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INZROIJOTION

fulges are the prineipal grain crops of lsgume family.
Thay have an important place in the diet of people of many
developing countries including Indla, as a high protein food
of legsor cost. In Indis, pulaes caooupy nearly 21 milllon
hoatares with an average yleld of aboat 517 kilograms per
heotare. In Kerala, oovpea (Vigna unpuioculata (L.) ¥alp),
is probably, the most widely caltivated pulse crop. It is
grovn in uplends throughout the year and in fallcw;é duxing the
third crop scagon. However, the present yield of cowpea in
the stute is only about 400 kilograma per hectare. [his
comparative low yleld 1s &ue to soveral factors like neglected
production technology, uncertain weather, posis and digeaged.

whe agsociation of root=knot nematodes with cultlvated

cro;)s‘is reported by many workers. The four lmportant

Melol dogyme oppe Which account for nearly 95 per cent of all
nematode infestations and oause an average orop lass of about
5 poxr cont on a world wide basis are M.inoogmita (Xofoid and
White) Chitwood, M.javanica (Zreud) Chitweod, M.hapla
Ohi'ﬁﬁ-ro.od:\hﬁ.arenaria (Neal) Chitwood (Sasser et al.1983).

In Kerola, mainly two specles, ¥M.incognita and [isjavanica

are geen and betiween them, M.incogmita is found to be the

more destrictive one (Venketesan 1984). 1t infegts various



crop plants like cowpea, brinjal, tomato, thindi,

aparantima, tumerie, glnger and cucumbels

Goﬁpea infested with Ml.incomita shows a stunted growth
uwith poor vigour and yleld. Its aotual effec’t on nodualation
angd nitreogen 'fixauon by Rhizobium is yet to be undsrstood
woll. Thorafore, the present inveatigation waa carrlied out.
Three scparate pot culiure experiments were conducted im oxdex
$o study the host varietal variailons in cowpea to infestation
by Helncognita snd to understand the effect of inocuilaiion
vith difforent levels of this nematode end age of host plant
on nodulation, gall formation and other plant characters in
cowpea. Following obgervations on nodule number, nodule
£rosh welght, gall number, gall fresh weight, fresh and dry
woight of shoot, percentags nitrogen content of choot and
the nematode population in infested root and soll were taken
for thip ‘purpcse.
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REVIEY OF DLITEIATURE

The symptoms of root-knot foimatlion were first described
by Borkeley in 1655 who obzserved gall formation in infested
roots of cucumbexs in England. IHowevezr, the first specific
report of a2 reot-knot nomatods was that of Cormu (1879).

He described jneailinla marionl = Meloidogime maxrioni as
the eausal agent of gells in Onobrychis satlva.

Walker (1957) reported that in Vando pea,: invasgion of
bacteria:l;l. nodulea by leloidogyne appe. suppressed plant growth
and that the prosence of nerlatode within the nodule preventod
Ehigobium fxom supplying the hest plant with fixed nitrogen.
Magefiecld (1958) was of the opinion thet reduotion in
nodulaid.on as e remult of nematods infestation in pulsss waa
due 0 a nutzlent dsficioncey caused by the nematods itself.
Ghapman (1960) found that in xed cloveyw, the top dry weligh®
veg reduced by H.dncognita and M.haplas Buat the reduction
was more rapld and pronounced with H.incomifa. Epps and
Chembers (1962) observed that in soybean (0lyeinme max (L.} Nerr
Meloldogyne spp. inhibited nodulation besidss reducing the -
nitrogen fixing capaolty of rhizobla. Nadekal (1963) waa

the firat to repord the incidence of M.incognita in Kerela
in phoseolus mulEiflomig. Taha and Raski (1969) found thet
in white clovor (Trifolium Topeus) and soybean




(6lycine max (D.) Merr dinoculated with Mgloidogyne Sp.
gevers nitrogen deficiency along with reduction in nodulation
occurred. lany giant cells wers formed without dlsrupting
the nodular tissme. They suggested that the dscreage in

nodulation was daze to an overall reduction in root sysiem.

Marmen (4973) reporied the occurzange of iaufemtation by
[leingoenita in Kerales in a number of eulilvaied crops guch
ag ampranthus. ginger, brinjal, bhindi,, pepper, tomatoes and
oGpeas Barler and Hugsey (1976) obserzved thet Meloldosyne &pp.
developed more readily within nodules of soybean then othex
legimes. Jurther, Me.ingoenita wus found inslde vascular
bundles of soybean nodules without altexring thelr stmcmi:él
integrity. However, the bacteriodes did not dsvelop adjacent
to nematodo invaded tlssues The infested nodules also
deteriozatod rmmch rapidly. Singh (1976) also found that in
goyboan variety Jupiter, M.incognita prcduced significant
reduction in top and root dry weight efter ten weelks of
mosuls_ztion.-

Yeates gt al. (1977) reporied that in Trifolium repons,
root~imot nematods infestation resduced the nitrogen fixing
capecity of ithizobium and ths hexbage dxy maﬁer yield.
Gastillo gt Bl.(7978) found that in mung bean (Phageolus

aureun Roxbs ) infestation by M.incognitia acriia, resulted in



chlorotio leaves, stunted growth and& asevelely reduced and
glled root aystem. Some of the plants were also killed
prematurely. Besides, the nematode population increaned

by 24.4 times in pois and cauged an yleld loss of about

28 por ccnt under field conditlons. Sharma gi al.(1978), -
also found that groundnut (Arachis hypopaes), nlants

infested with Meloidogyne spp, especlally l.arenarie, showed
severa yollowing, reduced vigw;' and at':m'bed growth with hard,

spall %o medium size galis on root systen.

Se3cer ot @l.(1983) roperted that four Msloldomwme spocies,

He.incomita, ¥.lavanica, M.aronaria and .hapla wore

rogpongible for 95 per ceni of all nematode infegtatlons and
causod an average cxop loas of aboat 5 nexr cent on a world Wide
tasip. Venkateman (1984) found that cut of the twWo Meloldogyne
sppy He incomiin and M.jsvanica, coomonly occurring in Kerala, .
HMeincomita was more severe and widely dlastribated.

18 cowpea, Gosveml gt ul.(1975) cbsexved that inoculation
of lelncorniia resulisd in stunted root and shoot growthe
Shama ond Sethi (1976) roportsd rodaced plant growth,
nodiladlen and shoot nitrogen content in cowpes infested with
this nepatode. 4 slmiler rsport was also made by All
et ol (1981) who ctserved an inhibiticn of nitrogon fLixation by



about 63 per cent in nodular tissme. The plants inocwlated
with li.incogmita and rhizohia shured more sevele nitrogen
dofiofenoy and retarded gwowsh than plents inoculnted with
nematode alone 0z uninceulated planise. Further, ithe infogted
nodalos coniulned different dovalopmental stages of the
nematods .’e.d.thout altering thodw stocturo. Hosever, the
nepatods was fomd to prevent rhizobia frem supplying the host
plents vith flxsd nitxogen.

Sozeoning of pulges for resigtance to Meloidegymn creeles

Sagser and Taylor (1952) reported that although several
soybean varieties appeared to have a high degree of resistance
or tolewance to Meloldogyne spp, lmminity from root-imot
infestation was rather rare. Fifty varieties of soybean wore
teated in Delowaro fon resigtance %o [leincogmite var gerita by
Critienden (1955) and cat of these, 10 varieties shoved high
ragigtonce to this nematode. Howevor, vhon 5 .0f those
varieties Were fuxther tested against M.hapla, all the 5 wexre
found susgeptible. In 1955 Reynolds screcned 10 varieties
of alfalfa (Medicago sativa L) congisting of boitk northen
(bardy) and southern (non~hardy) selecilons againsti ¥.javanics
and H.incognita acxiim. He obgerved that l.javanica was more:
damaging o most of the varieties. Douglag (1958) tostsd 13



. White and 48 red olover intxoductions for resigiance to
Medncogniin, Heingomita aerita, Heazrenarie and M. javanica
and found that with certain excepitions both red and whiin
elovers woro nmodasxately 4o seversly infested bhy.all the fourx
specics of nematode. Stanford et al (1958) first roported
the {transfer of registunce to roovwknot nematode in young
soodlings of alfalfa. Haztzann (1971) oxplained that
inheritange of rosistance to root=knot nematode, M.incognita
in-beans was due to atleast three palrs of genes which were
ell equal in their agtion.

#illlams et al.(1973) found that out of 42 soybean
varigtics screened egaingt a new race of M.incognita, only
F6%-4000 ond P66=1080 had a lowar root=kmot index than Dragg.
galinga and Ballon (1974) found that 17 out of 21 soybean
varietics scivened againgt M.lncognita showed modsrate to high
resigtonce. Baldwin e al.(1975) zeported that in goybean
cultivars like ILee and Forrest, afiter 50 and 135 days of
inoculation with 15000 eggs of M.incomita pex plant and
fhi.gobium Japonieum, nematodo population wae 11 and 35 times

more in Lezo and Forrest reapectively.

Hinton and Hemmons (1975) found that 512 cultivars,
bregding lines and plant introdugtions of peanut were

suscoptlitle to M.gienaria. According to Singh (1975) among the




thres culiivars of Cujanus cajan, the Univeralty of Weud Indies
are variedy supported the largest population of Melncoupnita,
fant et 21.(4978) found that lucerns garm plasm NHP=9 vWag
_reslotand 0 Kehapla. lopes (19€0) obsexved what when
different cultivars of Phaseolag wulgaris L. Wede lnoculaved
with Hl.incognita, thers Wern sigiificant diiferences 2mong
then in fresh weight of root, shoot and pods and in rooi-knot
indez. Veema et alk.(1981) »eparited that out of 34 varleties

of clupier bean scxeensd for meslstance to M.ineogmita none
Viexe imrune or rasigstant. Hasan (1953) observed that cut of

94 gz plasm accossioas of chick pea (Cicer erdetimum)

acrecnad, 38 were lmmune, 20 resigtant and 15 moderately
ropiotant 0 K.idcomita. Salian ei al.(1984) found that
only 7 cut of 40 g toan cultivars scresned, chowed sgome

veslgtanco o M.incomitn.

Hare (1959) rated Izon coWpea and four breeding Lines
such ag li=255 ¢ M=455 4 1=T50 and H--855 as resistant to
rooe=tnot nunetodes, M.incommitay i, incommita acrits,

o jayanica and H.avaparia. Oul of 72 culilvars and diney

of covpen teated for itheir guceeptdblliity to M.lnocopnita

by amos (1974), 736 lines and culilvars were found resistant.
Phe rouaining cultivars and lines were gsoderately Vo highly

sueceptible. Ho funiley suggesited that resigtance 1o



rool=inot nematode in cowpea was controlied by a alngle
daninant gene designated as Rk. Singh et al .(1975) reported that
Vi3 a tropioal strain of V.unguicudata seleoted from the
introdiction VU5 Lrom Kenya, had resistance to M.incognita.
Cavenegs (1975), fouud that 48 cultivars of cowpea shdﬂed'é
mixed responge 10 M.ingognita which indicated the existonse of
heteroganlity within oowpea lines for resistance %o this nematode.
Shaime gnd Sethi (1976) scieened 30 vaerieties and lines of
covrea against infestation by H.incomita cnd foand that 18
wore highly resigtant. Patel et al.(1977) found that cowpoa
variety C-152 was highly resistant to M.ingogpita. Obtuji (1978)
teated 103 cultivara of Y.ungiicwlata for resigtange %o

Helncomita and found that while 41 cultivars were resigtant,
25 were conslistently suscoptitle and 57 inconslstent in their
roaction to M.inoognita. '

Haj end Patel (1978) revorted that resistebce to root=lmoi
nenatode in cowpsoa Was agsociated with one dominant or one
_ recesolve gene depending on the source. They alae found that
ropistanes in the cultivar, Iron, was roeesmsive rather than
dominent. Thaker and Patol (1983) rTeparted that cowpea varioty
V=16 was also rosistant to M.incopnita.
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Effect of inoculation with dlfferent levels of M.incognita and
. -

are of hopt plent on nodulation end gnll formation ir pulses

Dergeraon f1968) sugrapted that expression of resistanes

o tolerange to M.incomita was influenced by host age.
Balesubramenian (1971) reportsd that in soybean, inooulated
with 10, 100 end 1000 larvae of l.javenica per plant, 100 and
1000 larvae caused maximunm reduction in noduzlaticn. $ie
roduction in nodulation was found either due to the nematode
Iinterfering directly with the establishment of nitrogsn
f£ixing bacteria or due to the rendering of infeated roota
physiologleally Lncompatible to ihigpobium infection.

Gatibog and gastille (1975) observed ihat seedlings of
phaseolug sureus inoculatsd with 5, 15,. 25 and 50 eggs of
H.javonica died one month ofter infegtion and that the extent
of root galling was ingreaped with highsr nematods lsvel.

There Wag also a Teduction in top welght and yield along with
an increase in the initlad inceulum. lussaini end

Seshadri (1975) weported that mung bean When incoulsted with
He.incomita at various levels such ao 1000, 2000. 3000 and
4000 laxrvas ped plent, scparatoly, simuliianecusly, o in
sequence with Rhigoblum thore was signirficunt reduction in
plant helght, fresh and dry weight of shoot and root and the
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nitrogen ’con'bsnt of shoot and root at all inoculum levels.
seivastava at al.(1975)obsezrved a coniinuous reduction in
length and welght of root and shoot in chick pea inoculated
with an increasing level of M.jJavanica from 10 to 10,000 per
500 g soil.

Jamal (1976) found that in Cicer arietinum, }.incognita
proforzed the soft aplecal mezistematic tissues of roots for
i1ts colonigation, 3ingh et gl .(I1977) raporied that in
Phageolug aureug Roxb with an inersage in the level of
Medncomita from 100 to 10,000 larvae per plant, there was a
gorcooponding decrease in chlomphyll content, nodule number
and nitrogen content of shoot. They suggested that the
decrease in chlorophyll content was due to an alieration in
host nutrition and physiology and that the reductlion in nlirogen
fixation wag the result of the namatéda secreting certaln
hydrolytic or oxidative enzymes or growth regulators which
played a detrimental role in nodile desvelopment and function.

Townshend and Potter (1978) obzerved that in
grifolium pratense and T.repens inoculation With M.incoenita
at 0, 4000 and 24,000 larvae per kg soll agfoctod seedling
egtablishment to the extent of 50 per gent of the control.
The dry weigﬁt was Ieduced in proportion o increasing '
inoculun denelty. The plant height was algo loes In infested
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ppifolium pratenss. In chick pea, Caur g% 8l.(1979) found that
1000 and 10,000 larvae of M.incognita per kg soll was
pathogonio in three varietios. Nath g% el.(1979) xeporiad
that in Bongal. gram, an incx'eaée in the inoculum levei of
H.incognite .:g'esultaﬁ in a proportional decrease in nodulation,
shoot longth, fresh weight of shoot, zoot length and seed
producticn. Purtier, an incculum of 100 larvae per 500 g

g0il vag found to be the damaging threshold level. Plants
ingounlated with 7000 and 10,000 larvae per 500 g soll were

ghunted in growthe

Raut (1980) obsexved a significant reduution. in plant
hoight, fresh welght of ghoot aﬁa root length in mung bean
incculatad with 1000 larvae of M.ingomita per plant. A
gimiler obtservation was also made by Reut and sethi (1980)
in soybesn inoculated with 10, 100, 1000 and 10,000 laxrvas
of il.incommita per plant. Significant reduction in top
geo1thy root length and baoterial nodulntion was obsexved
with an inicial inoculum level of 1000 larvae per plantg
which vas considexed %o be ho damaging throshold level for
this exope.

Dhmj and Valshnav (198%) found that in groundnui
varioty GAUG-10, an incoulum level of 100 or moxe lavvas
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of H.incognita per plent was the damaging throchold levels
Thare wan significant reduction in all plant characters
atudied at this inoculum level. DBesides, plants inoculated
with 1000 and 10,000 larvae showed varying dsgroes of chloroals
and gtunting with a redugtion in leaf sige. Call number end
nematode population inoreased with an inerease in inoculum
level. In black gram (Vigna mungo), HMishra and Caur (1981)
obsarved a significant roduetion in plant height, fresh weight
of shoot, pod formation, root length and nodulation in plants
incculated with 1000 and 10,000 lerves. In moth bean

(¥igpa aconltlifolius Jacg.), also, Michra and Geur (1981)

obpelived, a signifiecant cormlation beiween lnoculum levels

of ll.ingomita and plant growthe. There vag significant
reducitlon in shoot length with 10,000 larvas. The rpot langth
was olso meduced ag againat an increaso in fresh welght dus

to gell Zorpation.

Sharpa (1982) Zound tiat seedlings- of Rhaspolus yulmaris L.
wiion inoeulated with 10, 100, 1000 znd 40,000 epggs of
M. davand thele Was gipniflcant reductlon in dry weight
with an inoculun level of 1000 or moxe 'eggﬂ; In chick pea,
Dhangar and Gupta (1983) ropoxted that an initiel inoculum
of 1000 laxvac of M.javaniocz per plent in omeller pots of
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15 om gl ze and 1000 and 10,000 larvae per plant in m@xg
pots of 25 cm sige were pathogenic after tWo and £iva moni;ha
Tespeetivelys. A décrease in shoot langth was alsoc obsexved at
10002pd 10,000 larvae per plant. Grewal g &l.(1984) found
that in groandnut inoculated with 10, 100, 1000, 10,000 larvas
of He.gronorla there was reduction in plant growth, especially
with the hiphest inoouium levol. HManl and Sethl (1984) also
obgzxved a progressive reduction in plant growth in chick pea
ag the incoulum level of M.incosnita was inoreased. However,
nodulation wag adversely affegted at all nematode inccoulun
lovels. ' |

in covwpea, variety Pusa Bargald , shama and Sethi (1975)
repozrted that the minimum threshold level of M.incognita
required to produce any algnificant effect on plant growth
was 100 lazvae per 500 g soil. Howevar Gupia (197.9) found
that in cavpea, cv_m?c 42=1, 1000 or 10,000 larvae of
M« javanion per plant were required for any significant
redueticon in plant helght and fresh weight of shoot and rooﬁ.

Control of root~lnot nematodes in pulses

., Minton ot al.(1978) <found that application of 1,2,
dibromo~3=ghloropropane (IBCP) and subsoiling under the
 row in Zifton candy loam soil infested with H.incomita



15

incrcaged the yield of four goybean cultivars. Mankan (1920)
aupggooted that Baeillug penetrann could be successfully used
for the blologleal control of M.incommita.

Shawma ot al.(19680) obsexved that & exop rotation with
groundnut and wheat gave maximum yield for a pubzeguent
cxop of neratode suscopiible mung bean in an infested s0il.
ohe larval population of M.incopnita was also reducad
conpiderably under groundnut-mustard retation. Jaln and
lasan (1984) reported that the agueous exiract of the leaf,
seed and pod shell of Su-babool, (Leucacna lsucocephala.l )

killed H.incogmita to a greet extent. However, tho 'geed

extract was found more effective in causing lmmobiliity 1o

the nematoda» IFurther, the perdentage mortality of the

lazvae in differont extracts also increased with an inorease

in the oxposure time, with & maxlmum efter 24 hours. Reddy (1984)
reported that in cowpea, f£rench bean and pea infested with
Helncomita, tenlmiphos at one per cent conoentration,

@ve the least rool-knod index in all the crops studied

folloved by aldicard sulfone and carbofuran at 10 par cent

ocncentration.



MATERIALS AND METHODS



T PASRIIALS AND MEZIODS

The pressnt investigution on the affect of root=kmot
npoatode, Meloldogyna insopnita on nodulatlon in coWpea was
cm@ema.ati‘éﬁhm of Agriculture, Vellayani, Privondium,
daging 1982«1985. In &ll, three pot culiure euperimsats wars
conduetad to study the effect of host varievy, inoonlium level
and age of hoat plans on infoatation by He.incognita in cowpea.

Ie 1o it nomasode

4 pare cultule of Pleingognt i obtuined froum the Wem&tology
goction of lepackent of PZntomology, Collmge of sgriouliure,
Volicyand, Qsivendium, wao used for the present inveatd gutlon.
%he Donatode was ldontified on the bmais of Lts pavinieal
pattorn By the oethod desoribed by Fisenbaok et o) in 1981,
Frooh 20oto off coleus (Coleyg hiumel) infosted by ll.incomita
weio uoed for <his purpose. Lheso Were weahed iwitially in
tap vater tc Temove the edhiering sell portioles and then
i34 in Boiling cofton blue lmotophonel for 3 minutame

Safton piue Juctophenol .

Ihanel - 20 g
Ioatic seid ~ 2 g
Glycorine - 40 nl
Jo%ton blue - s ml

(1% aqueocus solution) ‘
‘Distilled water _  20ml
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sfter Lixation, the excoBs of stain was removed by
vaghing in tap vater and the root blis werxe transferxed 4o
frosh lactophenol for disecting ocut the nematode. Lhe
posterior part of caoh nematods was carefully cut and separatisd

for obgerving its perin.ecal pattern under a stereo microscope.

I.2. Haintenance of M.incogpita

A pure culture of M.incognita was maintained in coleus
(coleus blumel) plents railsed in pois condaining steriliged
golil. Tho availability of cufficient number of lervae for
varioun oxperiments wes ensured by malntaining sufficlent

nunber of these plante.

-~y

I.5. Froporation of nematods inogulum

The nematode inoculum wgs propared by collecting egg
magces from infested roots of coleus and allm:iﬁg them to
hatch in distdlled water. In order to ensure good vigouxr
of the inocalum, only these larvae hatched within 24 hours of
c¢ollecting the egg masses Wore used. The number of larvae
preseut in the incculum was determined with the help of a
svereonteroscore and a hand tally counter. This suspension
wag then dilated with fresh distillsd water if necessary,
for preparing the diFforent levels of incculum used guring
this investigation_. Plant inoculztvion was done by pipetting
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10 nl of such a susponsion into four holes punched noar the
' oot zone of the host plant. Control plants were inocculated
whth 10 ol of distilled waler alone.

2+1« Tho RRhizoblum

A Bpacific strain of Rhigobium, for cowpsa, Kil=11
developad by the Microbviology sectlon of Dopartment of Plantd
Pathology, Collage of Agriculiure, Vellayani, was usgad for
sead inocculation. This culture was mailntained asepileally

on yeast extract mannitol agar medlum of followlng compositicn.,

Yeast exiragt mannitol agar (Allsn, 1953)

Hannisol _ | 10.0 g
KEHI’O 4 085 g
Hg50 , 1,0 | 0.2 g
Hagl ‘ 0.1 g
dagos _ 3.0 g
Yeast nxtract 1.0 g
Congo Red (1% aq&e;_n&. solution) 2.5 ml
Lgar : 150 g
Digtilied water 1000 mi
pH ’ 7

Soclls of coWpea Were initlally surface steriliged
with 0.1 per cent mercuric chioride soluiion and washed
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ropeatedly in gteriliged p Walor before inoculation With
fhicoblum culiure by knovn standaxd procedures. This
tnoculation was done unifoimly for all the three experiments:
conmmeted during this invesiigation.'

3.1s. Hogt varietal variaticng in cowpea to infeatation by
Hsinoognita

A pot culture experiment was conducted using sterilized
goll for coreching different varieties of cowpea for resistaonco
to infestation by M.incognita. The experimen’é was lsid down
in completely randomised design using the following ten

varictics of coWpesa.

Ho. Vaziety gource

1 Hew Era Department of Agronomy, College of
sgriculiure, Vellayani.

2 Fathine ttananiyan “

5 =22 - "

4 PR - "

5 PIn=2 f

G Cc=152 - 1"

7 Sundard o ’

8 Vel Department of Plant Breeding, Colliegy
of Agriculiure, Vellayani.

9 V=37 o

10 V=240 "
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7he pokting mixture consisted of soil, sand and cowdung
in %he matlo of 2:1:1 and this was ntoam sterillzed in en
antoelave at 121°C for 2 hours., HPK fertiligers werxe added
unifomly pr;j.o;: %o sowing at the rate of 20:30:10 kg/ha.
Thioe replications weire maintained for each variety with a
;;i.n gle plant in overy pote These wWere inoculated with 1000
gecond stage larvae of M.incogmita on 14th day by the method
deserived earlier. Observations on gall mumber, gall fresh
waight, nodule number, nodule fresh weight, leaf number, plant
height, Toot length, fresh and dry weight of shoot, nematods
porulation in infosted root and soll were taken on 50th day
of plant growth by routine standard procedules.

The 1l s;nd nodule numbers were Getormined after
carefully removing each plun{ with its intact root system
from the pois and cleaning them thoroughly in running tap
watar. The number of galls formed in each rootlet wero counted.
Thesc weXe then carsfully cut out £or deteimining its frosh
Weight. The nodule number wes alsc ccunted after cavefully
peperating them from the root system. The fresh weight was
detornined by using & chemicel balancs. %he plant height and
root longth were measured from the bass of the ghoot system
to the maxinum growing tlp by using a meter scale. The fresh

. and dry walght of ohoot for each variety were determined
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innzdiately afler hamvest and after drying the samplos o
a \cons't:mt weight a$ 6G0°CG respectivelye.

F.2. TRotimation of nematode populaticn in infested Toot

One gram of infestsd root was cut into small plcces
é,nd placed over a cotion wool £iltexr supported on a metallic
sleve. This in 4urn was transferrad to an extraction disc
with onough Wwater to immsrse the root bits. slter 2 days, ihe
filtor with the sieve Was removed and the number of nematode
in the susponeion Was determined with the hslp ¢f a
stereomicroscorpe after making its volume to a constant level.
Tho presonce of nematode in iufestad nodule was also determined
in a ginllar manner. Hovever no quanilietive eativation of
lgcvas present in root nodules was done during this
investigation..

330 Lutimation of nematode population in infemstod acil

The population of the nematode in infested soil
was determined by the modified Baermaenn Punnel teohnique
of Christle and Perry (1951). For this 100 g of the
inocula@d poll was Gal“leoﬁd Zrom each pot cfter mixing
ita contents tffrmghly. The epresenivative samplo Wag
trangforiod to a plastic btasin nd mizxed with water. The

ccarse pakilales and foreign materials wers éllowed to sattle



and the supernatent was pageed through & 60 mesh sieve.

Tha filtorate was then allowed 4o stand for few minutes
before 1t wvas decantad and passed serially through 200 and
525 mooh slevess The flne 91lt and nematodes collected in
those sieves were washed into a beal®r with minimum quantity
of Waters The nematods sugpension tlms obtained was poured
gently into a tlissue paper kept in a Baermann funnel
suppozied over a picce of Wire guaze. The funnel was £1ilsd
with vater upto the lovel of the tissue paper and kept
undistarbed for 24 hours. fTen ml of water from this was drawn
ou“z; into a specimer tuls through a pinchcock. The nematodes
pragent in the samvle wers allowed to settle and the volume _
of the susrenslon was reduced to 5 coc by pipetiing the
ezcega of water from tho top. Five ml of boiling 104
fommalin was added to this to ki1l the rematodes before

estimating thelr number with the help of a stereomicrezoope.

4+ 12feet of inoculatlon with dlfferent lovels of M.ingomita

- B Qo e o 2T T SO W

o1 nodalation, eomll formation angd other charac-tem in ccwpes.

A 00t cualtuze expeximent using sterilized soil was
conductad o study the effect of incculation with differont
tovelo of Hedngoanita on vamious sharastess in cowpea.

fou Iim, a sugeeptible variety of cowpea to Meilcomita wes



used to conduet this experiment which was lald ocut in
conplotoly randomlsed design with six replicatioua eachs.
IPE fortilizers wore added unifomly prior to aou:_!.ng at
the rate of 20:30:10 kg/ha. The different treatments WeXe
inoeulation with O (contzol), 10, 100, 1000 cnd 10,000
gecond gtzge larvee of M.inoomita per plant Bn 15th day of
plent growth by the methed descxived earlisr. Following
obsazvations on nodule numbsr, nodule fresh weight, gall
numbter, gall frogh velght, leaf number, plant height; root
length, £resh and dry weignt of shoot and nematode populstion
per giam 2rvech welzht of root and 100 g of inoculated soil
were taken on 50th day of plent growth by the methods

deserited carllior.

The porsentage nltiogen conteont ¢f sheot was estinmated
by the modifind micxro=ijeldehl method of Jackson, 1967,
Indred nllligren of powdoxed plant sample along with 10 g
¢f the digestion mixture consigiing of Potassium sulphata,
Gupric sulphate and Seolenium metal powder in the ratlo of
10:1:0.,1 wore taken ir a 100 ml kjeldashl dipgestion flaslc .
Three ol o2 ceoneentraltod sulphuxiec acid of specific pgravity
1.84 was added glowly to the above mixt'.u.;e and h'ea'baa fozx
S5 hzo £211 {he material wgs completely digesied. The flagks
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'eriere_ allosed %o gool down to roam te,mpex:atumé before adding
o5 pl of distililed water to each flagk. After goolbng, the
contents were transferzed to 100 ml volumstric fiask and the
volume Was made up with distilled water. fien ml of this
cample £rom each fiask waa then added to a kjeldahl flask
along with 10 ml of 50 pex cent modium hydroxide solution
and stoam aiotilled till about 100 ml of the distillate ves
colleoted in the receiver flask containing initially 10 ml
of 2 per gent borie acid soluticn with a drop of mixed

in dicsa:tor. The ammoniagal nitrogen contont of the digtillate
wao deteormined by titration against 0.07 N hydrochleric acld
and fras the titre value, the percentage N was determined by
the following equétion.

VN xVy x0014x100

Yhona V = Titre valug = ;ths blank
V, = Total volume of plant gsample made up
YV, o Volnme of plant sample dlstilled
§ = Hoxmality of NO1 |
W = Weight of powdored sample ussd for digestion
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5. Bffect of age of host plant and infestation by M.incognl.to
 on nodulation, gall formaticn and other

gharagtera 1n cou

4 pot culture experiment was conduoted using gterlliged
30l to gtudy the affset of age of plent and infestation
by le.incomita on various plant characters in cowpsa. New
2, a susceptible varlety of eowpea to M.lncogmita was used
0 conduct this experiment which was laid out in completely
randailesd design with five peplications eache N P X
fertillzers were added unifoimly prlor to soving at the
mte of 20330210 kg/ha. The different treaiments were
invenlation with 1000 second stage larvae of M.incognita
at the time of sowing and on the Tth, 14th, 215t and 28th
é‘.ra;z,r of plant growth by the method deserited eaxlier. Control
plants were palntained without any nomatvods inocalation.
Pollowing obgervationa on nodunle number, nodule f£resh
wolght, gall numbex, pall £raosh welgh¥, percentag niitrogen
gontent of shoot, leaf number, plant height, root length,
£resh and dry weight of shoot and nematods population per
grom £xesh weight of Doot and 100 g of inoculabtod soil were

talon on S55%h day of plant growth by the methods deseribed
earlioms



6; statlctical anglygis
Datz on various observaiions was analysed atatiotically

by the mothods deeeribed by Snedegor and Cochran 1967 foZ
the anglysis of variange of completely randoniged dosig.
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RESULES

1. Zhe nematodo

Phe nenatode wag idenrtified as Meloidogyme incognita on
the bagis of its perimeal patiemm. A pure culiure of the same
wves mainiteined in colsus (Colcus blumei) plants raised in

gtoriliged soil. The life cycle of li.incopnita along with en
ilinptration of iss typical perineal pattemm 1s shown in
Fig-"l-

2. Hogt varletal varlations in cowpsa_to infegtation by
.ﬂ.incﬂgﬁim

Tha resulis of the pot aulm;ga sxperiment to study host
variotal variations in oovpea to infemtation by M.incommita are
precented in Tables 1 to 4, Figure 2 and Plates T %o V. The
analysis of variance for the sams ars given in Appendices I(a)
and I(b).

among the ton varleties of cwwpea soreened for resistancs.
%0 H.incomita, Wo vacieties, Hew Era and PUB=2 were found
gusceptible to thias nematode« In these varieties, 141.33 and
6_4.53 galls verc formed pex plant (Table 1 and Plata 1IV).
However, in the remalning eight varieties such as Pathinetiumaniyan, \
=22, D=1, ‘G-152. sundari V=46, V=37 and V=240 thers wero 1
no gall formation (Gable 1 and Plates I, II, IIX and V).
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fable 1. FEffeet of inoclation with Meloldogyns incoen
on gall Lormation and noinlation in dif i‘eren;i:

covpea varieties.

o

Goupea. Gall Gall Hoduls

Nodule fresh
variety nunbker frosh nunbear welght
. welght -
(g) (8)
Hew Era 141.35°  1.41°  19.67 0.26"
{11.79) (4.39)
Pothinetiwaniyen 0 —— 64433 1.15
G2 0 — 60467 1.37
: (M (7.77)
PiB=1q . 0 - 55«33 1.15
(1) (7.40)
L ] & w %
(8007) . (4“79) ' .
g=152 Lo — 72400 1.49
i (1) (Be45)-
gundazs, 0 - 44433 1.28
’ (1 ) (6963)
V=16 0 - 61.67 1.5%4
| (1) (7.82)
V=37 ‘ 0 —— 90,00 1.83
(1) (9.48)
V=240 0 - 58435 1.15
(1) (7.59)
Cea(B5) 1.24 0029 045 0.61
#% Mean of 5 replications. |
Figazes in paranihesis are /X + 1 and/X {ransfore
mation valueg for gall number and nodule numbez

Tegpactively.



Plate I
Comparative effcet of namatoda infestation in dlfferent

varicticas ¢f cowpea = 1, How Era -
2¢ Fathlnettumaniysne

Plate. 13X

Comparative offect of nentocde nfestaticon in dlfferont
varietics of cowpoa « 1. New Era. 3,122,






Plat* 127

cenparaclve itfect of nenatodi inf<ttatton la diffnront
varieties of cowpea - 1. Nw ja 4.PTB»l.

Plata XV

compar itlve effect of ncnotor¥ Inf station in differ nt
varieties of coupes - 1.ManBra 5..TS-2*






Plate Vv

comparative effect of nematode Infestation in different
varieties of covpea - |.Ret mra
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fable 2. [Iffegt of inoculation with Meloidogyme ingomnita
on variouas plent characters in different cowpea

varieties.
E;wpea Teaf Plant Root Fresh DIry
variety nunber height leongth wolght weight of
of . shoot
Bnoo
_ . ()  om  AB. (@
Now Era s.00" 12,70 11.07 10.50% 0.71"
(1.95)
Je '
1G22 1167 50447 16473 32,05 1.82
(3.41)
PTB=~1 11.67 62-47 1553 23«25 1.99
(3.40) :
PFBe2 4.67T°  13.507 15.13 . 12.31" 1.91"
(2.16)
G152 10.33 28.70  17.37 22,90 1.52
(3.21) _
S.lndari 11 035 29 -67 24-67 18074 1 -71
(3.35)
V=16 12.4¢ 30447  31.70 21,39 1.66
(3.46)
V=37 12.67  32.47  19.50 91.68 1.61
(3.46)
04D (55) 0.58 14.18 4.6  6.13  0.20

##* Meoan of 3 replications

Figares in paranthosis are ﬁ transformation
'valueg for leaf number
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The £resh welght of gallas was in proporiion to ihelr numbes

in susceptible vavisties with a maximum of 1.41 g in fev Lra.
Farther,. in these varieties there was & gignificant negative
corrclation betweon gall fomation and nodule mumber (Gable 4
and Fige2). In New Era and PIB=2, only 19.67 and 24.33 nodules
wole formede Thig was significantly lesser than the numbexr of
nodnles 1n Tesistant varietiecs where a ‘maximum of 90 nodules
werc formed in the variety V=37 followed by C=152 (Table 1).
Further, the nodales in New Era and PiB=-2 Were infegted by
nematodes. Thése were soft and derk bxown. in colour when
comparad.to the hard and flesh coloured nodules. of resistant

. varieties. The frosh weight of nodulss was also significently.
_lot in susceptlible varistiss. These weré only 0.26 and 0.40 g
regrectively for New Era and PIB-2 in comparison to 1.8 g

for the resigtant variety V=37 (Table 1).

The nusber of leavos formed pelr plant, plant helght,
froch and 4dry weight of shoot were significantly low in New
fra and PiRe=2 (Tabls 2). ©he number of leaves fommed in those
' vax:‘.ctiea_wem only 4 and 4.67 xespaciively. Similarly, the
plont holght wan significantly reduced in New Era and FiB=2
to the oxtent of 12,70 and 13.50 em respectively (Table 2).
However, a similar gignificant reduotlon in root length ﬁaa
not oboerved. The oot length of 15.13 cm in PB=2 wag:
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o _ _
Tablo 3. HNomatods number in infegted root and soll of
difforent ecvpea varieties

Gowpea veriety - Hematods number Nematode nunmber

per gran of in 100 g of edclil
infested root _
a— 342430 205 17"
(2453) (2.51)
Pathinettumani yan 233 . 2.0D
(0.63) ' (0.26)
Aa=22 5035 . ‘ 2.67 .
(0.49) (0.36)
ey ' 7«67 24,00
(0.88) (0+26)
PiEBeD 187453 89467
(2-17) ( 1 095)
G=152 267 2.67
(0.40) (0e42)
Bundaxd Te33 T ebT
(0+81) {0.48)
=16 4400 3 .00
) (0058) (0a35p
":"37 . 5&33 . 4-33
(0.62) (0.59)
F=e240 4467 ‘ 2455
CeDe {5%) 032 0.0 -

TR Sk W il

## Hean of 3 zeplications

Pigizes in pareutnesis are logX transfommoe
#4on valuasa for nematode number rer gram of
infsstad oot and 100 g of soil,.
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fable 4. Correlation betveen the number of nemziodes in
Iinfesztcd »oot and soll and nodle number and
gall fommation In dlfferent oowpea varieties

Gall Nema tode Nematode
menbar number per  number in
gram of 100,g of
root, goil
» . ¥ N
Toduls ~0.,57716 =0 58553 =0.,57319
nunbo »
eall +0.92126°  +0.93471"
nunter : . ,

Nematod numbes #
por gram of - - , +0493123
infested root
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!

ptatigtically on par with that of realstant varieiies such

ap TG=22, Pil-1 and (=152, The f£resh and dry woight of shoot
wero also gignificantly low in both the susseptible varieties.
The.se were only 10.50 and 12.31g and 0.71 and 1.11 g
raspeciively for low Era and PUB-2 (Iable 2).

The nematode numier per gram frech weight of infeatod oot
and 100 g of inoculated soil wore more in the case of
suseeptible varleties such as New BEra and P{B=2. IThese were
342.30 and 147.33 and 203.77 and 89.67 respectively and were
pimificantly higher than the population in resistant varleties
(zable 5)« The lowest numbter of nematodes in infested roob
and soil was geen in the case of the resistant varlety,
.Pathinettumaniyen. There was also significant poaltive
correlation between nematoﬂe number in one gram fresh weight
of inZeoted zoot and 100 g of inoculated soll and the numbar
of galls formed in susceptible varieties (Wable 4). 4
positive correlaticn also existied betwwen nemateds number in
the infeated root and soil. |

3. Effect of inoculation with different levels of M.incomita o
nodulation, gail formation and other charactors in cowpeg

Phe Tooults of the pot culiuve experimont to study the
offect of inocculation with different levels of M.incopnita
on nodilation, gz=ll formation and other plant charaeters in



Tabls 5 .
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‘Effecd of inmoeulation with difforent levels of
Holoidogyne incognits on nodulation and gall

formation in cowpes.

Nematode. Nodule Nodule Gell Gall Percentags: -
nunber nunte frash numbax fresh nitrogen
welagnt welght content of
. ghoot
(2 (2
o 209,33 5.43 0 . 0 3434
, (14.47) (1)
10 185450 4485 41.33" 0.55" 3430
(13.58) (6+42)
100 161,00 4.03°  135.67°  1.55°  3.15
: (12.€9) (11.64) ‘
1000 115.33°  2.87"  222.00° 2.15"  2.60°
(10.72) (14.90)
10,000 63.35° 2448 290,67 337 23T
‘ (7.96) (17.04) '
0uDe(5%) 1412 0,96 1.53 0.49 0.34

Mean of © replications

Figures in parenthesis are yX end JX+1 transfore
nationr values for nodule number and gall number
Iegpeotively.
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FTORMATION IN COwPEA.
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cowpea are presented in Tables 5 to 8 and Figures: 3 to 5.
The analysis of variance for the same are given in

Appendices II(a) and II(Db).

A maximum reduction in nodule number was obgerved in
plants  inocculated with 10,000 nematodes. Here only 63.33
nodules were formed in comparison to 209.33 nodules of
uninoculated control plants (Tablé 5). Inoculation with 100
and 1000 nematodes also significantly reduced the nodule
nunter (Fige3)s The nodule fresh weight was more or less in
proportion to their number and was significantly-low in
treatments involving 100, 1000 and 10,000 nematodes. The ‘
fresh weight was only 2.46 g in plants inoculated with 10,000
nematodes Were ag in control plants this was as high as 5.43 g
(Table 5). However, inoculation with 10 nematodes did not
have any significant effect on nodule number and £resh weight
(Table 5). Purther, nodules in all the treatments, except the
control were infested with the nematods.

There was gsignificant increase in gall number and gall.
fresh welght in various treatments except the control. The
maximum inerease was observed in plants incculated with 10,000
nematodes. Here 290.67 galls with a fresh weight of .37 g
were formed (Table 5 and Fige3). However, there: Was no

gall formation in uninoculated control plants. The number of
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* W .
Table 6, Bffect of inoculation with different levels of

Meloldogyne incognita on various plant
characters in cowpea., '

—— — o

Hematode Laaf Plant Root rresh Dry welght
murher number height .1ength welght of of shoot
(cm) (em) 050t @
0 14,17 118,15 62,30 81,17 7.57
(3.76) . ‘
10 13,67 119,12 61.13 77.55 6.86
' (3.69) _ h
100 12,67 113.90 55,58 75 .57 6,05
(3.55)
1000 8.33" 78,55  46.03° - 63.05% 3.97"
’ (2.88)
10, 000 5.50" 49.63"  35.47°  a6.72" 2.26"
(2.34)
CeD. {555) 0,27 13.43 2.63 7.99 1.69

o - it n S - — ——y

*% JMean of 6 replications

Figures in parenthesis are [X transformation
valueg fox leaf number,
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gails formed and thoir fresh woight duze to incouletion with
10, 100 and 1000 nematodes was also higher to the exient of
41235, 135.07, and 222 and 0.55, 1.5% and 2.15 g regpectively
(Table 5). There waa also significant negative correlation
botteen gall formation and nodile number in different nematods
inoculated treatments (&‘a‘:;la 8 and Fig.’p: ‘and 5)e |

A pignificant reduction in pesxoentage nitrogen content cof
shoot Was observed as a result of inoculation with 1000 and
10,000 nematedes. The peroeniage nitrogen content of plants
in these treatments Were only 2.60 and 2.37 resrectively in
compazrison to 3.34 per cent of control plants (Table 5 and
Fige4)s But thers was no significant reduction in the .
nitrogen content of plants inoculated with 10 and 100 nematodss
(Tahle 5). & significant positive correlation botween
nodule number and pexventage nitrogen content of shoot wag
cbgerved (Tadble 8 and Fige5). However, the corrslation
between gall number and pexrcentiags nitrogen content of shoot
wasg slignificantly negative.

The number of Jeavesm formed per plant, plant height, root
iength and fresh and dry wolght of shoot were also :
gignificantly low due to nematode inoculation espacially with
10600 and 10.0{50 larvae per pl_aﬁ'li. Uhe maximn deleterious
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Tablo 7« Effect of inoculation with different lovels of
. Meloidogyme incoipnita on nematode number in

nfegtad root and s of cuipea

Rematode Bematode numbelX Hematode number
nunte por gram of infe~ in 100 g of soll
sted root
o - 0 0
(0) . (0) N
10 49 .67 1817
(1.70) (1.27)
100 195433 56.67"
(2.15) (1.75)
1600 228,00" 120.85"
(2.37) (2.08)
10000 " 290.50% 084,67
(2.46) (2.45)
GeDe (555) 0.19 0.15

## Mean of 6 replications

Figuren in pavanthesic are 10g*"’ X+1 trangfoiw
nation values f£ar nematode number per geam of
infogted root and 100 g of soil. '
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Gorrelaticn between the number of nemetodes in
infooted root and soll and nodule number, gall
formation and pexcentage nitrogen content of

ghoot in cowpea

Gall Percentage Nematcds Nematode
number nitrogen number per unumker in
content of yram of 100 g of
shoot. root soll
infagted
Hodule = B86265" JTAIB2T =.80265°  ~.85766"
nunber
Gall «.79369" .94150" 88179" -
nuntei
Pexocontam % »
nitrogen -« 83409 =-+79370
contant o
shoot.
Hematodo 88242
nunter per
gran of
Infegtad

Xoote
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affects Were observed ag & rasult of inoculatien with 10,000
larvace. TheXe Were only 5.50 leaves in these plunts in
gomparigon $0 14.17 of control plants (Table 6). Similarly, the
plent helght and root length Were only 49.63 and 35.47 cm
roppectively, in this treatment. The fregh and dry weight of
shoot Wores 46.72 and 2.26 g resgpectively ﬁhen compared to

81.17 and 757 g for anlnoculatad plants (Table 6). Howover,
inoculation with 10 and 400 nematodss did not have any signie

ficant offeot on thege plant characters.

A sipgnificant inerea'se in nematode number in cne gram
fregh weight of infestad root and 100 g incculated soil was
observed. Thig inoreasge wWas mayimum in plants inoculated
with 10,000 larvas. There wele 250.50 and 284.67 nenatodes:
reppecilvely in infeated root and soil of this treatment. The
increage in nematode number was also higher in plants inocculated
with 100 and 1000 nematodes (Table 7). There was a significant
positive cormelation between nematode number in one gram
frosh Velght of infested root and 100 g of inoculated goil
and the number of galls formed in differeant treatments
(table B)e A positive cormelatlion also existed between nematode

nuober in infested root and soil.
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4. offect of age of hogt plant and infestation by M.incogmite
on no®@lation, pall formation and other churacters in coi/pea

the Tresults of the pot culture experiment vo study the
effect of ags of hogl plant and infestaticn by M.incomita
on nodulatlon, gall formation and other plant characters in
cov’pea arc presented in Tables 9 to 12, Figwes 6 to 8 and
Pletes VI to X{I. The analysis of variange for the same aze
glven m Appendices III(a) and III (b).

The pusceptible variety of cowpea, llew ira, was inoculated
v;rith 1000 second stage larvae of Y. ncoegnlta at the time of
gowing and on 7th, 14th, 218t and 28th day of plant growth.
Tilere wag gignificant reduction in nodule numbar and fresil
veight. in different treatments when compared to control. The
maxinum reduction was obgerved on 14th day. The numbef of
nodzles fozmed and their fresh weight in ‘this treatnent vere
only 23.80 and 0.43 g respectively in comparison to 234 and
5.31 g for control plants (Table 9, Fig. 6 and Plates XIII and
XiV). ©The nodule number and fresh wei‘gh'l; due to inoculation
at the time of sowing and on the 7th day of i)lant grodth were
algo lov to the extent of 46.80 and 37.60 and 1.75 and 1.31 g
rospectively (Huble 9 and Plates VIL, VIII, X & XI )e 4

pimilar reductvion vas geen ag a resuls of nematods inoeulation
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tablc 9. ©Efoct of age of host plent and nenatods lnfestas
$ion on noduiation end gall formation in ct¥pea

' Day of Nodule  liodule Call Gall  TForcenieg
inocu- nuonber fresh number freah nitromn
lation _ wolght weight contaent of

shoot
(2) ()

5 4GeEDT 4475 115.80° 2,047 2.707
(6.77) , (10.78)

7 57.60"°  1e31" 116.20°  2442° 2547
{6.00) (10.81)

1 30" 0ess®  127.00°  2e26" 234
(4485) (11:17)
76.40°  2.38" 87,200  1.83°  2.69"

21 (8.75) (2.37) -

28 94.80% 2,89 77.20%  1.19%  3.02"

| (2.73) (8,83)

Gontrol 234400 5e31 "0 0 3‘.471
(15 .26) (1)

Cole(5%) 1.00 0.77 1.32 0.50  0.16

## Mogn of 5 replications

Fimres in paranthesis are X and JX+1 tranafor=
pation veluen for nodule number and gall numbed
reppectively.
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Plate VI

Effect of nematode inoculation at tho time of sowing o
plant height and lea number of New Era

C=-Control _
1 ~ nemotode inoculaticn at the time of sowing






Plat# VII

effect of namatoda Inoculutl.cn at tna tine of aowing on
nodulatian and gall Conation In IHf fin*

C = control
1 * aanatoda inoculation at tho tine of aowing

Plate VZ2XZ

«. ffict Of nanatoda inoculation at Via tine of eoving an
modulation and gall fornatlon In Maw tn (enlarged n «) i

C e« control

1 * oonatod< Inoculation at t tine of aowing*






Plate JX

Jiffwet of MMtode laocul txon on 7th day of pi mi growth
on plant holg it and loaf number of Near Era*

C* control

2* nematode inoculation on 7th day of plant growth.






Plate X

Effect of nematodle Inoculation on 7th day of plant growth
on nodulatlon and gall Conation in Mow Bra*

C. control

2. nematode Inoculation on 7th day of plant growth*

Plate XI -
fleet of nematode Inoculation on 7tt day of plant growth
on nodulatian and gall formation In Hew *-ra (enlarged view)*
C. control

2* nematode inoculation an 7th day of plant growth



Plato-XI



Plate XXX

Effect of nanatoda inoculation on 14th day cf plant growth
on plant height an* loaf nundorr of Raw kn*

C. control

)= neouitoda inoculation on 14th day of plent growth*






Plate XXXX

Bffect of nematode inoculation on 14th day of plant growth
on nodulatlon and gall fonaition in Haw era*

c, control

1* nematode Inoculation on 14th day of plant growth*

Plate

Effect of nematode inoculation tin 14th day of plant growth
on noduletion and gall fomatlon in aw Era (enlarged view)*

C. control*

3* ner ttode inoculation on 14th day of plant growth






Plate

Effect of nematode inoculation on 21st day of plant growth
on plant height and leaf number of Hew Era

c. control

4. nematode Inoculation on 21rt day of plant growth.






Plata XVZ

Effect of mo.itoda inoculation on 21st day of plint growth
on population and gall formation In M# « .

c. control
4* nsmatoda ino ulatlon on 21st day If plant growth*

Plate XvzZX

Effect of aanatoda Inoculation on 21st day of plant growth
on modulation and gall formation in New era (enlarged view).

c. control
4. naamtode Inoculation on 2lat day ef plant growth






Plate xvixi

Effect of nomatodc Inoculation an 28th day of pi'llt trouth
on plant hoi fit and loaf number of Mowlra.

C. control

5. nematodo inoculation an 28th day of plant growth.






Plate I B

Lffcst of namatodo inoculation on 28tn day of plant growth
on modulation and gnll formation In Hew » .

C* control
S. nca-itodt inoculation on 28th day of plant growth.

Plate AX

V4
Effect of majtode inoculation on 26th day of plant growth
on noduldtion and gall formation in Maw Era 4 nlarged wiaw).

C. control
t. nnaaboda inocul tion on 20th day of pl~nt growth.






Plate XXX
E ffect of naBftode infestation of cowpea root nodule*
1. healthy nodule

2« nematode infested nodule*
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on 213% and 28th day as well (4¥abls 9 and Plates XVI, XVii,
XIX &XX'). Farther, the nodules in all the treatments, except
the control were infested with the nematods (P;ate: XX1) e

Zhoro vasg si@iﬁcant- ingxrease in gall number and thelr
freph weight in all the treatments)except the control. The:
naximmm inereass Wag obsezved on 14th day. Hexe, 127 galls:
vith a f£resh weight of 2aéﬁ g Yere formed (Tabiu 9 Fig.6 and
Plates XTI and XIV): Mowever, there was no gall formation in
uninceuletad control plants. The bumber of gadls formed and
thedr fresh wight due to nematode inoculation at the time of
goring and on 7th day were also highor to the extent of
115.60 and 116.20 and 2.04 and 2.12 g respeciively (2abls 9
and Plates VII, VIII, X and XI). A similar increase wgs seen
as a xosult of nematode incoulation on 213t and 28th day as
well (Flates XVI, XVII, XIX and XX). There vas also slgnificant
negtive corroladlon between gall formation end nodale number
in differeni nematode inoeulated treatments (Table 12 and Fig.6
and 8).

4 pigniflownt reduetion in pereentage nitrogen contontd of
shoot wag obgerved due o nematode imoculaticn at difforent
stages of plant goowihs The magimum reduciion vas seen on
14th @ay. The pexpentage mitrogen content of plants in
this treatnent wes only 2.34 in comparison to 3.47 per cent



NN 44

*x
fable 10. Eifect of aga of hogt plant and nematode
infestaticn on varloup »lowt chezagtany

in coupen
Day of Leaf YPlent Hoot Frgsi Weipht Dzy welght
inocu= nunber helght length of shoot of shoot
latlm (cm) (cu) ) (&)
0 7.90" 46.72% 18.66 * 24,06 2,47 ¥
( 2.€6) -
460" 29,14* 11.62 * 16.26 * 1.97T"
7 (2.12) .
4,00 * 15 10% 794% 10,93* 0.90%
14 (1.98)
01 7.80 ¥ 46414" 19.62" 20.82" 245"
(2.79)
26 800" 53450" 27.72" 26.86" 3 o83
(2.82)
Control 1500 141.02 43.34 47.74 6.37
(3.97)
CeDa (55) D039 14,78 6436 7.;7 142

e Pe—

*#* Mean of 5 replications

Figres in paranikesis are /X transformation
values for leaf number
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for control plants (Table 9 and Fige7). The nitrogen content
of shoo’t was eleo low due to nematode inoculation af tha time of
gowing and on Tth and 21st day of plant growth. A signifiocan
poaitive correlation beitween nodule number and perceoniage nit
conipnt of shoot was obgerved (Iuble 12 and Fig.8). Hawever,
the correlation hotween gall number and percentage nitrogen
content of the shoot was significantly negativo.

The number of leaves formed per plant, plant height, roo%
léngth. freph and dry welght of choot were élao significantly
low duo to nematode inocculation. The maximum delsterious
offects Were obgexved on 14th day of plant growth follaved,
by inoculation at the tims of aowing and on 7Tth, 2tat and
28%h day of plant growth (Table 10, Plates Xil, VI, IX, XV
and XVIil). fGhere were only 4 leaves in plants inoculated on
14%h day in comparison to 15 leaves in conteol plants (Table 10
and Plawm: XT1)e Similarly, the plant height and root length
vere only 15.10 and 7.94 om respecfively in this trsatoent
(Plates XII and XIII). The £rech and dry weight of shoot Were
1093 and 0.90 g respectively when gaupared 0 47.74 and
6.37 g for uninoculated ccntrol plants (Table 10). The
inoculation with the nematode at other stages of plant growth
also lhad a significant effeot on these plent characters
eagpecially with inocculaticn at the ime of sowing and on 7th
and 21st day of plant growth.
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fable 11. Effeot of age of plant on nematode numbez
in infdsted root and goll of ocwpea.

Day of Nematode numbed Fematode numbex
inocii= per gram of in 100 g of
lation infested root. polil
0 504,80 157,00 ~
(2.,48) . (2.19)
7 344,00 175 .80
y 377.00" 191 .80"°
* (2.58) - (R.28)
% . #
307.00 153 .40
21 (2.47) (2.19)
242,00" 94.20
28 (2.38) (1.97)
Gontrol ’0 ¢
0) (o)
Cella (555) 0007 0,09

| - e

¥ % Mean of 5 replications

Figuves in parznthesis are log X + 1
trangformation valuea for nematods

number per g fresh welght of infested
oot and 100 g of =zoll respeciively
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Correlation botween the number of nematodssin
infeoted root and soil and nodule numboer, gall
formation and percentages nitrogen content of
shoot 1in cowpeR..

root

Gall Porcentags: Nematode:  Nematedd -
- number nitrogen - numbe number in
oontent of Por glanm 100 g of
shoot of infes=- adl
ted oot
Noaule -85 - 917" -.92587" . -.94014"
nunber : _ ,
+* 'H' *
Gall -.83018 089054 ,o82003
numbex ‘ . '
ﬁg:ccnta@_ ,
rogen . * *:
content of -+ 57180 -+92462
shoot
Nematoda ®
number per «89338
gcam of
infeptad
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4 gipnificant inorease in nematode number in one grem
fregh weight of intestsd root and 100 g of inocoulatsd soll
wen obgervad. This increase was maxirum in plants inoculated
on 14th day. Thexe wera 377 and 191.20 nematodes respectively
in the infested root and zoll of this treatment (Table 19). |
The inerease in nematods number wags also higher in plants
inoculated @t the time of sowing ard on 7th and 218t day
of plant growihe There was a significant positive correlation
betiecn nomatode nunber in one .gram fresh.ﬁeight of infeéted
root and 400 g of inoculated soll and the number of galls
forxnd in different treaiments (Tabie 12)+ & positive
gerrelatlon also axigted belween the nematode number in

infeasted root snd soll.
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DISCUSSION

Root=imot nematoles 1nfes'6 a large number of czop plants
egpecially fmits, vegetableg and cemais. Moxre than 50
I_,e_l_o_i_élg_@_ spp. ere ocurxantly desoxibed. They account for
nearly 95 per cent of &1l nemaﬁode infegtations and cause an
averago crop logs of about 5 per cent on a world wide basis
(sassezr gk 21.1983)e In Kerala, mainly two species of
Heloldogyne, Me.incognita and M.Jjavanica are seen. Out of those
Wio species, Me.lncogmita is widely distrilmisd in the state
canging conglderable economic logs for a‘large nunter of
euliivated crops including several pulase§ and vegetablos
(Venkotesan 1984). Among the puless grown in Kerala, cowWpea
(Ylena ungleculata (L.) Walp) ia cultivated both for vegpitable
and geain puzpose. Infesiation of this ¢rop by M.incognita in
Kexala was £irat reported by Mammen (1973). However, a
detailed gtudy on the offect of this nematode infestation on
nodulation by ithiéobium iz yot to ve dene. It was under this
girvcumstunce, the present invesiigation was carried out. Thies
geparate pot culture experiments Were conducted to find out
the affeet o:E’ hoét variety, inoculum level and age of hoat
plant on infestation by }_g.ineogﬁ.ta in cowpea.

The occurrgnce of resisiant variciies zgainst a particnlar

pathogen 1g a well documeniod phenomenon among @ lerge number
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of cultivatod crops. Therefore, in the £irs® part of thig
invegtisation 10 ccvpea varietles, New Era, Pathinetiumaniyan,
HG=22, PTB=1, PiB=2, 0=152, Sundazl, V=16, V=37 and V=240 Wwele
goneened for resistunce o infestation by M.incogpita. In this
giudy, 8 varicties namely Pathinettumaniyan, HG=22, PIB=1, 0-152,
gindazd., T=16, V=37 and V=240 Wore fcund roslstant to this
nenatode. In these varieties there was no gall formation by
inoculation with 1000 second stage larvae of Meincogpita on
14%h dey of plani growih (table-1 and Plates I, II, III and

V). lolever, in the remaining o varie'l;iea, New HIra and P1B=2
there was gall formation. In these sugcepilbie varieties,
141.33 and 64.33 galls Wors formed per plant with a maximum
frosh weight of 1.41 g in New Era (Table 1 and Plate IV).
Jowpea varieties resistan’t to M.inooanita wwe repoerted earlier
by & numbter of other workers such aa Harra/ (1959) Amomu (1974)
singh g% al,(1975) and Shamma and Sethi (1976). In fact,

two of the varietieg C=152 and V=16 found realsiant %o
M.incospita during this investigniionwave also reported earlier
to be resistant to this nematods by Patel et al, (1977) and
fhakar and Patel (1993) zospectively.

The formaticn of reot-imots. or galls in the susgceptible
varicties of cowpez had a sipnifleant effect cn nodulation

and other plant characitersd. There Was glgnificant nagative
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correlation botween gall formation and nodulation in both
New Ura and PiB=2 (Table 4). In thesge varietiés 19.67 and 2433
nodules Were only foxmed when compared to a maximam of S0
nocules Zormed in the resistant variety, V=37 (Tabla 1).
Howrever, the fresh welzght of nodules in all the varietles vas.
in proporticn to their numbere. There Was also glgnificant
reoduetion in leaf number, plant helght and fresh and dry weight
of shoot; in both the susceptible varietles (fiuble 2). Such
111 offects due to nematode infestation is reported earlier

by Epps and Chambers (1962) in soybean, Srivagtava gi gl.(1975)
in chick pea, Castillo et al.(1978) in mung bean and Shamma.

et al.(1978) in groundnut.

An interesting observation made during this investigation
was a profarentlal colonisation by M.incognita in theo
rhizosphere of the susceptible varieties of cowpea. A signie
ficani‘; increase in nematode number Was obzerved in the infested
root and soil of both New Era and PiB=2, when compared to
othar resistant varieties (Table 3). This increase in nematode
nunter had a significant effect on both nodulation and gall
formation. Thus in New Bra and PiB=2, thers was glgnificant
positive correlation befween nematode number in infested root
and goll and the number of galls formede Howover, the

correlation betveen nematode number and nodulation vas
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picnificantly negative for theee varieiies (Table 4} In
New Tra and YiB=-2, there wasd a'“.i'.so a doorsase in nodules numbolr -
with an inerease iu the number of gulls formed. The protable
zeapon £or such a reductlan: in nodulation mg & resuit of

nematede infestation is diseussod later iz thls chapter.

The pregence of xesigtant genes in cowpea preveniing
infegtation by M.incognita wero reported by Amosu (1974) and
later by haj and Patol (1978). However, the actual ﬁ}echanimi
of providing reeigtance to Lnfestatlon by Mgloidogyne spp,
by these gones is not yet clear. Ihe presence of cortain
inhibitory subgtances in tha rood cxudates of reglatant
varieiies as a praductd of these recistant genes cannog he
maled cus. This appears to be tmue To a certaln extent
bacause a aglgnificant inersase in nematode number in infeated
£00% éna s0il during thig iavestigtion wag otsarved only
in the case of the susceptible varietless Now Era and PIB-2,
even‘!shmgm- ‘both the resistant and susceptlble varieties wWere
inoculated with en identical mumbsr of 1000 second stags
laryes on 13tk duy of plant geowth (Toble 3). Therefore, it
will be worthwhile to conduet further investigation on this
line undex controlled condivions in order to identlify the
exact nature of tho Yresistand luctor presens in she root

exafdates of the resigtant varieties.
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The ldentification jof cowpea varietles resistant to
Meincomita is important from another polnt of view, in that
it will be possible to cultivate such varioties throughout the
gtate even ip areag known to have an endemic popalation:
of Meincommita. This will avoid an unnecessary blomagnifi=-
cation of this nematode in arcas guspecited to have an
suboptimal population in the soill. This will also be beneficial
to the farmer bscause it will enable him to raise successfully
8. puocoeding orop susceptible to this nematode which will not
have been posaible othezwise, if a suscepiible ;rariety of
oowpoa was eulsivated in thig ama earlier. Some of the
repigtant varieties ldentified during this investigaWon
nenely Pathine ttumaniyan, PiB-~1 and ¢=-152 are in fact vexy
popular anong the farmers of the .‘:state. Thexefors alld atienpis
should te made to popularise these varisties for cultivation

in aveas found to have an endemic ox marginal population
o E}_tiﬂﬂ()&!itan

in the second part of the present investigation, a
ro% oulture exmriment wag conducted to £ind out the minimm
nunber of nematoede required to produce a Isignificant effeot
on nodulation, gall formation and other growth characters in
cOJpoas For this, one of the susceptible varietiss of covpea

identified carlier, New Era waz used. Five different inoculum
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levels, O, 10, 100, 1000 and 10,000 second stage laxvae per
plan® Were used for inocculation on 15th day of plant groawth.
A si@:ificatxt reduction in nodulation was obgerved in all
plents inoculatsd with 100, 9000 and 10,000 larvas with a
mazinum reduoticn in plants inoculated with 10,000 nematodes.
llexe, only 63.33 nodules were formed in comparison %o 20933
nodules formed in the uninoculatsd coatrol plants (Table 5).
The fresh welght of nodules was in proportion to the number
in all vhe treatments. lioWever, there was no significant

| rodugtion for these charucters in plants inoculated with only
10 nematodon. Therofore, it appears that a minimum of 100
neratodes per plant is required to produce any signifi cant
ef£fect on nodulation in covpea. DBalasubramanian (3971),
singh gt al.(1977) and Nath et al.(19792) have all raported a
pininum threghold level of 100 nematodss per plant to produce.
any slgnificant effecot -on nodulation and other chaxrmeters in

aoyvean, mung bean and chiok pea respectively.

' The peduotion in nodulation by HEhigobium when a
minimum threshold level of nematods is present in tie
s8o0ll 1s believed to be due to the larvas interforing
d:irectly with the astabiislnnent of Rhizobium on root
surfaco. Further, as reporited by Balasubramonizn. (1971),
the nematode infestation may also alter the affinity of the
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host plant towards ‘the microsymiiont. The poaeibllity of
nematods feeding on Hhigobium @s sach or vhe sofi nodule
primordia can be enother reason for the obzerved reduction

in nodulation, This is because whenevel thele Was an

increage in nematode population in infesied root and soll,

there was also a significant reduciion im nodule number

(Table 8). Apaxt fram these faotors, the overall redustlion in
oot syotem resulting from gell formation can also greatly reduce:
the available rcot surface area for the Zhigobium %o enter and
initiato nodule formation. It is in <hia contend, the
compotition betwsen Lbigobiup and nematede for early root
aolonication and hopt nutricnts as suggested by Hesefield (4958)
becaies importani:. However, 1% is difficult to azrive at a
dafinite concluslion by the present invegtigation whether there
wag an actual competition botween the macro and the micro
orgenigm for root colamisation, since the visible effects of
roos infeatation by both were seen more or less simltaneously
by the thizd week of inoculation.

There Was a progressive inerease in gall number and
frosh welght 2o the inocculum level increased f£ram 10 to 10,000.
Tho maximmm nunber of galls were foxmed iln plants lnoculated
with 10,000 nomatodes. lHere, 290.67 gallo with a fresh weight
. 0f 3.37 g Were 'fomad (Table 5 and Fige3). The number of
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in . .
galls fomed were also higher plants incculated with 100

and 1000 nematodes per plent. Thoy were 135.67 and 222
x*egpeetij?eiy. This inereage in gell numter as the inoculum
level of mematods increased wés in accordance with the
expected beha-'vihé:‘ur of the pé‘hhégen‘ in the presehce of &
suecoptible hoste It ig also apparent that the number of
glls formed as a result of_inoeulatifm with 1000 and 10,00¢
larvae axc much higher then Vhe number of gells formed by
inoceniating with only 10 ﬁema‘i:pdes pex __plant (Table 5 and
Tife3) o ' ‘ |

The effect_ of progressive inorease in gall fomatdion by
an inarcasing 1eva_1 of tho nematode 1noau1um‘ alge rasulting
in a eonsequential‘ decrease in modzlation was ssen in the .
perccutage nitrogen content of shoot in ooWpsa. A slgnificant
degreoasa in the nitrogen aonten_t of shoot wag observed in
all plants inoculated with 1000’ and 10,000 nematodes in
campaxison to other treatments (fable 5 and Fig. 4). ©he
nitrogen content of plants in thess treatments were only
2.60 and 2.37 ver cent respectively when caupared 4o 3.34
| rez gent for the uninoculated control plants. It is algo
intesresting to note that there was no significan'l:. radugtion
in ni%zogen content after incenlation with 10 and 100
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nematodes (%able 5) sinee plant nitrogen content is en
indicatlon of its overall growih and ssed production capaclity,
the above obgervation that a significant reduction in the.
percentage nitzogen content of shoot Wes obtained only with
+ho inceculation of 1000 and 10,000 nematodes is important
'becauée it indicated that the minimwa threshold level of
Heincogmita requixed to producs any adverss offect on plant
growth in cowpea is 1000 larvae per plant. —

¥hat can he the reason fox the xeductlon in nitrogen

. aondont of plantse The extent of gall formation and its
-oonsequent effeet or root gravth, nodulation and nuirient
uptako by the hoot plant ap wex: Lo be the main reason. for
the reduetion in ndtrogen cont&ﬁﬁ of plants especially '

dac to inoowlation with 1000 and 10,000 nematodes. This
redueticn in nifrogen.content in all treatments except the
aontrol even whon NPK fertilizers were afded uniformly supponts
. this hypothesis. 4in aciual infestation of root nocdules by
He.incomite was also observed durlng the investigatdon.

Such nodules were soft and dazrk in colour in comparison to the
hard slightly pink contred nodules of uninoculated control
plents, These nodules alge deteriorated much rapidly

fhan the nomal healthy nodules. This can infaot lead to

& depletion in the amount of fixed nitrogen availalle to
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hopt plant. Wo other reasong reported earlier to affaqt the
efficicnay of nitrogen fixation by Rhizobium in nematode
infostod plunts were the findings that the nematode coitld
intorfers with the nitrogen fixing procsss of Rhigobium by

' proéucing cortain hoxmones whioh caillatfect the moitabolic
activity of the microsymbiont (Singh et al-1977). Secondly,
the nematode wolldactually inhibit the tranafexr of fixed

ni trogen by Rhizobium to host plant by some unknown mechaniem
(Walker 4957 and AL gt al .19é1). I!OWevei', these hypotheses
were not tested during thisg investigation since a more
fundamental study of the nematode and Rhizoblum interaction
will be required to understand the real effect of nematode
on the physlological activity of the diazotroph.

The abeove effects of increased gall formation and reduced
nodulation and nitrogen fixation due to an increasing level
of the pathogen were also obsezved in othex plant characters
giudied during this investigation. ‘The number of leaves Loimed
peﬁ plant, plant height, root length, fregh and dry weight
of shoot wexe all lebs wij:h an inerecasing level of nenmatode.
Hoviever, a gignificent raduction waa obtained only with the
inoculation of 1000 and 40,000 larvas pexr plant (Table 6).
These obgerxvationg further support the conclusion arrived

garlier based on plant nitrogen oontent, that 1000 nematodea-
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gor plant 1g tho minizmm threshold level required to produce
any ofgnificant effect on growth of codped.

There was nothing uﬁusual-in the residual nematods
population of infosted root and gll in different treainents.
The number of nematodes in both the cases increased Wwith an
inozease in e initial inoculuws level £zom 10 to 10,0006
ha effeot of the continucus presence of a higher nematode
popalation in plant rhizosphere was also seen in the aignificant
pogitive oorrelation that exis’he& batvoen ziematode nunber
and gell Pormation and the si@ifxcantly negative corzelatdon
hetuoen nenaicde number and nodulation and pereontage nitrogen

content of shoot in covpea.

in Hha lagt part of the prosent invegiigation, the
actusl offect of age of host plant con infestaiion by M.incocnlis
ta:aa investigated. This experiment was alse dome in pots
by ircevlating the susceptible variety, Few Zxa, With. 1000
.nema‘i“soc‘:ss;;ﬁm the date 'o,f sowing‘to 28 days of plant grodth.
Otsgrvationas on nodulaﬁon, gall :Eom;ati.on, percentap
-nii;mger; coatent of shoot gmd neuatods population in infoatad
zoot and 508l were faken on S5th day of plant growthe It
appears from the nﬁemmré roviewad that, not rmoch work |
ig dove %o understand the effect of host age and infestation
by Heincommita in pulses, espscially in éowpea. Thersfone ,
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the present study was oarxled out -ith the hope that same
useful information will be availabls with regard to the
relative suscoptibllity of cowpea at different stages of plant'
growth %o ilnfestation by this nematode.

In general,. the plants were found more sugeeptible to
nenatode during the early stapes of growth upto 21 dayas.
Fourteen day old plants wore found moat susceptible to thig
nenatods infewtation. Thums, the redg.xction in neodulation,
nodule fresh weight and perocentage nitrogen content of shoot
vore maxzimum in this tremiment. The number of nodules formed
and their fresh welght wore only 23.80 and 0.43 g reapectively
in comparison to 234.0 and 5.31 g for gontrol plants (fatle 9,
Flpe6y Plates XIII end XIV). The percentage nitrogen content
of shoot was only 2.34 when canpared 0 3.47 per cent for the
uninoculated control plants (Zatile 9 and Fig.7). Tho nitrogsn
oondent Wag also low due %o nematode inoculaticn at the time
of sowing end on 7+th and 21st day of plant growrth.

Inore wag significant ineroase in gnll number and their
fresh welght in all treatments except the control. fThe
maximum inerease was however, in plants inoculated on
14th day. Here, 127 galle with a fresh welght of 2.26 g
vere formod (Zable 9). The number of leaves formed per plant,
plant heolght, root length, freah and dry welght of shoot were
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a1l sigpificantly low dus to nematode incculationr at diffexent
gtages of plent growth. IHowever, these effects were again
mayimm in plends treated with Me.lncognita on 14th day
Zollared by inoculation at the time of sawing and on Tth, 218t
and 26th day of plant growth (Table 10).

The above gtudy thug indlcated that there vis a progressive
inorcese in the susceptibility of cowpea %o infestation by
Hsincommita from tho time of seod germination. It reached
& peak around 14th dey after which there was a decline in the
extent of suéceptibilij‘sy to this nematode. -The early increage
in the susceptidllity of oowpea to M.incoemita may be e
to the proscnce of cerdain factors in the host xroot exndates
which attracted the pathogen towards its root system. It is
a woll establighed facet that thers is consideruble
differcnce in the nature and ccmposition of root exudates:
daring the early and latter stages of plant growth. Thma:
in a susoeptible varietsy of cowpea, thore should be some
factor present in adequate quanilty in the root exadates
airing the ocarly stages which inocrsased the affinity of
the nematods o itz host rlant. This rhigoaphore factor
may gat wodified or beceome lesg avallable during subsequent
otages of plant growtn. Zhis is also evident from the gradual

deeline in the nematode populaiticn in infasted root and
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goll gamples of plants inoculated on 21st and 28th day. It
15 thoreforo ossentisl to conduct & detalled study an the
natire and composition of root exudates of both susceptible
and resigtant varieties in ordsr to identify csuch factors

. which favour the growth and multiplication of tho pathogsn
in the rhlgzosphere of a éusaeptible variety or inhibvit its
growth in the rhizosphere of a resistant variety. Janother
reason f£or the early increase in the infestation of cowpea by
Meingopnita may be the prefersnce of the nematode for the
poft morigtonitic root tisgues for its golonisation. 4
similar :rasuit w3y reported earlieor by Jamal (1976) in the

caso of chick pea.

Basad on' ths present investigation following important
otzoxvationsg axe mades with regerd to Infestaticn by
Hedlncomnita in covpea.

1. Thome i3 @ varietal variation in cowpea to infestation
by U.incommite. Two of tho varietles, New Ira and
PIB-2 cultivated at presont in: the state are highly
sapeeptible to this nematods while three other popular
varieties such as Pathinettumaniyan, PTD=1 and C=152
are rosigtant. Therefore, all attempio ghould be made
o populariges these varieties for cultdvation by the
farmer throughou"t the state esypoeially in areas
sugpeoted {0 have an endemic or marginal population
of M.incogmita. |
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A minimum inoculum level of 1000 second stage
laxyre of M.incopnita is required o produce an
unifomm significant effect on varlous plant
characters studled especially on nodulation,

gall formetlon and percentage nitrogen content of

3hoot,

gowpea 1s most susceptible %o infestation by

Meincopnita during the early stages, cspecially
arcund 14th day of plant growthe
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SUMMARY

an inveptigation was carried out at College of
Agrimlture. Vellayani, Keralz during 1982~85 to study 'tzhe
effeot of infestation with the root-kmot nematode b;.:!._rxg%l_ﬁ_@
on nodulation in cowpea. Thive separate pot culture -oxpeximents:
were conducted using storiliged soll to stady the influence of
hog% variety, inoculum level and age of host plant on
infestatlicn by M. hoogita in eospea.

%en varietles of cowpes namely, New Era, Pathinettumanlyan
HG=22, PTB=1, PiB=2, (=152, Sundari, V=16, v-3_7 and V=240 Were
sereened for registance to M.incoomita. The experiment was
laid dom in complotely ysndomised deslign with 3 replications
. eaeh.. Yhe seedlings were inocculated with 1000 numbers of
second stage larvae of the nematode on 14th day of plant growth.
Following obgervations on grll number, gall f£resh wsight,
nodule number, noduls frash welght, licaf number, plant
height, root length, fresh and dry weight of shoot and
nematode population in infested root and soil were taken on
50th day of plant growthe.

Among the 10 varieties of covpea scrpened for regigtance
to the ncmatode, two varietieos, Now Era and PiB-~2 wWwere L£ound
gupeeptible. In these variatics 141.33 and 64.33 galls were
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formed per plant. However, in the remaining oight varietics
guch es Pathinettumaniyan, lG=22, PI@e1, C=152, Sundari,
V=16, V=37 and V=240 there were no gall fomation. Ths
£resh walght of galls was in propoxtion to their number in
cusceptible varieties with & maximun of 1.41 g in New Em. In
these varieties there was a slgnificant negative corrslation
Letioen gall fommation and nodule number. In New Era and
PiB=-2, only 19.67 and 24.335 nodules wWere forxmed. This wag
significontly lesser than the number of nodules in resistant
varieticn whele a maximum of 90 nodules were foimed in the
variety V=37 folloved by C«152. The nodulos in New Era and
P2 were infopted by the nematode and were soft and dark
brown in colour vhen compared to the hard and flesh coloured
nedulen of roplstant varieties. The nodule fresh weight wag
algo algnificantly low in susceptible varieties.

ihe number of leaves formsd per plant, plant height ang
freoh and dry weight of shoot were significantly low in New
Bra aud PFB=2. However, a similar significant reduction in
oot length was net o‘csemd in PiB«2. Ths nematode numbexr
per gram frosh welght of iufeated root and 100 g of
inoculated soil were more in suscepiible varieties such as:
Hew Zra and PiB~2. The lowest number of nmematodes in
infooted Toot and woil was in variety Pathinettumaniyan.
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Howevery there was algnificant positive correlatlon totween
the nematods number per gram fresh weight of infested rcot
and 100 g of inoculatnd soil and the number of galls formed
in sucgeptibls varieties. Such a positive correlation also
existed betwoen nematode number in the infesied root and soll.

In the second part of the present invesilgation, a pot
cu:l.tdra exporiment Was condueted to £ind out the minimum
number of nematodss required to produce a significant effeoct on
nodualation, grll formation and other growth charactexrs of
eopeas For thig one of the susceptible varieties of cowWpea
identified earlier, New Era, was used. The experinent wag
laid down in cempletely randomiesd desimn with 6 raplicationg
each. Five difforent incculun levels 0, 10, 100, 1000 and
10,000 second stage larvae per plant v.;ere ugad for inoculation
orn 15th day of plant grevth. Observetiona on nodule number,
nodale fx;eah welght, gall muwber, gall fresh weight, poreentam
nitrogen content of shoot, leaf number,plant haight; root length
fresh and dry weight of shoot and nematode population in infested
root and soil wers taken gn the 50th day of plant growth. |

& glgnificant reduction in nodulation was observed in all
plants incoulated with 100, 1000 and 10,000 larvae with a
mazimum reduciion in ﬁlants inoculated with 10,000 nenatodes.
Hore only 6333 nodules were formed in comparison to 209,33
ncduies‘fo::mad in the uninoéula‘ted coﬁtrol plants. The nodule
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£resh weight Was more or less in proportion to their numbor
end vas significantly low in treatments 1nvolving 100, _1060 angd
10,000 nematodss. The Lresh waight of nodules was only 2.46 g
in plents inoculated with 10,000 nematodes where as in control
plonts . this was as high as $.43g. Further, nodules in all
troatnonts except the control were infested with the :nematoé‘.a.'

Thore was significant inercase in gall number and gall
fresh weight in all 'éréatment except the control. The |
magimum increase Was observed in plants inoculated with 10,000
nematedes. Nore 290.67 galls with a fresh weight of 3.37 g Wers
formed. However, there wag no gall formation in uninocoulated
gonirol plants. Further, there was a significant negative
correlation between gall.fomation and nodule numbex in
different nematode inoculated treatmentoe.

A signifioant reducuon in pementage nitrogen contont of
shoot was cbserved ag a xemult of imoculation with 1000 and
10,000 nematodss. The per:benta@ nit:cégan content ocf planta-
in these treatments was only 2.60 and 2.37 respeotively in
gompariscn to 3.34 per coent f"o:r: control plants. A signiricant
posdtive correlntion between nodule number and pereentage
nitrogen content of shoot ﬁaé observeds ‘But, the corrslation
between gall number and percentage nitrogen content of -hoot
was sigmlfiaantly negative,. .
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The numbex of leavea formed per plant, plant height, root
isngth and fresh and dry weighi of shoot were also algnificantly
dov due to nematode inoculation especlally with 1000 and 10,000
loxvae per plant. The maximum deleterious effects were observed
as a rosult of inoculation with 10,000 larvee. However,
incculetion with 10 and 100 nematodes did no% have sny signi‘f.tcant
effect on these plant characters.

A pignificent increass 1n nematode nmumber per glem L£rosh
waight of infegted Xoot and 100 g of inoculated soil vas |
obgerved with 10, 100, 1000 and 10,000 nemaiodas. Thig increase
was magimim in plents inoculated with 10,000 larvaee. Thare was:
a gignifloant pos itive correlation beivween ihe nematode number
per grem fresh weight of infescted xoot and 100 g of inocculated
s_oii and the number of galls formed in dirferent treatments.
Suchapositive correlation also existed botween the nematods
number in infested root and soil.

In the logt pert of the present investigation, the actusl
effect of age of host plant on infegtation by Meincoeni ta was:
luvestigated.. This exﬁemment was also done in pois by
inoculating the susceptible variety of cowpea, New ra, with
1000 nematodes from the dzte of soving to 28 days of plant
growtie The experiment was laid down in comple tely randmmised
design with 5 replicaticne each. Obzezvations were tuken on
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nodule number, nodule fresh weight, gali number, gall fresh
weight, pexcentage nitrogen content of shoot, lsaf number,
plant height, root length, fresh and dry welght of shoot

and nematode population in infesited root and moll wers taken on
55%h day of plant growth.

Thoro was significant reducticn in noduls number and frosh
wvelght in different treatment when compared to control. The
mazimum reduction wag 6bse:.‘ved on 14th day. The number of
nodules formgd and its fresh welght Wora only 25.80 and 0.43 g
rospectively in comparison to 2.54 andl5.31 g for control
plcontse Further, nodules in éll treatments excep'é the control
weXe infested with the nematodes.

Thero Was significant increase in gall number and their
fresh welght in all the treatments except the control. The
meximun increase Wag obsexved on 14th day. Here, 127 glls
with a frech welght of 2.26 g wexe fommed. However, there wag no
g2ll formation in uninoculated control planis. Further, thers
was significant negative corrxelation beiween gull foxmatich

and nodule nambeX in different nematode inocula®d treatmentges

4 significantd reduction in percentage nitrogen content of
shoot Weo observed due to nematode inoculation at differcnt
stams of plant growth. The maximum reduction wge seen an
14th déy. The percentags nitrogen content of plants in this
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treatent was‘only 2.54 in comparigon to 5.47 pér acent for
contzol plants, It Was also low in plants inoculated at the
time of aowiﬁg and on the 7th and 21st day of Iﬂant grovrthe
Furtier, there wes a gignificant positive correlation between
nodule number and percen:ta@ nitrogen content of shoot. But,
the: coxrelation be'wteeﬁ eall number and peresntage nitroen
content of shoot was sipgnificantly negutive.

The nunter of leaves formed per plant; plant height, root
length, froch end ary wolght of choot Were also significantly
low due to nematode moculauoﬂ at diffexront stages of plant
growth gampared Eto control plants. Howaver, the maximum dole=
tariong effects wele observed qli 14th day of plant growth
folloved by incoulation at the time of sowing and on the Tih,
213t and 28%th day of plant growbh.

A pignificent increase in nematods ﬁ!mber zﬁe:; grem frosh
wolght of infested rooé and 100 g of 1noé:ula'bad goll wao
obgerved. Thig increase vwag maxirum in plaufa inoculs ted on
14%th day. The inereage in nematode nunber was elso higher in
plenta lnoealated at the time of sowing and on the 7th and
21st day of plant gm#th. There was & significant yoasitive
corzelation between nematods number pexr gram Lresh waight of

infesied noot and 100 g of the inoculated soil and the number
of galls formed in different treaitmenis. sSuch a positive correlaw-

tlon alse exisiad betwWeen the nematode number in infested
200% and soil. '
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APPRIDIX - T (a)

Hogt vorleial vawiations in cowjea 0 lifeptation
by Meloldogyme incosmita

Analysnis of variance table

Mean square

sourcae ag -
Gall Gall Hodule Wodule
mmber  fresh mumbaey  fresh
walgnt Welght
(2 (2)
f{}t{ﬂl | 29 a % .o 22 a®
Prsatzand g oI - T, ol T ()
EPLOD 20 0.51 003 0.07 0.3

* Significent at 5 por cent level
of significance.



APPENDIXZ - I (D)

Host varietal variationg im cowpea to infestation by Meloidogyne incognita
Analysis of variance table

nean sguare
Scaree aL :
Leaf Plant Root Fraesh Dry Nematods Hermatode:
nunbar helght length weight welght populaticon population
.of of per gram rer 100 g
shoot shoot fresh soll.
weipght of
cm CHm g g root
Tom 29 e [ N [ N J L X L R J L R J [ N 3
Treatment 9 0.99°  673.96° 99.01° 115.01 o0.41*  1.74" 1.67"
Rrror 20 0.12 69.32  5.98 12,97 0.06 0.03 0.06

* Significant at 5 per cent level of significance



APPENDIX - I (B)

Bffect of inoculation vith differont levels of
Meloidopyme incomitad on nodulation and gall formation

Aalysis of variance table

Megnh squais:
Sourge af ~ - -
Foduls FHNoduls Gall Gall Percentag:
number fresh nuaber fresh nitrogen
welght wol ght content of
shoot
g
".P.O'Fal 29 ao .e o L X ] e
L ¥ 4 * #*
Treatoent 4 40,30 9551 256.74 10.60 0.92

* Slpgnificant at 5 per cent level of

significance.



EZfect ¢f incvoulation with differont levelp of Hel

APPENTUX =~ II{D)

Analyols of yariance table

incognita

Keloldomin
¥ fn' ﬁclmwpea

on nexatode popitlation aig differont plant charac!

HMean squore
Ssuzes oL : " - : e
Neza tode Nematodes Iaaf Plant Root Tesh ry
popalution populaw pumbexr  height Iength weight weight
DaX gram on par of of
foesh 100 g choot shoot.
wWelght of 8cil
™ot (cm) (cm) () (a)
FTodtal 29 z® an .n .e ow oe e
Toeatochh 4 Ga18" 5440 2.26° 5G99.55"  768.40° 1195.41" 28.72°
BEror ] 0«05 002 0«05 12745 65.52 45«11 2,02 .

* Sig:'.t..ficant-at 5 per cont level of asignificunce



AFPENDIX -~ IXII (a)

Iffeat of age of plant and infastation by Meloidozyne incosnita
cn nodulation and gall fomation in cowpea sadosLs

Analyals of varianee table

Mean sguare:

sSouree AL = e
Nodule Nodule Gall Gall Percentage
number fresgh number fresh nitrogen content
"~ Welght - E welght . of shoot
(&) - (g)

Tﬂtal 29 Y ae s e *on

proatment 5 69.29" 14.22"  13.95" 3460 0.80"

BRTOD 24 059 : 0.35 1.03 0.15 002

# Significent at 5 paXr cent level of
sipnifiecance



APPENTEX-III (b)

- Effect of age of plent end infestation by Meloldogyne incognita on nematode
- population and differcnt plant .characters IN covwpea

Analysis of variance table

Mean square

soazee df = —
Hematod® Hematode. Leaf Plant Root Presch ry
porulation population nun= height length walipght welght
per gram per 100 g bexr of of shoot
frogh weight soil ghoot
of root ( Q!Il) (e ) ( E) ( g)
Total 29 'Y .o o se ) .e s s
freatment 5 5419" 3.96° 2,25 49047.31° 767.85  972.86° 13.67"
Error 24 0,003 0,004 f 0.0% 9309.46 2372 - 533,00 119

* significent at $ per cent level
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ABSIRACT

An investigation was carried out at College of Agriculiure,
Voliayani, Kerala, to study the effect of infeatation with
Moloidomyme incoppita on nodulation and gall fomation in
aoupea,. Ten varieties of covpea, New Era, Pathnet’mmaniyan.
[G=22, PiBe1, PIB=2, C=152, Sundari, V=16, V=37 and V=240
were initially screened for resistance to this nematode. Zhe
plants wore lnoculated with _1000 second stage larvae of
g.ince@ita on ﬂth day and va:cious ohservations on gall
number,. gall ﬁ*eéh welght, no&ulé nunver, nodule fresh welght,
Yoo numter, plent height, root length, Zresh and dry weight
0f shoot and nematode pop.xlation.-i.n infested root and soil
wero taten on S0%h day of plant growth. Eight varieties
namely rdtmnettamaniz;an. 11(--22. PiB=1, "‘-152. sandari, V=16,
V=37 and V-240 Wexe found resigtant While tWo varioties Nevw Era
and FiB=2 welo highly suacaptible 'o';o this nematoae.

"m effeat of 1.noculation wi-bh different leve].s of
11.1119%; on nodulattcn and gald, formmation was alse studioed..
Foz this, the cavpea variety found most susseptible to this
nematods, New jI‘:i."a’,, and five different levels of nematods such
ag 0y 10, 100, 1000 and 10,000 wele ﬁsed;’ & progressive
reduction in various plent charastors ctudled was ovserved with

an increagse in the level of nematods inceulum. The number of



hodiles formed per plant and thelr resh weightgweré raduced
:s'i@ificantly with 100, 1000 and 10,000 nematodes per plants
HoWever, the number of galls formed and their £resh welght
incseaged with an inorease in mematodo number. The pamsentage /
iiitéogen content of shoot ves mduceﬁ'ai.gniﬁoantly as a '
Pesult of inoculsiion with 1000 &nd 10,000 nematodese 4
pienificant veduction in leaf numbez, plent height, root
longth and f:uésh and dey Weight of shoot was also obsesved with
1000 and 10,000 nematodes. Tuxther,, the nematode population
;-.n infested root and soil increaged With an inorease in the
nenatode incoulum. ' '

An experiment %o ét‘;tdy the éffeot of agap_.(;f_'host‘plant
and infegtation by M.incogsnita on nodulaticn and gall
formetion vas aleo conducted. In this ez@e;@ment oovipea Wag
inoculated with 1000 seoond stage larvae at the time of soving
and on 7th, 14th, 218% and 28th day of plant growth. Varlous
observationg were talen on SSth'déy} The lovest number of
nodules Were fommed in plants inceulated on 14%h day folloved
vy @, 7th, 218% and 28th day of planb growth. The £resh
weight of nodiles was correspondingly low in different
tzeatmentss Maximum hunber of galds were formed i plants
treated with M.incosmita oh 14th day.  Tho number of gills
formed on O and 7th day of plant growth Were also high. The



£rooh Welght of gaus Wéts in proportion o thérnumber in
dlfferent itreatments. '}The pemenmga nitrogen content of
shoot wag signifioantly lov in alfferent treatments excepd

the control. A maximum reduction was secn in. plants inceulated
on 14th day. A significant eduction in other plant charactora
studicdy such as leaf numter, plant height. root mnéth and
fresh and dry weight of shoot was aléo obsexrvad. |

Jaged on the present investigatlon following important
observations are made with regard io infestation by M.ilneognita
in COIT8.

1« Thers is a varistal variation in cowpea t0 infesiation
by f.incoenita. In fact, two of the varieties New Era
end FTB=-2 et present cultivated in the dtate are highly
suseepilbis, while three othor popular varleiies such
ag Pathinetiumaniyan, PTB=1 and C-152 are rosistant to
this nematode.

2¢ A minjwum incculum level of 1000 second stage laxvas of
Heincomita ig required to produce an unifomm significant
effect on various plent characters gtudied espeeclally on

nodialation, gall formation and percentage nitrogen
gontsnt of shoot.



e | Cdma' 13 most snageptible to.infestation by
Msincomita diring the early otages sspocially around
14th day of plant growth. I



