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INTRODUCTION




INTRODUCTION

It is an established facﬁ that various miero-
afganismsg inhabvit the soil, the study of whieh is
difficult because of their lifé in complicated environe
nent. The 1iving phase of the soil is dynamic and res-
pansible for numerous blological activitiss. Somel
organism will decompose organic matter thus improving
the soil fertility. Bul a wmajority of them is eapable
of causing enormous econcmic losses by damaging many

¢rop plants.

Nematodes are minute thresd-like animals
eommonly called threadworms, roundworms, eelworms or
‘nemas, They may be plant parasitic or may be free.
living in soil, fresh water or sea water. A plant
parasitiec nemstode can generally be differentiated
from the rest, by th@ presence of a needle-like fecding
organ called the mouth Spear at the anterior end of the
body. Eventhough great majority of the memberé of this
phylium are microscopic, according to Jones & Jones (1os4)

they rank next to insects as peaﬁs of cultivated erops.



oD

Earlier studies have shown that the Kerala soils
abound in various types of nematodes. Some of thesé have_
already been recognised as potential pests of impertant'
crops. These include the burrowing nematode, ggggggg;g§
sipilis (Nair et al 1966) , the Citrus Hematode Ivlienchulug |
gemipeﬁitrags (Nair 1965) , the root knot nematode Meloidogyne

incognita (Sé%hya'ﬁajan,gﬁ{g; 1966) and the spiral nematode,

atylenchns caribensis, Various unidentified species of
’ i*tﬁatz;encgusfanﬁ griconemgids have been

mbs@fved‘taio@eurwin«asso@iatienﬁwithfb&nana (Vargheese and

 Nair 1968). Much vemzins to be done in understanding the
various parasitic nematodes infesting the various crops-of,

Kerala'eSpeéiéliy’wiﬁh reference to their ecological factors,

‘The only work on the eéolagy of soil nematodes
in‘Kerala is that af‘Varghéese and Hairf(lQGS). This work
hes given definite indicatlon that the type of soil plays
an jmportant role in deciding the population of the soil
ablding nemata&@é. Nothing, however, is known about the
: different properties of the soil whiqh govern ﬁhe population
build up of the nematodes. Hence an attempt is made in the
present work to study the effeet of the_ehemieal‘and biotic

‘properties of soils on the nematode population. The chemical
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prOperties studied includes pH, conductivity and organie
matter content and the biotie properties include the

population of baeteria and fungus.

The literature on the ecological factors of

soil nematodes have been reviewed,



REVIEW OF
LITERATURE



REVIEW OF LITERATURE

Following is a review of the literature available
on the influence of the different soil factors on the

population of soil nematodes.,

2

Peters (1926) made the first attempt to correlate
o 1evels and nematode population in soils, He found little
eorrelation betwesn soil pH and cyst concentration of

Heterodera rostochiensis in various districts of South
Lineohnshire, Bngland. | ‘

Godfrey and Hagan (1933) found that pineapple raised
in soils- having pH ranging from 4.0 to 8,5 in Hawaii, showed

no difference in the infestation of Meloidogyne Sp.

Petherbridge and Jones (1944) observed that

Heterodera schachtil was absent in the highly acidie
soils of the Fen district of England. |

Bllenby (1946) Soaked cysts of Heteroders
rostochiensils for 24 hours in a series of acetate butfers,



washed‘and soaked them in distilled water for another
24 hours and then placed in potato root diffusate for
hatehing. Larval emergence deéreased as pH £ell from
6.7 to 4 and at p" levels of 3.4 ahd below there was
no emérgence at all.

. Fenwick (1951) Studied larval emergence from
ejsts of Hetorodera rostochiengis in root diffusates
containing different proportions of N/10 Sodium Carbonate
and N/10 hydrochloric-aeid. There was no difference in
total emergence or réte of emergence over a pH range of

‘360 to 8.0,

Ahlberg (1951) observed that thare was ho uifference
in the rates of reproduetlan of Heterodera rostochiengis

in the acia and alkaline solls in Sweeden.

Stockli (1952) believed that the ordinary variations
found in the soil pH have little direet effect on Soil

nematode.

Simon (19565) reported that there was a positive
- eorrelatbion between soil pH and the level of Heterodera
gchoehtii infestation in Belgium. He observed that Sugar

bteet grew best on alkaline socils, so nematode infestation



5]

might be correlated with host plant growth rather than
pﬂé _ _

Robinson and Neal (1856) studied the influence
of pH on larval cmergence from a Heterodera rostoechiensis
eyst in distilled water containing hydrschlorie_aci&.
.Emergéne@‘reéched a maximom at 93‘2.5 in @ range 1 to égﬁ.

Similer results were obbained vith citPie and formic acids.

. Dostenbrink (19568) also found that scﬁe éases of

. poor suga& beet growth could be cured‘byvﬁéeatihg the soil
~ with chalk, heat or with Nematicide D.D. 'He attribubed the
éubseqﬁent improvement in sugarbeet growth to increase pH

caused by these treatment rather than to nematode control,

. Harrison (1859) xéporteé that 1n the range in which
-thé potatoes were normally grown, pﬁ had 1little influence
on the suéeegtibiiity of potato to attack by Heterodera
rostoehiensisg,

- Bird (1969) 6bserved in his studies on the attraction
of Meleidogyne javaniea to the roots of the host thab pﬁ
played only a secondary role although larvae were repe;;ed

at pHS and 10.6 at either end of the range.



Loewenberg gt al (1960) reported that the hatch
of Meloidogyne incognita incognita and larval survival

reached the maximum in pH 6.5 in Heller's nutrient solution.

Lounsbery (1961) found no difference between

population levels of Criconemoids xenoplax on peach soil
at pﬁg.and pﬂg. | ' '

Jimmenezmillian (1968) 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 Hordium yulgare -L. in sterile soil buffered
at different pﬁs‘ Known numbers of living nematodes were
placed in petridishés and the population that developéd was
counted every 12 hours upté the 14th day, the living eelworm
being recorded as a percentage of number introduced. Inspite
of being collected from an acid soil maximum reproduction
oceurred at pH 83 the largest numbers being recorded in the
pH rangé 7.7 to 8.6. At pH 4 or less all nematodes died,
between‘pﬂ 4 and 6 different percentages of mortalities

were recorded. MNematode numbers fell sharply above pH De3a

Koen (1967) determined the influence of pH on
Pratylenchus braehvurus. - The parasites were placed in water



acidified at different levels with Hel, and the percentage
of larvae whieh survived one week after was noted, There

were ne significént differences in the Survival of larvae

in pH values 6, 7, and 7.3. At 2 pH of one all the worm

vere deadj and at a pH3 only 39.2% of the eelworﬂé‘were

alive.
Orpaniec matter contents of Soil

Linford gk al (1938) reported that decomposition
of organlc matter in soil reduced the number of'ﬁeteroderé
marioni galls in roots of Eowyeas. - They also found that the
varying of the Tineness of plant materials added to soil or
the frequency of their application had little influence on
. nematode population. There was a simulténeous increase.in
the populgtion of-Saprophagus and microphagus free living

nematodes and of predaceous nematodes (Dorylaimids).

Duddington, et al (1966) found that organiec matter

reduced the cyst,gopnlation of eelwormnﬁeterodera'schachtii,

Dostenbrink (1960) reported that organie manures
such as stable duang, green manure compost'ané other organie
_ materials promoted the Saprozoic nemaﬁodes.which resulted

in an inecyease in the total nematode population.



M&nkav‘and,Miﬁteeé (1962) found that out of 8
organic materials added to soil, infested with Iylenchuius
§gmig§n§§“&g§9 only steer manure failed to cause substantial
reduction in numbers of larvae in 84 days. They observed
that castor ponmace elaminateu all citrus nematode larvae
from the soil, though apperently it did not contain suﬁ-
stances toxie ta'nematcﬁe. ﬂnvircnmental'faéters associated
with inereased microbial activity following organic amendments
was presumed to prauuc@ gonditions unfavaurable for the survival

of Citrus nematoue larvae in fallow 5911&

Mankav (1962) studied the effect of severel orgenic
additives viz énng (stéer manure} green}maﬁure (alfafa)
rotted wood shavings, cat,haﬁ, and chicken manure on the
nématbd@ fauna, ané found that there}waé a 1arge inerease
~ in number of microphagus nematodes in easily decomposable
amendments, The population of predaceous ;bleaimﬁs‘Sp.

was not influenced greatly by organie matber.

Holdeman and Graham (1952) found that varieties
of cotton, resistant to fusarium wilt, succumbled to wllt
only wvhen the sting,nematcd@‘gelanelai is gracilis, was-

present in the soil.
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\ Smith (1954) showed that the effect of Fusarium
wilt in cotton incréased, when the plants were attacked
by the nematodes. He suggested that in addition to
providing openings in the root for the fungus, Meloidopyne
alsw incrsasea the 5useespﬁ1b¢11ty of thﬁ host in the later

s&ages of develo@ment.

‘Sasser gt al (1968) grev two variecties of black
shank resistant tobaeco in Steam sterilised soil to which

Ehvionthora paragitica var gicotisnae and Meloidogyne Sp.
vere added alene and in cowbination. When the inoculum

banﬁained-fungus and nematodes tegether the black Shank
symptoms developed earlier and‘mare‘s@verely than in soils
with fungus alone. 7The nematodes gypaar@&.ta do more than
- simply wound the tissues, because the @lant roots ecut arti-
fieially and inoculated with fungus showed no. increased
sympﬁems.,.They observed that the nematode altered the host
eells bi@@h@ﬁiealiy thersby providing a more congenial

substratum for the Puiigus.

A - Moree gg‘g; (1956) reported that an inereased
resistance to blaek shank was achieved by crossing varieties
known to be tcierent to infestations of Meloidogyne,

5 glagﬁéni with resistant

varieties.



Holdeman (1956) found that wilt symptoms in tobacco
caused by Fusgrium oxysporum var nicotlanae were greater
when Tg;egcggrhxgehgg-g;axggni was present in the soil.
But the fungus was not dependent on the nemétode for invasien
of the host.

Bendict and Mountain (1956) found that the Fungus

 Rhizoe£onia solani and the nematode Prétglénéhﬁs minyus-

were closely snd consistentiy éssdéiéted'wiﬁh'hatUral;y'
| cccurfing‘infeétion'of winter wheat. In greenhouse aﬁd.
£ield expériments'&he.combihed efféct of the Fungus and
nematode on the growth of ?heat was almost twice that of
either pathogen alone. Pure culture technigues did not
reveal the 6ependence of the fungus on the nematode for
 host penetiation although they were closely assoclated

in the disease,

Reynolds and Hanson (1957) found that '?ost ener=

gence damping oni‘i‘}ﬂ of Cotton by the fungus Rhizoetonia

solani was higher in the presence of Meloidopyne incognita

acrita.

Jenkins and Courseen (1957) found that the incidence

" of Eggﬁgigm.wilt in Tomato was inecreased by root knot nematodes.



They concluded that nematodes lowered the natural resistance
in some varieties in addition to providing a means of entry
for the fungus, since artifidal wounding did not affect

suceesptibility,

Binder and gﬂﬁchiHSaa (1959)% repeated some of the
wcrk’af Jenkins and Coursen and found that although the
- wilt resistant tomato 'Chesspeake! was heavily galled by
Meloidogvne ingsgniga.gggiﬁg the resistance to fusarium
wag not impaired. They eoncluded that the breaking of
resistence in tomato was influenesd by the race of nematode
used in the experiments and by the number of nematode in the
inoculam,

Labruye're et al (1969) observed the combined
ineidence of the nematode Hoplolaimus uniformls and the
fungus Busarium oxvsporum eaused extensive decay of root
cortex and early yellowing of #eas. The nematode and the

fungus did not produce symptoms when inoculated separvstely.

Mckeen and Mountain (1860) reported that plant ,w;~f'
ngmato&ss provided an eatry for the fungus'in to host plants
‘by mechanical dsmage and the enzymes secreted during feeding, -

provided a substrate for fungal growti.
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Later work by Mountain and Mekeen (1962) showed

that yerticiliiun dohliae added to a filed soil infested
with Prabtylenchus penetrans increased the rate of reprodu-

ction of the nematode in the roots of brinjal and tomato,
but not in Pepper. The rate of reproduction of Tyienchor-
hynchug capdtatus in tomato roots also inereased with the
fungus added. They pointed out that there was a direct
assoclation between the incidence of wilt and the éuitabi-
1ity of the plant as a host for Eratylenchug penigrané,
ZEacterial £lora of soil, |

Cheo,(1946}_elaié@d that~bée§erialgﬁiseaae of wheat
was the result of an obligate relationship between a bacterian
- Bacterium tyritiel and the nematode 4nguina tritici.

Crosse and pitcher (1952) found that symptoms of
Ceuliflower disease of Strawberries appeared only if the

two Pathogens involved Corynebacterium flaccun facious and
Aphelencholdes rifzemabols are lnoculated in Combination.

Lueas gt al (1955) reported that Symptoms of bacterial

wilt causeﬁ by'Eﬁggﬁgmgggg‘gglgg@gggggg in_tobaéco,inereased
while associated with Meloldogvme incopnita gerita.

Stewart and Schindler (1956) studied wilting of

Carnation cuttings infested with bacterium Psuedomonas




ggxgggglli in association vwith different Phytoparasitic
nematodes. Cuttings were inoculsted with elther Mé;aidggzng
sp. Helicotvienchus nanaus, xiphinena diversicaudstum or
Ditvienchus Sp. followed by inoculation with bacterium,
Treatments with aﬁd without root woulds and parallel treate
'mgnts without bacteria were also included, The results of

the experiments indicated that wounding Meloidogyng Sp. and
Helicotylenchus nannug inereased the rate of wiltiag in the
presence of bucteria. Aiphinema g;ggrs;cagagggm showed no
effect with or withoud vacteria, and with ﬁhelﬁi&z Jlenchus
Inooulsm the rate of wilting even deereaseds 1t wes. concluded
“that andoparasiﬁiciand ectoparasitic nenantodes aggravate the
bacterial wilt in carnations by wounding the roots and allowing
the bacteria to enter the plant. “ .

Lucas and Krusberg (1956) found that Tylen chorhvnchus
claytoni did not inerease the severity of bacbefial wilt by
Zapthomonss solanseesrum in wilt resistant tobacco planis.

They suggested that weskening of the tobaceo roots
by the ﬁemaﬁades provided a less sulteble environnment for
the baeterium which developed best in vigorous and actively
growing plantse They alsqlpoinﬁed out that Iylenchorhynehus
Slavtonl did not penetrate to the xylem tissues of the tobacco



root during feeding and_hegce the symptoms did not

aggravate in their presence.
Petherbridge and Jones (1244) found Heterodsra

sghachtil in most soil types, but not in heavy soils vhers

beet was grown less frequently,

Seinhorst (1850) observed that infestation of
Ditylenchus dipsaei were mare'frequent on elay soils in
Holland and he suggested that the high moisture content
in such soils favoured infestation and mo#ement.'vSeinhoyst‘
also showed that there was some factor in the sandy soils
which inhibited aeiivity.

Ahlberg (1951) reported that reproduction of

Heteroders roshochiensis was low in sandy soils beesuse of
the high permiability which caused dry conditions.

Christie (19282) reported that the population of
Dolichodorus heterocenhalus was more in heavy soils.,

Sasser (1964) stated that infestation of Meloi~

dogyne incognita, Meloidogyne incognita aecrita and Meloi-
dogyne hapla were more severe in sandy loam soils than in
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heavy clay soils of Eastern Maryland.

Oaéteubrink (1664) examined the roots of several
crops of Maize and beet in a h@terogenoué agricultﬁral area
in Holland. He found that Pratylenchus pratensis and
ggggylenghuS'ﬁenetrans were more abﬁndanﬁ in sand and sandy
peat soils, whereas pratylenchus minyus occurred chiefly in

elay soils.

‘Sleeth'anﬁ Reynalds’(lgss) donductea experiments
in five solil mixtures, mixing loamysand and clay loam in |
different porportions, The level of infestation of Sesbania
- exalbtata by Meloidorsyne javaniea was assessed in each soil
mixture, Inféstatign'increésed in proportion to the loamy

sand in the mixture.

Seinhorst (1956) showed a very close éorrelation

between high population levels of Bitylenchus dipssei in
clay soils in the island of Geeree-flakkee,

Minton (1857) reported that root knot nematodes

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

Hollis and Flelding (1988) found that in Loui=-

- 8iana the distribution of Commonly occurring species in

the general pratyleuchus, Irichodorus, Ivlenchorhvnchus
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xiphinima, Hopololaimus, and Heligotylenchus was independent
‘of soll type. |

Brown (1958) found that root knot nematode occurred

on both heavy and light soilse.

Caveness (1968) suggésted that the dense populatioh;
of Hetevodersa ségaéhgii in elay soils in U.8.4. may be related

the soil structure.y

‘Mountain and Boyee (1958) reported that the course

soils contained larger population of Pratxlenchus nehitrggs
than the finer soils.

Thomson and Lear (1969) found that Meloidogyne
incognita gerita occurred in the course textured soils, and

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

loans.

Endo (1959) grew straw berry and Cotton plants in
four soil types: Sandy, Sandy loam, loam, and clayloam. A
suspension of aboutuﬁoo adults and larvae of Pratvienehus
JDrachyurys were added to the different soil types, and after
thfee months thé infestation levels were determine@ by counting
the nematodes in the roots. Infestations were greatest in the

sandy loam and least in the sand, and clay loanm.



S0l and Seinhorst (1961) stabed that Tricho-
dorus nachvdermus occurred most commonly on sandy soile in
Holland whether in arable, padture, wood land or in soil

not under cultivation. It was rare in clay soils.

- O'Bannon and Reynolds (1861) reported that the '
infestation of Meloldogyne iucognita scrita was heaver in
course textured geils iﬂ Avizona.

Vangundy and Rackham (1861) found that the population
increase of Hemleveliovhers arenaria on ﬁomatsas was gieater
in sandy soil than iﬁ a loam soil, or a mixture of the equal

parts of the two.

Wallace (1262) reported that the mobility of
dipsaciwas higher in sandy soils than in clay

soils. But Seinhorst found that this nematode was more

abundant and destructive in elay soil,.

Vargheese (1867) reported that the genus ﬂe;ggotx-
denchugs and Rotvlenchus Sp. were distributed in all types
of solls in Kefala.' The genus Radopbolus was absent in
Sandy and loamy soils.

Nadr (1968) reported that there was varistion in

the population of the dirferent types of nemetodes in
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relation to types of soils. He found that the total

parasitie population as well as the population of the

~ non parasitic forms was highest 1ln loamy soils followed
cl@sely by lateritic soils. This agelin was followed in
the degcending order by the sandy soll, clayey soil, and
the black soil. The black soil inspite of its high humué
and organiec matter contents showed the lowest nenatode

population.



MATERIAL
AND METHODS



MATERIAL AND METHODS

Material
Hematode Sieves

FPive Sieves of meshes 26, €0, 100, 200 and 325
Square loch made by Duel Mfg, Co., Chicago were used

for sieving.cuﬁ the nematodes from the soil.
Baspmann funnel

Glass funne;s of 1lO0cm diameter with 99 long rubber
tube and a pinch cock fitted at its tail end constituted

the Baermamn funnel, 4 dozen of such fuannels were used

for filtering the nematodes from the soil washings.

Iissue paper

'‘Sateena' vhite facial tissue paper of size 21 x 16cm
wvere used for filtering the nematode.
Wire Gauze

Wire gauvzZe of 20 mesh having a size of 15 cm x 15em
were used as supports for the tissue paper in Baermann

funnels. The gauze pleces were wmade into dish like shape,

with flat bottoms to £it into the funngls.



Basins

Plastic basins of each 32cm diameter were used for

washing the soil samples, \

Other gquipments

They included fuanel stands, wash bottles, beakers,
specimen tubes, spirit lamp, cavity blocks, counting slide,
~counting dish, [ine needles, glass slides, cover slips,

glass wool, cavity slids, nematode picks, made by bamboo,

pipettes, reagent bottles, microscopes, tally counfer, poly

thene bags, sPecimén tube stands etc.
METHODS
ection, goil sample

Dirferent localities were selected at random cover-
iﬁg the different soils typese. ©Soll samples were collected-
from eultivated lands. A thorough representstive sample of
1000 cc of soil was taken for studies from a dépth of 4-6",
The samples were kept in polythene bags o pre%ent drylnge.
Care was taken to ensure that the samples were taken of soils

which were sufficiently moist ie. neither too wet nor dr&.
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Washing the soi amples

The soil samples were processed by the method by

Christiec and Perry (1951). ‘

Five hundred milli liters of the soll was measured
out from the sample using a besker in to a basin and it was
- mixed-well with three times of water by vdlume. Coarse
particles like stem pieces and roots were 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 seives. were washed down into a

beaker with minimum quantity of water by using a wash bottle,
‘Isolating the nematode by the Baermann funne]

" The nematode suspension sieved out from the soil
samples was poured gent;y into tissue,?aper 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 tonched the tissue paper. It was kept un-
disturbed, and at the end of 24 hours about 30 c¢e of water
was drawn out into a specimen tube byfloosening 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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Rilling and presefving the nematode
|

' The nematode collected from the Baermann
funnel together with the water in which they were

suspended were kept still for about 30 minutes; allowing

the nematodes to settle down and the volume was reduced

to half by pipetting out the water from the top. The

- remaining éuspension was taken to mix up the nematodes

in water. The tube was gently heated ovef a flame. At
frequent intervals drops of the nematodes suspension were

taken in a cavify slide and examined under a‘binocﬁlar micro-
seope to ascertaln whether the nematodes have relaxed to their
characteristic shape. When it was done the suspension was made
up by the addition of an equal quantity\af 10% formaline,
neutralized with a little caco3 (Baker 1945), thus getting

the nematodes preserved in 5% formaline.

The preserved suspension of nematodes was made up _
to 50 cc¢ by adding waterg It was stirred well and the counting
slide was filled with lcé of this muspension using a pipette
and the nematodé present in it was counted under a binocular
microscope. From these éhe nematodes present in 8§00 cc soil

were calculated,



Pungus and Bacterial Counts ' , e

The soil dilution and nlate nmethod

The soil dilution and plate count method was used

~ for counting the miero organisms (Fungus and Bacteria) from
the soll. An estimate of the total population of fungi and
bacteria in numﬁers pér'gram:was ealculated. The estimate
referred to the ﬁuﬁber of visible cells or myeelial fragments
in the sample capable of groving on the agar medium: Follow-

ing are the detalls of the procedures adopied:-.

One gram of soil (on oven dry basis) was transferred
to a conical flask‘cantaining 99 ml of sterile water. The
mixture was shaken thoroughlynin a Mechanical shaker for 20
minutes and one ml of suspension was drawn out hy means of
g sterile gipette, while in motion and transferred to another
aconical,f;@gk,containing 50 mi. of sterile waber thus making
ghe totaixéélume‘ﬁ@ts'lce ml. This suspension was shaken well
. by hand for a fev secondé anG again 1 ml. solutién plpetted to
99 cc'of'sterile3water. Thus the dilution was made to in 100
100 % 100 ie.i in, 1,007,600,

Fifteen milliliters of the desired medium (Soil extract

for Bacteria, and Rose Bengal for Fungus) contained in the
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ﬁast tubds were melted and cooled %o just above the solidi-
fying temperature and transferred o 10 .en petridishes,

One Ml. of the desired final soil dilution also was btransfer
aseptieally into the medium by sterile pipetites before the
agar‘goﬁ‘soliéifieﬁ and the petridishes were rvotated so as
to géﬁ a uniform dispengion- of the solution in the medivm,

The dishes were labelled and incubated at 25% fop Twid dags

and the resulting col Oﬁi@u were coun%ea under a ‘colony counter.

- Por counting purposes dishes containing fungal or baeterial
spreaders oy large elean zones of antagonisms wore discarded.
The aver&ge number per dish is multiplied by the allutlan
fuetord to obtain the numbbr per gram in the original seil

sampla.

Dat&ggina&i&n of

the soll samnless

thﬁuﬁﬂ.”xx efg@nic matter of

ity snd

@3 vas nmeasured potentiometrically in & 1:2 water suge
pension. Ten grams of air dry soil was taken in & breaker
and 20 ce @f‘éistilléd water added to its This was kept
for half an hour with iatermittent sﬁirxing. The pf was
measured divectly using glass electrode after the final

stirring.



Organic Matter

One gram of the soll passed through a 0.6 mm
Sisve, was transferred to a 250 ml. coniczl flask., Temn
milli litres 'N' Potassium dichromate was added to it. The
contents were mixed well followed by an addition of 2 wul,
of concentrated sdphuric zecides Aftery shakingifor a few
minutes the flask was kept undisturbed for % an h@ﬁr. The.
solution wae dijuted with 100 ml. of distilled water and
shaken thoroughly. Ten cc of 80% phosphoric acid vas added
to make the 'end point elesr. One Mli. of indieator diphenyl-
amine wvas a&ded'@nﬂ titrated against standard ferrous sulphate.

1 ec of 1 normal diehromate = 0,003 gm of carbon,

7 The suspension made for finding out the pﬁ was kgpf
for 1 hour and the conductivity was measured by the 'Comducti-
vity Bridge' in the supernatent llguid. |
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DETAILS OF THE STUDIES AND OBSERVATIONS “ie l/0RARY #3222

The variations in the population of plant parasitic
and non.parasitie.sail nematodes with reference to the
‘chemical and biotie environments existing in soil wore
- studied under these investigations. The samples were .
collected from the different types of soils of the state vlz.
~ sandy, sandv 1oam, Red soil, Laterite soil, Forest s0il and
Black s0il ete. As for as possible the samples were collecked

only from the éultivate& éréas under each soil types.

The nematodes were extracted, fixed, preserved and

counted as detailed under 'Methods!,

The chemical environment was determined in terms
of pH, total soluble salts, and organic matter contenty while
the blotle environment was determined in terms of Bacterial

and Fungal populations.
RESULIS

Table 1 gives the counts of the parasitic and noa
parasitie soil nematodes of the different samples collecteé

with the detvails of the samplasp Results afAthe/studies on

the chemical and biological charactors of the different solls



G

also are given in the table, She data were analysed for the

possible eorrelations, between the nematods population and
the different chemical and blological characters of the soil.

The results of these analyses are given in Table 2,



TABLE 1

Population of solil nematodes in relation to various soil Factors

Ho. of nematodes§ Bacte-’- Fungus

81. - | (in 800 ce soil) nie TSS  Mirder — Parasitic
No. Locallly Crop Para- Non "Total pH = matter ﬁfﬁ;;("Ligggy Nematodes
| sites para- S per% of dry of dry (Geners)
. | _ sites cen soll  soil
1 2, 3 4 & 6 7 8 2 10 11 12
SANDY SOIL Heligaty-
1 Kazhaluttem Vegetalles 760 1166 1926 5.6 0.68 0.0 6.0 2.3 fictoidaeyn
a v Coconut . Helicoty= w
Seedlings 80 113 193 5.5 2.18 0.0 5.0 8.3 Jenchus
’ | ' . . o Helicoty-
3 Pa;kulanmma Coconut 29 120 140 6.§' 0.54 9,0 27.0. 3.3 lenchms
: : \ ‘ , Hoplolai-
4 Trivandrum Vegetables 316 889 1206 7.2 0.87 0.0 16,0 5,3 im&s Hothos
: Helicogxa’
- - ' deachus

Contdeee
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o 10

il

i2

guilon

Vellayani

Vellayani

Vellayani

Mavelikara

Goeconut

Banana

Banana

Mango

Coconut

373

653

093

480

180

3923

300

406

193 .

464

766 6.7

SARDY LOAM

953 5,9
499 5.6

673 6.1

- 826 7ok

1.28

2.61

2,78

3.01

0.1 5‘50‘ %.5

0.0 5.0

0.3 10.0

0.0 12.0

De3 24,0

1.3

3.0

1.0

14,3

Aphelenchug
(Mostly)
Belicoby-

Jenchus

Pratvlenchus
(mostly)
Helicoby=-

Jenchus

glreonen-
nids, Notho-
tvienchus
Hovloliamus
Helicoty-
denchus

Helicobve

lenehus
Anhlenchus

Contds v

(W
<o
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3

10

11 12

i0

11

i2

Mavelikaras

Peroorkada

Peroofkada

Kayamkulam

guilon

Ponmudi

Vegetables

Vegetables

Coeconut

Paddy

3.

Paddy

Tea

73

2787

120

87

240

940

4153

493

507

1013

6940’

613

287

283

747

7.2

7.4

7.0

5.8

5.4

4,7

2.06

0.90

0.28

0.38

C.4

Q.4

25.0

18.0
10.5

10,5

6.5

12 50'

9.3 Helicotylen-
. chug

6.6 Helicotylen-

chug

¥eloidogyne

4.3 Aphjenchus,

' Tvlenchus

5.5 Iz;énchor4
hynchus

Hirschmanni
alla oryzae

2.5 T bt

1.6 Helieotye
L enchus

Contde.e
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1 2 3 4 5 6 7 8 9 10 11 12
ED  S0IL
16 Vellayani Peppaya 346 318 6569 5.6 1.66 0.3 5.0 4.7 Helicoty-
- | ' o I : : - lenchus .
17 Vellayeni Banana 180 318 493 5.2 0.62 0.0 7.0 7.5 . Helicohy-
' lenchus
18 Vellayani Coleus 140 - 106 246 6.3 0,93 0.0 6.0 3.3 Helicoty-
S B - : ienehus
19 Vellayeni Tomate 213 180 398 5.5 1,44 0.0 5.0 4.3 Meloidosyne.
. : ' Helicotvienchus
20 Vellayani Vegetalie 2363 1183 3806 8.1 0.76 0.3 11l.0 3.5 E@;igatyleﬂahus .
21 Kashekuttam Vegetable 246 60 306 6.2 0,96 0.0 4.0 2.0 Meloidogvpe,
: ' ' Heligcotylenchus
| - LATERITE SOIL e
22 Kawdiar Taploca«-& : : —
. Banana 2280 1853 4133 6.2 4,18 0.1 18.0 Ge3 ﬁ@licatglenchus
23 Vithura Rubber 767 393 1160 6.1 2.68 0.0 12.5 2.0 Bolepdorus
' ' (YMostiy)

Helicotylienchus

Contdace

o .

&
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3 .

10

1l

.12

26

26

27

28

8

Vithura

Vellayani

A

Palode

Palode

Muannar

Madupetty -

Madupetty

Arecanut
Yans
Arecanut

Arecanut

Tea

- Cabbage

Tomato

253

413

160

173

80
806

186

900

280

240

1263

113
280

439 6.1

1313 . 5.5 2.14

56 4,65

240 4.8

'FOREST ° SOIL °

1426 6.9 4.78

193

| 5.2 7.21
1086 6.6 3.98

lc 29 ’

0.1

0.6

0.1

C.0

0.0

0.0

310

22,0

10,0

7.5

19.0
12,0

€.0

Helicotvien-

chus

Anhlenghns

Helicoty=~
lenchus

Pratylenchus

Helicoty=
lenchus

Helicoty=

lenchus
Helicoty-

lennhus

Contd .eq®~ ..

[l

[N}

€y e
R

"Helleo tylenchus

2

€r



1 2 3 a 5 6 7 8 g 10 11 12
3L Medupetty Vegetables 246 €0 306 5.2 17.61 0.6 25.0 1.0 Helicotvlenchus
32 Munnar  Ornamentals 106 220 326 6.1 7.0 0.l 9.0 2.0 Helicotylenchus
33 Madupetty Choleam 426 346 772 5.2 11,86 0.1 22.5 4.0 Helicotylenchus
34 Madupetty Banana 413 266 B72 5.3 10.44 0,0 11.5 1.0 Helicobyvlenchy
35 Madupetty Grass 40 433 473 5.4 13.59 0.0 18.5 4.5 Helicotvienchus
BLACK SO0IL

36 Alleppey Paddy 47 427 474 7.0 2,34 1.4 23,0 30.0 Meloidoevne

, _ , : (young ones)
37 Alleppey Coconub 140 600 740 6.0 1.60 0.7 6.5 3,0 Tyienchorhy-
38 _Ghittesr . Vegetable 1320 1360 2680 7.8 4,37 0.1 18.0 1.6 Helicotvionebus
39 Chitboor Sugarcane 973 2040 3013 7.2 4.20 0.6 14,0 2.0 Helicotylenchms
40 Chittoor Cotton 80 453 533 4.7 4.64 0.5 9.0 1.5 Helicotylenchus

QW

W



TABLE 2

Correlation between the nopulation of Soil
Hemstodes and the yarious enviIonmen.ad faghors

sl®

, : - Correlation (¥)
S5.No. . Faectors coefficient

1 ‘population of Parasitic
. nematode Vs pHl of the soil 0.292

2 Population of parasitic
nematods Vs organic matter ‘
of the soil =0 ,080

3 ~ Population of Parasitie
nenatode Vs. Total soluble -
salts of the soil : -0, 152

4 Population of parasitic
nematode Vs Bacterial popu-
lation of the soil 0.+106

5 population of parasitic
nenatode Vs Fungus popul=-
ation of the soil =0 030

6 °  Population of Non parasitiec
y nematode Vs pH of the soil 0.511

7 Population of Non parasitie ,
nematode Vs Organic matter : ,
of the soil «0 170

8 Population of non parasitic
' nematode Vs Total soluble :
salts of the soll ‘ 0,013

oy

Contde,
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Vs Non parasitie nematode of the
s0ile

SNo, Faetors Correlation (r)
. coefficient
9 Population of Hon parasitie
nematode Vs Bacterial popu-, S '
© lation of the 5011 ‘ o © 0,160
10 Population:ofﬂan pax’aémic:
: nematode Vs Fungus pepui&tlen 1
of the sail | 0,049
11 Papulatzon of Total nematode
- Vs pH of the soil . 0:414
12 ‘Poyulatien df ‘total nematode
Vs organic matter contenﬁ of
the soil . 0,130
13 Population of Gotal nematode
Vs Total soluble salts of the
soil - A 0.085
14 Population of total nematode
Vs Bacterial population of the
soil 0140
15 Population of total nematode Vs’ |
Fungus populatien of the soll 0.002
16 Population of paras¢tio nematode

0.780
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It may bé\se@n»that the Correlation coefficient
‘between the population of parasitic nematode and pH of
the scii is 0.202., It is not significant either at 5%
lével or aﬁglﬁ level. |

The correlation coefficient between the population
of parasitic nematode and the organic matter conteht of
the soil is ~0.08. The correlation is negligible and

negatlve.

The correlation coefficient betwsen the p&pulation |
of parasitic nematades and ihe total soluble salts of the
soil is 0,182, The cerrelgtion is not significant at both
the levels, | |

The correlation coeffiecient between the population
of' the parasitic nematodes and the bacterial population of
the soil is 0.196. The correlation is not significant.

The correlation caefficient between the populaticn

of the parasitle nematode and the fungus papulation af the
soil is =0.03. The negativ@ correlation is not signifi-

cant at any of the levels.

The eorrelation eoefficient between the population



of non parasitic nematode and the pH of the soil is 0.8511.
The corrvelation is significant at both the levels. Thus
it is observed that when the pB of the soil inereases the

population also inereases with in the range of pH noted
vizes 4.5 = T 4.

The eorrelation coefficient between the population

of non parésitic and organic matter content of the soil

is «0.17. The correlation is negative and negligible.

The correlation coeffilelent between the populétion
of non parasitic nematode and total soluble salts of the

solls is 0.,013: It is not significant at both the levels.

The correlation coefficient between population of
the non parasitic nematode and the baeterial population

of the soil is 0,16 It is also not significant at both
the levels.

The correlatisn coefficient between population of
non parasitic nematode and the fungus populatioh in soil
is 0,049, It is not gignificant at any of The levels.

The eorrelation coefficient between the total

population of soil nematods and the pH of the soil is
0.414, The correlation ls significant at both the levels.
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Thus when the soil pH inerease the population of the soil

nematodes also lnereases.

The eorvelation coefficient betwesn the total
population of soil nematode snd the organic matter content

is 0.,130. Thus correlation is not significant.

The eorrelation coefficient between the toﬁal
populagion of soil nematode and total soluble salis of the

S ) . .
501110.055. The correlation is negligible.

The correlation coefficient bebwesn the‘total
population of nematode and the bacterial population is 0,140
waich is not significant =2t any of the kvels,

The correlation coefficlent between totAl popul-
ation of nematode and the fungus population of the soil is
0.0027 and this is very slight.

The correlation coefficlent betveen 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 nematods iacreases

population of the non parasité also increases.
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DISCUSSION

Results of the studies presented show that there
exists a positive correlation between the total populétion

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

when pH inereases the population of soil nematode also ine

ereases within the pl 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 soll and the population of

the non—parasitié s0il nematode alone is significantly
positive within the & ove range. The population of the
barasitié nematode considered alone on the\other hend, is
not significantly affected by the change§ 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 ﬁetegoderg,
rostochiensis. Godfrey and Hagan (1933) observed no difference
in the infestation by'Meloidogxne Sp to Pineapple raised in
soils having different pHs, Ahlberg (1951) reported no
difference in the rate of reproduction of Heteroderas rosto-

chiensis in the acid and alkaline solils. Lownsbery (1961)
also found no difference between the population levels of

Criconemoides xenoplax on peach soils at pH & and pH 7,

There is no corfelation between the organiec matter

content of the soil and the population of either the parasitic



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

is only ngtural to expéct that at least the population of
the non-parasites will be affected by the amount of organiec
matter available in seil as the organic matter forms the
food of the saprophytic soil nematodes. The lack of any
significant correlation in the present studies may be due
to. the presenee in the solls of Kerala an optimum range of
organic matter contents, the availakle organic matter in the

soils of Keiala has been seen to range between 0 28 to 17 G61.

‘There 13 na.relation'betﬁeen the conductivity (Total
'fsolubie'siats)’éf the soils énd.the nematode population of the
soils (Table 2)j, This indicates that the soil nematodes, like
the plants, are adapted to the range of salt conéent'present
in the soil,

The Po?ulation of soil nemetode does not show any
relation with the population of the fuhgus organismé present
in the soil. ( Table 2). Fuﬁgus‘organismﬁusually exért two
typgs of influences on the soll nematode fauna. 'The predatory
fungal Organiéms destroy the nematode, while other fungi serve
as faod to the nematodes.- The variations of the fungal fauna
popﬁlation in the soils under study do not appear to be suffi-
cient enough to affect the nematode population 5y either of

the ways menticned,
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The,relétion between: the population QF the soil
nematode and the population of the bacteria present in
 the soil does not show correlation either positive or
negativa, (Table 2)., DBacteria also usuailyvserve as food
for the nematodes and.thé lack of any correlation in thisA
.respeét may be attributed;t@ the inadequa%e variation in

the bacterial populations of the soils under study.

'Tha relation between the population offparasitie
and nanuwarasitic forms of soll nematoae shows a high
positivé correlatien,ngablafe)., Thus when the populatian
' of;parasitic‘forms inereases that of the gon-paragites also
inereases. This indicates that the conditiohs_favourable

for the parasites af@,equally favourable for the non~parasites.

‘ Canéidering'a the nematode population in relation to

the different'ercpsyit iz seen that in genefal there is a
high population of parasitic and non-parasitic nematodes
 associat@d-with‘vegetable crops. (Table 3). Binée vegetables
are irfigated crops the‘ﬁemataﬁa population is always kept
up without suffering any'setback caused by dry éonditions.
The generous manuring with organiec méterials which is usually
' pracﬁised in rafising vegetable crops also appears to have

encouraged the sustenance of a %ery high population of the

non-parasitic forms in the soil.
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umber of Hematodes

 of. different crops ,

~Ton “Total )

Crop © Parasite/ parasite/ population/
o 500 ce . 800 ce 500 ce of soil
1 Vegetables 836.36 941,27 1777.63
2 Banana 334,75 321,25 656,00
3 Coconut o 152.16 304,16 546.32°
4  Arecanut 137.66 235,34 373.00
5

- Paddy 38,00 300,00 338,00
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Next to vegetables, banana soil gives the maximum
population followed by coconut, Arecanut, snd Paddy in the
deseending orders Paddy soil shows the least number of

paraéitie nematode (Table 3).

The different genera of parasitie nematodes found
in association with the different crops are’ﬁeligegxlenchus,
/A dogyne, Hoplolaimus Aphelenchus, Nothotylenchus,
Eragg;@nghua, Criconemoids. Tylenchus, Iylenchorhyneus,

Poleodorus and Hirschmanniells (Table I).

As regards the distribution of different nematodes,
Helicotvlenchus is present in almost all types of soils and

associated with most of the CropSs,

The geners Meloidogzne; Hoplolaiwmus, Nototvienchus,
elenchus, Pratylenchus and Criconemoids are seen in sandy,
and sandy loam soils assoeiated with vegetables, coconut and

banana.

- The genus RBoleodoryg is seen associatgd with Rubber
in Laterite soil. The genus Lylenchorhynchus is seen in
sandy loam assoclated with paddy. The rice root nematode

Hirschmenniella oryzae was also seen assoclated with paddy
in sandy loam soills of Onattukara.
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81. : Non pH ' eEe¥r of soilin of soil
No. ype ?f soil I;?gz; giiﬁ; Tobal percent (Million) (irioznl)‘ﬁ‘illi-
1 Sandy 309.8  536.2 846.0 6.38 .11 0.02 119 4,74
2  Sandy loam 469,3  811.1 1280.4 6.22. 1.64  0.24 13,85  4.08 &
3 Red soil 579.6 3654.1 933.7 5.65  0.95 0.66 6.16 4,23
4 Laterite soil 645.5 - 642,0 1287.5 5.76  4.23 0.15 4.23  17.75
5 Torest soil 286.3  371.3 657.6 5.73 8.3 0,10 16.50 3.30
6 Block soil 512,0 = 976.0 1288.0 6.54  3.43 0,66 14.10 7050
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As regards the parasitic nematodes, whose population
inh soils has been studied it is observed that the soils
collected from the 1ateriﬁic érea shows the maximum populat-
lon closely followed by black ééil, red soil-and sandy loam.
Sandy soil and Forest Soil have the 1eaét population (Table 4),

The population of the ncnaparasitic forms shows a
different pleture; black soil gives the maximum population
followed closely by sandy 1oam, ‘Red.soiiqand forest sdiis
support the lest bopulations (Table 4),

" The population of the pafasitic and nbn—pafasitiq
forms are comparatively high in laterite soil' and afé.more.
or less equal in number. In both éases forest soil glves
the least population. The forest soils were collected from
the cultivated land of Madupetty., Madupetty is situated in
the high ranges at attitude 4000-85000 f£t., above M.S.L.
..The organic matter content of the soils is relatively high.
As sueh it is logical to expeet that the populatioﬁ 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 restrict.ec‘x and hibited by factors other than the o_rgaziic
matter contents. An explanation for the low nemsatode popu-

lation in these soils may have to be found in the texture of
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the seii,crop, and 2lso in the climatic factors existing

in high ranges.



SUMMARY



SUMMARY

A total of 40 soil samples were collected and
analysed to study the variations in the population of
‘plant parasitic and noneparasitie soil ﬁematodes with
reference to the chemical and biotie environments existe
ing in soil. o

The total population of soil nmmaﬁodes and the
pOpulation of non-parasitic forms show a positive corre-
lation with the pH of the soll within a range of 4.5-7.4.
The parasite population is not eorre;ated with the pH of
the soil,. There exisﬁs'n0'correlationébetween the soil'
nematode population on the one hand and érganic matter
cohtent, total soluble salts, and fuﬁgus and bacterial
population of the soil on the other.

The populations of bothrparasitic and non-parasi-
tic forms are high in assoeiation with vegetable crops.
This is followed in the descending order by soils of banana,

coconut arecanut and paddy.

The parasitic forms observed fall under 11 genera,
viz. Helicotylenechus, Meloid :ne,'Haaio aimﬁs, helenchus, -
Noghagx;enghus, Pratxlenehus, creconenoids Exleﬁchus, |



T‘ enchorhyncus, Boleodorus and Hirschimanniocllo,

The genus Helicotvlenchus i distributed in a3l
types of soils in associaﬁion with most of the crops.
Hirschmapniella orvzae was observed on'paddy at Kayémkulam.

The populatzon‘of the parasitic forms is hlgh in
lat_rite solls,y fol1owed by black soil, reu soil5 and
sandy loam. Sandy soils and.Forest soils have *he least

population.

The @0pulatlon of the nen-parasitlc forms is maxie
mum in black soil, followea by sandy 1oam, laterite, red

and forest soilse.
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