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inaaoKJosiffii

Eepper, Elper alarum h.. Sting of apices. Is one of the 
moot remunerative oao'o crops. G^ona In different parts of 
South cad South East Asia. Eepper contributes about 
50 per cent of the czoss value of all oplcos produced In 
India. She production of peppor during 1975-76 woo 
27728 tonneo. fron an area of 120956 hectares. This Is 
25 per cent of the total world production (Shennugovelu 
and Hadava Iiao, 1977)* ®he export of Black pepper earned 
a foreign exchange of &. 34.48 orores during 1974-75 
(George, 1976)*

Kerala la the leading state In India for pepper 
cultivation producing 90 per cent of the total production. 
She area under pepper during 1975-76 was 117516 hectares 
and the production was 27564 tonnes with an average yield 
of 235 kg black pepper per hectare (Anon, 1977)•

She yield of pepper had been declining la Kerala 
during the past two decades. There woo a decreaoe of 
1*3 per cent per hectare during 1974-75 over 1973-74 
(Anon. 1976).

It lo recognised that diseases and pesto contribute 
Substantially In Uniting production of pepper In Kerala,
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Among pests, nematodes have recently been obcerved to 
constitute a major threat to the pepper produotlon In 
the State (D'sousa, et ja., 1970| Venkltesoa» 1972).
The slow slit disease prevalent la ncay pepper growing 
tracts is suspected to be a complex of nematode and fungusf
Infection, coupled with nutritional deficiency (Hodha and 
Hawther, 1976). Among other diseases of pepper, root-knots 
caused by the nematodes of the genus HololdoRvne lc one 
of the soot Important (Venklteeaa, 1972). The nematode® 
often become a oerlouo limiting factor for ouoceseful 
cultivation of thio crop resulting In heavy loss of yield 
(blnto, 1972 and Ting, 1975).

Though the occurrence of root-knot nematode was 
reported In 1972 (Venklteoan), Investigation of thio 
nematode on pepper was not done m  this State.

Therefore, to gather some Information on the extent 
of doaege done by this nematode on pepper and to evolve 
suitable control measured, the present Investigation was 
carried out.
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sevirw qp i i o m m B B

The occurrence! of root-knot nenatodea, HalotdoRvnn spp. 
attacking almost all the econcolcdlly Important cropa in 
different perto of India had been reported by many workers 
(Sltarsaalab, et al., 1971).

Reporto from Kerala Include thooe of Itodakal (1963. 
1964, 1965), Momnen 1973 (a), 1973 (b), Venldtesan (1972) 
and Raveendrsn and nadokol (1975). Venklteeaa (1972) 
reported the occurrence of root-knot nematode, Tl. Incognita 
on Blank pepper, Moomen (1973 h) reported the Infestation 
of root-knot nematode n. incognita on Ginger*

Sharma and loof (1974) recorded n. Inco/mlta among 
other nenatodea Infecting pepper In Brasil. Ting (1975) 
reported tleloldofwno opp. ao the most Important group of 
nematodes la Malaysia cauolng gradual decline of Black 
pepper characterised by unthrifty growth cad yellowing 
of leaypo. Icblnohe (1976) recorded the infeoiatlon of 
Black pepper by the root-knot nematode In Brasil.

Badha and Barather (1976) suspected the clow wilt of 
pepper to be a complex of fungal and nematode infection 
coupled with nutrient deficiency.
Economic importance.

Oltbof, ej, a^,, (1970) recorded the plant paraaltlc
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nematodec of economic Importance in Cntario and found that 
the most destructive ones Include Hetoldogyne op.

A oevere infestation by root-knot nenatodea n. lavantca 

was observed In Guru Valley (Da Poate, at, ol,» 1971)*
Dement'c-va (1971) found M. hapla and II, Incognita were 
Infecting Tomato, Pepper and Egg plant In 10 of 15 regions 
of Moldavia, Attack varied greatly la Intensity froo 
region to region. A oevere occurrence of U« haola cm sugar 
beet resulted la crop losses of 20 per cent end acne of the 
cultivars exhibited resistance (GrujLcLc, et, al., 1971)*

Bbardeaj, et, al., (1972) recorded the root-knot 
nematode HeloidORyne spp. infestation on Tomato in Solan 
area of Hlaochol Pradesh. Studies indicated that 
n. Incognita and n, .lavanlca were serlouo peats of tomato 
In the Solon area of Himachal Pradeeh, The nematode 
infestation range between 5 and 100 per cent In the 
various localltieo surveyed, Rao and Blsnaa (1973) 
evaluated the yield loaaes In rice due to the root-knot 
nematode El, Incognita. The grain weight m o  less la 
the case of Infected plants.

Hoot range of Root-knot nematode.

David (1959) reported the occurrence of Heloldogjne spp.
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on sugarcane roots In Nellikkuppam and surrounding areas 
In Madras State. Butt (1960) recorded the incidence of 
M. Incognita on hitter jute Oorohorus capsularis and 
C. olitorlus. Dhande and Sulalman (1961) found the

boccurrence of root-knot nematodes on betelvine in Maharastra.A
M. Incognita was reported as parasite on 5 species of 
Banana in Philippines which was a new host record for this 
nematode (Claudio and Davide, 1968).

Krishnamurthy and Elias (1968) reported M. incognita 
causing root-knot on tobacco in Mysore State. Mathus.et al..
(1970) recorded stem galls caused by M. .lavanlca In 
Rajasthan in Ouourbl ta maxima and Lagenaria slceraria.
M. Incognita caused prominent stem galls in luff a acutangula. 
Saxena and Chhabra (1970) found the infection of M. .lavanlca 
and M. Inoognlta in peaches (Prunus persica), a new record 
from India. Singh and Mlsra (1970) reported the root-knot 
nematodes M. Incognita and M. .1 avanloa on sugar beet In 
India. Kumar, et. al., (1971) found that M. incognita 
multiplied on Elettarla oardamomum. Musa sp.,Piper nigrum. 
Ananas sativum and Theobroma cacao. Rigan and Reddy (1972) 
reported Trlanthema govlndea as a new host of U. Inoognlta 
and M. .lavanlca. Chandramathi (1973) reported the occurrence



6

of root-knot nematode In Ueeta (Hibiscus cannablnus).

nenmen (1973 a) found n, Incognita infesting the 
caver crops in rubber plantations of Kerala. The 
leguminous cover crops Cal aooconlua nucunolden and Puerarla 
pbaaaoloideo widely grown in rubber pi aa tat I on a in Kerala 
aero attacked by H. Incognita. Uukberjl end bhanaa (1973) 
identified H, incognita in galled roots of gglchosanthes 
diolea. 1’be plants «ere stunted and yield of fruits 
reduced. Baoo (1974) recorded the weed boats of root-knot 
nematodes in Sea eotates around Ac am. Aqaranthus gracilis 
ond Cbenopodiuo agar anti-color were also found to be attacked 
^  II* Incognita (Kaflul and Ale®, 1974). Shama and Loof 
(1974) atudled the nematodes of cocoa and nematodes in the 
rblsoophere of popper (?ioer nigrum)and clove (Eugenia 
oarvopbvllata). Examination of soil cad root oompleB from 
around Pi per nigrum revealed the presence of £!. Incognita.

Alaa (1975) recorded the Cassia toro. Cuounls melo. 
Gomohrena gjobosa as the new hosts of r, incognita frcm 
India, Jayarcman, Pt,. al., (1975) reported the occurrence 
of root-knot nematodes n. .lavanlca and H, incognita in 
Pollanthoa tuberooa for the first time. Boveendron and 
Hadakol (1975) reported II, incognita to attack 11 plants 
of commercial importance. A survey in Aligarh revealed
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the prpoencp of H. Incognita on Hibiscus rooaalnensis 
oad Oasola oooldPatallg (Alaa, ft, el.. 1976). Hao end 
Slngli (1976) observed root-knot nematode II, Incognita 
on commercial plantings of tuberose la India,

ovnntons anti don age to crons b.v Hoot-knot nematodes.

Claudio and Davlde (1968) studied the pathogenicity 
of H. incognita and found to couoe stunted growth, bunching 
of petioles and narrow and pale yellow leavso. Wong cad 
HlUetto (1969) reported the gall formation in aerial 
parto of plants inoculated with n, .lavanlca of tomato 
and beans. Birat (1970) found no galls on roots of 
chillies oad wheat attacked by n. .lavanlca.

Clemons end Kruoberg (1971) observed that the root-knot 
nematodes IlPloldogynp app. feeding cn treeo nay cause 
severe scorching by interfering with cater transport in 
trees especially during dry periods. Hoot-knot nematodes 
artificially inoculated on potato end eoleuo stems 
induced galls on the latter (Huong and Lin, 1971). 
Development of the stem galls involves giant cell 
formation, byper-plosia, abnormal tracheal differentiation 
end disappearance of starch rpserveo from thp infected 
tissues. Only thooe nematodes having their heado 
associated with vascular narenairaa developed to maturity.
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Elnlocb and Allen (1972) showed n. haola to produce 
a greater incidence of terminal gclla sid lateral roots 
on tomato, Uintf? (1972) studied the effect of HeloldCRvne opn. 
on tbp growth of Piper nigrum. Seedlings of Diner nigrum 
cere InooulatPd with n« Inomnlta or H. .lavanlca cad observed 
for 10 months. It woo found that growth of the main cad 
lateral shoots was greatly reduced in Infected plants 
and leaves nere yellow.

The effect of IT. inoomlta on "be growth chcxacterletlo 
of brlnjal with reference to ohoot length was studied by 
Rroood and Gour (1974) and found then to reduce the plant 
gronth. Redaction in root weight and la root curfaco was 
also reported by Y7aeeem Iemail and Uaohkoor Alaa (1975),

uoipentnr aid surveying.

Kurlan (1970) screened 323 varieties of tobacco ond 
found 319 highly susceptible, 3 moderately realctcnt ond 
one reoiotant against n. incognita and H. .lavanlca.
Yadav } ££ol., (1970) reported 30 different plant sppcles 
as hoots of U. incognita in Rajasthan,

RhardwsJ, et al., (1972) found the root-knot 
nematode neloldOCTne spp. infestation ranged between 
51 end 100 per cent ca tooato in Solon area of lllrnachol 
Exadcsh,
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lcblnohe (1975) ourvpyod the fields of Block Pepper 
(Ploer nigrum) In BracLl. Only one field out of 74 ®ao 
free of infeotlon by n, Incognita. Cut of 05 bybrldo of 
tonato and 18 porrnm ieote<J by Llahajon, et ol.* (1975)* a 
hicb decree of resistance rqd ahown by crosoeo having 
Ijenatex oo a parent. IJenatax nao conpletely rfloloftw; end 
the Doot cuoceptible varieties uerp ID 02732 and fire cracker. 
Oaooer (1975), sueeeoted that a probability Index can be 
developed to predict the likelihood of a given nenatode 
opecies beinc trcnoported, established and becoainc 
eccnonlcaLly important in regions of the world where it 
doeo not already occur,

itlaeopatholonv.

Baldwin and Barker (1970), recorded ch e  envelopment of 
Giant cello* byper-plaoia and root noerooio , on com 
hybrldo Infected with n. incognita. ./ebber, et o l,, (1973), 
recorded the effect of JJ. incognita on transpiration of 
tomato. Under stress condltLono transpiration raioo from 
Infected pleats were greater then frca controls cad were 
dioproportionatPly higher then expected in relation to the 
quantity of leaf tissue.

sraie and Ber^eson (1974) observed the biochemical 
changes in root exudate and xylen cap of tomato plscus
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Infected oith H. incognito.Anlaoacldo cere nodprately 
reduced to 52 to 56 percentage.Galled root exudatp containo 
3 sugar, 12 Aninoacido, 3 organic soldo. Healthy root exudate 
contained 4 sugars, 15 Aolnoaolds and 4 organic ocldo.
UlebQQl, Ft al., (1974) found that development of p.Incognito 
In the resistant cotton roctn caa greatly retarded.

Sharna and GetM (1975) reported that the nraatodpo 
Interfered eittb 1 pg'naen oglobin content of con pea root ncduleo, 
vjitb *.InoQftnlta causing nor< reduction, than IlPterodera 
ca.1 oat. Siddlqul and Ghouse (1975) Indicated the fornatLon of 
phloem at all levels of Infection of l.leuoantba by
H.Incognita.

H. inoornlta was generally found Inolde vascular bundleo 
In ooybeon nodules by liar .or and HucQpy, 1975. Shis parasite 
did not alter the structural integricy of soybean nodules. 
Ofebo;ji (1976) found that in corn the giant cell developed 
mainly in the stele and there oas the rare cose of glcat 
cell formation In the cortex. Gloat cello contained oeverol 
nucloit either Goaitered or in cluefcrro. Cytoplasm of the 
giant cello nos donee aid cell tvallo thickened.

the Bepdllngo of Hibiscus aabdarlffa groeilng in infected 
coll contained larvae of H. incognita or H. .1 avail pa in 
bypocotyl tlosup before emergence from the ooil, Buring
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growth,galls developed on the stems below thp ooiyiPdons and 
giant cells formed after 40 days (Taylor, 1976)

Resistance of crops to Root-knot neqatodes

Barrona (1939) found that ween number of larvae observed 
In ten rootlets each of ten plants of reoletant and ouecpptlbie 
varieties of lenla bacns was 3.84 to 4*70 In the resistant and 
3«95 to 5.40 In the susceptible variety.

r/ork of Christie (1949) showed that production of gtcnt 
cells la necessary for development of root-knot nematode 
fenales end that host plants may react differently with regard to 
resistance against Individual speeleo of HeloldORyne.

Droleca and Hoore (1950) found that In flue cured tobacco 
lines of root-knot resistant parentage, the breeding lines 
differed In rpspect of the amount of egg production by the 
various root-knot nematode species.

Powell (1962) studied the histological basis of resistance 
to root-knot nematodes In the cured tobocco and the comparative 
studies node of U. incognita acrlta In both susceptLble and 
resistant tobacco lines ohowed that there were no apparent 
differences In reaction between resistant and Busoeptlblo 
plants after three days and after giant.cell Initiation hod 
begun In each.
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Graham (1965) observed that IiC 95 tobacco wao resistant 
to n. incognita aerita but susceptible to n« .iavonlca.

Kurina (197G) found three varieties of IJlootlona rustics 
to fee moderately resistant to IT. Inoognitn and li. .lavanlca.

Curl, et hjj., (1971) studied the new soureeo of Genetic 
resistance of coffee in the control of the ceffeo nematode
H. exlgua. Shey found all varletieo of 0. caneahora. £, congeals 
and £, ougenloldpa resisted the infestation.

Lxcppi thP wild eppcieo of tomato which lo resistant oil 
species of tcaato were susceptible to attack by n. Incognita.
Of the 20 varieties of cucurbits tested,only Ciuoumlo ep.
(var. Bikaner) and Cucurbit a noechata (var. Jalpurl) proved 
tolerant to Infection by H. Incognita ( Khan,et ol., 1971).

Possullotis and George (1972) screened cucurbits against 
M. Incognita and found a total of 542 plants of Cucurblta epp. 
were susceptible cad exhibited the galling response, Resistance 
to root-knot nematode was difficult to find tn thece opeoieo, 
Jatala, e£ (1972) reported the sweet potato varieties, 
Allgold as susceptible and ITenagold aa resistant variety 
against ti, incognita. Infestation of the root-knot nematode 
resistant tobacco variety HC 95 by n. Incognita was reported 
by Reddy, et al. ,(1972). I'hie confirms the presence of
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pathotypes In this neaatode species.

Slagh end Chaudhuxy (1973) concluded that toaato 
v axle tic o S1 120 end Senates oan be uceci coamerelolly and 
that YHJ-3 65 H 215-1 and 65 K 255-1 oan bo used oo n source 
of resistance to be transferred to coonerelal oultlvoro.

All the 14 varifittoo of pepper, 7 okra and oil except 
the 3 varieties of 14 egg plant tested nesr highly cueoeptlble 
to the ncnatode aitook{Alsa, fit al., 1974).

Shilion and Uandpuri (1975) recorded the root-knot 
nrnatode resistance In toaato varieties 7540 and Heelenl 
showed a high degree of tolerance cad was followed by 
Ksiohl, Jonnee, et, ol., (1975) found sweet potato variety 
17 13 was resistant to IT. Inooralta. It la high yielding olth 
well shaped, copper skinned orange fleshed tubers.

Control.

Winchester and Osakl (1964) found Guano end oalclun 
nitrate fertilised with sod I an nitrate and awaonlua nitrate 
to be more effective against S.Incognita.

Sit rapes,Ileflo, Heaaphos, Heoear rad Teaik were tested 
against neaatodea^ oalnly U. Incognita on tobacco la Italy 
by Blmuro (1970). High nemtlcldal effeot woo obtained with 
SeaIk and with Hemaphos.
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Uukhopadbyaya (1970) siudiPd the efficacy of DS, UJ3,
DBOP and VC-13 In controlling plant parasitic nematodes.
In a potato field In Himachal Pradesh Infested with n. Incognita 
numbers of larvae were reduced by 90 per cent with I©
(400 11 i/ha) and EEB (130 kg/ha) and by 70 per cent with 
PECP (45 lli/ha) as compared with on Increase of 65 par cent 
In the control plots.

The control of n, Inoornlta on potato by various 
neaatloides nao aaopeoed In 3 year trials at Simla by Raj 
and Illrula (1970), Build up of nematode numbers and root 
in footIon wao significantly lower in plots treated with 
Tenlk, Phorate, Dlsulfotont dlnophos, ITelllte, riemaolde and 
Vapaa than In control plots but no treatment completely 
errodlcaied the nematode. Seoik prevented the attack of 
tubers and glnopbos, Pkorate, liisulfoton, Helllte and 
ileaaelde reduced tuber Infection.

Y a d a v  ( 1 9 7 0 )  te s te d  t h e  n e a a t o c ld a l  p r o p e r t ie s  o f  

corns weed p la n t s  on f l .  In c o g n i t a .  R o o t e x u d a te  o f  

E u p h o rb ia  h l r t a  I n h i b i t e d  th e  h a tc h in g  o f  n .  In c o g n i ta  

eggs. r .  E i lc r o o h 'f l la . T r le n th e n a  p r o tu la o a s tr u m  w ere  

a ls o  fo u n d  e f f e c t i v e .

Root dip treatments of Tomato seedlings with Barathlon, 
Dlmetboate and Elazlnon, Benltrotblon, Cardona, rornothion,
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Dloulfoton and Carbofuran were found effective by Dindra 
end KouEhnl (1971).

Ten It, I'horatp, Eloulfoton, dlnophoa and Helllte at 
the rate of 5 kg/ha, Iteaaclde at 25/ha and Vapaa at 203/ha ' 
wore tasted for the control of P. inaamlta oa potato, ito 
tuber Infestation woo found In the plots treated (Raj and 
Iilrula 1971 a),

Raj and Hlrula (1971 b) tried HP against root-knot 
nematode and found DB at 600 llt/ha wog GlgnlflcantXi/
□ore effective la reducing the population of neloldg^no 
larvae, ibra at 200 llt/ha,

Pleld cxperloents conducted by blngh and SUnrmaiab
(1971) have shewn that effective control of P. dovanlca 
can be achieved if the coll la anended aith 2200 lb/acre 
sawdust, 3 weeks before planting followed by inorganic 
nitrogenous fertilisers along with .* and Z appllec ut 
the tlae of planting. Hot only son the intensity of root 
galls reduced but oavosol fold Incrcaar In yield had also 
been obtained by thio troataeuf,

GobbooL oad brnrup (1972) recorded thn offeet of oil 
cake amended coll on the growth of toaato j C  root-knot 
neaatode population, The noil mended ai ih k&ranj and



4G

groundnut cokes, showed considerable decrease Ln populations 
of the nematodes and Improved the growth of plant.

Reddy cad SeBhadrt (1972) found that tonato plants 
treated with Sblonaaln or Aldicarb were not Invaded by 
larvae of n. Incognita.

Meloldogyne sp, control ond tobacco yields In plots 
Infected with n. Incognita and treated with non volatile 
nenatlcldeo, Aldicarb, Hooap were greater than those on 
similar plots treated with volatile nemtloldee such as 
ED, BP + nines, Cetrachloro thtophene. Root-knot control 
and tobacco yields in plots treated with Carbofurco or 
Daooalt were equal to that obtained with BD + TlEIJCS, but 
less than that obtained with the other volatile soil 
neaatlcldes (Broodie end Good 1973).

i'emik 10 0, Hocap 10 0 and "Heai agon 20 G applied at 
1 gn/gallon of water as 15 minutes dip treatnent to Banana 
suckers, resulted la slight to moderate calling from 
U. incognita In pot experiments and gave greater Increase 
In growth (Bavlde 1973)*

Dl 3ouzo (1973) studied nematode reoponse to QarbofUron 
and concluded that Corbofurun may act by offeotlng orientation 
and feeding mechanism of nematodes, Khan, et al., (1973) 
tried organic amendment In the form of olloskes of ITeem,
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Cantor, Groundnut on Soaato plants affected by n. Inoomlta.

Blndra and Coodan (1974) conducted experiments on the 
oIif’RS.eol oontrol of root-knot nmatode, In pot experiments 
Brlnjal plants In soil Infected with !!. inoo'-mlto wore 
treated with B3 as a preplsnt soil Infection at 5 doses fros 
112.33 to 336.99 litres al/lm or with a broadcast application 
of Bborate at planting time at 5 doses i'rocs 1*24 to 7*41 
kg ai/ha. All treatoents resulted In significantly loner 
nematode population than untreated.

1’eslk 10 G, Bacanlt 5 0, Shlnet 10 G broadcast at 
10 kg al/ha before transplanting of toaato to a field 
Infested with JJ. Incognita cad Tglenofaortonchus braaoieaa. 
each effectively reduced the population of both nematode 
species. Ilcmever only Aldicarb gave significantly „
Increased yields (Cbhabra cad nsbajoa 1974)*

Besal, et ol.J1974) worked on the nenatloldal 
property of ooae plont extracts against a nlxpd population 
of larvae of J1. .lavanlca and TT. incomlta aerlto. Cut of 
26 extracts, 13 sere found effective. lion ever, tbe 
active cbenlcal principles la these plaato beve yet to 
be determined,

Khan, et »1*, (1974) worked <31 the effect of water 
soluble fraction of oil cakPO and bitter principles of
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neeo on acme fungi and nematodes. Wafer soluble fractions 
of the ollookea, neen, groundnut and castor inhibited larval 
hatob of n, inoomlta. 1'he bitter prlnclpleo of neen namely 
nlobldln and tblcalmone nloo effectively suppressed the 
growth of fungi In culture media and were highly pffeotlve 
In killing the nematodes and Inhibiting the larval hatch 
of IT. Incognita.

2he reduction of Tvlenchultfs salppnatrons and root-knot 
neaatodp n. Incognita populations In soli by chltln and 
cellulose amendments was demonstrated by "onkou and 
Sltanathdoa (1974).

D3, Penusulpbothlon» Aldicarb and tlechomyl
were tried ogalnot Hololdogyne spp. on chick pea end found 
to be giving good control end 15 to 37 per cent Increased 
yield (Heady 1975 a),

Qpot application and row application of Aldicarb 10 G 
Pensulfothlcn 5 G of Carbofuran 3 G to tobacco seedlings 
planted In ooll Infested with n. Incognita and II.. lavanlca 
Increased cured yields and decreased root gallias* (Heddy 
1975 b).

Application of 20 to 30 GQ Uaonnit 5 G in the basins 
of the vines followed by a drsnch of cerasaa solution as a 
fungicide was recomoended by Eadha end Haathnr (1970).



MATERIALS AND METHODS
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tlATEHlALS Mil) Ul.iHOIS

I .  S u rv e y

(a) Collection of soil and root sonnies.

Soil one) root samples were collected frora the base 
of healthy and diseased pepper plantc. About 500 gn of 
the ooll and 50 ga of the roots, each were collected at 
depths of 10 to 15 era. Both soil and root staples were 
put in polythene bags with proppr labelo for further studies.

(b) Processing of ooll sonnies.

Eaoh ooll QaraplP was processed by Cobb’s sieving and 
sifting technique (Cobb, 1913). The fine debrio in the 
nenatode suspension was cleared through a modified Boemonn 
funnel technique (Stanlland, 1954). The nematode Buopeaolon 
was drown out after 43 hrs and used for further studies.

(a) Processing of root sample.

Ten groao of the root was weighed out from eaoh 
sample and token in a plastic container and the roots 
were gently cleaned of any soli adhering to them by 
bolding then in a stream of water under a tap, The 
oleoned roots were thPn sliced into small bits of less 
than 1 cm in length. They mere then put over a layer of 
tissue paper kept on the flat bottomed circular wire
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gauze in a petry disk. 2be petry dish was filled with 
water just touching the base of the wire gauze. 2be 
setting naa left undisturbed and at tbP end of 24 hours 
30 cc of aater was drawn out froo the petry dioh. Shis 
was continued till no nore nenatodea were obtained. The 
extracts wpre pooled together and used for further studies.

(d) Esti.nation of nenatodp, population In soil and 
root extracts. :

2he neaatode ouopenoions drawn froa the Baeraonn 
funnel and the petry dioh were taken in a clean 250 al 
beaker, allowed to settle for 3 hours and concentrated 
to 5 al ty using a filler. 2he total population of 
Heloldogynw Incognita and other genera of pleat parasitic 
forno were counted ond estimated froa thio 5 ol suspension. 
She nenatode suopenDion was preserved by adding equal 
quentity of boiling 5 per cent fomalin, whenever 
necessary, for further observation. She root-knot index 
was calculated ao bolont
Hoot-knot index ■ Ho. of roots with root-knots s 100.

iotai ifo. of1 roots ..
II. Screening of pepper varieties for reolotance against 

n. incognita
(a) Oollection of nenper varieties.
2he following varieties were colleoted from
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different localities for screening against H. incognita.

Ilene of variety
1. Pannlyur 1

2. CberlekonLtikadan
3. Ealluvally
4. Kottanadan
5. Balanootta
6. Earlraunda
7. Horayakoai
0. Podappon

Locality
Pacnlyux, nerlsoangalan, Kosba, 
naveilkara, Perinsanala.
Pannlyur.

Pannlyur.
Paanlyur.
2annlyur, Kozha.
Ponnlyur, KeiianongaLcn.
Palode.
i’alode.

(b) Preparation and sterilization of ooll*

Pot mixture ooo prepared by nixing sieved field 
soil, Dead and sieved, oell decomposed faro yard manure 
in tlio ratio of 3 J 1 s 1. i'bis soil-sand-compost 
mixture was sterilized (deneaatised) by applying neacgon 
at tbo rate of 5 ol per 100 oft of pot mixture and 
stored away from contaminations, for use, as and when 
necessary. Phenpver this soil mixture was used for 
experimental purposes, it was examined and oonflrmed 
that no nematodes sere present.



22

(e) Salalng and maintenance of rooted cuttings of 
pepper vine. ..

Stea cuttings of matured vines of pepper varieties 
were obtained and out tine0 nJ-*b 2 nodes nere planted In 
30 x 50 on pots containing the sterilised soil mixture 
mentioned earlier. Each pot contained 5 lig o£ sterilised 
soil nixture. 2hey were regularly eatered end allowed 
to groo. Large numbers of ouch pepper opedllngo were 
raised and naintallied for experimental purposes,

(d) Pure oulture of II. Incognita.

Pure cultures of H, incognita sere raioed frca 
single egg masses collected froo pepppr rooto, after 
identifying the species by observing perineal pattern, 
and maintained on pepper plants in sterile soil, Further 
multiplication was done on pepper vines by collecting 
egg aaoceo froci the above culture maintained separately. 
Sub-culturing ®as done periodically to ensure availability 
of sufficient larval population for inoculation purposes. 
She culture ao obtained nao used in all the experiments.

(e) Screening of pepper varietieB for reaiatonoe against 11. Incognito. ' - - --

Eight cultivated varieties of pepper listed above
Here selected for screening. Steriliseo pot mixture as 
described olready naa used for raising pepper plants.
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She vine a used optp of sane age, cose height and were 
having came number of nodes. Eight rooted cuttlngo of 
each variety were inoculated oith 500, one day old larvae 
of n. Incognita. Cne plant of each variety mas also 
maintained ao control.

Tor obtaining one day old larvae of the nematode, 
a large number of egg masses from the culture plants 
maintained was band picked and kept In a cavity block 
containing sterile water. Care wa3 taken to cee that 
the egg masses mere In oontaot with water, livery 24 
hours, the suspension In the cavity block was collected 
Into a measuring cylinder. She number of larvae per ml 
of suspension was doterained with the help of Peters one 
ol eelnorm counting slide (Petera,1952). An average of 
three oounts was taken as the number of larvae per ml 
of the suspension, She larval concentration was adjusted 
to 500 larvae par ml of suspension by dilution with a 
suitable quantity of oterlle water. One ml of this 
suspension was used for Inooulatlng each of the potted 
plot. Actual inoculation was done by boring 5 holes 
la the soil about 4 cm deep with a glass rod, 1.5 cn 
away from the base of the stem. One mi of the above
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suspension was pipetted out equally into 5 holes nhioh 
were closed immediately. The inoculation of ell the 
eight replicates in each variety boo completed on the 
aeae day. Pots were irrigated to keep the soil just 
molet. Six weeks after inoculation the following 
observations were taken on each pleat.

1. Total number of roots.
2. Total number of rooto with root-knots.
3. Total number of root-knots.
4. Weight of rooto (wet).
5. Humber of nematodes observed in 250 gm of soil and 

10 gm of root.

The root-knot indices and the number of root-knots 
per gm of root were calculated. The root-knot index 
was calculated as described earlier. .

111. Extent of damage caused by incognita infestation 
on pepper
Pour varieties namely Panniyur I, Cherlakaalakadoa, 

Ealluvolly and gotten ad on were selected for this. The 
following observations were taken on the 9 experimental 
plants of each of the above varieties used for the 
screening, six neeke after Inoculation,
1. Length of shoot from 1st node to tip,
St Humber of leaves.



3. Girth at first node,
4. Shoot Height.
5. Humber of root a.
6. Weight of roots,

Ihe inoculated cad uninoculated plaato were 
compared to study the extent of damage.

IV, Hlstopathology

Uniform seedlings of Pennlyur 1 were selected from 
the oterlle coedlingo raised end maintained as described 
earlier, and lnooulated with 100 one day old larvae of 
H, Incognita. Ehe inoculation was done by boring 5 holes 
in the soil about 4 cm deep with a glas3 rod and 1.5 on 
from the base of the stem. After one month, one pepper 
plant was removed oarefully and the roots washed free off 
all adhering soils. She roots were cut nlth the help of 
a Sharp blade end fixed in P.A.A, fbe fixed roots were 
then processed for microtomy using oaf ranin and foot 
green stain as described by Johansen (1940).

V. Control

Shree months old rooted cuttings of Pannlyur 1, 
infected artificially with n. Incognita were used for 
this experiment. 5!hn experiment was laid out in a
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completely randomised design (c.K.B.) with 6 different 
neoatleldes and oi;; replications. She neaatleldea used 
and the dosages used were*

1. Eonegon 60 EC - 40 lltal/ba {0.06 ml/3 kg of ooll)
2. Daeonlt 5 5 - 60 kg al/ha (1 .8 gsa/3  kg of ooll)
3. IIocap 10 0 - 10 kg al/ha (0.15 gn/3 kg of soil)
4. Reemcake - 2000 kg/ha (3 gn/3 kg of soli)
5. Senlk 10 G - 10 kg al/ha (0.15 ga/3 kg of ooll)

She observations, nearly, height of the plant, 
number of leaves, girth of atPm at thr first node from 
thp ground level, nenatode population in soil In each pot, 
total number of roots and number of roots with root-knots 
were taken before applying neaatlcldes. After 3 months, 
the above observations were again token. She root-knot 
Indices were calculated as In the screening experiment.
ShP effect of nematicldes was compared using the above data.



RESULTS
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HZ-UTJIiQJG

I *  Survey

(a) Survey of nenatodpo associated with

A survey of ncaatcdeo ggdoctoted with pepper was 
□ade froo different pasts of Kerala* A total of 93 saapleo 
froa different places spread out in 5 districts were 
collected* Hie ooll and rooe oonples were processed and 
cxooined as described earlier* H ip roGults are presented 

In Table 1*

A total of 44 ocopleo gexo collected Iron ^oonlyor 
pepper tract9 16 samples froa IleriGnangalcn tract, 9 
samples from Kesha tract, 0 ocnpleo frcci naveiikora tract 
and 16 samples froa PorlngoaalG tract* Tree table 1 It 
□ay be oren ihat all the areas covered were infested 

wLth root-knot nematode Haloidm/ne incornlta* Hadoohclue 
Bla 11 la omd Hplloot.vlancbuo Bp*

Spccleo of root-knou nematode observed In all the 

samples sere Idea tilled as H. Incognita based on perental 

pattern*
ficrent varleties

a t  o d  e a  I n  K e r a l a *or, ppuopx
The population of different specieo of neaatadeo 

observed In 250 qp of ooll and 10 £n of root is presented
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2able-1. Survey of ncjsatodea aneociated tilth pepper la 
different porto of Kerala

Henatode opeoleo noted
Locality Pepper vorleileo- ”” """

exaalned x. laooOTlta slnlllo Hellcatv- 
ianchus
op.

Pannlyur sannlyur I,
KarLnunda,
Baloneotta,
Kalluvally,
Kottaaadan*
Chorlakaalakadon. + + +

ITerlcaoasalam Pannlyur 1 ,
Kar Inund a. + + +

Kosha I'annlyur 1 «
Baloneotta* + + +

Uavellkara Banalyur 1 . * + •4*
Perlnccaala Bannlyur 1 ,

Local* + *



29

in Sable Ho. 2.
In Sannlyur 1 variety, 250 go of ooll contained 27 

to 467, with on average of 231 n. incognita. 0 to 140 
oltii an average of 37 R. oinlils and 0 to 127 with an 
average of 34 HelIcot.vienehtin op. and in 10 gn of root,
0 to 30 with c si average of 24 incognita. 0 to Jj with 
an average of 11 R. alnlHo and 0 to 8 with on average of
1 Hellcotvlenohus sp.

In narlraunda variety, 250 go soil contained 10 to 
312 with on average of 131 H. incomlta, 4 to 100 with on 
avorcgo of 4j  W. alnilio and 2 to 35 with an average of 
53 Hellcot.vlenohus op. and in 10 cm root, 0 to 41 with
on average of 10 ]\ Incognita and 0 to V  with on average
of 8 H. oiaillo.

in Balancotta variery, 253 cm ooll contained 26 to 
555 with an average of 274 H. inco alta, 0 to o1 with an 
average of 25 oinllis and 0 to 52 with an average of 
20 Helioot.vlpnohoo op, and in 10 cm root, 2 to 54 with
an average of 2j IU incognita and 0 to 25 uicb an average
of 11 II. Bln Hie.

in Kalltivally variety, 253 go soil contained 30 

to 396 with on average of 240 n. lnaoH3i;a. 0 to 63 
with an average of 55 R. slmllia and 0 to 35 with an 
average of 16 Kelicotvlenehua sp. and in 10 gq root,



Table-2. Helatlve susceptibility of pepper varieties to infestation by different 
neaatodes

Population of neaatodea in coil (250 Qi and reota (10 g)
n. incognita a. ojoilla Hellcotvlencbua ap.

Pepper variety Soil ilooto Soil Hoots Ooll Hoots

Haage Aver
age Bsnge Aver

age Baage Aver
age Songe Aver

age Range Aver--,,,.__age ttanse Aver
age

Paanly.ur I 27-467 231 0-98 24 0-140 37 0-33 11 0-127 34 0-8 1

SarlnundG 18-312 131 0-41 10 4-108 43 0-14 8 2-83 53 —
Baiaacotta 2C-533 274 2-54 23 0-51 25 0-26 11 0-52 28 — —
Kalluvally 33-396 240 12-73 32 0-63 35 0 -21 0 0-35 16 0-0 2

Kottanadon 32-513 201 0-54 25 0-22 9 0-23 10 9 -10 14 — —
CherlakonlaHadan 47-479 290 8-69 41 9-64 47 0-23 12 2-45 26 — —
Perlngonala local 12-93 56 0-16 6 6-21 13 — — 0 -2 1 12 — —
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12 to 73 with ao aver050 of 32 n. tnoognlto. 0 So 21 nltb 
an avercge of 8 R. slmllls end 0 io Q nltb an average of 
2 Hellcotvl-pnnhua sp.

In Kottonadon variety, 250 go soli contained 32 to 
513 nltb an average of 201 M, Incognita. 0 to 22 with on 
average of 9 II. olmtlls and 9 to 18 Hit!) on average of 
14 liellnotvlenehus sp. and In 10 go root, 0 to 54 nlth 
an overage of 25 [1. Lnoo.gnl.ta and 0 to 23 with on are rage 
of 10 tt. Plants.

In Cberlakonlakaden variety, 250 gm ooll contained 
47 to 479 with on average of 293 I!, laoo-nlta. 9 to S4 
nltb an average of 47 R. olnllle and 2 to 45 nltb an 
average of 26 Helloot.vlenchua op. and In 10 gm root, G
to 69 wltb on average of 41 tl. incognita and 0 to 23 nltb
on average of 12 H. slnlllo.

In Poringanola local variety, 250 gn of ooll oontalned 
12 to 93 nltb an average of 56 n. incognita. 6 to 21 nltb
an average of 13 R. olollla, 0 to 21 nltb an average of
12 nellp.otvlpnchuo sp. ond In 10 go of root, 0 to 16 
nltb an csverege of 6 n. incognita.

(c) tlemaiode nonulatlon in relation to the nllt 
disease of nenper. ....

Tbo population of nematodes present In ooll and
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roots of healchy and wilted plants of Pcmnlyux 1 variety 
is presented In Cable 3. Two bundrpd cad fifty gn D° H  
of healthy ?cnniyur 1 variety contained 27 to 467 with 
an average of 231 H. incor-nitG. 0 to 140 E, siallio 
r>Ltb on average of 27 aid 0 to 127 nltb on average of 
22 HPlleotvlenafaus ap. and 10 go of roof contained 0 to 
90 nltb an average of 24 H« incognita. 0 Lo 3; with an 
overage of 6 P. Blnilis and 0 io 8 with on averago of 
1 Helicptvlonohuo sp. 200 ga soil of e oil ted fannlyur 1 

variety plant contained 1^0 to 2006 oira an average of 925 
H. incognita, 0 io 420 with an average of 31 I?, oinilis 
and 0 to 581 with on average of CO HeilcoivlenchuB op. 
and in 10 gn of rooc» 1 ? io 10f with an average of 01 

U. Inot gnlva. 0 ;o 104 with an average of 0 H. si n.ll is 
and 0 to j! with an average of 2 lieiicoi /lenchuo op.
1 1 . fjcrepninc of pepper varieties for resistance against 

iicloldoa./ne incognita.

L ig h t  c u l t I v o r s  o f  .P ip e r  n i r r u n  w r o  o e r e m o O  

a g a i n s t  H . I n c o g n i t a  a s  a lr e a d y  dGGoiibev'1, 'fo e  t o t a l  

n u a b c r  o f  n o n a t o d e s  o b s e r v e d  in  th e  o o l l  end r o o t s  6 

B o o k s a f t e r  i n o c u l a t i o n  o f  th e  n r n n io d o  l a r v a e ,  th e  

r o o i - k n o t  in d o g  and th e  n u a b e r  o f  r o o t - k n o t a  p e r  g n  

o f  r o o ;  a r e  p r e s e n t e d  i n  C a b le  4  and ' f ig u r e  1 .



Table-3. Relative nematode population cm healthy and wilted pepper plants: 
Variety - Ponniyur I

Henatodp species

ITo. of nenatodeo in 250 ©3 ooll a 10 go root 
Healthy HiltPd

Soil Hoots
Range Average Range Average

-oil Roots
Range Average Range Average

33. incognita 27-467 231 0-98 24 149-2006 925 12-184 el

R. oioilia 0-140 27 0-33 6 0-420 91 0-184 8

Helicotvlencbue s p. 0-127 22 0-8 1 0-361 80 0-37 2

05
CO



SabLe-4. Population of n* Incognita ana root-knot Index 
In different variation of pepper, £> weako after 
inoculation

Wematode population In  . Ho. of iloot-
Uaap of pepper ------- ■----— -------- ,„2 01 knot/cm of

variety 250 ga 10 ga in root
soli root

Pannlyur 1 1436 43 100 24
Cher1akanIakad an 1276 38 100 28
Kalluvally 1085 36 87 19
Kottaaodon 947 35 83 23
Baioacotta 860 28 71 19
Bortciunda 051 29 68 17
HarayakodL 794 12 56 15
Padaopca 720 14 53 13



From the table it can be as on that all the varieties 
tried are susceptible to the attack of n. incognita. Of 
these, foanlytir 1 and Cherlskaniakadan showed a root-knot 
index of 100 per cent indicating high susceptibility to 
n. incognita. She varieties Ealluvally, Kottanodon, 
Baloacotta and Earinunda showed a root-knot index of 
87* 83, 71 and 68 respectively against M. incognita. 
Ifarayokodl aid Padappon varieties shewed a root-toot 
index of 56 and 53 respectively against M* incornlta 
indicating them to be lees susceptible to these neaatodeo, 
She nuober of root-knots per @a of root ia the highly 
susceptible varieties varied between 24 and 28, choreas In 
Ealluvally* Kotteaadan, halancotta sad Kariaunda varieties 
it was 19, 23, 19 and 17 and in the lees susceptible 
Harsyakodl end I’adappan varietiae it wao only 1j oad 13. 
The final population of nematodes after 6 weeks of 
inoculation with 590 larvae of n. Incognita alao ohowed 
a similar tread, 'fhe highly susceptible varieties 
showed the noxlcua number of 1456 tad 1276 in 250 gn 
soil and 43 and 38 in 10 go roots, The other four 
vorietlec showed a medium position with 1005, 947* 860 
and 851 in 250 go coll and in 10 go root 36* 35, 20 and 
29 respectively. The least population was seen in
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U o c a y a k o tll and P aSappan n i t h  7 9 4  oafl 723  i n  2 5 0  c® s o i l  

and 12 rand 14 In  10 g a  r o o t  r e s p e c t i v e l y ,

111. bxtent of daoage caused by tt. Incomlta on pppper

’-v id p -a lly  th e  o o o t  c o n o p le n c u o  o f f s e t  o f  t fo lo  n e o o to d e  

on t h e  b o o t  p la n t  i o  t h e  f o r n a r lo n  o f  c ^ l l o  o r  r o o t - t a o t e  

on t h e  r o o t o .  I n  one o i n g l e  p i  c a t ,  in f p o c lo n  by t h e s e  

n e n c to d P o  can  p ro u u o e  13 t o  PQ g a l l o  p e r  g o  o f  r o o t .

(Sable 4).

o b o fs r v a t io n c  cn th e  e x te .y i  o f  d a a ^ r  by r .  i n e o , - a l t a  

on 4 o p lp c c p t  v a r i e t i e s  n c a e ly  2 a n n L yu i i ,  C b e r ia k a n io k o a n n ,  

E a l iu v Q l ly  and I to t ta n c d r a  a r c  p r e e e n lf iu  in  iV .b lo  j .  T r ee  

th e  r e  Q u ito  p r e s e n t  r e  (.be f o l l o w i n g  c e n c i .u o io .ia  c t n  bo 

drawn.
f o t h  cbp o h o o t  g r o w th  and r o o t  g r o n th  In  a l l  th e  

f o u r  v a r i P t i e s  vserp a f f e c t e d  by ; h e  i n f e s t a t i o n  o f  

n .  I n c o g n i t a .  oh  o r  c e t e r a  l l f e e  a b o o , ) c n ^ t h ,  n u o b o r  o f  

. I p g v p g ,  g i r t h  a t  f i r s t  node1,  m i g h t  o f  ^l c c h o o t ,  n u n b er  

o f  r o o t o  rand w e ig h t  o f  r o o t s  o f  i n o c u l a t e ' a d  o n in o c u la t e d  

p l a n t s  o f  t h e  o o a e  v a r i e t y  u r r o  co m p a red . T h ere  w as a  

r e d u c t io n  o f  2 9 ,  3 4 . 4 ,  26  and 2 2 ,7  p ^ r  c e n t  i n  o h o o t  

l e n g e h j  1 8 . 4 ,  1 6 .5 ,  1 2 .7  and 11 p e r  cpAit In th e  num ber 

c £  l e a v e n }  1 0 ,  1 7 . 6 ,  1 1 ,1  and 9 . 5  p e r  p e n t  in  g i r t h }
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6.2, r.4, and 6.4 per cent In obooi weight; 41,
50.4, 12 and 12 .5 per cens in number of rods and 1C.6,
16.6, 12.5 and 10.5 pax eras, Ln weight of the root in the 
four vgtio cieo. Shu a there wao on appreciable decrease in 
Slip Sop gr on ill and root growth of all 1110 vaxieiLoo due 
to tno nenatode at Seek.

IV . Illotopaihology

ao □rai.ienpd under nnterialo end aethodo, epcticna 
of She healthy and infected roota of pepper were prepared 
and exoainPd under the niorosoope, i’hoccalorogxaph of 
the nlcrotooe oroLioao in figure 3 ah oho that She otnlor 
portion of the roots axe oootly affected by the nrnatodeo. 
She neaatodeo nainly at lack the xyleo veooelo. Thus the 
flou of food DQterlalo to die variouo parto of the plo.it 
ic oupprcoopd, ohlch affect the noraal growth of the plant,

She phloen vpobpIo are not affected by the nrnatodeo. 
There io no difference between the phlorn veaoelo Ln 
healthy aid affected rooto.

She nrotoplaon in the infected cello become granular. 
_ooh larva ic aooociated with 4 to C gicnt cello. Che glcnt 
cello are cauoed by the diotntngrafcLon of the cell 
walla of die parenchyoaloua cello around the head of Hie 
larva. Siaultoneouo nultlplicacian of ourroundlng cello
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oauoe the rooto to swell, forming root-knoto.

Hip parenchymatous cello of the aenatode Infected 
rooto are oligfoly enlarged than the cello In the 
uninfected rootc. S’he starch grains per cent also, are 
□oi'P or leso depleted In the eaoe of Infected cellB,

V. Control of :t, IneocnLta on pepper variety Paanlyur>l using nenaticidec
An experiment wan laid out In completely randomised

deolgn (CidD) nlth 6 tEeatneas.0 end six replications as
described in oaterLalo and nothode, to study the effect
of four nenatlcldea noaely haoani-i., nocap, ilamcgon end
feolk and one organic cake nnnely heeacalie in controlling
n, Inooarilta on pepper. ?aanlyur 1 variety nao oeleeted
for the study. Growth characters like height of plant,
number of leaves, girth at first node cad roo^-kaoc Index
(calculated no described earlier) and the final nematode
population in the ooll were used to compare the effect
of each of then. Oboervatlono are presented in Sabi<3
6j 7, 0, 9, 10, 11, 12 ond 13.

the results were ofatiotlcally analyoed and
presented In Appendices 1, 11 end 111.

t'hn pre-ireatnent data woo analysed in CIU> end it
wao found that xhe treatnento did not differ significantly
for the characters.- studied. Hence the post treatment
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d a t a  w a s a n a l y s e s  f o r  p u rp o u e o  o f  c o a p a r lo o n  o f  cia<* 

e f f e c t  o f  She n a iP i ’i a l t :  u c e d .

K i'f e o i  o f  n r n a t l c l d r o  on h e l r l n  o f  t h e  p l a n t ,  

i ’fap h e ig h t-  o f  th e  p i r a t e  u n d e r  v u r i o j n  t r e a t a r n t o  

a f t e r  90 d a y a  o f  a p p l lo i —ta n  o f  npao.-tfcJ.dPu u n d e r  o t u d y ,  

and enf r a a l y o i c  d a j a  a r e  p r e s e n t e d  In  n a b le  6  and 7 ra d  

j ip p e n d ly  1 .  O i a t l o t  L e a l o n n ly o L o  r r v ’Q le i o l ^ n l f i c a n t  

d l f f e r e n c e a  In  p la n t  n o l y i »  b e t u e r a  c o n t r o l  n J  t r e a t n e n t o  

w it h  O raL b, I t e a a j o n ,  n o c a p  rad  f a o c n l t .  I’b e  e f f e c t  on 

p la n e  ho L ob; by d ie  uoo o f  n eo u -ja h r  J i :  n o c  d L f f p r  

e i o n i f l e a n t l y  o v e r  c o n t r o l*  .’h e  in c r o a c r  in  b e i c b l  o f  

c o n e r o l  p lc n L d  oOa o n ly  3 .1 6  on o o jn o .ro  1 t o  2 9 .0 3  cm 

In  p i r a t e  u n d e r  " r u l i : ,  1 0 * 1 6  on u n d e r  r a o n n l i ,  1 3 .8 3  on  

u n d e r  u a c a p ,  1 2 .1 6  c a  u n d e r  IT eaason and 11.13 c n  u n d er

I.’p em ca b r . tb c u c h  t h e r e  l a  an i n c r e a s e  o f  1 1 .1 3  an  u n d e r  

n e r a c a L e  Li L - n o .  a t a t L o t i c a l l y  a l c n l f i c r a t  a t  5  p e r  

c e n t  l e v o j ,

T f f p p t  o f  n e g n t l c l d e o  on a u n b e r  qJ l e a v e s .

I h e  num ber o f  l e a v e s  p r o d u c e d  by p l a n t o  u n d e r  

v a r i o u s  t r e a l n e n r o  a f t e r  90  d a y s  o f  a p p l i c a t i o n  o f  

n e n a t l o l d r s  u n d er  s t u d y  ana th e  c n e l y a i o  d a v-a  a r c  

p r e o e n t e o  i n  ' t a b le s  6  and 9  rad  A p p e n d ix  1 1 .  Ohe
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l’able-6. neon height of pepper plants under different
nenatleidal treatoento before and after their application

Renaticlde
Upon height (ca)

Before After 
application application

Increase in 
height due to 
treatnento

Dooonti 62 ao.16 10.16

Sg tluoap 60,5 80.35 13.03

t’.j lienqgon 70 02.16 12.16

2^ iloeacahe 65.7 76.03 11.13

2r Tealfe5 67 07.83 20.03

Control ca.30 71.66 3.16

fable-?* neon table for the height of the plaavs

1’reatcentB 1’̂ l5̂

[lean C0.1G 80.33 88.16 76,83 07.03 71.66

03 n 6.26
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Table-3. Jo. of leaveo of pepper plan to under different
neaaticldal ireatraento before and after their application

Keaatlclde
Ueoii He.

Jefore
application

o f  I p o v p s

after
application

lncreaae In 
—  2io. of leaves 

due to treat- 
nmts

I’i Daooait 22.6 1 3.03 ?0.4

S?2 iSocap 2^.3 50. 16 33.00

T~ Jsraegon 25.7 44.35 18.6

"4. 2 7 .1 1 45.03 22.73

Ttj Teaik 20.5 41.66 15.16

i’5 Control 25.7 33.50 7.L3

Table-0. Tleon table for the number of leaves

Treatments n Hi J1 2 2 i  T .  j  4
01
i5 rj?6

neon 1 3.00 50.16 44.33 49.03 41.66 35.50

CD =  1 0 .1 1
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statistical analysis revealed significant differences 
In number of leaves produced betwera control and 
treatnento with tlooap, Heeacoke and ITeniagon. The effect 
on leaf production by the usp of Daoanlt and Spalls did 
not differ significantly over control. She Increase la 
number of leaves in Ilocap was 33.86, Ileeocaiie 22.73 and 
In Ilea agon 18.6. She Increase in the case of Daoanlt and 
Temlk was 20.4 and 13.16 respectively whereas the Increase 
In number of leaves in the control plant was only 7.8. 
Though there lo on Increase of leaves under Dasanit and 
Moeap over control it lo not significant at 5 per cent 
level.

1’ffeot of nematlcldOB on nlrth of plant at first node.

The girth of the plants under various treatments 
after 90 days of application of npoatlcides under study 
sad the analysis dalQ are presented In Table 10 and 11 
and Appendix 111. Statistical analysis revealed 
significant difference between control rad the treatments 
with Dasani t, Ueiaagon, tleeacake and Tenik. The pffeot 
on girth by the use of Hocap did not differ significantly 
over control. The girth of the control plant was 
reduced to 14.33 mo from 16.0 mm. But the Increased 
girth of the plants treated with Basaait was 3.23,
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i’able-10. Girth of popper plants under different nenaticldal
treatments before and after their application

Heon girth of plant (on) Increase/
Ifenatlclde Before

application
After

application
girth of plant 
due to treatnent

*1 Saoanlt 15.6 10.33 + 3.23

S2 Uocap 14.3 16. G6 + 2.36

l3 Henagon 19.6 21.66 + 2.06
'px4 Heencolce 13.6 20.66 + 7.06

25 IVqiic 16.0 20.33 + 4.33

2G Control 16.0 14.33 - 1.67

table-11. Ueao table for girth of plant

treatments rp rn A1 i2 x3 4 5 a6
mean 18.S3 16.66 21.66 20*66 20.33 14.33

CD » 3,53
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HffitsGgon 2,06, Ileeoeoke 7,06 and Tenlk 4.33. '-though there 
ic m  Increase of 2.36 on under Uocap it la not significant 
at 5 per oent level.

Effect of neaatlolflos on the root-knot index.

She number of root-knot Index in plants under various 
treatments after 90 days of application of nenaticldeo 
are presented in Sable 12. Ebe control plants gave ea 
increase of 24.5 root-knot index whereas the reduction 
of root-knot Index In the treated plants are as follows* 
Eemlk gave a reduction of 53.45, Baoonit 50.16, ITenagon 
43, neeoeakP 42.50 and Uooap 35.50.

Effect of nenatloldee on Hpnatode population In soil.

She number of nematodes present In soil under 
various ireatoento after 90 days of application of 
namntioldos ore presented in Eable 1 3, Shore waa an 
Inctease of nematodes in the case of control plants 
and a decrease of neaatodeo la the treated plcato.
Increase In control plants aao 247 whereas the reduction 
tsso 956 in the ease of Uocap, 893 In Bascnlt, 779 In 
Heeooake, 759 In Hfinagcn end 691 In Eealk.
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Bablp-12. Dpcxpacp/incxeaop In root-knot index by applying 
nPnaticidco

ISenaticlde

Daoanlt 

rL'9 Ilocap 

Braccon 

1’. UorncoJiP

Tg C o n tr o l

n o o t-k n o i: in d e x  ( j)

B efo rp  A f t e r
a p p l ic a t io n  a p p l ic a t io n

69.66

60.66

60.33

70.33 

66.16 

62.00

19.60 

25.16 

25. jj 

27. B3 

12.71 

06. 60

’>ciPa3p/
increase in 
root-knoi index 
due to trpa.:- 
□pnt

- 50.16

- 35.50

- 43.00

- 42.50

- '0'*5 

I 2^.50
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5?able-13. D ecrP Q oe/lnarpaap  in  the n en a io tlo  p o p u la t io n  
th e  a p p l ic a t io n  o f  n e n a t le l i le

ifpnatlcide

fopulotlon of
Before

application

HenatodeQ
.‘.ftcr

applloatlon

Secreaoo/ 
increase in 
the nenafcocle 
population 
due to 
treatnnnt

I’l  ])aciait 1131 233 -  090

r£n r.ocap 104', 180 -  35G

IV IlPaaflon 1023 269 -  759

1’. IIppdcake 
4

90S 207 -  779

IV I'pnlk 
5 639 140 -  691

l’k Control 944 1193 + 247
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DlSCUo^lOI?

The main contrL'outicna resulting fron the pro cent 
inveGtigations ore that*

1. Burvey of the cocoonly cultivated varletieo of pep-er 
fron 5 diotricta of KoraLa for occurrence of neaatodea hoe 
been done. All the varistiea, In all the areaa ourvoyrd ic 
infested nUli roct-knot nenatodeD Heloldc.Tyne incognito. 
Radopholuo einllia and Ilellootvlcnehuo Dp.

2. Elgb,: cultivara of pepper have been ooreenrc1 againet 
root-knot nenatodP n. in co/mi I: a and all of then are found 
to be oueceptible to their attack.

3. Extern; of damage done by K. incognita cn 4 cuItlvarQ of 
pepper hao been worked out.

4» Hictopatbology of the n. Incognita infection on roots 
of i’anniyur 1 variety haa been oeudied,

5. four nenalicidea and one organic cake have been 
evaluated for controlling n. tnoosalta on pepper.

ii* inooaQita ban been reported to attack pepper in 
Kerala by Venklt'esai (1972). She olon nilt of pepper which 
1g now prevalent in pepper growing tracto haa been auopected 
to be a complex of nematode and fungal infection coupled with 
nutrient- di£ioienoy(Hadba and itowther 1976).
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IJenatode Injury to crops lo ooot coat:only evaluated
by ooasurlnc chunceo in yield under varylnc decrees of
infection end by actual root e^cninatlon, The nematode 
usually causes a distinct reduction In vitality and crowth 
of boot plant without bpins lethal. The pffrct of 
infection on too growth lo ouch chat the visible oynptona 
have often bepn diagnosed as due xc various nutrient 
deficiencies.

'’epper has been in cur country for a very
long tlao, but orGnnlopC re dp arch on cultivation end
raalntPnacee of pepppr for hotter and higher yield has 
boon started cnly very recently. IJcno of the nor kora 
has paid auch uttentlcn to the nenatode prcblen or Its 
control. It woo, therefore, hoped that useful results 
□ay coerce from these lnvaoiicaticno.

In the present study a survey of neantcdes 
aooooiatPc with pepper oao done from differene places 
spread out In five districts of Kerala. TLe survey 
have ohown chac all the popper cfowlBC arras covered 
(Table 1} end all che varletioo grovjn in I hone areas 
(Table 2) are infested with n. ineognlta.dodonholus 
slnllia and II p !  I o ot yl p 1 j cb u o up. This iu the first tlGP



such a survey was conducted in Kerala. Venklteaon (1976) 
aloo ho3 recorded the occurrence of ilPloldo.xvae spp. la 
fiannanore end Calicut districts of Kerala, daot-knot 
neaatodp n. incognita forn the aajor group of neaatode 
wLtfa a very large populacion present in both ooil cad root, 
r. incorn ita was associated with several cultivaru of pepper. 
Blmllar observations have been mode by several workers.
Claudio find Pavlde (1960) reported n, Incognita on 5 
species of Oanana and Kurlan (1970) reported then to 
at each all the 323 varieties of tobacco screened. The 
population of n. incognita, d, slmlll3 and TlPltooiylenchuB sp. 
were higher in soil and roots of silted pepper plants than 
in heal-chy pleats. (Table 3) The number of nematodes 
observed in the apparently healthy plant might not be 
sufficient to produce any disease oyoptcoo on the plant 
or some inherent character of the variety Involved might 
have resisted the development of any visible symptoms. 
Venhitesan (1976) found that an inoculum level of 10 or 
100 d. olollls per 1500 ml of ooil did not produce any 
visual oynpi.coa on prpppr. An inoculum of 1000 0. siallle 
was needed to induce any visual symptoms, uike-nloe 
Vander Vecht (13o0) ccjld not reproduce the yellowing of



leavps In Inoculated pleats.

The eight cultIvora of pepper aoreened did not reveal
any immunity or resistance to H. incognita (Table 4 end
figure 1). Hoaever, they can be grouped Into three
categories. Variety Dannlyur 1 and Cbaxlokanlakadan
have the highest root-knot Index of 109 each, largest
number of rcot-knots per go of root (24 raid 28 respectively)
and the largest population build up of nematodes in soil
and root (1436 and 1276 in soil and 43 and 30 in root).
These too varieties may be grouped m  highly susceptible.
The varieties Ealluvally, Kotteaadan, Dal on cotta and
Karlaunda are median la reaction in all the characters
studied end can be grouped go susceptible. The varieties
Horayokodi and Padappan have the least root-knot index
(56 and 53 respectively), least number of root-knot per g®
of root (15 and 13 respectively) and least build up of
nenatodeo in soil cod root (794 end 720 in soil and
14 cad 12 in root respectively), They can bo grouped as
less susceptible, Thus three groups namely highly
susceptible, susceptible aid less susceptible aqy be
identified amcag the cultlvaro screened. According to

\

Hohdn (1965) the nature of resistance in plcaco to 
nenatode Is to be measured in terms of ability of the 
parasite to survive aid multiply cad not always dlreotly
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related to plant growth. IShe root-knor iades and 

nunber of root-knoto por gu of root are indicators of 
survival of nematodeo in the hoot.

An oscpGooent of the nature end extent of the loso 
ceased to the four selected variPtleo by H. incognita 
was also done ao pari of the present Investigation. In 
all the four vorietieo nonely Ponniyur 1, Cberiakaniakadan, 
Kalluvslly end Itottunadea reduction in top growth and 
root growth was found to be substantial ('Sable 9 end 
figure 2). Besides, in one oingle plant, theoe uenatodeo 

can produce 1a to 20 Galls per go of root within 6 neeka 
of inoculation (Sable O .  t’he nuaber of gullo por go of 
root in gap oingle tobaeco plant by tl, incc, nlto iu 

20-100 (Kurian 1970). einto (1972) aloo found popper 
Qpcdllngo heavily galled by Heloldocvne epp. and lacking 

in young feeder rooto. Birat (1970) could not find 

any gollo on rooto of chillieo and cheat by H. .jnvanloa. 

i/ong and Billatis (1969) and Huang and Bin (1971) could 
induce galls on the aerial parts of tomato, beano, 

pota.o end coleus.

Hie choot length, number of leaveu, girth at 
first node, weight of the ohoot, nunbpr of rooro, and 
weight of rooto were all reduced conolderahly due to the
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infection of n, incognita. T/lthin a period of 6 seeks 
there was a reduction of 22.7 to 34.4 per cent In shoot 
length, 11.0 to 18.4 per cent in ntaaber of leaves, 9.5 to
17.6 per cent in sixth, 4.0 to 6.2 per cent in shoot 
weight, 12,0 to 41.0 per oent in nunber of roots and 10,5
to 16.6 per cent In wight of the root, in the four
varieties tried, conpared to uninoeulated pleats. Similar 
effects on top growth end root growth on plants by 
U. Incognita have been reported by several workers, 
ninto (1972) reported a reduction in plont weight of 
pepper Ofie/Uiage by 37*4 and 10.2 per cent due to
!£* incognita and JJ. -lavanlca over control after 10 months
of inoculation. Stunted growth and yellowing of leaves 
were reported by Olnudlo end Davide (1960). Prasad end 
Gaux (1974) also recorded reduced plant growth due to the 
effect of JJ. Incognita on bxlnjol. deduction in root 
weight and root eurfoee nos also reported by Waseea 
1 snail and Staohoor Alaa (1975). Many workers have shown 
that an upset In the normal balcsioe between various 
pleat ooaatltuenta reeulto from nematode parasitism. 
Heports of von Cundy end Martin 1961, Shaftee and Jenkins 
(1963) and lipoid and Jenkino, (1964) indicate that 
neoatodeo do have a profound influence in the uptake 
and accumulation of various nutrients in the host.



HullInucloate atructurpa cr Gloat cpIIo In plan to 
Infected by root-knot nenatcdeo are QPlieved to orlop In 
reoponoe 'to sabetcncPO eaanatlriG freo cbe paraoiie (DropkLn 
ond Ileleon, C1960) Eucharae (1953) stated that the xpculfclng 
tumours and c°ll° vieze due to roacrlcno of the hoot pi cut 
and night bn considered ao a kind of defence nnohenloa. 
Observations) on the hloiopathology of tbp lafectpc rooto 
of popper chon that die iirot reaction of tbp plant root cello 
to npnatodo feeding WQo cla^ cell formation aid aweliinGO 
on the rooto. 01kliar obcervatlona have been nude by 
parllPr workers (Dropkln end Boohp 19GGg Eropkln end Uebb 
1967) who found that gollo appeared fron the firot lo 
fourrh day on tomato rooto. In the present o-udlec It was 
seen that each larva v?ao aoccclated with about ?■ to 6 
glanl eelle which are raultlnuoleate (PLcure 3). In 
tobacco varletleo each larvae of H, Incognita oao 
aeooclated with 4 (.o 9 giant cello which werp nultlnucleate 
(Kurlon, 1973).

I'rca Plcure 3S 14 can be oem that the alelar
p o r c lo n  o f  tb o  r c o tB  a r e  a i t c c k e u  by t h e  l a r v a e .  .71 t h in

rthe otelCj 4hc rylen vessels are prefercd nore and thP 
phloen veoscls are nore or Ipso Intact. Pup jo the doaace 
of rylen veaaelo, flow of food materials lo the various 
parts of IhP plant Lo suppressed. The nornal Q t o u i h  of



t r a n s v e r s e : s e c t i o n s  o f  h e a i i p h v  a n d

M.incognita IN F E C T E D  P E P P E R  R O O T S

P i g .  3 .

( h e a l t h y )

( i n f e c t e d )



the £>lcnt will bo thus Impossible. 'Tar phloem vessels 
of healthy and affected rooto does nos. chcu any difference, 
hence i t  any be presumed that the phloen veooelo are not 
affected by these nematodeo. O^bojl ( 1376) found that the 
Clc.it oPllo developed nalnly in the oeele In com rooto 

II* hnola. . ylru eimeni Interruption canoed by the 
Glcnt cPllo due to H. Inceraita attach uaa alao reported 
by "urlaa ( 1370) in tobacco rooto. be struct ion of primary 
phloem at ihr oltP of infection by M. IncornIta In rooto 
of uar.enaxia leuoontha was rpportec by Sldditiul and Gbouoe 
( 1975).

The protoplacn In thp infected opI I o become czanulnr 
and thp starch craias In Liioo ore norr or lenc deplete^.
Such cellular cbcnseo err alao reportrx. by other nozhero, 
L'loappearonce of o Larch reaerv po frcn In foe tod tissues 
was noticed by llucnc rad Lin ( 1371)* -ichde ( 1365) found 
that Gl^at cell nuclei! increased In aloe. Cytoplasm 
of the clone cells nao founJ xo bo denee In com roota by 
Ocbojl (1376) . Christie ( 1943) Qhcned that prcauction 
of opIIo ic necpaoury for development of root-l:not
nmatodp feac-lea, fhuo there is ccnoiderable rvldrneos 
to shoo xhal favourable hoot plonto ohould rpact In a penner 
odvratacpcuo for thp proper development of the nematode.



She experimental studies on the control of n. Incognita 
Indicated that Iiemagcn at 40 lit al/ha was the most promising 
over the other materials as evidenced by the Improvement 
of plant growth end reduction In root-isnot Index (Tables
6, 7| 8, 9, 10, 11, 12 and 13 ana Appendices 1, H  and 111).
Hone of the materials used namely Hemagon, Daoonlt, Koonp, 
Heemoake and Temlk nere phytotoxic at the doses tried to 
the pepper seedlings.

Increase In height of the plant produced by the use 
of I'emlk, Hemagon, Idooap and Basoalt were statistically 
significant over the control. There lo on increase of 
20.83 cm in Temlk, 18.16 oa in Henagon, 13.83 cm In Hocap 
and 12.16 cm la Dananlt. Though the Increase of 11.13 cm 
In plant height by the uoe of Heemcake Is not statistically
significant, It may he seen that there lo a defenlts
Improvement In the pleat height compared to the control, 
where the Increase In height was cely 3.16 cm.

Hoeap, Heemcake and Neaagon gave significant Increase 
In number of leaves over the control. She number of leaves 
increased by 33.86 In Hocap, 22.73 In IJeraoake and
18.6 la IJemogon. The other tno materials Baa on It and 
Temlk produced more leaves (20.4 and 13.16 respectively) 
compared to control but the difference nao not statistically 
significant.
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Daoaai.ii Hemogon, Heemcake and Temlk gave significant 
Increase In the girth of the plant over the control, "he 
girth of the oontrol plant was reduced to 14.33 an from 
16.0 ca,showing a reduction of 1.67 an during 90 dayo of 
Infection* Dseanit Increased the girth by 3.23 am, nemagon 
by 2.06 tan, Heemcake by 7.06 mm end Tea Ik by 4.33 ran. Uooap 
produced on inorcaae in girth of 2,36 ran but non not 
statistically significant.

There was a defeniie decreaoe of nematode population 
in soil tad consequent reduction in root-knot index oo 
seen in Table 12 end 13. The root-knot index (Table 12) 
wao increased by 24.5 in control plants. But the application 
of Teaik, Daoonlt, nemagon, Heetnoake and nocap reduced the 
root-knot index by 33.45 , 50.16, 43.0 , 42.50 end 35.50 
respectively. The nematode population (Table 13) increased 
by 247 in control plants within 90 dayo whereas the 
application of Uooap, Daoonlt, Heemcake, nemagon and Tenik 
reduced the population by 956, 398, 779, 759 and 691 
respectively.

Thus it has been found that IJemagon at 40 lit ai/ha 
gave conoietant end significant control of n. Incognita 
based on all the characters studied. Daoonlt at 60 kg al/ha, 
Uocap at 10 kg ai/ha, Temlk at 10 kg al/ha and Heeacake 
at £000 kg/ha gave the next best oontrol, though each of



them did not civp statistically significant oonirol for 
either one or other of the char cetera studied.

DBCD at 45 lit/ba 2ave C°°3 control of n. Incognita 
on potato (LTukhopodbyayQ,1970). 4’enlk at 5 kc/ha was 
effective in producing potato iubers free of infection 
(r.aj aid ITlxulQj1971 a). Soil amended with croundnut 
coke allowed considerable decrease in population of root-knot 
nemacodoo and inproved the growth of the ionaio plant 
(Goowonl cund bnarup, 1972 and Kben, fit cl.* 1975).

heddy and Leshadri (1972) found tomato plonto treated 
with AidLearb were not invaded by larvae of n, Inoo nito. 
Similar results by Aldicarb wao obtained by Broodie and 
Good (1975)« David c (197 j) cculd reduce 'the ut.Hln£ in 
rooto of banana and cpt increased growth by uolnm llenikj 
liocap and Ueoogon applied at the rate of 1 gm/gallon of 
wa.er as 15 minute dip treatment. I'euikj Oaocnit end 
Miimet reduced the population of 2* ineor.nlta in lenato 
bu; increased yield woe obtained only for t’enlk (Chhabra 
cad [lahajan, 1974). 1'he bitter prlnoipleo of ncen namely 
niobidLn and thLonlmono were effective in killing nematode 
and larval hatch of Ti. incognita (khcn, et al., 1974).
S p o t a p p l i c a t i o n  o f  A ld ic a r b  a t  1 .4  k s /h a  and T e n u s u lp h o th lo n



at t.O Kg/ba was found to be economical methods of oontrol 
of K, Incognita on tobacco by Reddy (1975 b)« Thus the 
results obtained la the present oontrol trlalo agree olth 
the resulto of similar trlalo already reported.

The investigations carried out here revealed that 
IT. incognita hod wide spread occurrence in the five 
pepper growlag districts studied. Cultivaro of pepper 
screened against H. incognita showed that a few hod leas 
suBoeptlblilty. Kerala and Karnataka brine the original 
home of pepper (Abraham,1939), eoreenlnc of oil the 
available geinplaca, is, therefore, necessary to detect 
a more suitable source of resistance.



SUMMARY



GO

oignAis:

A survey was conducted la the pepper growing areas 
o£ five dlotricto in Xprala. All -.nr 93 areas and all the 
vcrlrtLes grown sere found co be infest:?' with root-knot 
neuatodPG, Keloid prune lnco.r,alra. i'he amber ol’ roct-kaoc 
nenaiode in 230 gts soil of healthy Panniyur 1 variety 
ranged fron 2'f to 4 6 7  with on average of 231 end In wilted 
plani3 fron 140 £0 2006 with an average of 92c. The 
population In 10 ca rooi oj. heulchy pi<Ji of the cone 
variety ranged fion 0 . 0  9 0  with an average of 21 and In 
wilieo plant fron 12 to 1<34 niih an average of 01. 
species of root-knot nrnatode observe- in all rbe oa-’plpa 
of oil the varieties were idenilfioc as ", Inpo nifa. Other 
plant paraoltie nenaiodea nicely Hadopholna situ Ilia and 
Itellcci.vlencbus sp, were observed in all the oanplro studied.

"“Icht eultlv&xo of tlnar ninrua sere ccreenrc against 
n. Inco. nita, iannlyur 1 end CbexlokcnLalcadan vaxietiea 
were highly QueoeptihlP. Ealluvallyt Kottanadcn, Paloaootta 
cad Koriounda were ouoceptible and Uaxayakodl end Padappan 
varieties were leeo cuocep;iblr to the aLlcicl: of tj. incoenlteu

2hP rrtent of daaugr done by this nenatode to four 
selected varieties of pepper was porine-ted and it was



found that there was an appreolable decrease In the top 
ao well as root growth In oil the varieties,

Hlstopathologloal otudLeo showed that 4 to 6 gloat 
oells were formed around a single female cad the nematodes 
disrupted the xylsn vessels Dffeotlng the tranolocatlon of 
food materials.

Among the four nenatioidee namely Ilemagon, Daoanlt, 
Uooap, Eemlk and one organic amendment namely ITeemcake 
tested for control of H, Incognita on pepper, Ueaagon at 
40 lit al/hQ was found to give significant control of 
H, Incognita,
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Analyoio o f variance tab le fo r  IiolcaL o f  the p lant

1

Source lj.l̂. <3f U. t-it r

7’oEol 1 125 35 

rrpatrpn-i 075 5 174.6 
Orror 050 30 23.3

6.169s

CD Significant nt  ̂ level

v <a 1 1

Analyaio of variance cable for number of leaveo

2 our or 'j.o, <3f j. 3. —I

•L’o ta i 4272.3 33

iirpataenc 2060.92 b 4-13.33 5.61*

rxxor 220b.33 30 73 .5

CD S ign ifican t, a,. \ > L  le v e l



<VU’1T!D1X 111
Analysis of varLcnca table for girth of the plant

Source S. S. df n.s.

Votal 493.75 35
ffraatraent 231.25 5 46.25 5.137®
Urror 267.50 30 8.916

CD Significant at 5,̂ level
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ABbi'fiACS

Ilenatodes hove recently been observed bo constitute 
a najor threat and limiting factor to the pepper production 
in Kerala State, Aaong the neoa-odes, nploldo^yne spp, 
causing root-knots on pepper lo one of the moot importanr. 
Investigation on this nematode in pepper raao not done in 
this state, Sherrfore* to gather cone information on the 
pxfcenc of dcaoGO done by thio nematode cn pppper end to 
evolve control measures the precept nork oao carried out,

A survey of nematodes associated ulfch pepper nao 
conducted in the pepper growing arpao of ?Lve districts in 
Kerala, The nematode population nos estimated fron the coll 
and root samples of healthy end diseases pepper plan to,
U, incognita. Hadopholue siallls sad Helicofcvlmchus cp. 
mere found to Infest all the pppper varieties in all the 
areaa oeudied.

light eultivaro of pepper were screened against 
H, incognita and found tkar Bansiyur 1 and Cherlakaniakadon 
sere highly susceptible having a root-knot indejt of 100. 
Kalluvally, Kottanadan, Balancotta and Kariauada cere 
ouseeptible and the varieties Ilarayokodl a d  Padappan 
wpre less susceptible.

ITae extent of dcnuge caused by n, inconnita on four



selected varieties were studied and found that the 
nematodes were cauoing considerable doaagc to the crop 
by decreasing the height of the plant, number of leaves, 
Girth of the plant ond alao the root c*o°th.

Histoputboioglcal studLes showed that the a torch 
Grains ore nore or leas depleted in the case of affected 
plant roots. Loch female is associate'’ with 4 to 6 clout 
cells. The nenatodes disrupted the xylen vessels affectina 
the translooattcn of naterlalo.

Pour neonticideo and one organic onendoent wre 
tried against n. Incognita on pepper, Pascal e 5 C- - 
60 kg al/lia, Mocap 10 G - 10 kg ai/no, llrnagon CO fC - 
40 lit ai/ba, IVrnlk 10 G - 10 kg ai/ha end Ileeaoako 
2000 kg/ha, cave good control of thlo onset ode, with 
nemogon Giving the beat result.


