (1968) found that in Loui

siana the distribution of Gommonly occurring species in

the general pratvlenchus^ Trichodorus. Tvlenchorhynchus



xlphlnima. HoT^ololalmus. and Helicotvlenchns was independent

of soil type.

Brown (19S8) foimd that root icnot neiiaatode occurred

on both heavy and light soils.

Caveness (1958) suggested that the dense population

of Heterodera schaehtii in clay soils in U.S.A. may be related

the soil structure.

Mountain and Boyee (1968) reported that the course

soils contained larger population of Pratylenohus penltrans

than the finer soils.

Thomson and Lear (1959) found that Meloidogyne

incognita acrlta occurred in the course textured soils, and

they were less coimnon in the fine textured loams and the clay

loams.

Endo (1959) grew straw berry and Cotton plants in

four soil typesj Sandy, Sandy loam, loam, and clayloam. A

suspension of about 500 adults and larvae of Pratvlenchus

brachvurus were added to the different soil types, and after

three months the infestation levels were determined by counting

the nematodes in the roots. Infestations were greatest in the

sandy loam and least in the sand, and clay 3.0am.
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Sol and SeiBhorst (1961) stated that

J2Sa§ ..oagfagigmaa ocoiarred most eomoioiily on saa% soils in

Holland whe.tMei' ia arable, wood land or in soil

not mder cultivatioa. It was rare in elay soils»

O'Baanon aaa Rsynoias (1961) reported that the

iafestatioa of IMoUaggti^Q iaeognita acrita was heaver ia •

eoiirsa textured soils la Arisoaa.

Taagiiniy and BeeMiaia (1961) fornid that the pogulatioa

increase of iieBiiejr.Qlioalaora aronaria on tomatoes was greater

in sandy soil than in a loam soil, or a aixtur© of the .equal

parts of th^ two.

Mallac© (1962) reported tiiat, the mobility of

.to..g.aeims higher ia sandy soils than ia clay

soils. But Seinhorst fomad that this neaatode was sore

abimdaat and destrmetiire in ©lay soil#

fargheese (196?) reported that the geaias Helicotv-

lenstois and Botyleaelms Sp* were distributed in all types

of soils in Kerala. The genus RadoiabQliis was absent ia

Sandy aafi loaa^ soils.

lair (1968) reported that there was variation- in

the poptilatioa of th© different types of n^mato^ss ia
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relation to tjrpes of soils. He fomd that the total

parasitic population as well as the popiilation of the

non parasitic forms was highest in loamy soils followed

closely by lateritic soils. This again was followed in

the descending order by the sandy soil, clayey soil, and

the blacls soil. The black soil inspite of its high hiamus

and organic matter contents showed the lowest nematode

population#



MATERIAL

AND METHODS



MATIHIU. AID -MEfHODS

Pi¥e Sieves of meshes a), aj, 100, mo and 325

square Inch mad© by Itoel Mfg,. Chicago were used

for sisviag. out the neiaatodes from the soil, . •

Baeilaaim fimnel

Glass funnels of lOcm dlB.met@T with 9" long irabber

tub© and a pinoh cock fitted at its tall ©nd constituted

the Baermann funnel, a dosen of such funnels were used

for filtering the n©matodes from the soil washings,'

•Sateena* i^iiite facial tissue paper of size 21 x 16cm

%fer8 used for filtering th© nematode.

Wire Gause

Wire gauze of SO mesh having a si^e of 15 cm x 15cm

were used as supports for the tissue paper in Baermann

funnels, Th© gauze pieces \mTQ made into dish like shapej

with flat bottoms to fit into the funnels.
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Basins ' • -

Plastic basins of each 32cia diameter were used for

washing th© soil samples, ^

Other equipments

They ineliidsd funnel stands, wash bottles, beakers,

specimen tubes, spirit lamp, cavity blocks, counting slide,

counting dish, fine needles, glass slides, cover slips,

glass xrool, cavity slide, nematode picks, made by bamboo,

pipettes, reagent bottles, microscopes, tally counter, poly

thene bags, specimen tube stands etc.

METHODS

(^Qlleetion of soil samples

Different localities were selected at random cover

ing the different soils types# Soil samples were collected

from ciiltivated lands. A, thorough representative sample of

1000 cc of soil ¥as taken for studies from a depth of 4-6",

The samples were kept in polythene bags to prevent drying.

Care was taken to ensure that the samples v/ere taken of soils

which were sufficiently moist ie, neither too wet nor dry.
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Mashing the soil samples

The soil samples wei-e processed by the method by

Christie and Perry (1951) •

Five himdred mllli liters of the soil tos measured

out from the sample using a beaker in to a basin and it was

mixed'well with tliree times of water by volume. Coarse

particles like steni pieces and roots \^ere allowed to settle.

Then it was passed through a series of sieves of 20, 60, 100,

200 and 325 meshes per square inch. The fine silt and Nematode

collected in 200 and 325 mesh selves were washed down into a

beaker with minimum quantity of vfater by using a wash bottle.

Isolating the nematode fov the Baeraiana funnel

The nematode suspension sieved out from the soil

samples was poured gently into tissue paper tray kept in

position in the Baermann funnel with the help of a flat

bottomed wire gauze. The funnel was filled with water till

the level just touched the tissue paper. It was kept un

disturbed, and at the end of 24 hours about 30 cc of water

was drawn out into a, specimen tube by loosening the Pinch

Cock. Then the water level in the funnel was restored as

before for the second drawing at the end of 48 hours.
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Killing and preseririne the nematode

The nematode collected from the Baemann

funnel together mth the water in which they v;ere

suspended were kept still for about 33 minutes, alloxiriag

the nematodes to settle down and the volume x/as reduced

to half by pipetting out the tmter from the top, The

remaining suspension was taken to mix up the nematodes

in xjater. The tub© was gently heated over a flam®. At

frequent intervals drops of the nematodes suspension were

taken in a cavity slide and examined under a binocular micro

scope to ascertain whether the nematodes have rela^ied to their

characteristic shape, Vlhen it mis done the suspension was made

up by the addition of an equal quantity of 10^ formaline,

neutralised with a little oacoS (Baker 1945), thus getting

the nematodes preserved in 5^ foraaline.

The preserved suspension of nematodes was laade up

to 60 cc by adding mter# It was stirred well and the counting

slide v/as filled with Icc of this suspension using a pipatte

and the nematode present in it was counted mder a binocular

microscope# Proia these the nematodes present in 500 cc soil

were calculated,^
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Fiminis and Bacterial Counts

'Phe soi3 dilution and plate method

The soil dilution and plate coimt method was used

for counting the micro organisms (Fungus and Bacteria) from

the soil. An estimate of the total population of fungi and

bacteria in niunbers pe^ gram-was calculated. The estimate

referred to the number of visible cells or laycelial fragments

in the sample capable of growing on the agar medims Follow

ing are the details of the procedures adopted®-

One gram of soil (on oven dry basis) was transferred

to a conical flask containing 99 ml of sterile water. The

mixture t<fas shaken thoroughly in a Mechanical shaker for 30

minutes and one ml of suspension was drax^jn out by means of

a sterile pipette, while in motion and transferred to another

-conieal fla^k containing 99 sfl- of sterile water thus making

the total voluaie upto 100 ial» This suspension was shaken well

by hand for a few seconds and again 1 mlo solution pipetted to

99 cc of sterile water. Thus the dilution was made to in 100 x

100 X 100 ie.i in, 1,00C,GG0.

Fifteen milliliters of the desired medium (Soil extract

for Bacteria, and Rose Bengal for Fungus) contained in the



25

test tub^s w©r© melted aad ©oolefl to Just afeov© the solidi

fying temperattis-e and- transferred to 10 -cia petyidishess

Qm m, of the desired final soil dilution also was transfer

aseptieally int© the aediufii fey steril© -pipettes b©for© th®

agar -got solidified ani tiie peta?idisites t^ere rotated s© as

to get a iwifora dispensioa- of the solution in the raediiM*

file dislies were labelled an«i inoubat^a at 25% for 7«14 days
and the resialting csoloaies wej?e eoimted mder a' eolony eoimter..
For coiMting piirposes dlslies eoatainiag' ftiagal or baeterial

aprsaders. or large clsan aones of mitagoaisiBs were diseardad.
The average number pe-r 41&h is multiplied by the dilution

faetors to obtain tli© niisiber per gram in tlie origiiial soil

'saaplo.

Oceania roattei' aF

•|!L . • ' •

I'l&s aeasiarea potentiomatrieally in a is2 >jater sus-

peasiori. Tea. grams of air <ary soil was takes in a breaker

anfi 20 00 of distilled x#ater a<M©d to it. fliis w&s kept

for Malf an hoar with inteafiiitteat stirring. The vas

measured directly iisiag- glass electrode after tlie final

stirring.
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Organic Matter

One gfam of the soil passed throu^ a 0.5 ms

Sieve5 was transferred to a 250 mi« eonlcal flask® IJea

milli litres *I» Potassium dictooaate i?;a,s added to it. fli©

eoateuts were aixoci x^te'eXl followed by jsa additioB. of S ml a

of concentrated stlphurie acid. After shaking, for a £mi

mimites the flask was kept imaistiarbeci for i- an honr. fhe.

solution was di:|.ut0d vith 100 ml. of distilled water and

shaken thoroughly# Ten ec of 80^1 phosphoric •acid, wss acided

to make th© ♦©ad point elaar. One Ml#' of indicator aipheayl-

araiae tjas added aM titrated against standard ferrous sulphate.

1 ce of 1 normal diehromte » 0,003 gm of carbon,

Gondmctfeitx (fo,tal Soluble Ssltsl

The suspension aacie for finding out the was kopt

for 1 hour and the oafinctivity was measiared by the *C0iidiicti-

vity Bridge' in the supernatmt liquid.
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DETAILS OP ms STUeiBS 'MB OBSERVAflOIS

fh© irariations ia th© population of plant parasitic

and aoa pafasiti© soil neaaatodes" i/ith refereace to tlie

oliemisal and bioti© ©n^iroMeiits ©xistiag ia soil wer©

, studied Tsades" tlae^e investigations# 3?iie samplas 'were .

eolleeted from the differeat types of soils of tSie. state ¥i2,

sandy, saady loaa^ Reel soil, Lat©3?ite soil. Forest soil aaa

Black soil otc. As for as possible the,samples wep© eolleeted

oaly from the cultivated areas m6er ©acli soil types»

She neiaatodes were extraeted, 'fixed, preserved and

•counted as detailed mder -'Metliods'.

Sh© ehsffiioal ©uviroament ¥as determined'ia terns

of pH, total soltiblQ salts, aad orgaaio matter coateatj while
the biotic eaviroameat was determined in terms of Bacterial

aad Pimgal populations.

RESULTS

Tabl© 1 gives the eoimts of the parasitic and noa

parasitic soil aesaatodes of the different samples eolleeted

with the details of the samples® Results of the studies on

the chemical and biological characters of ®i© differeat ^oils
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alsD are gi^en in the table, Ihe data war© analysed for the

possible eorrelatioae, betireen the nematode population and

the different eheiaical and biological eharaeters of the soil,

The results of these aualyses are giTOn in Table 2#



TABLE 1,

Population, of soil nematodes in relation, to various soil Factors

SiUq* Locality Crop

2

Ho. of nematodes
(ill 600 ce soil)

Para^^^ Ion Total pH
sites para

sites

4 6

n •»»»=, Bacte-uiga- ria ia iin Parasltle

SaS-e»r , l-SllKcx/ Heiaatodesmatter
per
cent

8 9

gram<
of d3^ of dry (Genera)

soilsoil

10

mm §m

1 Kazhalmttam VegetaHes 760 1166 1926 5»6 0.68 0.0 6«0

Coconut
Seedlings m 113 193 5,6 2.18 0.0 6.0

Fmgus
\.3ja Parasitic

11

2,3

-12

lenehus

Meloidogvne

Helicoty-

8.3

3 Palkulaagasa Goeoaut a) 120 140 6.9 0.54 0.0 27,0. 3.3

4 TrivandriM Vegetables 3x6 889 1^5 7.2 0.87 0.0 16.0

lengbjis

Contd...

JO



A

5 qulim

8 9 10 11 12

Coeomit 373 393 766 6«7 1,28 0.1 5.5,^ 4,5 Apheleaehus
(Mostly)

lieliCQtY~

MMM MM,

6 fellayani Banana 653 300 ' 953 ' 6«9 2.61 O-.O SoO 1.3 Pratylenetois
(mostly)

0,3 10.0 3»0 Clgeonem-

tylenehus

0.0' 12.0 1.0 • Eelicoty-

0.3 24.0 14.3 Helieotv-

? fellayaai . Banana 93 4Q6 499 6,6 2»78

8 ¥ellayaai

9 Mavelikam

Mango

Coconut

4^

180

193

464

673

826

6.1

7.4 .

3.01

0.90

Goatd»

CO
c:j



f

1 2 3 4 S 6 7 8 9 10 11 12

10 Mavelikara Vegetables 73 940 1013 7.2 2.06 0,9 25.0 9.3 ii©lico1i^ien«
chus

11 Peroorkada Vegetables 2787 4153 6940' 7.4 0.90 0.0 18.0 6.6 Helicotylen-
chus

12 Peroorkada Coconut 1^ 493 61,3 7.0 0.28 0.0 10.6 4.3 ABhlenehus.

menchns

13 Kayaffiimlam Paddy 67 220 287 5.5 0.38 0.4 10.5 6.6

hvnchus Ca3
Hirsehmanni-
jlla pry2^,9,

14 Quilon Paddy- 0 253 5.4 1.28 0.4 6.S 2.5 -

IS

•

Ponamdi Tea 240 507 747 4.7 4.56 0.1 12.0 1.6 Helieotv-

lenchus

Contd«



16 ¥ellayani

i?' ?0llayaai

18 Tellayani

3.9 fellayaai

• 3 4 5 6 7 8 9 10

mB: SOIL

Pappaya 346 313 659 5.6 1.66 0*1-" 5.,0

Banaaa ISO 313 493 &,2 0.69 0.0 7®0

CDlems 14Q • 106 246 0,93 0»0 &.0

foiiat© 213 180 393' &»& I,- !«0 5.0

/ .

11

4«7

7,6

3.3

4.3

IS

Hellcotir^

lencfai^ •.

Helie&tir-
lenehiis

BelieQt-y°

leaetms

§0 Yellayaai ¥@getalfe 2353 1153 3^6 6.1 0.76 0,3 11.0 3.6

81 Kastialmttaia

22 KaiMiar

S3

¥eg©table 246

Tapioca-^

60 me 0.«2

LA^SSlfE SOIL

2280 1853 4133 6.9 4al8

Rufcber 767 . 393 1160 6.1 2.68

0.26 0,0 4,0

0.1 18.0

0,0 12,5

2.0 MelQidQR-imQo.
HQlieotvlenfihiia

lellcotyleiiehus

2.0 BoleodozTis

^(Mostly|

Contd.e.

Ca.-)



1 2 3 4 5 6 7 8 • 9. 10 11 12

24 fithiira Areeamat ^53 186 439 6.1 3D.44 0.0 31.0 6.0 Kelicotrlcai-

chus

25 ¥0llayani Yams 413 900 1313 5.5 2.14 Oil 22.0 5.5 ADhlenehus
Helicotv-
lencshiis

26 Palode Arecanut 160 280 440 6.5 4.65 0.6 13.0 2.5 Pratylmpfeus
Helicotylenchuj

27 Palode Arecanut 0 240 240 4.5 1.29 0.1 10.0 3.6

FOREST SOIL

28 Mtmnar Tea 173 1253 1426 6.9 4.78 0.0 7.5 3.G Helleatv-

lenchus

29 Madupetty Gabfcage 80 113 193 6.2 7.21 0.0 19.0 2.6 HeJJ.e.oty-
lenehus

fieiicoty-
iennhus

30 Madupetty Tomato 806 280 1086 6o6 3.9S ,0.0 19.0 8.3

Gontd '-v:
/ v

« '•!

r •

i" ..-•j -l

cc-
CO



1 2- 3 5 6 7 8 9 10 11 12

31 Msdiipatty Ifegetables 246 60 S.2 17.61 0,6 26.0 1,0 Helieotvleneliiis

32 Mmaar Or-aainontaSs 106 2^ 3^ 6,1 7«70 0.1 9.0 2.0 .Helieotjrlenchfts

33 Madnpettj Qiolam 426 346 • 772 6^2 .11,86 0.1 22.5 4.0 Helieotylenebm

34 Madmpettj Banana • 413 266 B79 6.3 30.44 0,0 li,6
"I

1,0 HelieotirleB,C!liiis

35 Ifefiupetty Orass 40 433 473

BLACK

S.4

SOIL

33,69 0.0 18«6 4.6 HelicotvlsneliMS

36 Alleppey Paddy 4? 427 474 7,0 2.34 1.4 23o0 30.0 Msloiaoe-wnQ-•

(y6u0g ones)

37 Alleppey Goeoimt 140 600 7^ 6.0 1.60 0.7 6.6 3,0 fyleachorhir-. •
nchtis

38 CMttoof fegetafcle 13^ 13®) 2680 7.8 4»37 0,1 18.0 1.0 Helie©tyl©iich-iis

39 •GMttoor Siigai'cane 973 204D 3013 7.2 •4.m 0.6 14.0 2,0 HellcotelenGlms

40 Ohittoor Cottott m- 453 533 4.7 4.64 0^6 9.0 l.S Helic'otirl enalTiia

Gk:*



35

Tmm 2

Mamatodes aai ^ iasfem

Gorrelation (a?)
S,,Io, • Factors eoeffieient

Population of Parasitic ^
nematocle ?s of the soil 0«292

Population of parasitic
sematod© ¥s organic matter
of the soil -0»0o0

Population of Parasitic
neiaatode ¥s. Total soluble
salts-of the soil -0.152

Population of parasitic
nematode ¥s Bacterial popu-
latloii of the soil 0.206

6 Population' of parasitic
nematode ¥s Fungus popul
ation of the soil •0«0^

6 • . Population of Ion parasitic ,
nematode ?s pH of the soil 0.611

7 population of Kon parasitic
nematode ¥s Organic matter ^
of the soil -0.170

8 Population of non parasitic
nematod© ¥s 1?otal soluble
salts of the soil 0.013

Gontd..
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S.ifo# Faetors Correlation (r)
C3oeffi©ient

' 9' ; Fopulatioa of-Ion parasitic
nematode Vs Baeterial' popn- , , .

• lation of' the soil 0»160

10 Population of Mon parasitic
neraatode 'Vs Fungias population
of the -soil . ' '-0.049

n Population of '£otal nematode '
•• Vs pH of the soil 0^414

12 Population of total nematode
Vs organic matter content of
the soil : . • • • 0.130

13 PopuliatioJa of 'total nematod©'
fs Total soluhls salts of th©
soil • 0.065

14 Population of' total nematode
Vs Bacterial population of the
soil 0.14D

15 Population of total nematode Vs
Fungus population of the soil 0,002

16 Population of parasitic nematode
Vs Non pa-rasitis nematode of the
soil» 0.780



It nay b© seen- that the Correlation coeffieient^ '

between the population of parasitic aomatod© and pH ©f

the soil is 0.292, It is not significant either at 6^

level or at 1% level.

The correlation coefficient between the population

of parasitic nematode and the organic matter content of

the soil is -0,08, The eorrelatioii is negligible and

negativei

The correlation coefficient between the population

of parasitic nematodes and the total soluble salts of the

soil is 0#l§g, The correlation is not significant at both

the levels*

The correlation coefficient between the population

of the parasitic neraatodes and the bacterial population of

the soil is 0,106, The correlation is not significant.

The correlation coefficient between the population

of the parasitic nsaaatode and the fungus population of the

soil is -0,03, Th© negative correlation is not signifi

cant at any of the levels,

. The correlation coefficient between the population
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of non parasitic nemateKiG and the pH of the soil is 0«S11»

The correlation is significant at both the levels# Thus

it is observed that ifhen the of the soil increases the

population also increases with in the range of pH noted

viZi 4,5 - 7,4.

The correlation coefficient between the population
f

of non parasitic and organic matter content of the soil

is -0.17* The correlation is negative and negligible.

The correlation coefficient between the population

of non parasitic nematode and total soluble salts of the

soils is 0.013. It is not significant at both the levels.

The correlation coefficient between popiaation of

the non parasitic nematode and the bacterial population

of the soil is 0»16e It is also not significant at both

the levels.

The correlation coefficient between population of•

non parasitic nematode and the fungus populatioh in soil

is 0,049. It is not significant at any of the levels.

The correlation coefficient between the total

population of soil nematode and the pH of the soil is

0.414, The correlation is -significant at both the levels.
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Thus when the soil pH increase the population of the soil

nematodes also increases.

The correlation coefficient betwe^sn the total

population of soil nematode and the organic matter content

is 0.130. Thus correlation is not significant.

The correlation coefficient between the total

population of soil nematode and total soluble salts of the

soil"0.065. The correlation is negligible.

The correlation coefficient between the total

population of nematode and the bacterial population is 0.140

tjhich is not significant at any of the Itefels.

The correlation coefficient between total popul

ation of nematode and the fungus population of the soil is

0,0027 and this is very slight.

The correlation coefficient between the population

of parasitic nematodes and the non parasitic nematode is 0.78.

The correlation is highly significant at both the levels.

That is when the population of the parasitic nematode increases

population of the non parasite also increases.
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Results of the studies presented show that there

exists a positive correlation toetvjean the total population

of the nematodes in the soil and the pH of the soil. Thus

when pH increases the population of soil neraatode also in

creases i/ithin the range of 4»5 7*4, a range existing

in the different soils of Kerala (Table 2>. The corre

lation between the pH of the soil and the population of

the non-parasitic soil nematode alone Is significantly

positive within the ^ove range. The population of the

parasitic nematode considered alone on the other hand, is

not significantly affected by the changes in the pH of the

soil. (Table 2). This observation is in conformity with

the previous works# For instance Peters (1926) found little

correlation between soil pH and the population of Heterodera

pnais. Godfrey and Hagan (1933) observed no difference

in the infestation by Meloidogvne Sp to Pineapple raised in

soils having different pHs, Ahlberg (1951) reported no

difference in the rate of reproduction of Heterodera rosto-

chiensls in the acid and alkaline soils. Lownsbery (1961)

also found no difference between the population levels of

nrlflonemoides xenoplax on peach soils at pH 6 and pK 7,

There is no correlation between the organic matter

content of the soil and the population of either the parasitic



41

nematodes or the non-parasitic nematodes, (Table 2)© It

is only natural to expect that at least the popiilation of

the aon-parasites will be affected by the amount of organic

matter available in soil as the organic matter foms the

food of the saprophytic soil nematodes» The lack of any

significant correlation in the present studies may be due

to, th!© .presane© in the soils of Kerala an optimum range of

organic matter contents, the available organic matter in the

soils of Kerala has been seen to range between 0.28 to 17»61.

There is no relation between the conductivity (Total

soluble slats) of the soils and the nematode population of the

soil. (Table 2)» This indicates that the soil nematodes, like

the plants, are adapted to the range of salt content present

in the soil. -

The population of soil nematode does not show any

relation vith the population of the fungus organisms present

in the soil. ( Table 2). Fungus organism usually exert two

types of influences on the soil nematode fauna. The predatory

fungal organisms destroy the nematode, while other fungi serve

as food to the nematodes. The variations of the fungal fauna

population in the soils under study do not appear to be suffi

cient enough to affect the nematode population by either of

the ways mentioned.
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fhe, i?©lation between' the, popiailatioii of th© soil

nematode and the popiilatioa of th© baeteria present in

the soil does not show correlation either positive or

negatliF9» (Table 2) « Bacteria also usually serve as food
1

for the jaematodes and the lack of any corr,©latioii in this

respect aay be attributed,t® th© inadequate variatioB in

the' bacterial populations of the so,iis mder study#

The relation between the population of^ parasitic

and noB-parasitic .forms of soil neiaatode shows a'high ,

positiir# correlation® .(a!abl©, ,2). _ fhus when the population

©f;parasitic forms increases that of the'non-parasites also

increases# This indicates' that thQ conditions favourable

for the parasites are,equally favouratol© for the non-parasit©s<

Considering the nematode population in relation' to

ths different erops-'it is seen that in general there is a

high population of parasitic and non-parasitic nematodes

associated with vegetable crops# (fabl© 3)• Since vegetables

are irrigated crops the nomatod© population ia always kept

up without suffering any setback caused by dry conditions#

lEhe generous iianuring with organic materials which is usually

practised in raising vegetable crops also appears to have

encouraged' the sustenance of a very high population of the

non-parasitic forms in the soil#
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Average mmbef of IJQmatodes in 500 ec of Soil

of different .ogons ,

Crop parasite/
ec

ion'"" ' " l*otal
parasite population/
SOO cc 500 cc of soil

1 V0getal)les 836,36 941,27 1777.63

2 Banana 334«76 321,26 656.00

3 Goeoniit 152.16 394.16 546.32

4 Arecanut 137.66 235.34 373.00

5 Paddy 38.00 ^0,00 338.00
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Next to vegetablesj banana soil gives the inaylwrmn

population followed by coconut, Arecanut, and Paddy in the

descending order. Paddy soil shows til© least nuiaber of

parasitic neraatode (fable 3)•

Th© different genera of parasitic nematodes foiind

in association x^jitli tii© different crops are Helicotvlenchiis

Ei2.aM2£2a§» Hoplolaimus AphQlenchus» Hothotvlenehus ^

Pratylenchus. C.riconeaoids» fFlenehuis., gylenchorhv-nciig.

Boleodorus and Hirsehiiaioniella (3?able I) •

As regards the distribution of different nematodes,

HelicotvlenQhus is present in almost all types of soils and

associated with most of the crops.

The genera Meloidogvae. Hoplolaimiis ^ Nototvlenehus.

Aphelenchus. Pratvlenchus and Griconemoids are seen in sandyj

and sandy loam soils associated with vegetables, coconut and

banana.

The gonus Boleodorus la seen associated x#ith Rubber

in Laterito soil. The genus fvlenchorhynchus is seen in

sandy loam associated with paddy. The rice root namatode

HirRfthmanniella orvzae was also se©n associated ¥ith paddy

la sandy loam soils of Onattukara#
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MBmm mematode BOTOlatioB.
baefcerlal and fungal goBUlaMong in different types

Hematode/SOO ee
of soil... . 02?gaiiie

matter

psreeat

t.B.S.

Baeteria
lo/l @2

Fmigus
lo/l gm

SI.

So. I^e of soil Para-
sites

Hon.
para*
sites

Sotal
pH of soilia

(MillioE)
of soil
(ia Milli

on)

1 Sandy 309.8 536.2 846.0 6.38 1.11 0.02 11.9 4.74

2 Sandy loam 469»S 811.1 1280.4 e.sg 1.64 0.24 13.35 •4.0S

3 Eed soil 579.6 354.1 933.7 6.66 0.96 0.66 6.16 4.21

4 Laterit© soil 646.5 642.0 1287.6 6.76 4.23 0.15 4.23 17.76

5 Forest soil 286.3 371.3 667.6 5.73 S.39 0.20 10.60 3.30

6 BloelE soil 512.0 976.0 ISSS.O 6.54 3,43 0.66 14.3£> 7.60
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OBBBBBB
OBaBBBB
BBaBDQB
aaBDBDh
BDyDBBQ
QOODDDD
BOaDDDD,
DDBRHBO
bdddbbdI
aDQBBSB
BBBDHaa
BOBDBBB
ayBDDBB
aaaaBBD
BBDBBDD
••DBBBB
aaaaBBQ
BBOBBDD
.•BBBBBD
aBBBBBD
Ibbbbbbb
laBBOBBB
laoaBBBD
DBBDBBD
BDBBHDD
OBaBBBB
aaaoDDD
aDBBDaa
aBBDDaa
•aBBDDD
naaBEOB
eODDBEE

SANDf LOAM RED SOIL LATERITE SOIL

-SOIL TVPES

11
unnt

OODO
QDaa
anBBDao

OBBiBBD
•oaBQBD
aQB.BBD9

TOTAL POPUAATON

parasite (non)

PARASITE

laDaEBDB
BB9BDBD
aaaBDDB
BDaBBBQ
DBBBBBO
BBBBBDB
aBODBRD
•aaoDBB
BBBBBBD
aaOBBDB
aaaoBBO
BaDBBBB
BOBBBOB
BBCaaBB,
CB9DBBD

FOREST SOIL BLACK SOIL
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As regards the parasitic neraatodes, whose popxjlation

ih soils has been studied it is observed that the soils

collected from the lateritic area shows the maximum populat

ion closely follovred by black soil, red soil and sandy loam.

Sandy soil and Forest soil have the least population (Table 4)«

. The population of the non«»parasitic forms shows a

different picture5 black soil gives the maxinrani population

followed closely by sandy loan. Red soil and forest soils

support the le^t populations (Table 4)•

The population of the parasitic and non-parasitic

forms are comparatively high in laterits soil and are more

or less equal in number. In both cases forest soil gives

the least population* The forest soils were collected from

the cultivated land of Madupetty# Madupetty is situated in

the high ranges at attitude 4000-5000 ft., above M.S.L.

The organic matter content of the soils is relatively high«

As such it is logical to expect that the population of the

non-parasitic forms will be high in these soils. The popu

lation of the nematode in the forest soils thus appears to

be restricted andJbhibited by factors other than the organic

matter contents. An explanation for the low nematode popu

lation in these soils may have to be found in the texture of



rv

the soiljcs^op, and also in the climatic factors existing

in Mgh ranges.
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SUMMARY

A total of 40 soil samples were collected and

analysed to study the variations in the population of

plant parasitic and non-parasitic soil nematodes with

refer^nc© to the choaiieal and biotic ©nviromaents exist

ing in soil,

fhe total population of soil neaatodes and the

population of non-parasitic forms show a positive corre

lation with the pH of the soil within a range of 4,6-7,4,
fhe parasite population is not correlated ^^ith the pH of
the soil*. There exists no correlation; between the soil

nematode population on the one hand and organic matter

content]f total soluble salts, and fungus and bacterial

population of the soil on the other,

fhe populations of both parasitic and non-parasi-

tic forms are high in association with vegetable crops.

This is follov;ed in the descending order by soils of banana,

coconut arecanut and paddy.

The parasitic forms observed fall under 11 genera5

S.§3tipoty3,6n<^hus, Meloidogyneif Hoplolaimug. Atihelenchiig.

Mothotvlenehua^ Pratvlenftbiis ^ creconemQidH Tvlenehus.
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TvTenehQghvncus. Bolaodoms and HlrscsMmannlella.^,

The genus icotvlenehus js distributed in a^.

types of soils in association ^th most of the crops,

Hirsehmannlella orvzaQ was observed on paddjr at Kayamtoilam.

The popuiatioii of the parasitic forms is high in

laterite soils, followsd hy black soil, red soil, and

sandy loam» Sandy soils and forest soils have the least

population.

fh® populatioii of the non-parasitio forms is maxi

mum in black soil, followed by sandy loam, laterite, red

and forest soils*
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