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1. mKODBCTiai

Black rip»r aljrrga L. is on* of tti* »«% aneicnt

htstorie crops la T&aie. Th« forest gliftto of K«x«l« enS
th« Krbadp ro”oB of raraotftka aro the orlfIBAX hoa# of 99pp*t
(Atrcltea, 1959). TIlw eurod borrloa fora the papoar of
oomeroe. Tha pro<haetloii of pappar a« par official aatlaetea
IR 1974-775 ~a 28»150 tonnaa froai an arae of 121,820 haoteraa
which la naarlj 25 per cent of tha total world prodnctloB.
Aurisf thla period 26»M1 toBttaa of pappar were exported froa
India eerninir a forei(” axeh«iilre worth 344.8 aillion mpeea
(Reorire, 1976)c Kerela atete ooTere over 90 per cent of
Indie*B pepper are« end production. The raat ia oontribatad
\] famateke end ?eail Kedtt.

Plaek pepoar it known to ce effected two typea of
**wilt dieeeaee”, one ic celled ea *gaiek wilt” end the other
ea "elow wilt**. Thaee diaeeaec are prevalent in the pepper
graving tracte in our coantry. Ooeurrence of "alow wilt* waa
fir»t reported by eBon (1949) froa i“oath Vynad (farsle).
Fecent atadiea indioeted thrt "o«ick wilt* w"a cennaed by
Phrtophthore ap, e funirel p«itho#en (Beabier end imrm, 1974).
But the etioloiry involred in *elow wilt* hea renftined an-
etrplored hitherto, fhe dieeaee ie attributed to verioue
oruaer. Feoent repoxtm on the pri®ence of the burrowiniT
neaetode, Kedopholus eiailie (Cobb, 1895)t “home 1949 in
iuoath Indie end the eaeocietion of thie neaetode with benena



(9«lr, «t 1966) otls«r pl«ntetlon eropn Itk« pmppmr
-Tid (**SoaM, ft liJj,., 1970) «n« tfoeomt (foshjr# 1975)
ha» e/tt»«a 8re(tt eonoers vith r«g«r« to its rel* is e«rt«IB

effeetisg %hw eiropt. Kvvstfeioa®i 23 «p«otM of
padooholtte have boon report«a (“lior* 1968} Colbrea, 1970)
onljPt Rw»i»11U b«*B r«eofnis«d cs e ««Jor s««itod«

I>«thofeB ORusiae 0eoBOMie 4«aeFt to eeir«r«l orops.

Ib rocent 7«er«f tho “rdomw ilt” of biaelc p«pp«r lvib
boon obMrvvd to be affoctlse l«r|r* imabors of tlbos la th«
BBjor p«pp«r orwar¥: rairloas. 7h« typi««| syaptoat of tho
dia<ica« are, partiel to eoanlata yolloitficf of laevoa, loaf
drop sad wlthorlacr of tlbm (Illfc. 1, 2, 5 and 4)* Tlia
affeotad arte eortrt about 10 par oast of tha totftl pcpi?ar
growIBf arae. iba aana aaaatoda wea alae raportad to ba
raa:>OBaibla for tha "jrallova diaaaaa* of pappar ia tba
lal#"Bd of rafdcgft darlB#r 1950*a whbieb raaaltad 1b tha deallBa
of pep-ar iBdaatry thara (vsb dar Vaebt, 1950). Oaly > few
iEvaatl|«tloiia hava baea earrtad out ralatlar to thla naaotoda

partiO ttlarly, os pappar 1b our eo«Ktry.

lharafor« to gather aoaa pralialBazy iaforiBRtlcni ob

tha rola of thia Bamatoda 1b tba "alow wilt** diaaaaa laeidaBoat

tba followlIBg iBaaetifatloBa vara oarrlad oat.

1. turraj of aoae laiporteBt black pappar frowlBg araea

aaaoaetad to be affactad by "alov wilt* 1b farala asd



7ig. 1. Healthy pepper vimes

Pig. 2. Diseased pepper vimes On sreca palme
with partisl yellowing

7ig. 5. Diseessed pepper vimes showing all
leaves turned yellow, with sparse

A

Rig.. 4.;~-er vines in final stage
of the dineass, showing all lesves
dropped



Pig. 1 Pig. 2

Fig. 3 Pig. 4



2.

5.

4*

5*

Karn”~tnira, to obtclc Infonsatlon ob th« occarr«noe

end dietribatiOB of in

Th« p&thog«Bielty of to blcok p«ptv«r, 1lb*

cludlsf the uetur* ot densir# to taost.

To <«tRbllel) ty ejcporlaentttl «vildenc«» th« btotype
tPttte of the pepper leolete of Kwel«lltr end tho
crocB infective beb&vlour of the populetlone of thie
neasntode i&oliMetf fro« pepper, beeaae, eocomt end

arecBut, eaonr the«.

&ereenlB” of eoce eoonca cultiv~re of bleck pepper
fro« Ker*»l» and Ifercettte ineludinf %lld riper epo.
Sfrelnft R.elailtg.

“OBdoctiBr of pot culture studiee to t<et the
efiicbcy of three nea«ticldee mv.ely, eldlcf rb
eulfoce, fecoalfothion» £ ? C? pnt neecV cfMce. In
controlllQ” I'.elolllc on fcleck pepoer and their

effect oc grovth find vifour of the pepper Vvinee,
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11. REVIESN 07 LITERATURS

B-aisilis (Codd, 1893) Thorme, 1949 popularly ¥nowa
a8 ths burroving nematods has now becese & videspresd nematode
pathogen in tropical and sudtyopical perts of the world.
Puring Cobb's investigations en the discased banana root
saterisls, received {rom 7451 1a 1891 he cbeerved male speci-
sens of e parasitie nesatede, which he deserided ia 1893 as
Iylenchus gieilisg. In the same year he described the fezale
speocisens as Tylenehus granulesus odtained {rom bansna roots.
Agein while studying roots of diseased sugaresne in 'avaiian
Islands he cane agyese bhoth meles and {emales of s species of
nenetode, whieh in 1903, he desorided as Tylenchus biforsis.
Subsequent investigations carried out dy Cobb, with diseaced
banana rhisomes, convinced iin, that the above thyes new
sposies desorided by him wers actuslly one and the ssse amd
thorefors he retained Tylenchus gimilie es the type spescies ia
the deteiled redescription publiahed fa 1915. Though it vas
included ander various generis nases, by several subsequent

worters, the pressnt generic name was proposed Yty Thorne (1949)
and coneidered t1ll now as a valid nase. Sher (1968) regards
I .4xanylopus, as an earlier synonye of F.sisilie and confirmed
88 the type speciass of the gemus.

I.ofuills 18 found nov mssociated with seversl iaportant
erops and ornasental planta. Sher {(1968) considered the gemus
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Pedophelus to be indegencus to Austyslia. ZIiswersann (1898)
found 1t associated vith goffes in Java. It vas established
as 8 potential parseite of tee in Java by Steiner and Bulwer
(1993), Van der Veelt (1950) reported this nematode from
Benvga lslands, Indonesia osusting "Pespper yellows”. In Zlorids
the "“presding dscline of citrus” wss Ynown since 1328, dut
not linved vith this nesatode wntil, 1953 (Cuit and DuCharme,
1953). Though Codb (1915) reported this nesstode as the eesuse
of the root diesase of sugareane and danaga, only yecently, it
was recogrised as ths eajor danana root pathogen, replecing
tha furgus Jusagius (“tever, 1972). Im demane the dis-ase
ceuned by :.849ilds 1s Ynown throughout the vorld as Radopholus
zoot rot, bLlaevhead, blagthead teppling dissase and decline.

It 18 reported as zazociasted with banens I{rom Pacilic Isimmde
(Cobd, 1893), ~outh Zast ia (Larter amd Allen, 1953),
Centrsl and South 'merica (Stover and Melding, 1958), the
Cariddean lslands (leaeh, 195¢), Ivory coast {Luc and Vilardedo,
1961) and ‘ustyalie (Tlave, 1961). It 18 aleo reported to be
present in ‘ranee (Ccotte La Massese, 1967), Surinas (inow,
1968b ), Ceylon associated with tea (Jivapalan, 1968 ),in low
veld of Fhodeeia (‘aon, 196% ), “essmbdigus (:varisto, 1969),
Cersany (“turhan, 1970), South Africa (ruehase and *ilne,1969),
Ghana (addeh, 1971), ‘est Indies {Anon, 1971b), Malawi (Anen,
1972) and in Taiven (Juang, 1972). It is present in “ensania
snd aenye (Ygunde snd Taylor, 1973) and Zasdies (Rasmaekers and



Patel, 1973). Tarjan (1971) reported its cocuryence on
cvfies 4n Yestern hemisphers for the fiyst time. It is
associated vith batle vine ia iemys (Anon, 1974d).

The occurrence of this nematode in Seuth Indie das
been recorded se early ae 1933 by T.Goodey. Neir g% gl.
(1966) reportad 1t on danana for the first time, frem kersla.
Yeoent surveys indieated 1its association with danana, dlack
pepper, detle vine, cardsuom (D'ousa, gt 8l., 1970) end
ayecanut {.umer gt gl., 1971). Though Van ‘eexdt gt gl.
(1960) estadlished coconut as a host of Y.giwilis in Aerida,
vsischer's (1967) studies revesled its oocurrence Lor the
first time in the “"ococonut wilt" affectad palas in Southern
ssrala. Venxitesan (1972) reported ite association vith
blacy pepper in Nexrtheran lersla. The extent t0 which this
sesatode 13 distriduted in diilersnt stetes in Couth India
has net be:n investigated se far.

Eesncaie ispertance

Crops afiected by [.gi7ilis result im wprositadle
seturns, by reducing vigour of host crops and sudbsequent
yisld, Yield increasas of 30.60 per cent were sbtained by
adnsting control weasures im bLansna (Blale, 1972). vetmt
and Myards (1968) reported that uninlested danana plote
yield upte 17,000 1bs per secre per year sore fruits, theam



££99 inXest*d plota. In SurlRM» (1969) v«pOftod that
In 100 9«r e«nt Inr««t9d plots bcnonn ylold w«« 3? toim«c
«0.ip«r9d vith 73 tonn«« h«etar« s»«r jr«ar la I»se thfla
30 p«r e«nt unln/«et9d illold«. In th« «pra»<iin®
d«oXin« QX eltrus dlIMas* e«u»a« a yi«1l4 r«<Siiction of 50-"0
p«r o*nt In gr«p« iTruita and 40->70 pmt cant in orangaa* in
Infastad grovaa (?ouchar ft 8i.., 1967). ‘'Maalthjr gwaa pro-
tfttead 535 bosaa par aera emparad to 25 bmaa in ini®aata4
grliras. In tha BanVga laland* Indonaala vhara ovar 22 allUon
*N«p™ar traaa” (vlnaa) vara jTlottrlafdng vail* at ona tiaa*
tNt eyallowa** dlsaasa cauaad by F.atartlia raduead tha vinaa
at*nding to a favar than 2 aillicm irlnaa in tha ooirraa o*
tvo daeadaa, 1.a. batvaan 1930 md 1950, Vhan a gardan pro-
duoad Xor savar«l daeadaa, a planting nov hardly aorvlvaa
Xor 3 to 5 yaara (?>!Oma» 1961). In a aurvay on coconut in
Zaralat F.aiallis vas raoovarad Tro« roota Of paisa aXi'aetad
by root*ilt*dla ?aaa ( mon, 1974a).

F.al»illa is a highly polyphagoaa naaatoda and haa a
wida rango of hoata (?>tich9r ft al., 1967) including, sainly
b«riana, eitrua* blacX psppar* coriTaa* taa”“cjconut* avoeado
aofrAroAna, aaiaa, a’vax”™l vagatablaa* graasaat tra™ eropa and
caraala. Thay r«i>ortad aan”o, lantana* ai»rigold, “totalaria,
lit"ehi» tomip, lattoea« vild lisa* “arela aa ap. aa aoaa
la”*tortnnt nors.hoata. boata raportad vara potata« paanut«



rleft.and vh«iit (<<»rtin ft 1969),

(T™har««, 1972), >wioraic<i pjiairtntU (0* B«nncm, 1973).
soxfhan* awlcS t««nt li»a Mart, eesbaniAt rftblsa bMn and
ephrosla vQgalll and 4 wa«d apaclet {“Avmrdt and Wahcuntt
1971). In Indi« '»loa™ batl»» elattarla caKiamwBua (D*io«m
ft 1970) anil araeanut (ft.mar~ il.« 1971) ara r»pOrtas
aa nsw hMta of thia naoatoda. “vafl thouith larga nmbar oX
plant apaetas hava baan raportad as hoata of 1.eiffiilig, tlila
nasatoda hna baan obaarvad to hava hoat praXarane”St asone
diiTifarant populations in di*Xarant ragicma or tracts. i-:oraovar
no axhauativa atudiaa have baen conductad to datarsina tba

heat ranga.
I'yaotoaatoloior

In blae:* pappar due to tha In”action by tba borrowing
naaatoda, wympto™s appanr at ooa or aora apota in a pappar
Mrdan vhara ona or “av vinaa a<9 ari'aetad and gradually
apraada urtll larga arana ara inTolwS* Ttia vinaa atop «<Ai»
inf, tha foliara turna yallov and thara ia dia»bac”™ and laaX
drop (Chrlatla, 1957). “ocordInf to wan dar Vaoht (1950) tha
dla«(«8a ttffually atarta in iaolatad apota. ~ to the active
diaparoal o/ nariatodaa in aoil thaas apota artand gradualist
ao that larg9 bald araaa davalop* aurroor.dad by planta in
various atag”™a o™ datarioration and yalloving. Such araaa
ara with apparently haaltry planta, roota or whi«h, howavar



on nation ahov alrof><Sy light inx'aatation» grovth
atagnaitlon In a jfw olants potnta to, alraady ajciatinf In-
fattation tha soil. Uaoallyt tha tjrpieal filming aynptoaa
roLlovad by laax* drop show up not aarllar than during Jtirat
rIDdnin/? of j~rulta. ‘'lder planta <sig filso auXiar haavlly

iTroe) the mmatode in~aetion md pariah within a ai“rt parlod,
*o>arantly thla la das to ralativaly alight llgnix'ieation oX
aaln roota* which say be villad eosnlataly bf natMtodaa pana*
txiiting into Vida nadollar raya* Van dar Vaeht Pbaarvad that
in twia eea»? alao, naoatodaa ;"anatrata into ehair* roota. thay
boxa tunnala into paranoia tlaeui*af mainly longitudinal onaa.
thei plaread ealla dla and aoon tonnala ara viaibla aa darv
apota* atartlng irom thin roota. Thay o”tan oanatrata Int"
pai“anehyffiatoua cortieol tiasuae end also into aadullar raya
QA thicNir roota» vhtch in caa” oi fiaavy ini'aatation ara cut
ofE coaplataly = ””"aa roota show fRirmroua laaiona and pro-
nowead dlaeoloration. ?ha aain roota ara davold oi a”all
Na®dar roota and axtanalva naerosla ox tha l«pgar laterala
A?rodiially davaloo. ™rowth oai”s™s, aoon aitar tha yallowini®
Of laavaSf baoor“«)a a>*>arant and production oX paanar rartidly
dacllnaa. favara dia-bacv and daath oX tha vinaa avantually
follow, fha j~rat Indication or yallowa die aaa of pappar la
the appearance Of ooeitalonal yallowad laavas on vinaa. ?hia
IncAnaaa in noT™ara tutil vithin a yaar* lar«a portion or

aven all ox th« i!Dlias> may becbwa involvad. “a«fciar (1976)
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reported theat slow wilt disease maves ita appearance alter
eouth wezt monsoon. The symptems are characterised Yy in-
i1tisl yellowing of lover leaves, vhich gredually progress
wuards resulting in complete yellowing of the foliage and
sisultanaoug defoliation. The af ected vines die gradually
aiter the appearsnce ol external aym toms. The ailested stem
mnd poots shov vaseular browning though sot consiatently.
Ting (1975) reported, ¥sloidogyne enp. as the moat isportant
gyoup of nematodes in "alaysia causing gredual deciine of
blacY pepper characterised by urthrifty growth end yollowving

of leaves.

Biology

The bdurrowing nematods spends virtually ite entirs lile
vithia host root-lets. They attack only healthy young suecu-
lent fesdor rootulet tips. Loos {1362 etudied the 1lile history
and hadbitz of tha nemstiode attacving banana. The Jemaies laid
on an average 3.5 t0 4.6 sggs per day and continued to lay
Lor twe wes™s. The egge Matehed within 5 to 8 daya. larxval
period vas 17 to 13 days, but sstured to adulte in 11 daya.
Mults laid eg~s in tvo days after the last moult. 111 lamval
stagoe and fonmnles wers infective but sales vere unatle to fme
feet poots. The 11le cycle tosy 2025 days to cemplete abt
75.90° 7 tempeyatura. According te DuCharme sad Price (1966),
in ecitrus the lile cycls vas comrleted in 1820 daye at 75.2
t0 82.6°7, The number of egrs leatd renged {yrom ons to six egzs
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p«r d»y. I*der controlled cimditlona In «z»nlo root oultvtrm
tbif iouni tho lax”at poptdatlon In a colony atertcd Xroa
on» iTrsals roAc” to A7t000 ntnbara la 05 dt*a. In aonc
colonl®a* aacond j*an”rfltion i'‘aaalea laid vlabla 9c& ai™ pro.
ducad activa colooiaa o™ mal® and "9?«laa although no aalaa
have bean introduced into tha colony. ¥an dar Vaebt ilos0)
atiadllod thd Inn.oonc9 ox' T.atiBllla inx’aatatlon on 2 aonth old
p«l)p9r aaadlin-*a in ptxta vIith atarile soil Inoculatad with
20 jT«>"alaa. 'irt*»r aiz aontha* ha could dbtisin about 2*"00
naeiatodas trom tha roota and aoil of inoculatad pot. )«
obfiarv>d that agga ara laid aingly in tha roota* a/ter a
daya tha larvae Hatch« which develop into adulta in i®our to
riva vaa™'tt. Mal*a axe round in tha root tiasuaa <mly at apota
whara at leaat one fl*neration hPo daveloped. Tha nature of
reproduction, embryology and pO8t«>«mbTcjirOnlc develojqvnt of

I»2jLalill atudiad in detail by Van *eerdt (195°f
reported ]
1363). BrooVft and Parry (1963)/apparent Farthano”enetic re*

production i“to third “:enaration.
lavaalont® ypot Injuxy and ItteaathpXogy

Blav# (1966) atudyin” tha invaaion of ! .aiailla on
'-:;uaa omata aaedlingB otaarvad that fourth ataga larvae or
adult £EmmiBa had invadad roota, 12 houra ajttar inoculation*
within 1 cm oX tha root tip, although xaw invadad along tha
whola langth. Longitudinal and tranav”~ra? aectiona of io-

I'ection courta ahowed that both adiilta and Icrvae toov «
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feoding position bstwean parenchyme cells is the eortex,

ons to four cells bensath epidermis. The presenss of these
asnstodes caunsed contigous eells t8 separete. Jrom an
intercellular position they inserted their stylet through
prisary eell wall, dapressed Mqlaﬁ and caused it to
invaginate around their stylet tip. tithin 12 heurs ot their
entzy, sise of nucleus and nucledlus ina fou oells ianediately
surrounding thes had increased signiiicantly. Dy sbout

24 hour: the cytoplass had begun te retract from cell wall
and sftor 36 hours, usually ocoupied less than one thixd
velume of the ¢ell, These odservations suggest that tay
Leod directly on cell cyteplass. Similar ohengss oocurred in
tvo Or three colls around the heed ol each nesatede, suggest-
ing that they feed in turn on these cells. The smownt of
eytoplass in cells on whieh they fed continued t0 be redused
u"til oanly nuclews and a small aomi of cyteplase yremained.
Then nucleus disintegrated, pricmexy cell wall yuptured, s
cavity formed snd the nomstodes wsually soved inte this spaece.
Several nevatodes were sssocieted with sach iniection couyt
and thess ocavitios fommed by tndividual nematoldes later
eonlesed, The nesstodes enlarxged these cavitiaes by fecding
on peripheyal cells and tunneling laterally in cortex and
toverxds endoderwis. 'yperplasies snd hypertronhy vere rare
end neeorosis was usually eonfined to cells lining cavitiee,
tunnels and to epidersal cells injured during invasion, The
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surfass of root did not show evidenoce of invesion during the
£irst wee¥, except & small puncture on epidersis, which esuld
be detested with difficulty. ‘fter 10 to 14 days, jucipiemt
lesions could be detocted by necrosiz of Cells around infed-
tion court. Im 21 to 28 days exteasive caviiies forsed in
the cortex and deep longitudinal eracs vith raised marging
wvere evident on root surface overlying the lesion, Invasion
oL stele vaz not cbeerved, even vhere the innermoet eelle of
esrtex vore destroyed. Im dassana roots, the endedernis i
strongly developed which probably prevents §.aisilis fres
entering the stele through the oortex.

In eftrus DuCherme (1959) obssrvad that females and
layvae enter growing fesder roote near tips in the regien of
cell elongation and root heir productica. On penetration they
Lead on eortical paresslyss ocells and graduslly burrovw to=
wards stele, creating tunnels and cavities in the tisaws. They
accumulate in phloes snd eamdivm ring region. This part of
root 1s often completely deatreyed, leaving a cavity filled
with thea. !ypertropty, !lwperplasis of pericyscle cells, tumour
forsation and accusulation of wound gum yresult 4in parasitised
tiosves. Infested roots bear numerows lesions, [tareh grains
am:»;:: from oells in and adjoining lesion ares. GCus acon=-
sulated ticsuss impart a tan-to-azder coOlour in eldsr portion
of lesions, Paricyels tumours ars 2lsd attac™ed by thes.
fwit and DuCharse resorted (Citsd by >cucher et al., 1967)
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thmt tha popttlatiofl in individual losions varl«d ifroa 1«>739.
Cficsidy <1930) obtainad 2*532 sp9cin«na of l:.«i»illa Xrofi on«
linear inch oC augereena root in luveii. Tb» nacatoda
ern uvauallf antar a root in citrus in laas than 24 hours. Tha
optimam tan”aratura &or root invaaion and raprodaetion is
24®C, tha Binisiun i2»C - 15*C and tha <Mixlini» 29.5 - 32.5»C
(TnCh««a, 1969).

In pap>ar r:>ota tJ-aar bor® ttmnala into paronel”a tiasua.
Tha piarcad calls dia and aoon tunnala ara vlaibla ae dar?
apota. Thay alao p”natrata inta madullazy reya oX thlc’*r
ro-ita laadin” to bloc”in® of tha vaasala. Tha hiatoloi®eal
ehnn™s broo”ht 0!it by thair panatrstion and fasdinfi in pappar
root© hava not baan atfidjad and olaerly ondasrtood. Iniovsmtton
la aleo lac’-In#; in rasf>act of injurias oauaad by tha naoMitoda
to othar boat crooe liv* eoA.'faa, taa, coconut and araeanot.

ljjotyoaa of tha pathogan

7ba first ragort on tha poasibility or biolo.'ical racaa
in r.alailie was aada by ™ally md !“don (1971) vhan thay
vasra onabla to infact Olgantochloa with “aeimana obtiB.Inad

ANOffso robust?, [IMatar i“uChar®a and Birchfiald (li#56)
idantifiad two phyaiological racas of I .aiailig. ona, tha
”citrua raee” which paraaitiaas both eitrua and banana, ra»
CDxdad only in «?lorida and aaeond tha "banana xttoa** which

paraaitizas banana but not citrus, fh” gst tha first
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evidencs indicating the existence of physiclogieal reces,
frems the observatione thet poots of bsnsna (Kyas asusg)

ad juseent to a citrws grove vere heavily perasitised bt

aot the citrus roota. They reportad the possidility of
existence of & tiird rece in the field infesting edtrus only.
They also studied 100 ad-;t femals speeimens of Doth the
race2 and measuresents taen, dut eould not Lix up any diffe=
ronces betwean them by their sorphological characters. They
414 not study eharacters o larvae or adult males. lLeos and
Loos (1960) studied the bdlaecvy hwad disease of danana (Muyss
accuainata) in Jeseica end have given some evidence of the
existence of races of .sizilig Lfrom difierent locatiocns,

Van veesrdt (1957) reported that the poyulatiens of B.gisilis

esbtained Lrom Buxus sicrophyllg veriety Japonice, Calathen
lietsel, Jedychiwe serepaziue, Nuss nems, Seindapus aupeus

and Citrue sinensis on C.limon root stoev vere used fory .
verious cross inoculation studies. Inoculstione on te the
hosts froz whigh specimen where oOriginally extracted, vere
successful. ‘rom eitrus they readily infected Lycopersicon
qsculentun veristy “utgers end Zep gays veriety Pantam, but
reinoculation to C.lison from these hosts were not suoceseful.
"pesimens Lrom “uss nana end Zef ugys readily infested dotd
hosts. s steted that oitrus ahould be called & poor hoet for
E.3igilie. He could not also find any moxphological variations
betwesn the different populations. “her (1968) also studied

=398
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in detail, the moyphology of specirens of ! .gimilis Lyom
several hosts and from dilferent locations and ves act able
to fiad nﬁd veriations in their seasuresents md charsd-
tere te 8ifierentiste thew o8 t0 two oy norye uﬁcuh species.
Aysla snd Toman (1363) cbservad in Puerto Fico that L.gisilis
widely dtetriltuted in bdanana and plantein seile. They further
reported that the aolfes was infected by E.gisilis, but the
plantaine and citrus rosts intersingled vith [.similis in~
feoted cofiee roots were {yoe from the paresits, indicating
tiet e non-banans strain is pres-at in Puerto Fiee. [.similis
wves not found infeeting sugarcene and ecitrus in the aress they
surveyed. laborstory studies eondueted by trem 418 not ree
sult in e@rose infections. Thus they postulated that within
banana race there appeared to De several streins as indicated
by host responses. Martim et gl. (1969) sbserved in rhodesis
tat P.gieills infected groundnut, saise, tobacgo, potato,
rice, vimat, sotton, -oyabun.ugoma; and tea, dut not lemonm.
They planted sesdlings of these crops slose to the peeudostene
ol banana veariety, dvar{ cavendish, roots of wvhioh wvere beavily
infested with [ .gimilis. “xeept lemon seedlings the nesatode
vas reeovered {rom roots of ell erorz grown in the triel. They
considered the race of L.pisilis pressat thers to be a sost
serious parasits of groundnuta, ss most of the undergromnd
ports vers heavily invaded. "dwards and Webunt (1971) tested
thirty 8ix erope and sixty four weed species against two
populatiens (Panssa end “ondures) of [.gimilis infeeting
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banans ayess, in oentyal Aserica. 7hey found that both
populations, infected in common only Ladisg baan, Tsphroeis
gandida, Sorghum bigolor, Calapogoniws mupow:oides and bed
diiferential infectivity to all other plant arecies tested
by them, ehowing the different infective dehaviour of the
two populations. Is Yatal (Jouth ifrica) "esteh (1972) re-
ported his findinge on the resction of T .gimilis on over

40 commereially growan slant species. According te he the
race of T.qimilis attagking dwarl cavendieh bdanana in %Natal
csused modarate root injury on andbergine, colies, tomato snd
poteto cultivars. It caused severs to very severe injury on
poamut, soy-bean, plantein bansna, sorghum, saise and sugar-
oane varieties. Tes, $8haceo, lemon and several vegetadblos
wvore resistant on vhieh the nemstodeo did not aarvedly in.
erease and only slight root dassge occerred. _regrostis
eurvuls variety ermelo, radish, shallot, Phassclus gSyepuy-
REEeus, and epinach appeared to be izawne to attacr. In
rosesbdique (Feia, 1974) analysis of over 1000 semplee shoved
that the bansna population vas sasociated vith peanuts, sotton,
maise and tomate corops., D'Gousa gt gl. (1970) reperted the
occurrence ol f.si-ilies on Musa spp., Rinexr misrws, Riper

botle and lpttaria cardanes in the coflee tracts of south
vostern India., They could not {ind coffes roots inlested

vith F.ainilig. Ia addition, Tumar gt al. (1971) recorded

i1t on Apeca gatechu fros eofise tracts. In asrala (.sieilis
hns dsen observed te infect coconut and bansna. “tuldies eon-



ducted at aaysa¥ulam revesled that the pepulation of L.sisiliie
from ecconut, sttac*s roots of areca, banans, sweet petate,
sugarcane, groundnut, but not Cityus spp. It has deea identi-
fied as "the danana race® (Xoshy, 1975). The host range of
P.ginilis populetions infeeting other arops in India hes not
been studied.

Extzgetion of E.pinilis fxom Foots

The durroving nemstode being a wnigretoyy endeparssite,
speeial tecmiques vere followed [or extracting them Lroam roeots
A sethod of inoudsting soist roots by plecing thea in slosed
Jare containing & ssall essount of water vas the popular teeh-
nique folloved 1a earlier years (Young, 1954). Dulheree (1954)
£olloved thie method for extrastiag the durrowing namatode in

“hie prelieinary stuiies conducted for determining the cause
and natura of spreading declime of citrus. vest (1957) peported
that {aewbating eitrus roots in water instesd in e soist
slamber gave quicker and hgher recovery retes iox the burrow-
ing nematode. Foots vers washed Lree of #0il end cut inte
longth of % -~ 10 cm, dismeter or fleshy roots ocenm be split
longitudinally mé Yept in eontainers vith o small quentity
of water 8t 20 -~ 25°C to onadle nematedes emerge. After

24 hours of inoudbation the weter vas colloeted and yetained
for exazinstion. ¥ins and extraction continmued by adding
freah vatar and reclosing contsiners. #oet of the nemmtodes
wore recoversd within 4 -« 7 hn.‘ Tarjen (1960a) found that



polythens dags, vhich are permeabdle t0 oxygen, *ept at 75°7
guve better extraction then glass jare. Terjem (1967) obtained
enhanced recovery of L.gisilig Lrea roots of orange trees amd
rough leson root stoc* at temperature detvesn €9 « T1°2 with
addition of 1 = 3 psr cent hydrogen percxide. Ilie stated timt
this teahnique enbanced the ehamces of deteoting [ .gieilisg in
roota that eontain only few awsbers. OGowen (1975) reported
that higher reeovery of F.pisilis {rom baasna roots, vhen they
aze out into 1 « 3 om bDite, macerated for 10 seconds and inou-
bating at 20,5 te 23.5°C in pie-pane in e solution oontaining
1 per eent hydrogen peroxide t0 whish is added commercial
dotergent at tho rata ef 1 ul per litre.

Contzol
Chemjoal methods

Vory oarried out for the eontrol of F.gisilis hes proved
infinitely noye d4ifiicult, dus te its tiﬁ endopayasitic habdit,
4te ability to survive on various host plant species asnd its
concentyation 4n desper soil laysrs. In ecse of spreading
decline disease in MNorida, due to lisited cccurrence, sade
i1t possible to devise sore uniform control sessures spplicadble
to loerl conditiona (Cotm, 1972). VYhereas its world wide dis-
tridbution vith banana has sede it a 41 ficult problen te com-
pletely eradissts the nematode, only resulting in its spread
t¢ nev frontiers. Ceversl nessticides have been tried against
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E-2inilis to obtain satiefactoyy eontrol, 2D B, P D aed
DBCP? were tried inftially for eontyol of R.ginilisg in
citrus groves. ?lots treated with D B ce vere Yept Lree

of [.gipilis for 9 months caly (Suit and eldemm, 1961).
DBCP applied along with sprinvler dminished infection

o E.pimilis in eitrus, dut ‘tmo\ otill suliered from spresd-
ing decline. Yhen applied as technicsl material 1t vas less
nesatotoxic then emulsifiable formulation (Jeldean, gt 8l.,
1963). DB C P vhen applied through overteed irrigation,
E-aisilis was absent in roete 8111 14 sonths only, after
treatTent, But returned to the level of urtyeated troes after
32 zonths (“uit and 7eldman, 1964). Cellins and eldnen
(1966) zeported that D B C P spplied at the rate of 100 U.S,
gnllons per aere 814 not give gontrol of nematodes below

6 foot in aeil. 3ut DB C P was successful as a preplemt
treat=ent at the mte of 10 UJl. gallons per aere and infee-
tion was controlled over four years (Smit, 1961). Use of
systesis nesaticides in the groupa of organopheaphates and
surbamnteos are being tried recently. These shemicals are
tried as bare root dips for nuzesry secodlings, soil drensh,
awb-gurfeos drengh, injections and granular forms. Some
a«tboda have given promising results. The reports of various
awt hors have been swmrarised in Teble 1. Use of warious
nesaticidea for control of [.gieilis on dacena have been
tried. 5ut in most casea the 801l fumigation poses prodbless
due to edaphie conditions and terrein under vhieh hanana
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plantations ars raised in most parts of the world (ilave,
1961). Dut atill nematicides in other forms namely, aystemie
ones in granules and those which can be applied along vith
irrication water are begoming popular. (ss of nemst ode free
planting saterisles, by disinfestation hes besn practiced in
& large vay. EBeugnon and Vilardebo (1973) obsorved imitial
delay of growth due to toxicity of yomg root asystes wies
DBCP 19 used. OCOuerout (1970) odserved Yemsour © vas

found most eliective than Teracur 7, moesp and P B C P, 4n

8 field experiment in ivory coast for eontyol of T, gimills
in Yanara. Tha recomzendations f{or chemical control of
I.aiwilis in bSanans, Dased on the rysulis obtained by variows
vorters are presented in Tadble II. In case of eitrus, for
eontrol of F.ginilis, Tenninger gt g]. (1958) wesd hyéro.
genated fish o1l and studied {ts offectivensses. “hen ine
fected sendlings of wverious ages vers efther spreyed or
drenehed vith 1 or 1.5 per cant solutions at a dosage of
100-150 ml1 for eseh plant, 2.3 tizes at 2 wee¥ intervals, it
vas obsexrved that no phytotoxic efieet occurrad on the plente
and tlere vas sianilicent reduction of nemes in inleeted roota
ané no nesetodes were Lfound in iresh roots.

Jon-chenieal sethods
mong the nonchemical sethods uwasd foy contyol of
E.glzilig, ueo of hot water treatsent of root.gtoc*s of citrus
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and par«” b«n«ne a«ts «r« wry popultr. Th® thtrraal dl«ath
point Or*r.alBllia (fros citrus) vitro w«i dicl«min9(! to
x> 10 !l«inatOs aacpoauro at 122~i (Birohi*i«ldt 1954). TWL» ve»
jomi to ba th« oaTo for t.aiaiiia fro« bi»nana 1961).
Various prsetie«>s hsat thsx«py sdoptsd lgr diXx‘«r«nt wor”rs
hmm hooti su»t«rlS9d for citrus in Ti*o I and for bsnens in
Tablo X11. 1OT citrus nurssrjr atocv, hot vster trsRtscmt is
given fas™oro planting in nsv srss« such assdlings used for
hsttt thsrspy sust havo only stae and root thio”mass laas than
i inehaa* fba roota aora eoolad in cold vatar for 10 ainutaa
i'f«adiataly aftar haat-tharapy and th”~ aza carad for in tha
plantad aitas by fraxiuant vataring (Cohn* 1972). ™«at-tlwrapy
for bariwa is anccaasful only whar9 cNnf* labour ia availabls»
as paring of S4”a bac-“aa a labinrious procaas. C"paclal hot
vatar tan”a to maintain tha raqoiaita taott>aratura Niva baan
daalgnad (Bla”t 1963).

apaclal control prograinta *ptash and tra”t* aiathod«
applioabla for ~?lorida has bean pri*r*spad for banaflt of
citrua f*owara (Pouchar 21 £i*« 7967). /loodIng and fallowing
for s months aliisinatad ! .at ilia froo ban«na fialds in
-Midurae and Panniea (Looa« 1961). /lood”alloving ia praeticad
in Surinae for control of tha burrowir® na*&atoda, but bara
fallo%dng vas onauitabla (“asa* 1969). Colbran (1964) raco”
eandad a two yaer fallow period with a cci~r crop of |"anicua

gaaimue variety trichogloaa in Quaanaland* "uatralia. In
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Row Couth Yalee L.8igilis vas not detected in soils aix
sonthe after infested steols vere mechanically uprooted
(Blave, 1969). Totation of 5 months vith sugarésns, imse-
diately romoving bananas Lroe {ields has met wvith eome
success (Loos, 1961). Attempts at Biological oontrol,
either by the use of mematode trapping fungt (Tarjsn, 1962)
or by groving Tageteg eregts ss a oover orop have not met
vith eny succes: under field conditions (Tarjen, 1960b),



MATERIALS AND METHODS



II1. MATRRIALS AND MBTHODS

Survey
Collantion of soil and reot samples

A survey vas undertaven to vnow the occurrenss of the
burrowing nematode [.gisilig associated with the slov vilt
dis2a8e suspected pepper vine gardens in lerels snd carnataks
“tates. A proforss with relevant details on field symptoms,
source of soil and root samples, vae developed ( "ppendix I).

An i1nformation sheot vas also prepared, detailing the pro-
ocadure teo be folloved, in eollection, pactage and despatch of
the noil and yoot samples (Jppendix 1X). Thes~ proformsase and
inferzation sheets vere supplied to Junior ‘gricultursl Cificers
at various WES blocYs in the two districts of Cannanore and
Zoghikede in Lerals "tate snd to the Teluk !opticultural Oificers
of the various distriots in Iaynataka "tate, t0 eo0llect and send
the aoil and root ssmples from the slow vilt suspected pepper
gardens for laboratory proceszing and examination.

Lrocessing of soil snd oot sewoles

Immediately aftor the receint of the soil asamplas, 100 ad
of aoil fxom sach lot repressnting disessed and healtly areas
wers prooessed by Cobd's sieving and sifting technique, wsing @
400 neah sieve at the f{inal sieving. The fine debris in the
nematcde swspension was cleared through a aodified Daeysamn’s
funnel technique. Jrom the root samnles recaived, tha feeder



o018 vere sorted out, veighed and nematodes vere extracted
by chopring them into dits of 0.5-1 en length and placing tham
over a aodified Baermann's fumnel.

ifter forty eight hemye of setting wp of the Baermann's

funnel, the suspension conteining the nesstodes was cayefully
tzansferred to clean 10C a) glass bes%ers, alloved te gettle
fox about three hours and concentrasted to five sl. The tetal
population of [.gizilig and other genera of plent perasitie
fores vers countsd and estimated. The nem todes in suspensicn
are then ¥illed and fixed by adding equel quentity of boiling
% per ceat formalin and preserved ioy further studies. Jemtodes
emgrged Lrom the root samples were collected every 24 houre and
oounisd, The daily eocunts of nenatodes eserging froa root-
asmples were continued for 10.12 daye t111 no nemstodes wers
cbaserved to emerge {rom the roota consecutively for thres éays.
The total population of memntodes vas cowputed to per grem root
veigit of the samplee. The nesatode suspensions, from :oots

wore also pressrved aifter ¥villing and fixing, The oollection
| and procsasing of samples frem Zerela vwere sarried out during
the period from Ceptesbsy 1974 te Maych 1375 snd July 1975 te
Septesber 1975, and from January 1975 te HMareh 1975 and Septesder
te October 1975 from anrnstaka.



Sstadlistwent of Puze Culture of I .gimilis

Foot md soil sesple 1nfested with [.3isilis Lres pepper
vines ccllested from the Pepper Lesearch “taticn, Panniyws
formod the original nucleus culture material. J7ew specisens
of adult females and sales vere measured and conlirmed that
the nesatede in question 10 E.gimilis (Cedd, 1893), Thorne,
1949. Further multiplicatien of the nomatoede was dime and
sainteined either on pepper seedlings raised froz seeds or
rosted euttings of varisty alluvally. About 50 cult ure pm '
of 15 om sise vare maintained for the experiments] work, They
vere periodically exezined {or population dwild up and kept
iselated from other pots in the glass~house %0 maintala purity,
Same population vas also snainteined on local banena suc>ere.
Iivevwise F.ginilis pepulations Lrom banana and cocoaut collected
from Contral Plentation Cropa Yes -arch Institute, Xayselulm
and population {rove arecanut eollested Lyom Main Eesesarch
£4ation, Hebdal, were saintained separately om Danane sucvers.

Ted leam s0il Lrom the {lelde of Main Fesoarch Station,
Hebhal, Lrse from clum)»s and stones was obtained and mixed with
eomnoet in the proportiom of 6:l. Thie soil-comiost-mixture was
sterilised (denesatined) by methyl bromide fumigstion st the
zate o 1 10 per 100 eft and stored in ¢clean concrete tanke,
t0 avoid nesatode contamination and for subseguent use ia
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exverinantal vor*. ‘henever this soil aixturs vas used oy
potting, it vas periodically examined and confirzed that neo
other nemstodes had contaminated the ssil sizture.

of ¥

Nutrient eolution as preseribed by Arnon and *eegland
(19490) for providing winor and trace elements to pot oculture
plants was prepared snd stored in polythene carboys, resdy for
uss whenever required.

Stem cuttings of satured vines of cultivar « Xalluvally
with 5 « 6 nodes obtained L{rom Pepper Feseareh “tation, Pemniyur
snd Forticulturel Research Stetion, Ambelavsyal, vere planted
after tresting titem for one zimmte with 50 ppe indole dutyrie
acid solution, in vide earthern pans conteining stertlised soil.
They wvere transplanted after 55 days inte single pote when they
strucl: roots and alloved teo grow. Stew cuttings with 2 nodes
were teven {ros thes~ vines end further planted for yooting.
Liveuise large mmber of two nodes rooted cuttings were smltie.
plied for pot sulture expericents.

Rathogananity of L.aizilis om RlagY 2gunay

dmerinsnts)
A pot eulture exmperissnt ves conducted to sstallish the
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p«thoe;*n«c™tj ojl | .alTIlla on blacv p9po«r« under glA«s«houaa
eonditicme*  Tha tr«at«9ntjs included inoeuletion oi th« n«B*»
tod«9 in logc”tNnlc lavsla ot 10 100, 1000 and 10000 naoibore
p9T pot oX 22«5 X 13 on 81z9« holdIini>; 1500 al soll”™ ineltidli®
a dxOfc- pot without tha netnatoaaa, .itity i*lv« day# old, tvo
nodai3 root«d poppar cuttings with unii’ozff growth, ct«B girth,
noda langtha, %3 amargod Icnvea and with ~ lataral root*
vara aal”et™d and trenaplantad singly into tha pott, | waV
aiTtar planting, tba cuttings war? inoculi<®ad with oaaatodaa.
Tha 4X«ct mnbar of leavos, lan™h of aprouts of aach plant
wore rocordad bax'oro adding tha na«atoda inoculum, “ght ra»
plio<>t98 wara «fiintnin«d i'or oech tr»«tn>ant« Tha pota var”
ANapt ondar tha glass houaa tanehafl to allow partial ahada, in
randOQiiaod w™y. taAT aratura in tha glaaa houda was naio*
tainod Rt 24 ¢ 3*C throughout tha ax.iarimante

LMoi>atgpo inoQuluR

ffaeatoda inoeultn waa pr9;jar9d by extracting !.aiailia
Xro« tha roota of tha pura cultura planta. “oatoda inoculuo
obtelna™ within a pariod of 72 houra and atorad undar 5 ¢ 1RC
in tl-w low tanoaratura incubator waa uaad £or tha axoarifliant.
Tha InoculuD waa addad to tha pota by saving iTlvs holaa around
tha fitae; out thraa as away, with sav«m en In dapth, by pouxw
Ing t™* 8ua<ianai?n In aqui®l pr<”ortlona in all tha holaa, pota
wara inoonlatod with riva »1 aliquot auap”naion £ 10, 100, 00O
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and 10000 aematodes of all stages. The holes were then covered
vith losse s0il and pots vatered with 750 sl of water just te
soisten the soil in the whole pot. The check pot vas also given
an equal quzntity of plain vater.

The pots were given all egrouomic requireasnts. Yutrient
solution vas added et the rate of 100 a] te each pot at intervale
of ifour vee¥s. TvwO sprays with Dithane 2 T8 ot 0.2 per eent con.
osntration wers given during the period of the experisent te
eheck sny Lungal atteck. Obeervations on the grewth of the
shoots, emergense of eids dDranches, and nusber of leaves pre=-
deeed vere recorded at intervals of 30 days from the date of
inoculation of nematodes. The final additionsl grovth parsseters
were ctloulated swdatracting the sbaervations recorded at the
tiso of adding the inoculum,

The experinemt wes ecneluded eiter 150 days of nematede
fnoculatien. The sheot poxtions (vines) vere cut at the grownd
(s011) level and fresh shoot weight, number of leaves and shoot
langth were yeeozded, n the same day the root eystez Irom sath
pot wvas carefully 1ifted by gentle tapping o the pot on all
sidos and bottens and removing the 1looae soil., The roote vere
cleaned of adhering soil particlse by gentle wvashing in vater.
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Theso vastings were collected, pasesed thxeugh 400 nesh sieve

and preserved for nematode eownt. The clean root aystem was
presned betwesn folds of biloting paper and Lfresh root weight,
lsngth of sadin laterals weye rocorded. WNesatodes from the root
systos vere extracted folloving the procedure described earlier.
The noil Lrom each pot vas thoroughly sixed snd a representative
sample of 100 a), was measured out ard processed for extrecting
the nematedes f{olloving the proeedure mentioned earlier.

The nematode commts frox the roots and soil wers recerded
as por the procedure menticned sezitey. The final soil popu-
lation in eash pot was computed L£roz the cownt 4n 100 al sample x
15. The total finsl population per pot wes thus estimated by
addition of the counts fyrem s0il, root systes and {row the
wvashings collected st the time of wasiing sech yoost mystems.

Ecot Invasion and “styre of Jojuxy

Te stuly the invasion of [.ginilia t® pepper reots, a
nev techniques was daveloped (74g.5). Footed pepper cutiings
vith 4.5 lateral roots were 1lifted carefully fros the nursery
pene and the roots vere washad fres of adhering ecil particles.
‘mall earthen: pots of 6.5 x 5.0 om sise wvith holes stidevays st
bottcm were taten. iesping the stem eutting portion inside the
pots, the root ends of Lesder yoots were brought outeide through
the holes and the pot [1iled vith acid wvashed fine sand, These
rest euds (two om length), aitor surface sterilisation with 0,1
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per cent !!3012 vere introduced with least injuzry into plastic
cssen (usually used as cover glass doxes) 2.5 x 3 on sise, throwgl
snall holes (eaough to pas: the yoots) drilled on their sides.
Theso esses vere filled with acid vashed sand, t8 swpport the
root ends. The send in the plastic case was moistened with
sterile water. The pot was watered with sterile water. Adbout
50 adult well developed female speoimens of L.giglilie vere
surfsce sterilised vith 0.1 per ocent ig(:lz Lor one minute mmd
introduced near each root tip and the root portions vere them
covered with jeat emough sand and moistened with starile vater.
The pets along wvith the ccase were placed in petriplates and
left on the ladoratoxy bench, where the tempereture during the
stodies was 27 & 2°C. Obaervations were recordcd at intervel
of every 24 hours by ecutting the root dits and examining them
for invasion of the nematodes by staining with acid fucheim
legtonhonol. The roots wers ocbeserved till the formetion of
lesions on thew,

Foot bits {rom the boxes were lifted and wvere thoroughly
vashed fyree of 80il adhering to them. Iealthy and {nfeeted
portiona of roots (0.5 - 1 em) vere separsetad and Lree hand
cut sections vere taken. Obasrvations on the nature of root
{njury b3y the nematodes vere recorded,



?1f. 9. TeehBig«« developed for iooculctlon of
h.BLailiIM under laboratory oonditloaa

to ttudy root icvasion sad daTelopnNiot
of laaiona on pepper teeler roota
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CwitifoX 04 r.glgllis on blacv o”apT

M «Tp»rlIRINt wm earrl«<S out to ilnd oat tho «£iro€tt Pi
aoMtcavo «md thro9 nesiatieldse nanalyt B CP, fonttilXothiOB

and aldiearb aulXone on r«aiTills In"a«tinc; pappar.

»

?a?par eultlvar ¢ MMalXuvRIlly vaa t»ad ior thaaa atudiaa*
T«0 nodae ataa euttin”a vara ua9d irttm tha para atook aalRlaiaad*
aa daaoribad aarliar* Tha rootad euttiaga vara plantad in 20 x I!
cm alsa aarthaj) pota rillad with danamtisad aolX-eoa:ioat !»»
tuni 0/ 1500 «| ofipaeity. Tha eottinga vara plantad and ma

vaav oarlod vaa allovad £ot ttwlr aatM»liateant.

Tha ehaaieal noaaneXattira 0i tha naaiatleidaa« aathod o
applle«*ti(« and aourca Of a«|>ply aza glvan in Tabla XV. All tha
daaiigoa ail nanatiddsa ara axpraaead in taroa Of aetiva ingra*
diarit par haetara. Only eeamon nanaa Of tha ehaaiie»Xa hava baan
naad in tha taxt. Tha doaaga par pot vaa vor®ad oat bAaad on

tha aorXaca ar™a oTtha pot.

Varlooa doaagaa usad vara* naaaeaVe 123 2500 «td 5000 \Wg
par haetaraf DBc ? 22« 33 and 44 Xitra a.i. par haetara xaaauX-'
rottiloa 2f 4 and a vg a.i. par haetara and aXdieaxb auliTona 2« 4,
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and 8 g a.d. per hestare. 7vwo methods of spplioation 1.e.

pre snd post inoeulation of the aaterisls wvere sdepted. In

the ease Of pre-inoculation treatwents, the noemes®™e veoa
applied to soil surface in the pets 10 days before the inocu-
lation of gematodes and aixed with the soil thoroughly. PB CP
vas applied seven daye defore fensulfothion and aldicard sulfone
two dsys prior to inoculation of the necatodes. In the case

of DB C P and aldicard eulfone, the oalculated ssownt of
nemeticide for eash dosage vas sixed vith 200 sl of water and
thea ajided te clay pete as soil dyrencsh. The quantity of vater
(200 u1) required for drenehing the #0il was determined earlier.
fenvulfothion (Nasanit granules) was appiied to the soil sure
faco and nixod well into the svil. The pot was fmmediately
izrigated vith 200 sl of vater. Nematode inoculation was given
ten and aeven days aiter application of neemcare and D 5 O P

and tvo days alter application ol aldisard sulfone and fensul-
fotidon in the ease ¢f pre~inocculation treatssat and seven

dayy bdefore appliecstion of the nemet 1cides in the ede~ of poste
inoculation treatsents. Thus the date of nematode inoculs tion
vas Yept same Both in the ease ¢f pre md post-inoculation
treataents. Three replicates of asch treatments wvere maintained.
Thexe vere 25 such trestmenta including the ehoc; pots.

Maintenance of plants md xeasxding of obssxwstiona

The plante were placed under the glass house benches in
partial shade. The tempsrature in the glass house throughout



the experizental period was maintained at 24 ¢ 1°C. 7w pets
wore apranged in a sisple rendomised vay. Odbservations on |
grovth charactors vis, ehost grovth, musber of Jeaves produced,
were recorded at intervale of evexy 30 days and the experiment
was conolnded after 130 days from the date of spplieation of the
test nmateriale. The final observations on shoot sad yect length,
fyesh shoot and root vaight and soil amd roet population vere
estinated fealloving tha game precedurea described earlier.

Datexsination of the race atoius of f.eiwilis Lrom
Lamivur pepoer population

2n experiment vas carried out to study tie race status
o the pepulation of [.siwilig fron peprer collected frem
Panriyur and 1ts eapadility to infeoct eitrus, ooflee end hanana,
Threo citrus specios vic., CLYrmg ginensis (sveet orange)
C.peticalaty (“endar in orange), C.surantifolia (lime), Collea
. SERbice, local variety of danana sad pepper cultivar - Kalluvally
vere wied a9 difierential hosts for comparetive infectivity ¥y
E-givilis. *bout 35 daya 014 seodlings/suskers or banans/rooted
outtings of each host were potted in 10 x 10 ca sime sarthern
pota filled with denevatised s0il. 7ach pot was inooculated vwith
500 nematodes (all stages) obdtnined {yom pure culture. ive
replicates of citrus species and three replieates of danana and
pepser vere saintained. The nenstodes vere inoculeted seven
days after planting, Winety Iive Jays after inoculation of the
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nomatodes* th« plant* ward dapottad end n«f&atod«« %®@T9 axtraft*
tad iTroR! the iroota and soil. Tha £Inal population in aaob pot

«aa oatimatad rollowing aiailax proeadura aantionad aarliar*
gtggfri

axpariaant with | .at«lllg poptdatlon iaolatad fron
p'»ppar (?«pp«r “asaarch rtation, Pernilywr). banana, coconut
(Cantral Plantatlofi Cropa “aaaarch Inatitutat riore«'Kula«) and
arae«nut (="an vaaaaxeh ‘'tation* Htbbal) waa eondtBtad to atudljp
thalr ability to InTaet and r«pro<l«ca on tha othar thraa ho»ta.
Clay pota w£ 30 x 25 on aisa vara flllad vitb T.al-nllla IniTaatad
aoil to aavan litra Tolusa* ?ha aourca of infaatad aoll vaa
fxom tha pravloualy built up pura eulttnra pota oX tha raapacrtiva
popoJation. Thua aaeh pot eonteinad approxlaataly 5500 r«l«llia
IB ona aat o thraa aueh pota containing tha aar>a populationt an
in*aetad hoat plant and tha auacjot hoat plant var® pl«itad vaiy
«103a togathar ao that tha roots oX th™ two hoat planta ossa iota
cloea contact and intarsinglad « Tha auaoapt hoat planta vaxa
raiaad in atarila aoil aaparataly* la “aa ofCpwp”r (ivalluvally
eultivar) banana (loo«l) cocuntit (waat eoaat tall variety) and
arao”nut (South "anara variaty) vara uaad. In caaa ¢.' coconut
laoiata population, 1.aigllia IniTaatad eoeonut ae”sdlicg* obtalnad
xroR tha Cactral Plaritation Cropa laaaaroh Inatituta* *”amlnalaa
ware uaad aa auch and plantad in tha pots, thua Aour grot® of
pota containing thraa pota in mch £rfiup vitb tha t%dn plantad



3 |

beats in each pot forved the treatsents (/ige. G, 7, 8 and 9).
The coconut seedlings were planted close te the other inlected
hosts alter removing the buev portion, 8¢ that the fast growing
fleanty roots W1l ctme into contact with roots of r.ginilis ine
foctod hosta. The plente were depotted, 140 days after planting
in ¢ese of peprer, bansns and sresenut populstions, and 200 dags
in case of the cocomt pepulation. 7he yoot aystemo of the
original infected hoats and suscept hoet plenta were carefully
14ted and thoroughly vashed vith a stronz continuous sprey oL
vater to remove all adhering debris and soil particles. The
ammatodes vers extracted from the roots, following the prove-
dures as nentioned sarlier. The roots vere exsmined foy lesions.
A fou lesions were out and tested in fev drope o5 water On a
alide and examined under & dinocular stexecmisresctpe, to see
whether thay eontrined all the gstages o the nematede. !gsed On
theso Observations, the nature of the infeotivity by diilerent
populations (130lates) was recorded.

Ten auwbers of selected (pie!;od out) adult fomales and
sales of ths four sopulations were “illed and relaxed by gemtie
hont. Temporary mounts of thes» nenatoedes vere propared in
water. Measursments vers ta*en following the aethod of de Man 'a
forauls (Southey, 1970) using ocular micrewmeter soale. They
vore 2120 critically exssined for their differences in morpho=
loglicsl characters.
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Syryning of Q03B ggd hfiealf tamlp

NIntt eultivfirOf oach ilroa ::«rala and "matftka* Xiva
wild! oollaetlona and /our ~oclas dgCPipar (including two
eultivirtad apaeiaa) v«r« aeraonad x'or thair rasiatanco to
T.algllla. Feotad euttinga oX thaaa eultlvaza and eolleetlona
woxo rolaad jTollowing tha proovdura raportad aarllar. Footad
etittinga of unl/ora growth as at&ndardiaad aarllar vara plantad
in ftteall aarth«m pota (6 X 5.0 m alsa) vith 75 nl soil
eaoaeitjy flllad with atarlllaad aoil. Thaaa (ilg.lO) ppta
waro Inoculatad with 100 ne<9atod9a (all atagea) of ".alallia
collactad /roa original ouKura oi pappar population Troa
?anriljur. Inoculation waa dona by pouring tha naoatoda aaa->
o»aalon in thraa al watar* aqu”lly into tho thraa liolaa or tw«
s dapthf about 1.5 c« away fro* tha atoo o* tha cutting in
tha pot. Tha holoa wara covarad Ir«odlat9ly aftar Inoculation
with aoll and pots dranchod with wator. Two raplicatoa for
aach cultivax/wild oallaction wara nalntalnad. Chec” pota
wittout natratodaa wora ulao ~i*t. Tha nasa Inoculatldn waa
dono aavan daye airtor planting o“ tha euttlnga. tftar 90 dajra
of Inaculatlont tha plant* w«ra carefully li*tad *roo tha pota
avy washed fras 0* aoll and d»brla adhering to thaa. Tha roota
wore drlad In batw»sn tho folds of blotting p~ara and fraah
w«|!7nt of tha roots wara raoord«d. Tha antire aoll fros the
pota wara procaacad for axtractlon of tha namstodea. Tha
naatfitodoo fros roots wera axtx”“ctod to detamlna tha final

oopulation par pot following tho procaduraa d”tftilod aarllar*



Fi«. 10. T«ehaiqiM U8«d for aczn*ning of rcottd

outtinlgs of dlfforoBt p*pp«r eultWiirt
icoottlatod with I<8lallla for thoir
r('8istnnoo



Fig. 10



EXPERIMENTAL RESULTS



. IV. EXPERINENTAL RESWLTS

Survay

The loostion surveyed aad the distridution of [.gimilis
ia the pepper groving regiocns are showa in Mg.ll.

Iasidenee of F.xiailis pevulation 4n the pwmples

Sell and root semples from healtly anl Siseased vines
vezre co0llected from 19 and 6 locotions in Cannemore and
sssihikede diatricts of Xerala state respestively. Is iawas-
taka sltogether 16 semples vere collected {yoz loocations
spreed over six distriets. Thwe esmples Lrea & total number
of 4] locations 1a the disense suspeetsd pepper groving tracts
of Zerals and anynateka were exanined for nematods pepulatime.
Root samples £1ron five loeations in laerela snd twe losatime
12 sarnataks wvere aot redeived. The presence of I.ginilis
and ite eownts 12 the samples collested frem wvariocus lesations
in bdoth the etatea axe furuished in Tadle V.

Out of the 25 acil samples Ovllected fLrom Zerela, seven
wnder hesltly vines and 14 under diseesed vines revesled the
presence of F.gipilis. The eoil populetion of [.gigilis renged
Lyem 4 - 22 per 100 sl of seil (svewage 11.1) in healtly vines
and from 3 ~ 48 per 100 ml seil in diseaned vines. Only one
root sample fxom healthy vine snd nine out of 20 rost samples
Lrem diseased vines revealed the presemce of l.gimilig. T
asmmber of F.einilie yeoovered fros reota of healtly vinea was
10 per g o£ root and in case of disessed vines fyom ¢ - 337
(sverage 53) per g &f root.
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TMBLE ¥ . (Contd.)

Nematode population

Mo~ Losa~
State triet ticms l-\o: per Funbors por Total

HoRle ee- leale Dise- llpal- Dise-
-1 -Aad thy _ased __ thy _ased

Cbserved sean 11 21 17 65 15 [
Ststistical mean |
(T ¢ 0.5 trens- 18 2.9 1.8 3,44 2.8 6.4
formation)
Colm & 0.407 0.9766 om

CD at X% lewl 1.0% 1.97 2,009
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In anrnstaka state 11 out of 16 locations revealed the
presence of the nematele. In soil ssmples frem healthy vines
She population ranged Srom 3 -~ 49 (aversge 21) per 100 sl of
eoll. In yoot samples fyom bealtly vines 3 out of 16 contained
B-8isdlia, vhile in sase of disensed vines 9 out ol 16 ocontained
the rematode. The number of [.gimilis recovered frem root
samples varied detween 7 and 42 (average 20) per g of root iam
healthy vines and 13 to 326 (avermge 77.5) per g of root &n
dievnsed vines.

Is Reyals the total sres mbytnpuuma.ﬁ
hectares, while in aarnataka 1t vas 20.5 hestares. The disease
incidence rsported lrom various losations accounted fer 11.%1
per cent of the surveyed ams in Xerala and 12.% per oent in
aarnataka,

Plant paresitie mesatodec other tham F.gieilis frequently
encountored in s0il ssmples in the swrvayed azeas were Melojdp-
XIS ®99., Rtylonchulug spp., and _glicotylenetys spp. Osemsion-
ally Cxisonemoides spp., Iylenchorhynchug spo., and Nplolainue &
were 8la® encountered. mly in one locstion 1.e. in Siddapur,
both avil and yoot samples conteained Dretylegetus spp. The aumber
of lesations in whioh the diffezent gensre of plant paresitie
Lforss vere encountered 18 presented in Table VI. It was chesrved
that samples fyrom Xerela contained Melojidegyns spp . and
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TABL3 VX

)7unb«r O vitb rxvqusnelM on the oocBrrtiie*
oTdI*/«zent plant paratltio nsMtodM

Hiwber oClooatlons

Msnataka Total
“aode st .
m sa maa- . aa-
y _ai«4 /\O/oa"-_hgr « 1«4 Ifaall'fagl‘ aa«d

Se F. s« R. » B. S. K S. B. S t.

7 14 9 11 3 11 9 Iiff 4 25 l»
M i%issrns 19 7 16 6 12 4 9 3 31 11 25 9
"otvlenohiilufl 15 4 15 4 4 . 3 . 19 4 18 4
"elleotTIMChtia 17 - 16 - 6 - 9 - 23 24 -
TyUncborhm-

.« > 1 - 2 4 ¢« 2 - 5 .
?r«tyl8nchtts - - - 11 1 1 1 1 1 1

1 . 2 - - - - e 1 -2 e
Crleonaaoidts 1 bl 1 2 - 1 2 o

Ss Sail

R <IMRoots



Eetyleghulus opp ., both in healtty and disessed vines vit be
out great variation in their musdsr. aarnataka sasples alse
sentained ¥glojdogyne epp. doth in heslthy and diseased vimes.
But the presence of [otylenchulug spp. wvas cbserved only in
fov sasples. The presense of [ .gisilis was more in soil and
root samples eollested from the diseased vines. The popula-
tion of other plant nenatoede gesera vere not fownd wvaxying is
éissased vines vhen eompared with healthy vines.

Sccurrenes of E.aimilis ic diiiexent eeil types

~ The data on soil types tn vhieh F.giullis ves present
ahoved that yed laterite soil sontained more followed by ferest

black seil. Leamy soils conteined the mematede in fov loea
tions, and ves not entountored in clayey soils. The details
aze presented §n Tedle VII.

L. in_zelsties to intexerseelng
Ogeurzence of I.simllis o

The survey reveelad that pepper was aestly intereropped
with gither one er aoye crops live banana, eoeonut, ayecanut,
eeffes, ginger, yss and casseva. The deteila of locations
vhere R.ginilia vas encountered 1n relstion to intercrops grown
e swmsayised {n Tadls VIII. Axessnut peles farm the majer
4ntercrop vith pepper and sre used as swpports Lor treiling
the vines vheress others am planted as anixed Or ae border



TARLE VI

Presence of J.ginilis in diflevent soil types

Nusber of locations

o1l types Present osent Total

Fed laterite ose 10 3 13
Jorest blacy goil.. ; 4 ) 4 4
ted loam .o 4 3 ' 4
Elack less .e | 0 2
fandy lomm se 2 0 2
Laterite 01. .e 0 ) § 1
Clay loam .s 0 2 F 4

Total 5 16 4
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TABLE VIIX

Ossurrence Of I .gimilig poepulation 4n relation to the
1m:m09s grovn in pepper gardens

Ruzber of loostiona

p——

Intererops Present Absent Total
Ayecanut .e 11 13
Cooonut .o 7 3 10
. Panena - .o § |  § 8
Coffee .e o 4 6
cinger .o 0 2 2
'ra/usma 1 1 F 4
Total 25 18 41
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exops in pepper plamations. The cecurrence of E.gigilis ves
more in pepper vhen planted vwith azsssaut followed by cocomut
mné danana. In locetions where calfee or ginger vere growm
E-ginilip ves not emesuntered. The pattern of intereropping
s given tn Ag.12.

The survey data 1in wespest 6L the pepper cultivare siieo-
ted Ly the disanse ahoved that ocut of 14 eunltivars,ll veve fownd
asssciated vith J.gisilis. The details are pressmted in Teble
"IX. The ossmem cultivars aifected by [.sisilis vere Zarisunds
and ialluvally. Owt of 14 eultivars fouk wese Lyes savsataka
aad uine delonged to Zerela. One cultivar (1oe2l) vas fownd fn-
Losted vith E.aisilis in five out of six locations.

basrvation of the stained roots revesled that mest of
the nemetodes penetrated inte roote within 24 houre of fnoou-
lation. They preferred reot tip region just abeove the elonghe
tion sone (7g.13). Thay vere alse sheerved to penstivate
l1«1.5 en adove this region. Though nesatedes penstyeted
inaauaanu, three to six nesatodes vere found in one regien
inside the roet (71g.14). The cells areund the site of pete-
tration wers {ound vith browa diseelouration. Lesioms were
shoerved aa minute dots vithin 72 houpe of incculation (74g.15)
The ealls belew the epidersal layers were darxk drova in eslour
near the antsrioyr yegion of the nensodes.
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PEPPER

FIG. 12. MODEL ON INTERCROPPING PATTERN OF BLACK PEPPER
WITH BANANA, COCONUT AND ARECANUT



E.sirilis oopulation encountered with different

TABLE IX

cultivars of pepper

Hems Of cultiveye

Numbeyr 0L loocations

Present

Absent

Total
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Fig, 15* K.tl&jllU in th« proMSs of psMtratlon
into root tip rtgltm of black ptpper



Pig. 13



Pig. M. H.similis insfide the roet of dlask pepper
in cortical regiom

Pig. 15. 7Feeder root of black pepper showing lesioms
with bleckened parenchyma cells Wy gg_ggg
invesion within 72 hcurs after nematode
inoculation






7res hend trensverce sections of healthy and infected
roots are shown in figures 16 and 17. In the infected root, the
perenchyses cells in the region surrounding the fafection eite
vere blactened and in a disarray, In sdvensed stages, these
becnng necrotic and by e gentle toush with e fine needle they
8%t separated very easily from healthy portiomns., The cells in
the region of the nematode advancerment vere daroned and gyrenane
lation of cell conmtenta were observed (71g.18). The stelar
portions wvere not aifeocted. It was 2ls0 chserved that egge
were laid vithin the tissues vithin six days of their emtzy
$nto the roots (71g.19).

 2atbessoeeity of I.similis 3o black pecpex

The object of this experimant vas t0 gain infermation
on the role of this nematods in caming dasage, as expressed B
in teras of plant grovth characters. 'rhc‘grovth eharecters live
shoot length, fresh shoot weignt, leaf production, root length
and Lresh root weight vere recoxded, Out of eight replicates,
plants in two replicates, inoculated with 1000 nomatedes per
pot and 4n thres revlicstes inoculated vith 10,000 nematol es
per pot shoved wilting sysptoss after %90 days, and they &ied
afSer 118 days #f nesatode inoculation. Mue to the death of the
plants in the above treatments, ths statistical amelyeis wvae
oarried out following Yates (1933) and Taylor (1949) methods.



Pig. 16. Trensveyse section I healthy feeder root
of blask pepper

Pig. 17. Cross secgtion of feeder root of
black pepijer 4infected with R,
showing the damaged and blackened
portion in cortical vegion with cavities






71g, 1S,

?ig« 19*

IOBgitudini>l section of f««d«r root of
blaek p™ppar inf*ot«d with H.tiiailli
*howing tht MKatode h«ad flxedinp«renchy«e

c91u mnd 6mg»d eelU mxound th« bcsd
of the Msetode

XH » Kestttode bend K» Mamtod9

umgitudinal seetioo of black ptpptr feeder root
*howlDK ne«atode» eiid egge laid inside root

tiseues by ~.ejpilia within aIX d«ye of neaetode
1aocalatiOB -

S * Keaatode E m egg laid inaide tiesiiec






Zffect ey shoot Jeusth

The stunting of the plants increased as the inoculum
lewval of the nematodes inoressed fyes 100 to 10,000 per peot.
In asse 0f plants inoculated with 10,000 nesstedes, aheet
grouvth wes practically errested (1ge.20 and 21). The Giffe=
yense in ghoot lengths of the plants at varring inoculum levels
zecarded at 30 days interval from 30 to 150 days were highly
signifieant and the data is swmerised in Table X (iig.22).
It wae found thet plants inoculated with 10,000 nesatodes pute
gorth ahoot length of 2.95 e comvared vith 59.26 e preduced
by the ehee* plants. Thus there vas 20 fold desrease in shoot
erowth of plants inoculated vith 10,000 nematodes which vas
eorresponding to 8 reduction of 94,97 per eent in sheot growth
as compared ts control plante at the end of 150 days. Feduction
1n shoot growth due te other inoculus levels ranged from 22.3 to
93.¢ per cont. The effeets on shost length between 1000 and
10000 nematodes fuoculation levels, were not signiltomt at
30, 90 or 150 days, but at 60 and 120 days intervals they exii-
bited aignifieant diflerenca. The results indtcated that when
the aesatode inoculum level was 100 per 1500 ml goil, {8 could
cauas over 70 paxr eent reduection in growth ia eourse of 150 days
on 55 days 014 pepper cuttinga. ''hen the inoculus was over
1007 meastodes per 1500 ml soil, over 90 per cent reductios in
shoot growth, near death or steppage of growth of plant in the
same pericd were Observed.



Pmthogeoeclty of B™elailia to tlaok pepptr

fi€» 20, Eff«ot oc gtatiXh of tIms by
Infcotion, with four inocultM
at 1) days mftt’y neaatode Inoeulatice

Pig. 21. £ffcot (D growth of vims and th< develop*

saat of root ayates by R.aiallla infaotlcm

with four inoculuB lewis atl5C day* after
Deaatode ioooulatiOB






?«thfligefi«eity of
exX' psppor cutting at *

AMPAIW
laval

Chaov

10 ~aaatodaa
par pot

100 -do.
10>0 -do-

10,000 -do-

CU at r laval

TABLS X

55

to toXacv p« P«r Shoot XoagtMw)
aays iBtorval a

tor noaatodo ineaulation

(Kaan Of alght roplieataa)

30 60
4.36 «.10
(0.6349) (0.9020)
3.20 4.27
(0.4955) (0.6365)
2.31 3.09
(0.3429) (0.4#45)

1.91 2.50
(0.3154) (0.4029)

1.51 1.P9
(0.3043) (0.2474)

0.0344  0.0552

0.0952  0.1531

lara
90 120 150
17.00 37.92 59.26
(1.2192) (1.57W) (1.772S)
12.25 32.17 48.46
(i.orrd4) (1.5074) (l.«»53)
6.16 .67 21.«0
(0.8379) (0.93H3) (1.33®3)
2.90 3.34 3.73*
(0.4546) (0.5203) (0.574")
2.25 2.4#1%»  2.9«**

(0.3326) (0.3921) (0.4739)

0.0B28 o.oirr™ 0.049U
0.0219JC  0.0533ft

0.0618£

0.22*7 0.0521~ 0.1350t
0.0611£  0.1496ft

V«lua« in parentha««8 are log tranaiTGriwd tsoana.
 Moan of six roplioatoa. «* woan Of Jlvo roplieatoa.

< Mffniiloant at 5 par cont lavol
¢ Dbatvoon er«v and IOOQ noaatodas inooulatad pota

$ -do- 100 -do- -do-
it -do- 100 1000 -do- -do-
a -do- 10go 10MN00 -do- -djv.
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FIG. 22. PATHOGENECITY OF R.SIMILIS TO BLACK PEPPER. EFFECT ON

GROWTH OF SHOOT LEN6TH AT 30 DAYS INTERVALS AFTER
NEMATODE [INOCULATION

| 7.2
B200 8 s
Nematode Inoculum/Plant @] O 10 HIOO raiOO0 e 10000

FIG. 23. PATHOGENECITY OF R. SIMILIS TO BLACK PEPPER. EFFECT ON VARIOUS
GROWTH FACTORS AT 150 DAYS AFTER NEMATODE INOCULATION
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The effest o dittomt.lnoenl- levels of the nemtede
on Lresh shoot veigit was recorded and the data are -.trlud
in Table XI (7g.23). Tho average sheet weight of ehet» planmta
wves 24.76 g as eocspayed t0 15.3 g, 11.51 g, 5.15 g, and 4.56 g
of the plmts inoculated with 10, 100, 1070, 10000 nematod e
renpuctively. ilighly signilicent yreduction in the shoot weight
vas obeerved between thre 100 and 1000 nematodes incculated
plants and the reduction ia the shoot veight vas 53.5 per cent
and T9.2 per cont ompayed to ohecv plamts (71g.24). However
no signilicant diflerence in sheet weight was sdheexved detveen
plants inoeulated with 1000 and 10000 nematodes.

on les otd

The musdar ol lesves pyeduced by the plants at 150 Gays
after nematede inoculation was wesorded to ascertain the efleet
of memetode inlection on leaf production. The dsta sre presestel
in Teble XII (71g.23). The chee» plants produced on avemge
7.5 leaves, while the plants inovculated with 1000 and 10000
senatedes produced only less than tvo leaves during the same
pericd, The leaves o these nlants vere szaller compared te the
leaves of checv plants. No typical yellowing of leaves was
asexvei. The plants inocculated with 10 and 100 ness teles
prodused 6.1 and 3,0 leaver respectively and the diffevenees
vere significant between eheoy and plants Smesulated with 10
and 100 nesatedes. Mghly signizicant diiCermnce vas cbasrved



TABLE XI

Pathogeneoit 8 t8 bdlacr p . 7yesh weight
sl shoots (g nt TS sys after nematode ineenlation

(Mean of eight replicates)

- Heagatodes per pot

Cheov
10 100 1000 10000
tgight 24.76 15.30 11.%1 5.15# ‘o“‘.
S.:. 2 0.0258 - 0.02772¢  0.0321c
C Dat1Z level 0.07028 0.07172 3

Valuee in parentheses are log transformed means
* ¥ean of six replicates. *e Meoan of 7ive replicates.
$ Betvesn cheer and 100 nematodes inooul ated pets.

& Between 100 and 1000 =l O -l
£ Between 1000 ~ 10000 - 40 «lOn



TABLE X1

Pathogeneoity of ..%a 10 blaon er. Wumber
of leaves per pla%t prodused at 150 3.,. after nend-
tode hoongnuu.

(Mean of sight replicates)

“om todes ney pot

Cheow .
10 100 1000 10070
Ruhr of 7.500 s .125 3 . 000 1 .Sm * lo‘oo..
produc-4
S.5u. ¢ 0.12668 0.16088  0,16262
C Dat 1t 0.35548 0.393ea us
lavel

Values 1n parentheses are seea of VY + 1 tranefomaM®

® Mean ol aix replicates. ** Nean 0% Iive replicates.
$ [IHetween chee: and 100 nematodes imocuisted pots

& =d0= 100 = 1000 doe wd 0w

£ =80 1000 " 1000 «dom =l 0w
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smomg plants with inoculum lewvels of 100 smé¢ 1000 memmtodes
per pot. Howewver no signifiorast éifference was obeerved
smong plents inoculated with 100C end 10000 nemstodes per pot,
The results {ndiceted thet effective production of lsawves
wore affected by nemstode infection &t the level of 100 newt-
todes per 1500 al eo0i) anéd more masrkedly whem thias {nooculum
level inoreased to 1000 nemstodes jer 1500 ml eoll.

the root le

“he root syrtem of plente fnoculsted with :.similis
shoved petchy browe discolouretion, vharese {t wes crecmy
wvhfte in colour 1z the check plante, vith plenty ef feeder
roote and latersl roote, 7The root system of plante inoculsted
with 100 sné 1000 nemstotes wes devold of fesder roots sad
where feeder roote were presert, they were tlack in eolour
and almost dectyed. The root eyeteam of plante imoculeted
with 10000 nemmtodes wes hoving precticelly no feedor rootls
ené haé only matured letersl roots. The length of roots ree
coried unter ¢ifferent treetmente are summerises im Teble X111
(FPig.23).

The maximun root length of 406.06 om wee precorded im
otge of check nlernts ag compared te S4.44 cm in plents {nccu-
1rted with 10000 nemstoles. The ¢ifferencee bet.een the
treetuents, 0 sffected by the werying tnoculuz level:s were
highly significent. The percentase refuction in root lengths



TABLE XIIX

Pathogenecity of :.8imilic te btleck pepper. Length of
roote (em) at 150 deye efter memstode inoculation.

(Mean of eight repliostes)

Nematodes per pot

10 100 1000 10000

roote(om) (2.6083) (2.4450) (2.3282) = (1.95%4) (1.73%2)

C T et 1f level 0.0%198 0.0355& 0.0409£

Values i{n perentheses are log tremeforned mezns.
- Meam of six replicstes, ** Mean 0f five repliestes

§ Between check &nd 100 nemmtodes inoculeted pote
& fo- 100 ené 1000 -8 0~ -8 0=
£ ~do- 1000 and 10000 ~20- -0~
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dus (o &ifferent inoculum levels were 31.4, 47.6, 67.8 end
96.6 recpectively in the plants trested with 10, 100, 1000
apd 10000 memmsodec, compared to the check plemts (Fig.24).
The sbtove resulte indiczted thet even &n i{noculus level of
10 nommtodes per 1500 ml soil oould csuse reterdetion im
root development up to 31 per cent in course of 150 days in
5% é3ys old freshly pl;nt.d rooted pepper cuttings. ~ith
ineresane in the incoulum level in seil, the plante were
dovoiéd of & well developed root system. This nlso shewed
that the root growth wes sdvereely affected vwith irsresesing
nemstode fnoculua in the soil.

fect on sh root wel

Obsexvrtione recorded on the fresh root weight of the
plents {n five trectments are given ir Teble XIV (Fig.2%). The
 maximmm root weight of 8.006 g was recorded by cheok plante
compared with the lesst weight of 0.412 g in plante inoculeted
with 10000 nematodes. The retio o!f root weight to root lemgth
of the plamts in the f{ive trestments wvere fournd to de 1150,
1170, 1:93.5, 11100 an¢ 1:132 respectively. The differences
in the root wveight of plente smong the five trextaente were
highly significent, Among plante inoculeted with 10 and
100 nematodes, the 4ifference was significent only st five
per cent level. Compared to check plants the per cent root
weight reduction in esse of plents imomlated with 10, 100,



T/nK  XI?

Pfcthoircrcclty of r«elatllc to bleck pepper. Jrech root
velfht (g) fit 150**doyiT?Ter neo&tode icoouletlon

{rteMJ ol elfht re-llcttee)

flesBtoaee per pot

Check 0 100 1000 10000
Iresh root 8.006 3.990 2280  0.896'  0.412'~
%wirslit(f)  (0.9542) (0.6947) (0.5148)  (0.2778) (0.1493)
0.08261 0.09€7k 0.0106T
cr fitir leTClI 0.2318f 0.2714* 0.02971“

«t ~ letel 0.170B*

vBlue* In pareatfeeBee ere lof of x +1 trecsfowie® a««n

«#e*i of »Ix replleetec. nmn of flw replieetes

f Tetweeu ehedk £»€ 100 netabtodee ii3ooaleted pote
r -<0- 10 100 <'0- -do-

A -<0- 100 - 1000 -CO- —£L0—

e -Ao- 1000 "lIOOOO -CO- -do-



A Shoot length (cm)
§ Shoot weight (g)
n Root length (cm)

| Root weight (g)

SE 40
Nematode
Inoculum/ Plont
ft
> 0n

FIG. 24. PATHOGENECITY OF R.SIMILIS TO BLACK PEPPER.
EFFECT ON THE PERCENT SHOOT AND ROOT AND

LENGTH AND WEIGHT AT 150 DAYS AFTER NEMATODE
INOCULATION



1000 end 10000 nemetodes were 50.4, 71.6, 88.8 and 94.5 res-

pectively (Fig.24). The results suggested thet the imoresse
tn nomstode inoculum i{n the soil reduccd the root weight &nd

was detrimentel to host plmmt,

Effect on eshoot &nd root weight ratie

The retio between shoot snd root weight was calcoulzted
from the observitione reocorde’ om fresh shoot end root weight,
spd the d{ata are summarised im Tsble XV (Fig.23). Highly
signifioant difference: were observed between the shoot ané
root weight retios of the plents inoculrted with nematodes
end cheek plamts. However the ratio between the plents inoccu-
1ated with 100 end 1000 nematoles was mot eigniffernt. Ihe
plante inoculated with 10000 mematodea hed & retio of 11,34
apd wee 2.5 times more, compared to the retie of 3.078 of cheok
plante. ihis marked difference in the ratis cculd be due to
hetvy root dsmage caused by high nemsatole inooculum. In case
ef plants inoculated with 100 and 1000 aematodes the retioe
were 5.081 =né 5.793 which were 1.6 &nd 1.9 times more respec-
tively ocompared to the ratie of the esheek plents. The results
indtented that with the incresse in nemttode inoculum in soil
the porm:1l growth of the plmte were adversely affected.

Reproduct te snd el letio

The finel populttion of nesstoles in soil, roots, totsl
populstion ané percentige increcse Sre sumsarised in Tebdle XVX
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TARLE XV

Pethogeneeity of R.s s to tlack pepper. thoot
weight/root weipht reatle of plents et 150 dcys after
nesttole inooculation

(Me2n of eight replieestes)

Nemsatodes per pot

Cheek
10 1oo 1000 10000

thoot weight/ 3.078 35.923 5 .08) 5.79%: 11.134°*
::a weight (O, 4854)(0.5888) (0.7040) (0.7404) (1.0449)
4 ]

C D ot 1f level 0.08538 B 0.1096¢

VYalues in parcntheses are log trensformed mesns

* Metn 0f six replic:tes, - Keam of five replicztes.

$§ Retween the eheck &nd 100 nematodes inoculated pote.
& «f0- 100 ® 1000 <d0- do=-
£ ~80- 1000 * 10000 =80~ -d0~-



TABLE m

Pcthorenoelty of _ to blaiA pepp«r. ~Mual
pC'palBtton la TerToon inoculua levels at 130 6ej»
neneto€« inoculation

(Meen of el|tht rtnliefitiea)

root poptt-

i popuietion  171Iop boptiaoe Mheratial
per oot l«r plant P«r g par pot daeraaaa
0 _ _ ] _ ]
10 139 186 48 525 32.5
100 377 455 199 832 8.32
1000 665 2060 2300 2725 2.73
10000* 6056 1221 2964 1277 0.73

* Mean of aix replte”taa

* Mean of flya raplieatea
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FIG. 25. PATHOGENECITY OF R. SIMILIS TO BLACK PEPPER. EFFECT ON
ROOT LENGTH AND WEIGHT REPRODUCTION RATE AND FINAL
POPULATION AT 150 DAYS AFTER NEMATODE INOCULATION
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(Fir.25). It was obeerved thet the rate of incresse i fina}
nemstole population wes seximmm by 32.5 per cent in plents
inoevleted with 10 nematodes., The rates of increess of the
tote]l pomulation in plante inoculeted with 100 and 1000 nemd-
totes vere 8,52 apd 2,73 per cent respectively. The fimal
semitode pepulstion deolined to 0.79 per cent im plante inoom-
1ate¢ with 10000 nemetodes. The observetiont 8180 reveeled
thet more nematodes wore present {n the roots than fia soil, im
plante {noculsted with 10, 100 and 1000 nematcies and vice -
verss in plante which were given an initiel inoculum of 10000
nemazodes, The highest yats of multiplication(the factor om
finel population increase over imitiesl inocvium, reproductiom
rete) of g,-:-g;;- in plente inoculeted with loweet nmumber of
nemtatodes showed thet the teet plant wae & mitadle host.

aftiel imoculum level to plsmt

Variocus plent givvth charscters were studied with inisial
inouélnl levels to knov whether any relationship existed detween
thete two factors. Regression anslysis reveeled correlstiom:
svefficient of negetive veluee of over C.9C in sll cases. The
resulis suggeeted that these two factors follow & megetive
correlation (Figs. 26 end 27), further supporting the evidenee,
that the ineressed imoculum level was related to plant damege,
Thus this remstode i= ospadle of effecting plant demage 8¢ &
tize when there is optinsl nematode populatiom level f{n the

soil.
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1 2 3
LOS OF INITIAL NEMATODE POPULATION

* Shoot length e Fresh root weight

FIG. 27.

PATHOGENEOTY OF R.SIMILIS TO BLACK PEPPER.
RELATIONSHIPS AMONG INITIAL NEMATODE POPULATION
AND LEAF PRODUCTION (noi) FRESH SHOOT AND ROOT
LENGTH (cm) AND WEIGHT (g) AT 150 DAYS AFTER
NEMATODE INOCULATION



Host renge of penner isolete of H.similie

| This experiment wes cerried out to know the imfeotivity
of pepper {eolate of F.eimilis, to citrus, ooffee, bapenc and
pepner and the dets om nemétodes extrected from the root and
801). are nresented in Teble IVII. The data revealed thet nome
of the three citrus epecies and coffee plants were infoeted
when imosulated with the pepper isolate, whore as banena apd
peprer (Piper nigrum) were reedily fnfected. Koots of these
host (eitrus, cofiee) plontz were well developed with plenty
of feeder roote enc when washed &pd exsmined they were wﬁttc
eretny in colcur &rd d1¢ mnot revesl presence of sny lesiors.
The 801l s:aples weohed from the pote of theas hoate 414
revetl the preserce of E.similis et 160 - 285 nenttodes per
pot of 500 =l seil, etill surviving in free so0il. In bznepa

~ spd pepper the roots showed lesions spd deeey se norme lly
observed in F.sieilis infected plante. ihe pnemetodes extracted
from roots of these two hoste contained large number of larvee
st ¢ifferent stoges of develorment. Lhe population recovered
from roots showed that the nematodes hed increased 2.0-2.5
times more than the originel inoculum irn benene sné pepper res-
pectively. These resulte indiented thet these two plants were
the favoared hoste 1or thie messtode. The oversll incresse in
population im bename elso irndleocted thet the pepper isolete of
thie nevktode frvoured dansps more 88 & suitable host.



TARLE XVII

Infectivity of pepper {solete of F.simflis to eitrue,
coffee, and brnene, Fumber of nematodes extreacted
from roots :nd 80il et 95 days after mematodo inoounletion

(¥esn of five repliostes)

Fumber of nemmtotes Totsl fina}
T
inoculated per plant ml sefl
Citrus sineneis - a2 210
Citrus reticulats - 39 195
Citrus surentifolis - 57 285
Coffes erabice - 52 160
BEnspe 1232 129 1877
Pepper-’ 1055 144 1175

Origiral inoculum level S00 nemmtodes, per pot of
sl sofl.

« Mgen of § repliostes



On @epotting the secdling: from etch set of pote, 1t
wes odserved thet the root systea of both the plepnts were
entrngled =nl ceme into close contact with eech other, -hey
vere separsted curefully without loeirg root meteriels of '
either of the plente, ihe deteils on the pumter of nemétodes
extrected from roote of the plents end soil from the arme pot
ere summerised in Tetle IVIII. Ko lesions could te found on
the roote of cocomut or &reccput seedlings. TFventhough, the
roots were kept for over 10 dsys for extrection of memstodes,
none could bDe reccvered. In orse of dbenama snd pepner roots,
patehy diecolouretion &nd rot$ing of roots could be observed.
B.sizilie in 8]l steres of develorment were readily obteined
from the roots of benem end pepper. lwventhough no nemetodes
were obteined from roote of cocoput and esreccput, the ooil in
the pote contsined the nemttodes. lihese resulte indionted
Shet the Peaniyur peprer isolate of R.sjmilis eculd iniect only

bempene dut not cocoput end srecenmut (Fig.28).

¢ Infeotivit of bepens ste ¢
pepper, coconut & recemnt

In this cese &leo the rcot eystem of both host plante in
eagh pot wase observed to de minpglec with eech other. ™“n weshing
the roots of these plents end ourefully zensreting them, smell

dapk spots could be loeceteéd on the roots of pepner, coconut 2nd



TARLE IXVIIX

Croas infectivity of "pepper isolate. " of Q.W
to tanans, eoccomut and &recemut by "couble plan
method. Hoot weipht and mumter of nematodes extrected
from roets and soil et 140 dsys after planting of the
host plants,

Buster of nematodes

oot et
Host plents U:‘ ?‘ Roots per Lioil per
4 plent 100 ml*

P.’Pp.r o0 8.84 2 574 "
Pensps e T7.73 2344 |
P.’w oo 6.36 2‘51 54
Ceconut s 17.81 |25
Pepper .o 7.17 2287 48
Ayeermmt e - 12 57 nil

# TFrem the same pot
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arececut plente, on cloee observation. Thcee MBIl spote VIo
fottsd to be le8iori£ and they were separated end teased out on a
I"lece ellfie In few dro:>s of %«ter. In the roots of eoeormt*
pepper and er€cc<nut, adult feaelea, oeiee end Ifemee eould be
seen froo euch leelons. Ihe detdle on the number of aetistodee
reeeovered fron the roots of susceptible hosts are presented In
the Tsble tl1J, The nuisber of neostodes recorered frost sreernut
rootc wiis coQperetlirely less then the nn«ter eolleeted froo roots
of bcneae, papper end coconut, “~he rwulte sufrgested that the
benrne Isolate could infect all the three hocta (Mf.28).
Croce Infectlvtty bebPvloor of cocoroit isolste to
pepperT bangnc sn”™ srecaput

On re«ovPl of the seedlinpt™ fro* eech pot. It %»s obsenred
thet the root systea ol susceptible hoets were entanpled with
roott OF coconut seedlinfs. roots of the suaceptlble hoets
were obeerred to hfve even penetreted into the husk portion of
coc™ut seedlinfs. Ilje details on the recovery of neoetodes
from the roots of orlitiiiol hoct, susceptible hoets end frc» soil
in e«cch of the pots ere presented in Teble XJ, txtmimtiaa of
the iroots reretled the presence Ol lesione <mlj' on roots of
pepper etid brn™c pli*ntc. The roots of these two hosts yielded
-.slosilIB. Lesions frors pepper ben?>n6 roots contelned
nefsstodee of all stFJres of develo”™oent, confirnlnr the infection
&d reproductloci In the hosts, ~houfh the soil reveeled the

presonce rf ne«atodee on tercsin&tloB of the exDerlsent in the



TABLE XIX

Croos infectivity of "Sanana isclete™ of I, 8 to

mpoz. coconut &né sxecemut by “double plant™ method.
woight &nd¢ number of nematoles extreeted from

roots e soil et 140 days after plmting the host plents,

Fuunber of nemttodes extrected

) Roos -

Host plants wel Roote per Sefl per

(8 plant 100 m1~
Bans 43.355 55 b3 1
Papaps 69.27 31 43
Cocorut 41.12 1156
Pemm 48.83 2840 57
Lreeenut 14.78 829

+ ¥rom the same pot
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TARE XX

Cross infectivity of “"cocomut isolate™ of K.s s

to peprer, ban:n: end erecamat by “"doudle plent method.
Toot weight &nd murber of nemetoces extracted from roote
ené coil at 200 days after plznting the host plante.

Ko.of nematodes extracted

Host plemts  weight Roets per Soil per
(g) plent 100 al-

Cocomat %1.70 1072 P

Pepper - 9492 339

Coconut $3.80 86% 9

Bap: po 21.41 1520

Arectput 16.85 il

1 rom the stme pot
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pots planted with both hosts, no nemétodes could be extrected
from roots of arecaput. This indicsted thst the eocorut popR~
letion 614 mot infect arecemat (Fig.28). Large number of

news todes reoovered {rom benepnt roots suggested that it whe

more favoured than the other hoste,

Exsainetion of depotted plents revenled intermingling
and emtanglement of root eystem of both the host plamte in
eseh pots. The mumber of nemitodes recovered from the roote
7“ originel and susceptible hosts sné from 0oil &re presented
in the Tsdble IXI. Root exmminstior showed well developed
lesione, partisl derk ¢iscolouretion snd rotting on roots of
banene sné peprer, but not on roots of cocomit., Lesions teased
oB & glaass slide ir few orope of water and exemined showed
nenntoles of sll stagee of development. Eventhough, the pot
was plemted with both hoste , R.eimilis wes recovered from
roots of bapéne, pepper &nd arecemut ‘but not from coconut.
Thuis the obeervetione irdiosted that the arecenut isolete was
espedle of infecting tenan: amd pepper only (Fig.28). Mere
mnber of nesftodes recovered from benans agsin suggested that
thie host wes the more fevoured one for the nematode tham the

other two hoste,
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TABLE XXX

Cross infeotivity of "arecemut isoclate” of gl_.agnl%lo

to bamena, coconut and pepper by “doubdle pl ne .
Root weight and number of nemstodes extracted from

roots and soil at 140 dsys after plenting the host plenmts,

Fumber of nematoles

Root extracted
Host plants weight Roots per vgil per
(e plent 100 m1°
Apecenut - 22.86 887
41
I'anene 34 .57 206%
Apecemt 27.29 928
38
Coconus 37 .20 ail
- brecemt 18:40 689 .3
Pepper 7.74 487

+ From the séme pot
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COCONUT

PEPPER
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Arcconut «
Coconut »
Pepper »

ARECANUT

FIG. 28. MODEL ON CROSS INFECTIVITY OF THE FOUR ISOLATES
OF fi..SJIMgiS ON PEPPER. BANANA, ARECANUT AND

COCONUT



The details of aessurenentis of femtles tnd mtles of tho
four i{solates of R.similis populet ton' are presented in Tabdles
XXIX and XXIII respectively. Messurements on all eriterie
used for this nematode gems woré recaorded, The meen body
mescurenente of different isolaten of R.eimilie showed slight
variations which were not eignificant. ihe renge in the metsure-
ments recorded were within the morphologic limits of R.similis,
Criticel exeaination of body orgene 418 mot reveel smy special
fectures or devistions froa the elready recorded characters.

of bdblack pepper cutivars ard wild epeciss
| .mw. E-sisilis

Eine cultivars ecch, from Kersla and Kernetoks, two
cult iveted species, two wild species and five wild collections
of ’jiper were screened for their resistence sgainst R.sirilis.
Yhssrvetions were recorded on root weights of plants ané nest-
todee recovered from soil and roots. These are susmarised in
Teable XXIV. It wae observed thet mone of the plaat types

shoved fommnity or resisterce to R.similis.

The root weight reduction and nemstode multiprliostiom
gete (the feetor o fimel populetion incresse over initis}l
{nosulum) for eech of the plant types are given im Tedle XXV
(¥t7.29). Koot weight reduction of over 60 per cent dus to
R.s10111s wes observed im 23 types wherees in four types
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TABLE XXXV
Sezosning of black pepper cultivars and wild speeies,
againat P s. Foot weight (g) of plants and nesatole

population racted from solil and roots.

(Meon of tvo replieates)

Inoculated plants

koot 4

of chee*  wveight  Veistd
plent to ghogr Selil Foest sedee
1.34% 0.450 33.96 38 T2 610
1.610 0.150 9.29 17 236 a5
1.82% 0.708 30 3% 17 14 ™
1.790 0.1%5 8.64 235 510 766
1.2%0 0.830 16 .40 7 19% 82
470 0.420 21 A% 39 198 514
1.970 0.710 35 .05 69 4686 95
1.620 0.25% 1%5.70 120 370 490
1.570 0.505 32.20 6 297 360
1.450 0.400 27 AO ¢ 9% 112
275 0.270 21.1% 33 3: 226
1.23% 0.550 29 .45 26 161
1,330 0.3%0 26.65 35 214 249
1.960 0.38% 20.20 36 166 202
1.480 042 27.08 2% 262 14
1.490 0.3%0 3.%0 N 254 312
ffeeni® b SR 5 B M
' SAT8 X . .
2.120 1.800 04.02 34 &6 470
3,600 1.007 .78 L 141 83
1.000 1.33% 69.10 39 a 120
1.540 1.210 ™.50 40 T4 114
ecollection 1.100 0.91% 1.70 44 ) | ™
(Vittal) No 430
aldon ¥o. 341 1.750 0.430 4. 74 €4 915
«80n (Temil Yoduw)
Nod 1.300 0.29% .50 4 398 448




TABLR XXV

Ccreening o black pepper cultivars and wild aspesies,
agninst Re. . Lieet en per esut of root reduction
anl nena sultipliecation gzate.

{(Mean of two yeplicates)

Root Hultipli=

reduo- oation
Cultivar/wild species e rate

Zayimunda » .o 66.04 6,10
aslluovally o 90.71 2.5
Otid ranketts oe 61 .‘5 0.74
Panniyuprel 'Y 91.36 7.66
Zottanadan ™ 81 .60 2.3 2
Bslankotta Yy 0 85 2-37
itra¥ulap munde .o 64.1% 5.39
ﬂmﬂ?aﬂi’a"mﬂ se “.30 ‘.’0
undivods ve 67 .80 3.60
.o : 72.60 1.12
.s Te .85 2.26
e 70.5% 1.61
.o 2.49
-e 71 'ao ’.Q
.o 72.97 2.07
[ X J 76 .50 3 .u
.o 76,20 S .41
P 81,30 3.77
ae 15.1% 4,70
[ X 3 ".22 0’05
[ x] 0.90 10 20
21.50 1.14
ttel) No.430 1= 30 Q.75
. 0341 7545 3-15
e . Y0 .348 74.70 17
3= (Tanmil Madu)io, 3 78 .50 4.48
ol On " =l No. 7 62 o’o 3,08

S.m o ) 15 283 0.7006
C Dat 1> level 42487 1.9506
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meaely P.lopgun, P.hymenophyllum, P.attepustum and wild
collection (Vittel) Fo.430 the per cent reduotiom of root

weights were 15.15, 21.50, 18.%0 and 30.90 respectively. The
mnaximue multipliertion rete of 7.66 times and root weight
reduction of 91.36 per cent were recorded im Panmniyur - I,

In ¢ase of Cheriyskeniyskedsn, Bellemellegessare and wild
eollection (Vittal) No.341, the root reduction veried from
75.45 t0 84.3 per cent &rn¢ the mmltiplication rete from %.47
to 4.9 times. Though the nemstode mltipliocstion rete was
from 3.6 %0 6.] times in irekulemmunde, Kerisunéds apd Mandikodi
the root redunction ranged from 64.1% o 67.8 per cent. In
Xelluvslly the multiplication rete wes observed to be 2.59
tines, mt the root reduction was as high ss 90.7 ticves,
Balankotta enc Yottsnadsm though recorded, root reductiom of
T8.%% end 81,66 ver cent resrectively the mmltiplicrtion rate
in them wes omly 2.3 times. Othirankotte recorded e dseline
in irel populationm of 0.74 per cent tut showed root reduction
of (1.65 per oent,

Though the multiplicetion retes in Kernatsks cultivers
renpged from 1.12 S0 3.77 tizes, the root weight reduotion
recorded im ther renged tetween TC.%5 to 81.3 per cent indieoat-
ing thet they were very susceptidble. F.betle also reoorded a
decline im the fimel populetion, however it showed root weight
reduction of 72.22 per cent. The plaat types coreened were



8l

olaseified sainly inte four groups based on theiyr susoeptie
dility veaction toverds T.gisilis. The details On the grewps
are presented in Tadle XXVI.

The atim of this exporinsnt wvas t0 Ynovw #hn reaction of
pepper planta to variocus treatrente of neew c;*o erd three
asnaticides and their efiteacy in controlling R.ginilis o=
pepper. The grovth shazesters 1live shoot length, fresh shoet
veigt, leaf production, root length, fresh root weight and
final nematode population were recorded vith yespeeot to the
treotaents adepted. A list of treatrents aye presented in
Table XXVIX.

on _sh

The ehoot length of plantes under various Sreatzents et
90 and 150 days after nematicidal application aye sumsayised
in Tadle XXVIII and XXIX. “tatfstical analysis yevesled sig-
nificant difierencas hetveen chee¥ and various treatsents,
detween d1iflerent nemsticides, Sheir dosages and methode of
aprliecation. The inerease in shoot length of cheo™ plant at
90 days was only 4.6 c» compared to 11,56 om 4n plants undexr
T 12 folloved Dy T 24, T 21 and T 11 Sreataenta, THie in-
creass in shoot lensth by these treataents vas over 2.25 times
corpared to the incresse of 1.1 « 2.1 tires 4in rest of the
treataonta. The shoot length at 150 days alter nenatiocidal



TBLE XIVI

{ovesning of dlack oy oultivars and wild gpecies,

ageinst E. Feaotion ol the
' ypes ed
Hghly Less
susesptidle Susceptible suseeptidle

-

Mgh MPe >3.0  Migh MR 1.5 manw 33 Lev MR (1.5
Righ FROC DTS o Lov KR ;u;- Lev om 1.5 Low xR <3%

Panniywr-l Xarisunds aallwvally ¥41d eolleetion
S (vittal) 430
Cheriyakaniavadan Aravulasawnds Balenvotts L-hyaenephylloe
Bolamellagessare Mundivedi Zottanadan L.Attennupten
L %
mlhwma (ﬁ: 'zl)lgzam vmmu
Dadadrare V. (T.Madu) T Siagarenmme
lvild eellection)
vild ¢ollec-
tion(T.%edu) 3  P._loapm Deddigyye
¥114 eollee- , Motavare
tiom(Vittal )34 Zayenensinkat
Ottd rantotta
2. hetle

¢« MR s Multipliestion rete
®* R? = Foot Feduction



TABLE XIVII

Chesical ceontrol of E.gimi

on blaev pepner.

List of trea
Code pre-tnooulation €ode ;oet-tnooulation trest-
* treatzants Tre sents

T1 Yeemeave © 1250 wg/ha T13” Neem cave © 1250 vg/he
T2 doe ® 2500 vg/ha TI4  -do- o 2500 vg/ha
& T T 6 5000 vg/ha TIS  <do- o 5000 vg/ta
?4.DBCP ® 22 1/me T6' DBCP o 22 1/na

TS5 odew ® 33 1/na T17T d0e o 33 1/ka

T6 =80 & & )/ma T18 80 ® 44 Y/

T 7 /fensulfothion & 2 wg/ba 119 Pensulfottdon ® 2 wg/ba
T8 odom 6 4xg/tma 720 odo- ® & rg/ha
29  odo- e Syvg/ba 721 d0- e ¢ g/,
T10 Adicarbesulfone ® 2 vg/ha 722 Aldicarbsulfone @ 2 »g/he
T  ~doe o4 vg/ta T8  odoe ~ 4 vg/ma
N2 do= "8 vg/ta T e ® 8 vg/ha

5 Chen
Netes 1) T1, M3, T4, T16, T7, T19,710,T22 are considered low
dese level

2) 12, 14, T3, 17, MO,
3) 13, 113, 6, T8, 19,

720,711,723 are considered mediu

dese level
T21,7T12, 724 are considered high
dose lasvel



TABL3

Cheadocal contyol of I.
shoot leagth (om) at' 9

XXVIi1
on blaew pepyer.

LLeoct oOn

8 after nematicidal appliecation
(Mean of three yeplicates)

s &1* T Sl Ts 23 |
7 6.73 ™ 7.77 4 6.0 1720 9.6
- sTonTreataent
® 693 19 8.26 TS5 5.76 ™ 11.08 ronts
™M 3.9 1N0 9.7 ™6 e.53 22 8.63 sS1eC hoot
™ 586 711103 717 6.6 ™™ 9.8 length
™ 6.3 T12 11,56 s 7.4 24 11.53
™5 4.6
Nenaticides x dosages Penaticides X setheds of
application
.~ Tosages levels fpplication method
Rena- “Pre-in-  rost io=
ticides Medita Mgh oculation ooulation
M alcl 38 os 30 c‘ SQ’ 56 o, ”o‘
cave __ _
PBCp 374 37.5 40.6 6.4 478 67.T
ZJonsul.
Zothion 45.2 9%2.0 579 8.6 67.9 87.2
Adicar.
Mean 7.0 7.8 8.% 7.4 8.l




TABLR XXVIII . (Comtd.)

Deosages x wmethod of appliocation

Applieation method

Posages oulat-  fovosle- s
ion tion

Low .o 76.6 92.1 7.0

Melim .. 93.0 95.0 7.8

High .o 98.7 107.2 8.3
Mean oo T.4 6.1

Trestasuts S.3m3 CDat

~l8vel _

Fetveen

Renaticides 03712 0.9940

Dasages 03214  O.86)4

Kot heds 90,2683 0.70%
Neagticides x dosages NS
Tesaticides x msstheds 0,2796 0.7386
Desager x wethods BS

Cheo~ Vo treatments 0.9093 2.4369



TABLE

Chenical eontrol of E-
on sheot length (em) a

IX1x

o8 dlach pepper

oot

after acntuun appli-.

cation.
(wean of three replicates)
Tee Sl Ts 81 ?Q 81 ™ 81
n 8.4 T7 2.6 T3 8.4 m9 139
T2 8.9 T8 228 T4 8.6 720 16,3 *TenTreataents
s 9.1 T9 249 115 9.7 T21 2%.0 R
M Ba 10 2.8 n6 2.8 12 P2 WIS
™ 155 T11 23.6 M7 12.7 ™ DY
% 182 T2 27.8 TS 1635 T 294
™ 8.1
Nesaticides x desages Nematicides x methods of
. apylication
. Nosage level Method of application
Renoti- —  Heln 5
Ye inoeu= 7 oet
oldes Iov  Nedimm figh lation 1noculatior
Noum : '
save 50.6 52.T 86.5 8.0 Rt 80.4
PR3CP M,0 849 104.3 14.7 140.8 126.4
- 7ensule
Aldicard-
sullone 135 ot 342.7 IN.7 4.9 219.8 20,0
Nean 15.4 16.5 20,1 18,0 16,7




Desages x wsethods of application

Metheds of application

Nean
Desages Pre inoon- Post 40
lation ooculation
Low 195.4 1755  15.4
Nediwm 212.9 s, 16.5%
High 2402 242 .4 20.1
Mean 1,0 16.7
Tresteents S.2+ O Dat)s
— VL
Eetween
Sesaticides 04163 1.1187
Dosages 0.36086 0.9664
Methoda 0.2944 0.78%0
Nematicideas x deosages 0.7211 1.932%
Nesaticides x nethols © 0.3467 0.9292
Desage: = sethods 0.5099 1.3665

Cheor V: treataents 1.0198 2.7331



appliesation in ocheov plants wvas 8.1 en etm>ared to the saxi-
sus shoos length of 29.4 em in plants under T 24 followed

by T12, T 21 and T 9 with 27.8 eu, 25.0 en nd M.9 &= res-
pectively (712.30), Thus incresse in shoot leagth resoxéed
at 150 days aftsr nevaticidal applieation vas 3.64 tizee
Mgher in T 24 treatwent and varied Detveon 1.5 - 3.43 tices
in other treatrents Mpmd te ghecr phnt-. But 4n case of
all treatasnts vith nesa cave the increase over the sheo» was
only betwsen 1.08 -1.20 tines vhich was very negligidle. The
zesulta tndiented that at 90 days, fensulfothion and DB C P
were more eflfective by post « inoocul ation sppliecstion, 4in
inoyessing shoot length, vhereas aldicsrd sulfone was more
effective when applied before nesatode 4mocoulstion. At 150
- days the pre-incculation applieation of ehesticals in genersl,
vore effestive in inereasing the shoot length, vheress aldieazd
sulfone was fewnd sore eflective as pest-inoculation appliss-
tion., Yeem u:c vas least elfestive. ‘mong chesicals tried,
aldteard sulfone and fensulfotiion at the zete of 6 ba per
bheetare irrvespective of method of spplication were found aore
eoffestive in inducing shoot length,

3f{eet on fresh ghoet weighi

The data on the Lfresh shoot weight of plants at 150
Gays aftexr spplication of nesaticides are presented in
Table TX (21g.31). Statistical analysis revealed signi-
ficant difierences betveen cheo> and all other trestaents,
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CONTROL OF R.SIMILIS Egl BLACK PEPPER. EFFECT ON SHOOT
LENGTH (cm) AND WEIGHT (g) LEAF PRODUCTION (nos) AT 150 DAYS

AFTER NEMATICIDAL APPLICATION



TABLE XXX

89

Cheatcel control of h.feltilllg on blck popper. £ffcot an
fr<q«h velfrht of ehoot (frU ai 150 drye <tft*r neaatloidol

(*1«8n Of three replloctes)

application

Te VE* T» V8 T9

Xl 10.4 T7 Uu.5 TI13

12 12.4 T8 215 Ti4

S3 13.2 T9 28.5 TI15

T4 8.3 TIO 23.5 11€

TS 12.1 Til 24.6 117

76 14.7 T12 31.0 Xi18
Kevetleidee x tfoeerec

IOORO level*

Kenati-

eldea Low tiedins Hi«h

Fe«B«

ecke 66.3 75.0 82.6

DBCP 59.0 83.9 100.1

renaol*

fOthlOB 875 121.3 177.8

Aleicar¥-

M Ifone 126.4 156.3 199.5

ireen

14.1

18.2

23.4

VS

11.6
12.6

14.3
11.3
15.9
18.6

Mean

12.4

13.5
21.4

26.8

TS

T19
220
i2]

2
T23
T24
T25

12.6
18.9
30.7
18.5
27.4
35.4

5.4

TSii*reeteeBta

vt«rreeh
weight of
*hoot per
plant

tleiaee x sethode of

*pplleetloii

I"eihode O/ applieetloii

latioOT

108.3

105.5
199.8

2317.7

18.1

Pre-IBOM*  PoctNiB-

oottlatloi)

U5.6

137.5
186.8

2445

19.0



90

TAa> m - (Contd.)

losses X acthodft of eppliertloo

Methods of appil<”tion

_ Mn b
ICMiefes Pre-Inoctt- Poet In-
Irtion octtlation
Low 176.9 162.3 14.1
?ledins .. 211.9 224.6 18.2
R I~ .. 262.5 297.5 23.4
Mean,. 18.1 19.0
Tr»e taepte
I'esFticldee 0.4359 1.1682
ioofifM 0.3775 1.0111
Methoes 0.3082 0.626C
Veaetlcldee x dot”gee 0.7549 2.0231
IMomatlcidec x methods 0.6164 1.6520
IoBffer X aethods 0.5339 1.4309

check trontmentB 1.0677 2.8614



n

betweon nenst 1oides, d1fferent dosages and methods of appli-
eation, Iignificant differences were also Observed between
the interaction eifeots dus to main factors, Mmeng namati.
cides tried, aldicard sulfons vas most effective by both
sethods of apnlieation in imninc‘ shoot weight of plants,
wvhich wag 6 = 7 tiaes nore eover ehoc; plante. Thie cheziea}
vas alse swerior to all other gchamioals in their respective
dooages in effeeting ineresased ahoot weight. Post-inoculation
ol shonicals wes in genersl suwerior te pre-inoculation applie
eation. Aldtleard sulfene at lov dosage or fensullotidon at
sediux dosage vexrs Lound soye effestive then DB C 2 ot high
dosage. Pest-inoculation applieation of ness eave, DEC P
and aldicard sulfone resulted in better shoot weight whereas
pre-incoulation 0 fensullothion wvas mere eifective.

n oduotio

The awmder of leawes produced Yy plants under veriows
treatrents at 150 days alter nematicidal applieation ayre sun-
sayrised in Tadle XXXI (MgS2). Stntutiea{ analysis of data
shoved signiiicant differences detveen ehu;- and variows
treatuents, betveen nematicides and their tiwee desages. The
two methods ol apnliestion did not show signilicant difference
on leaf produetion. ~lante under T 24 produced saxisms mumder
of 7.6 leaves per plant as eomoared te 3.3 leaves produced b!
the ohee;- plants, which showed a two f0ld incorense over cheov
plants. Aldicard sulfone vas most effective for leal produwotion,



TABLE

Chesfosl control of hL.s
1esf production at 150 days after nematicidel appliostion

(Mesm of three replicetes)

XXx1

on tleek pepper. Fffect on

Te Ly Te Lp T8 Lp Te Lp
n 3.3 ~ 4.0 13 3.6 719 4.0
_ (1.821) (1.989) (1.911) (1.9089)
T2 4.3 T8 4.3 T4 4.0 120 4.3
(2.079) (2.079) (1.989) (2.0719)

3 4.3 9 4.9 s 4.3 2 5.9
(2.079) (2.079) (2.079) (2.307)

™ 5.0 T10 9.3 716 3.6 122 4.5
(1.732) (2.307) (1.911) (2.079)

75 3.6 E 9§ 5.6 17 4.0 T23 5.0
(1.911) (2.379) (1.989) (2.229)

b ) 4.0 712 7.0 1718 4.3 T24 7.6
(1.909) (2.641) (2.079) (2.7%9)

| 729 3.3

(1.821)

Valmes in parenthesee are

Ts = Treatuments

x4+ 1 log tremeforsed mean

Ip = Fumber of lecves produced
per plant



K«netleld«6

TABLK

X docaires

losefe l«ircl»

95

Ke«atiofdte 2z »«thodfi of «ppll-
eatlOB

Methods of applle*tloB

] _ . *Mces ?r«-lnoou« POSt-iISOM*
Low Ksdiun High latlon lotion
Keea* 11.196 12.204 12.472 1.995 17.956 17.956
oeks
r BCP 10.92pP 11.700 12.204 1.954 16.096 17.956
FCBBtlI-
fotht<m 11.956 12.472 15.158 2.087 ie. 440 19.126
Aldlcart
SulfOB# 15.158 15.822 16.202 2.579 21.982 21.200
1.55 2.C91 2.251
Poesr«e x nethode of appllo&tloa
Hethode of epplioiitioii
lose”es w-lnocu- rofit-IBocu-
letion leti(»
Low 25.550 25.668
Kcdlttir. 25.540 24.858
HI|?h 26.564 27.672
Trsfttasnte 4 Cr If Isvsl
f«utw«os
0.06X6 0.1651
loe«fe« 0.0529 0.1413
Methods »E
Kfenotlctdec x K
liesaticidee x »«thode m
X methods

Ch'clc s treBtiBsnts 0.1507 0.4059



"

felloved by femsulfothion. The effect on leafl production Wy
fenaulfothion at high desage vas equal to lov or medium doeage
on aldicarb sulfone. Neem ocave and D i C P showed equal efiect
on leaf production at all the three dosages.

ffest oo root length

toot length of plants under various treataemts at 150
days of nematiocidal arpliocation are prosented 4im Tsble XXXII
(718.33). Statistioal analysis revesled sigmificant diffe.
rences, batwesa nomaticides, their dosages snd bdetween chee:
and all the other treatzents. The saxiswm root length vas
ocbserved ia plants wnder T 24, with 273 .4 en folleved by plants
inT12, T2, T11, T23 and T 9., The cheo- plants recorded
only 30.6 e yoot length, wvhieh 1s 8.9 timea less than the
saxisus recorded root length., Asong the ohemicols tested, al-
dieard sulfone at high desage resulted in saxiawm reot length,
Lellowed by sensulfotiion, D B C P, and neem osve. Aldicard
sulfons at wedius dosage shoveld equal eflfect as fensullothion
st high dosage, in root length nroductiosm of plants. Mﬂn
fothion at low dosage, P E O P at mediums dosace or nesn oa*e at
tgh dosage shoved equal effect. Similsrly aldicerd sulfone st
lov dossge vas mors effective than D B C P or nees eave at
their high desage. Thus aldicard sulfens was found superior
over other shesicals tested.
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TARE XXX1I

Chemioel control of R.s
op root length (cm) &t

8 on blsek pepper. Iffeect
ys afier nemmticids}

applicstion,
(Mesn of three replicates)
Te Rl Te Rl Te Rl oy Rl
9 | 34 .6 ™ 119.0 T3 356.9 7T19 118.1
(5.68) (10.91) (6.10) (10.87)
T2 €l1.8 ¢ 18%.5% T4 691 T20 176.4
(2.76) (13.62) (8.33) (13.28)
TS 119.4 9 247.9 T15 123.6 21 255.7
(10.93) (15.76) (11.13) (16.00)
b | 72 .4 T10 210.8 76 91.3 T2¢ 213.9
(8.81) (14.51) (9.57) (14.62)
% 119.5 TI1 2%55.2 T17 116.8 7T2% 246.)
(1C.93) (15.98) (10.81) (15.69)
T€ 144.9 T2 270.% T18 156.4 T24  27%.4
(12.04) (16.44) (22.43) {16.53)
25 30.6
(5.56)

Te = Treataents

Y4 uee in parentheses given are scuare root trensformetion.

Kl = Root lemath per plant



fesictlcldeB X dofifires
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Neaibticide& x ecthodfi of

lovi® Itvela i"eibode pi epclto”iiosi
Fcoetl-
cldee Lev Mecdlua Pre-laocu- ?0«t la-
letion octtlation
Peem 35,94 49.13 66.20 8.91 74.67 76.60
efke
r Fcp 5513 65.24 73.43 10.76 95.33 98.45
feneul- 65.35 80.69 95.27 13.91 120.86 120.45
fothlon
Aldlc&rb*
eulfone 87.38 95.00 98.91 15.63 140.79 140.50
Kefu 10.16 12.06 13.91
rocx*fce X aethodt; of ftpplic; tlcw
cthodB of ttpplict~tion
IOBAj»8 r€-{fiooul- Poet in-
latloR OCUIStIOB
Low 120.32 123.48
Kedlus .. 145.84 144.22
Hlirh 165.51 168.30
Treataer*te t.rm 4 <c I: at
™ 1m |
etvteo
Kwaetlcldee 0.4583 1.2282
0.3969 1.0657
Methods
1tMuititlcld«£N X doacgf’S BS
?ear tlcldttc x methods KS
To*epei!" X sethods Kf
Check W tr«itaent» 1.1225 3.0083



Zftect on Lregh root weight

The data eollected om fresh root weight of plants wndey
various treatmsents are sussarised in Table XXXIII (rig.53).
Statistical analysis shoved signiiicant difierenees Detwvesn
the ch&o; and variocus treatesnts. - igniiieant 4illerences
vere alse 6dserved betveen the nesaticides, three donga,
and the tvo methods of appliocstions. The saxismwm root veight
was recorded by plants in treatsent T 24 with 12,90 g ae cOn-
parod to 2,07 g by plants in tresteent T 25, and the diiferences
ves over #ix folds. /song the nematiocides, al€ieart sulfone
vas found swperior at the tiroe desages compared te all the
other nessticides. I!svever detter results were odtained vith
other mematicides under tyeataente T 21, T 12, T 23, and 79
vhich resdrded en inerease in root veight of 2.4. 5.0, 4.8,
and 4.7 tiwes more rossectively over the sheev. In general
post-inoeulation application of shemicals vas femd swerior
€0 pro-inoculation application.

The €ata on nesat ode cowmnts recorded 1@ all treataents
£yem roots and eoil are sumzazised in Table XXXIV. The de-
tails on final nematode population cowmta per plast at 150
dayes after nesaticides application are presented in Tsdle
XXXV. The statistical enalysis revesled high lavel of sige
nificancs between the chu; and treatesnts, menatieides, theiyx
doscge end mthode of appliestion. Maxiaswm reduction in tetal
population was obsorved 1n T 24 followwd by T 12, 721, T &3
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TABLE XXXIII
Chamicel control of R.-?%tl on dlsck peprer. Sffect om

fresh root weight (g) & deys efter nemotfcidal applicatiem
(Me2n of three replicatss)

Ts Rw Ts Rw s Rw Ts Ry
1 4.25 T7 6.26 T13 4.08 T19 4.81
2 445 T 7.3 ™M 4.30 T20 7.70 feeTrest-
®s 509 T9 9.74 T15 5.0 T21 11,30 @ Qents
% 2.47 TI0 B8.07 T16 400 722  7.90 RwaFresh
™ 4.65 TI1 8.5¢ T17 6.07 23 9.90 ot

26 $.99 Il1l2 11.27 118 7.51 T24 12.90 per

Kesmticides x dosages Remat icides x methods of
epplioertion

Nemati- Tosage levels veon Methoce eof &pplication

cides & Pre-inccu- "o8t inoeme
Low Medium High lation letion

Neem 25.00 26.27 3C.61 4.55 41.41 40.47

otke - :

PRCP 19.72 32.18 40.61 5.14 39.53 $3.18

Tensul-~

fethion 335.2% 4%.17 62.%32 7.82 70.07 70.63%

2léiesrd-

sulfone 47.9% 55.44 T72.64 95.78 83.69 92.32

vean 5.28 6.62 8,99 6.51 7.13




TABLE XXXIII - (Comtd.)

Tosages ws methods of spplicetion

Metholde of sppliceation .
Dessges Pre fnocu~ Post in- Kean

lation oculestion
Low 63,18 62.70 5.28
High 93.31 109.87 8.5%9
Mean 6.51 7.13
Trestaents SFfm s CT at Y level
Betweotn
Nemst iciles 0.1414 0.9790
Dosages 0.1225% 0.3283%
Methods 0.1000 0.2680
Bemmtioides x dossges 0.2449 0.6563
Nematicides x methods 0,2000 0.5%60
Lotegess x methods 0.1732 0.4642

Check wvs trestments 0.3464 C.9284



TABLE XXXIV

Chemical control of ﬁ.amm oB black pepper. Effect
on the muaber of memktodes recovered from roote ané
sell at 150 deye sfter nemeticides applicetion

(Mean of three repliocates)

Trectaents Fumber o nematodez recovered
32 1:::“/ I?p::u/ Total
Tl 724 905 1629
ot 666 765 140
T3 S22 685 1207
T4 - 582 - 580 1162
% 529 390 99
T 566 340 906
m m - 646
T8 199 150 349
19 o7 95 182
T10 116 230 346
T11 28 85 11%
12 - 2] - 65
13 833 898 11
T4 663 758 1403
7ns 496 713 1209
16 5¢3 625 1178
117 501 435 936
s e 320 698
T19 287 190 o
T20 68 133 201
m 28 70 98
T22 96 325 21
T23 69 3% 104
T24 - 13 15

T2% 2634 925 3559




Chemicel control of R.® g on tlack pepper.

Effect on finzl nemstode populetion per plens/

TARLE XXXV

pot &t 150 days after nemtticide spplication
(Metn of three repliocates)

101

Te ¥y Te ¥p is Np Te ¥Fp
3 1629 7 646 15 171 nN9 477
(40.36) (25.42) (41.5%9) {(21,83)
2 1431 ™ 49 T4 1403 T20 201
(37.78) (18.71) (37.46€) (14.18)
5] 1207 182 TmSs 1209 T2 98
(34.75) (13.51) (34.77) (9.06)
L ] 1162 TI0 %46 M6 1178 122 421
(34.10) (18.61) (34.33) (20.49)
by 919 T11 113 717 9%6¢ T2% 104
(%0.84) (10.61) (%0.99) (10.22)
{3 906 T2 65 718 698 124 1%
(30.10) (8.67) (2€.42) (3.52)
T2% 3559
(59.64)

s = Trettoente

Vslues i{n parentheses are

Fp = NemagSodes per plamt/pot
‘J& + 1 transformetion



PABLE

Yemeticides x dosages

XXXV - (Contd.)

102

Nemat {icides x metholes of

spplicction

owoti- Lossce levels ‘e Pncthod- of spplioetior
cldes Low  Medfum  Figh P otioou= FoXt ynoou-
Feen- 245.887 225,783 208.587 37.792  336.731  341.526
DBCP  205.311 184.340 169.560 31.067 285.144  274.067
Fentul-
fothfom  141.799 98.692 70.151 17.258 172.977  137.665
mifone.  117.53  62.512 34784 11.924 111.93  102.738

deam 29.597 23.80% 20.128 25.243 23.717




TAAS DT - (Cortl)

lompts X aetodk of gopliectica

105

Methods of appiiefetloD

I're-laocu-

iBtlon
Low 355.523
w«dlua 293.909
High 259.313
Mk<bb 25.243
Tx«otQ«Kits
r.#tve*n
dd<*K
r-oi*g' e
M*thodP

Heartield«e x dosofce
tic idee X methods

loeer®r x aethods
Cheek rt tr«”™ tments

?2c*t In-
Dculittlon
354.909 29.597
277.418 23.a05
223.769 20.128
23.777
SEf« ¢ Cl | I>v>l
0.4088 1.0956
0.3539 0.9485
0.2891 0.7748
0.7080 1.8974
0.5781 1.5493
0.5007 1.3419
1.0013 2.6835
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and'T 11. In th« abovs 7Niira tr9atMBta» the par eant ra»
daetlon in erli“inel InoeultM oap«l«tlona vara 97, 07* 60»4»
79.2 and 77*4 reapaetivaly. 'baraaa ttia iinal naaatada
papulatioB In T 25 (ehae*') ineraMad t0o 9999 wbiah waa 7»1
tisaa aora than tha original inoeultw (/lg«94). cé%)aog tha
cbMlaala triad, aldiaaxb aiOXona «aa iTovnd ta ba aoat
aJtJfaetivay iTollovad bf JTanaulXotlilony DB 0 ? and naaa aa”
96t 37 and 9p). ‘ldiaerb aaljCona at liigh daaaga
pravantad tha roota ”“roa n«vatada ioiTaetioa. Ifa naocatadaa vara
raaovarad troo tha raota a” plaata traatad with tWLa ahaalaal.
In ganaraly popnlatioa eounts vara aoeh lasa in plaota traatad
vith aldicarb aalfona or fananiXot hion. /aaaolfethion at lav
doaaga vaa not aa a”“raotlva aa aldiaarb aulfoaa* bvt at Ugli
doaage it vaa aa afi‘aativa aa aldioarb aolJtoaa at aadioa
doaa.-*a. 7ha peat”™inoeulation traatn”nta in ganaral”™ vara
aora al/jfacftiva in bringinir dovn thm nanatoda population* vharaaa

in oaaa Of naas oa”a pra»inooulation traataant vaa ”otaid to

ba aora aE£"Taetiva.
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V. DISCUSSICE

The dleck pepper contributes & lion's shere of foreign
exchange earnings awng the spice orops in India, Present
zeports indieste the prevelence of the “slow wilt" disesce
which is destroying the vines in the pepper growing tracte,
Remee, it wos conpidered imperstive thet & study be initiated
$o understend the nature of the problem, especislly the role
of the Wurrowing nemsatole, hadeopholue similis in "slow wilt"
disesse, |

This is the first tiune that sach 2 study has been meds
in Indie, Though bleck pepper wes recorded ae s host of
Re.sinilie by Tom Goodey (1956), & prelimimary study of the
domege osused by this nematode wes eonflucted only fourteem -
yeors leter (van der Veoht, 1930). Christie, (1957) based
on hie tour conducted i{n the Island of Eangke, confirmed the
findings of ven der Vecht. ‘horme (1961) oonsidered this
mest tocde Ba repking high emong the most importent plemt pare-
sitic nematodes in the tropios and as the ssjor economically
fmportant species in those regione. D'Ecuss et 8], (1910)'
zeported the occurrenee of L.similis on pepoer for the firss
tise in South Western Indie, They 414 not investigate the
problem further, Venkitessa (1972) reported the presence of
thia nemmtode on pepper in the northern parte of Kersls and
suspected ite sssocistion with "slow wilt" disease,
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7h« »}rtiptc»B of *'slow wilt* ob*«rr«9 in tli«

pr«»ent stadj ar« slallar to thoe« reportod bj ves dor fo~t
(1950) «®d Chrlotlo (1957) (Fljrt.2, 3 sad 4). ThU lo baoi-
o«lly « root dloof*M. Koot rot »sd doec> sywptoBa woro obsorvod
la the oeoe of offooted Wvinee. Above frotmd sjv~tono ore asBi*
footed by oocfielrniel or pertlei to coaplete vyelloiriiifof leeTee
(TIfi .2 ead 3). Coooftlon of growth -ni- w«o followed by
fredual lopf drop and final death of vinoo (Fif,4). ~f'alna-
tlon of root oyoten of affoeted vinee ohowod extenelve nferoele
end decfy of roota, }>coder roota were oo«plately destroyed. In
euoh oeeea the Tinea oould be palled out eaally. fro* the ti«e
of infeetetion to doeth of the Tinea, a period of two to three
yeara aay elapae, The flcel etfgea of lofAf drop to dO£th of
Tinea howoTor oocur in the ooarae of three to four aontho. The
dlaerae ooaes to the notice of the farver only at thia final

ata™e by wfelch tiae the Tinea are irretriITWoably lo™t.

The prerent aarrey roToeled the preaence of R.ai»illa In
25 out Of 41 loo~tiona, in antf around the diaeeae aaepeeted
Ticee. -"hia ia 60.9 per cent of the totel aree aurreyed. The
neafstoce populatim waa higherin the roota of dlaceae<™ Tinea
and the aoil eroucd the roota. The a>«plea oolleoted fro«
healthy loolrin”™ Tinea reTe<Il4Pd the preaence of the neaatode
in 18 out of 41 aeaplea in the eorreepondinf locetlona. S=oll
around healthy looklnir Tlr«a oontr:lned the nei»to”e» but the

roota of theae Tinea contained praotfof Ily no neaatode. I™de
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aifference In ceaatode poimlettioD deoelty b«eu obMrvetf,
Thie couie f>rob@bl/ b* du* to the tine ol »«pl!Inf, cffMt
of Inttreropplc” or diffcr«nt ftoll t>p«» 1b the dl»ec>«d

«ret» (Tables fIl anfi 1111),

?he other plsEt psreeitlc forae eeeooctenM In the
*G«ples xere ~clotepgame spp.* “otylepchalut »pp., «»e
nellcotylenchuB »pp, (Table 6). Their populatloa levels
did Bot vfixy aarkedly tetweea the het*thy and slow VvIIt
affected Tines ane areas. H.slailie was associated with
several sopular cultiTers 1b the dleease affected pl£Bt«tlons
(Table 1X). tiaiiKr obaervatioBS have beeB aade tj aeveral
workers who atudied the neaatode iceited root diaeases.
~oiiBteiB and Boyce (1956)¢ &lIso reported alsllar fladinfa
ifiTeetlffcttinF the peach replast probles 1lb CaBi*da who fouBd
that only 50 per ce&t of the oreh&rds surveyed with s history
of replent problem contained the suspected neaatode pathogea
-rctvleBChus penetreris. ihey also observed a hifher popola-
tioB iB the sfaplee is repleat problea areas thra 1b the
healthy aref*o, tuit end luChame (1953) deo observed s
slaller sltu&tioa 1b respect of the spreadlap deelise of
cltrur iB florlda, ihey reported that frequeat seapllag aay
be aeceasf*ry before the aenatode wcta fcmad. lallure to detect
P>iBilla iB all the saaplea collected during the survey is
Bot therefore uBatnial tvnd does aot Becesaarlly IBdle»te that

the dlsef®ie la Bot associated with the aenatode. Its wide
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ooeurr«ne» In th« dlI8««Md ar«a« md tht pr«««nee of xoot
l«8ion« in ell eases of dieeaeed plente etrongljr pi“tat to
B>ei"-ille beine the indtent or elow vilt dieeeee cC pepper*
wrnrther the leeetione in vMeb the nesatode vae not detected
vere not eontlgh’\e in tho dieeaee tract* Tfaeed are aeattered
aloni; vith other loeatione fxoa whieh the neaatode vaa deteeted
in the Msplee. 7baa the eitrvegr data eoold be eoBaldered
adequate to poetulate the eloee aasoeiatian of tbe neaatode
vith the alov vilt dieeaee of pepper* The reatilts of patho*
["eneeitsf of | .aljallta on pepper repotted in thie thaeis

strengthen thia eoneliteion.

The invaaion of the roote by the neaatodee leading to
foiMtion of leaione vaa studied* 7MLe vaa done in the labo-
ratory* aiaolating aa far aa poaeible eonditiana prevailins in
nature </ig*13). “ha invaaion and eatabliaheent ef the pathogM
are elosely aiailer to those reported by DoCharae (1999)«in
oaae of E.aiailio on citrus roota* f%and aeetiona of the in-
feeted root ehoved that the nenatoda alao feeda on the root
parenchyae eellfi and Multiplies in root tiaauoe ("i«a*10 and 19)*
Theao ftndinge eonfon vith the dbstrmticns reported by van der
Veeht (1990) in peppert **haz»e (1959) in eitme and Vilaoni

a’™ (1976) in ease of fjinger infeeted by r.aitgllia.

The inoaolation esperiaents proved the pathogenicity of
r.aieilla on pepper roote* Pathoeei~city espexiaente were eon*

ducted aa per the technique reported by ‘fountain (1960) for
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evaluating the plant sematede rolatiocsship. Thess emperie
sents vere conducted on whole plants (rooted cuttings) is

pots with fumigeted soil snd with non-starile mcncspeeifie
intoulus., The enhansesent of intensity of synptens vith 4B
oressing dosages of the pathogen wvas very striving (#1ge.20,

21 and 25). The sbove grewnd aysptozs sbeerved on the plams
in this emperinent slosely m the slov wilt aymptems in
the £1e1d exeept for the lse™ of premownsed ehleresis in e
perimental plamte. IS 10 consideved that these resulte con-
elueively estsblish the pathegenieity of P.gignilis @ peprer
end as the incitent of slov wilt disense. ruoftho firet o
port in this recard., Theugh vam derx Veeht (1950) fnoculated
pepper seedlings vith B.giwilie, he 414 not esnduot experi-
seate vith difleranticl incculue levels. 0o ®suld not there-
foxe arrive at the sane thweshel lovel of fnoculum for proving
pathegenic efiect,. The preseat results have shown that the
thresheld level of inoculun o indwce visual aysptoms oa 55 daye
0ld yrooted cuttings of pepper at the end of 150 days 5@ 1000
aenatedes por 1500 nl of soil oy tﬂaiuiag e nema population
lovel of sbout 2300 per gvem of root. I4vewise undor fieM
oondi tions whenever the population level incyeases to this stage,
41t may bring visidle lavel of damage lesding to the diseesed
condition of the vines. Resulte of the survey showed thet the
seil population sround diseased vines yanged detveen 3-61
(averege 21) nematodes per 100 m) 801l ,Hovever this pepulatica
level say very depending upon the age and growth of vines mad
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toil faotoxs. Van d«r v«ehit (1959) eeuld not al«d >«prodiic«
th« yollowlns fH l«avo« in inoouXatod planta. fowovor*

«f«pt«i8 ox dooUno ot obovo Etwmd pnrta, noorooio and doeigr
o™ root* «id dootrMiion OF jToodor roots wore «oU roprodoood

fld eloooly rooeablod £i«ld sjsptoiRa*

Tho rolo o* othor plent ptNCOSItle homtodos oneoMntorod
in tho toll tMiploo in *slow wilt” diooaoo ia quaationablt*
Tfao eonapioooa rodaetion ia groirth and pr~eod root rot in
plants inoeulMod with "aiailia at threahold lovol as atovo*
stron”™lj indieats thst tbla n«9«toilo alone aoold caoBo all tha
r«ptO(s« ox alow wilt, /orthsr "into (1972) rc”ortod tbat«
14fIS2EStILSL. ~ M.ayanloa oaoaad radoetion in plant waigbt
pappar aaadlini™ by 37«4 and 10/ par eant raapaotivaly ta thoaa
91 controla. TMa ha oba«rvad 10 aontha ajCtar 04’ inoetilation
with thaa9 naoatodas. ;:war (1971) raportad that

i» * poor boat ior Igtjfl*ng.t«4dm ranUTontia and that
its aultipliaetion rata w«s 19ss than two tiaos* Thaaa oba’iw
vatioM indiaetad that tha othar nanatodaa j™otnd in pappar
fiald aoil do not hawa anjr aajor rolo in alow wilt dia™aaa. It
ia also prababls that thoao naoatodas axa patbogana ot tha

plar.ta aaad as standszds ojt *>”"ar vinaa*

Tha raoid attltit>lia<nion and high population bvild op
in inoeulatad plinta at low inoculm lavala olaarl? indieatad
that pappar Is a ravoara™la hoat of r>ainilis. owawar thara

waa a datilina in population lavol at ths hi®hast inoonlna laval



10000« Cisilar rvaulta h«v« r«eord»d with ?Mty«»
luchue thom«t on wh«at (Aeen.t 197X«)« “tda pbsnoaanon
o«n occur only vNm th« rsprodootivc potMtial Of the pathogcB
is dependent on and rdlatod to tho avaiXobility 9£ aotritlea
and autoatratw!. Thia «waa ovlidaat £X0® the apoeiaena 9i tha
nanatoda with alng”~ah aovaiRant and anpty body eavitlaa ra-
covarad Xro« aoll washinga or tha abova traateant. roit «id
9iChas«a (1993) Obaarved that ¥>alailia InYodo faadar raota
ar 1/16 inch diaaatar* Tha "appar planta oaad for pathatani*
city taat had Tawar ifaodar roots* vhan fav roota ara inocu*
letad with auch larga nunbara Of oasatodaa aa 10000, tha
populatiofi par tnit area Of available root ia aa hight that
the reader roota are qvic'y daaaeo™ ™ i”veah root produetlott
wee too alow to replace the roota lost. 7taa high popolatioa
praasure and severe ooepetitiM £or food would have leed to
a high aortality whioli could not be coapenaated by the mte
ox BoltiplicatiOR. ruch a aitoation had been reportad by
IVharae and Price (1966). They poetttlated that auoh a phono-
aenon coald also occur onder natural conditiona. Thay obaarvad
that axtar 55 daya« the actual population begon to Xall doe to

population praaoure*

The I|.aiailla pi®ulation laolatad £rom pepper# vhea inoc«»
latod to citruOf ooixeof banana and pepi”er could infect, re-

produce and multiply only in pepper and banana iadlMitin™ that



the pepper isolate beleaged to s different veee (Mg.28).
Calfes vae mot tafested, thus supporting She finfings of
D'seuse gt g), (1970) who eould not observe any iafestion of
R-gizilig on cofles roots during their survey.

Cross infectivity bebaviour of the four populations
{1sclated froa bamana, pepper, ecoonut and aresamut) iadi-
eated the presenes of four "heet typea® (7g.28). All popes
lations inlected banana and sultinlied Dest »a bGanena. The
inlectivity debaviour of the four popnlations vas as follows.
The pepper 1solate 41d not infeet coconut end aresmnit,but
infected bamsna. The banana 1s0la?e infected pepper, coconut
and arecomut, The coconut isolate infected banana and pepper
snd not aresanut, The arecanut 1sclate infected Lanana and
popper but not cocomut, It 1s difiteult te say whether the
Sour 1solmtes sncomtered here repreoant four "raees” of the
senatode., 7For Sthe preczent, thevefom it zay be advissdle to
Sosignate them 88 “host Ly, ee" ae Mas deon sheerved VW "artia
8 2l (1969), Zestoh (1972) and Milne and Keeteh (1976). It
18 clear hewever that when pepper {8 interplanted with banana,
apessmut oy cocunut, 1t 18 liabla te bde infected by "het
tyves” frem these plants and by ite ewn "host Sype®. Aresamwt
and coconut are 8ls0 wmeuitadle standards [or pepper sinee
they encouraze sultiplieation of their “host types™ whish pass
on to pepper. Van der Vecht (1950) has pointed out that the
prodadility and sprezd of infection te pepper could be {rom
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infoeted bansna plents. 3Sévards and Vehurt (1971) fewnd the
Sasans population of [.giailig frem Pansns and Fendures hed
d1Lferential infectivity indicating additional races. Is
asyela (asshy, 1975) the cosenut population vas fownd infest-
iu hm;m. pepper and arecanut., But the praseat studies in-
~@feated that the eceonut pepulation infect only pepper md
banana and net erecanut. This indicates the possidbility ef @
sixture sf "hoet Sypes® 1a ierala @oconut population, whied
aight infect other hests. Tisehler (1901) amd Steiner (132%)
postulatad a hypothesis of evolution of streains exr hest tyres
or reces vith host selectivity. Vam veerdt (1957) alse found
thet pepulation of j.gizilis 1eclated irem @iffevesnt hests bad
faconsistent infectivity behaviocur. .turham (1371) zeported
Shat every local pepulation of D.aisilia hed a consideredle
smomt of genetic variability, regarding host specilicity.

This avthor aleo cbserved that he sbtaired iselates of R.gimilis
snly from pepper vine roots and not {res aressnut reots wsed
as standaris fex the pepper vine. A siamilar infectivity de-
bavicur vas ocbserved by Des Gupta end Sechadri (1971) in ease

of [otylenctulug repifomis vith tvo populations, cellected
Lyon Asdhya Pradesth.

The feur 1sclates did not 41lfer eignilicantly in sessure~
sents Or sorphology (Tedbles XXII and XXIIZ). The variation ia
bdedy sessuresents vere similar to those reported by Gedfry (1951),
uChazee and Sirenhfield (1556), and Sher (1368) 4n the pepulations
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fyen @ifterent hosts. Van “eepdt (19%2) found Shet body
ssasureasnts o progenies from a single femsle isolated Lrem
different hosts varied, dut he vas unatls to sepesete them
into d1ffevent specisie growps. Thorne (1361) sugsested
thet variaticn of ten per osnt Or sven more could de expested
in eny population. He further stated that specisens fyes
favourable and unfavoursble hogts say exhidit mmsked &iffe-
200008 .

 The pepper cultivers, vild collectiens and other Ringx
speciss scresned did not reveal any inmunity eor vesistanee t0

Z-aizilia. iiovever, the casterials were growped inte four
categeries, (Tadle XXVI)., This 18 dased on their reaction |
t0o L.zigilip related to the per oent root zeduction and sultie
pliestion rate of the pathogen in the hest plant (71g.29).

The criteria uveed for sush a classificetion aye thess of

Fohde (1965). Aecording to him, resistance is to De msasured
1n teres of s¥M1ity of the paresite to survive and multiply
and not alvayas 4irectly related $0 plant growth. In thely
report (/non, 196fa) the esmcittes on nematode oontrol alseo
rosomnended that the rate of repredustion be dotermined while
aseessing restiotanse. Peder 1t j;. (1958 ), soreensd seversl
citrus plants against I.gipilis firet by selective scresning,
subjecting the candidate seedlings for infection in soil tanvs.
Those ehowing lees damage vere later tested for the ability ef
sssatedes to penstrate into roots, lay eges and saintsin
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populations. The sereening in the present studies was done
using rooted cuttings and not seddlings. Jenstic wifersity
was therelors sainteined. Nay md “err (1951) wed an fnden-
4ag asthod based on the ausdber and sime of lesions on walnut
yoote against PraSylenchug yulanug. Souch a method vae fmprecti-
oadla in the present studies. This 1¢ due te the fact that
peprer roots infetted vith [ .sioilis chmged to dayk brown and
turned dlasYy in colour. In sueh eondition the lesions could .
2ot be distinguished clearly. Since the hove of pepper 16
India (Abreten, 1739) and several wild speeies of 2iper are
Yaown to Gscur in the M1l region of the swd continent (inea,
19590 ) Lurtber seresning has to be done te find some suitadlse
sesitant sateriel., ¥Noreswer informastion on ths degyee of inw
fostion and dawage 1ively to de cawsed by populatiens frew
other hosts are %o be cheerved and studied,

The expesimsatal studies on the contxol of E.sintlis
indicated that aldieext sulfons and fenmsulfotMiom at high
desage levels vers elflocetive in etuplete elirination of root
infection and imyrevesent ol ;lant growth (21gs.33 and 35 te 38).
Nome 5 the materiels mmmely, aldicard sulfone, femsulfottdon,
DB C P and neez cave vere phytotoxic even at high dosee tyied
to the pepper suttings., The results obtained with eldicerd
sulfene and femsulfotion vere sonsistant with the three desage
levels tyied ss cospared te neoe ca>e and DB C P, Similer
results were Sdtained using aldicard on Calsthes se>oysng ie-
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fosted vith [ .ginilis (lewmgens, 1971) snd on eadbage fafested
with Rretylenohus spp. (Davide and Comedis, 1972). Aldieazd
sulfone 43 a sullons dexivative of aldicard and thie wee the
sost promising neseticide ameng the feur tried. Thowgh 3) c2
is bdeing recommended for eontreol of ! .sinilis in danana by
variows suthers (Loos amd Loos, 1960; Vilardebo and Tobin, 1369
xeeteh, 1973) the present results vere not eneouragiog. 2B C P
penetretion vas insufliciaent for complete kill of thie ne~atode
in denana (Slave, 1961). It failed te control Dratylensime
aemetreng in uﬂnﬁ. and chrysanthenwm and in yedusing root
and soll pepulations (ZrusTherg, 1971). Nees cals was practi.
eelly ineffestive.

The post-inoeul ation treateents (72.355 teo 38) of chesicsls
wee found superior to the pre-imcculation tpeatwents. This effect
ves consistantly signilicant in fnfluencing the isprevemsat of
plant growth, ‘nly in the sase of shoot leagth of the plants, the
pre=inoculation treatsents (*1g.30) vere found superior. Thie
shows that the elwmiesls vers sore elfettive as themapewcants,
inactivating and ¥illing the invaded nexatofes and also possidly
preventins further infeetion. Fedly and Seshedri (1971) reperted
the same phentasnon in ease of 2ldieard treataent against N.4i5000~
nits on temato. The cleaical aldicarb sulfeme s 8 mon-Lunigant
systenic ssamticide and enly ints™e inte plant system and can act
wpea the nezatodes while feeding by inactivating er Yilling thes.
Helases (1970) sbeerved that aldicert in water selution dnhibited



117

loeOBOtion In mso of l«rva« Of -aitarodora roatocM nsia*
pott-iplant tr)at<T”~nt gIViSR In <~truB to control T.oittlllt
(Cohn« 1972) (~oar”ntly baeauBtt Of poor soil p«n«trft»
tlon and diffusion of funli“anto through oiri>«»soil and tha daap
rootad natura of dtroa traaa« whieh aldad in aorvival of
na«at9daa In root™lata in daa?ar lajrara of aoll* 3ut Txlr>ilia
vaa affaetivaly aontrollad in citroa aaadlinga in eloaad eoiw
tainara «han aoil vaa traotad vith aquaoua aolutiona of PB CP,
fanaulfothion (daaanit)* and aldiaarl) (taaiv) (rtdU 1969)*
~anaolfothion (daaanit) was uaad in gramtlar foxs whiob siglit
h«va aeeountad for ita lov affieaoy, whan eoai>arad to aldiearb
aulfona utileh waa uaad in agtiaoua aolation and dranahad around

tha plaota*

tha invaatiftationa earriad out htra rairaslad that I»aiailla
had vidaapraad oocarianea and cloaa aasociatim) vith tha alov
vilt diaaaaa of papnar. Tha pathocanaelty ax?«risaatal raanlta
proaad that r™aioilia vaa tha iodLtant of tha alov wilt diaaaaa*
?ha orosa infactivity atodiaa of tha foitr iaolatM froa pappar*
bailanax ooeonut and araeonut indiastad tha praaanea of fottr
*hO8t tyoaa'» and ban<nw« vaa a sora fevavrad boat for thaaa
four iaolataa. '"haaa findinga hava aignifie™ait ralaTanoa ta
erappine pattam whara banana ia plantad aa a avtaidiary crop
in tha initial phjiaa of ralainn pujry plantationa of pap?ar»
eoeoniit or araeanut, |[)|loraovar* papnar eoald ba infaetad by all
tha iaolataa. ’-artea c»otioa haa to be axareiaad vhlla iotroduo*

in« pappar aa aixad erop alon”™ with eoeonut or araoantit, vhieh
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ero alrtMdy in4*oet9d with =

Cultlvars and vild spaoiot gE ptppmt scr«an«d £9t th«ir
ro«I8tano« agalnat F.slgdlla ahowod that a £w hava laaa auaoap-
titllity. SerooRing all availit®la ear* plasst ia thara™ora
nacaasaxy vhieh eould aanra aa a aouroo Of raalct«nca or tola*
ranca Tor avolving aultael« “aa. Tha c**ieal control ra»
anlta hava ahown that aldift*rb aulfona« follovad ty /ananlXothian
(r*aanlt) at eight >g a.i. par ha«tara pravantad Infaetion of

cm papnar* Thbaaa naa”tieidaa eonld now )»a triad undar
riald eonditiona to axplors tha poaaibilitlaa of controlling: thia

naaatodo and ehae”™ tha apraad oi t”~ dia?aaa«

Thus tha praaant invaatigntiona hav9 opanad a naa tttBdriog
on tbo alov vilt diaaoaa problaa and aora laounaa aiist in our
Vaovlad™'a on varioua aapacta oX thia naactoda and ita boat plant*
tha pa”~par vina* It ia not vaoyn v*«thar all tha eae”™on atandarda
ttaad j»T trailing pappar vinaa ara alao infaota™ hf thia naoatoda.
Sttidiaa CR thaao aa”aeta would ha valuabla to af)voaat« ai™&aativa
control practieaa. “trthar roaaareh on tha biology Ma <
today biochaalodl siaohanlaaa involv«d in tha hoat™araaita ra»
lationahipa and tha acoloifdical iTaetora raaponaibla Tor tha
oecurxanca«apra”™d and safarity, would ba quita rawarding to

control tM.a nmatuda problaa on blac”™ pappar*



SUMMARY



VI.  SIMNAHT

InvtAtigatlons wero oerrlo<} out on th« rol9 o™ Xtm
bnrrowine namatode, adooholua al>!>llie (Cobb In tf>a "alow
wHt* diaaoao o* blac’- panjar® gtaor nlf?rii» L** pravalant la
Karnataka and ;;aralo. tha aaliont Undinga oX thoaa invastl»

gatlona ara auR7«riaad balow.

A aurvair vaa conduetad in and MMarala In tho
pap iar grovin”™ arona vhara alov wilt diaaaaa la pravalant. A
total Of 29.5 and 29*3 haetaroa wexra eovarad by tba aorvigr in
Aaranatelta and ;:arala roapaetivaly* Tha pareontacaa Of diaaaaa
ineldanee in tha ”“orvayad aia”™a vara 12*50 nnd 11*51 in

Aomat™ca and iierala roaoaetivaly.

faa:>laa rroiR 41 looatlcna eoUacrta™ £rom both tha at«taa«
ravaalad the praaarica Of r.ainllis in IR haalthj and in 25

diaaaao aoa9oetad vinaa,

Tha population of f.aiailio ranga™j Troa 3 to 49 in
haalthy and 3 to 61 in diaaeaad par 100 el oi’ aoil aroond tha
nnaa. Tha popul&tion par gro* root variad “roo 7 to 42 in

haalthar OOBi:>arad to 4 to 326 in diaeaaad vinaa.

oppm lotylanchtilua app., and La>UgotTlanohaa
3pp. vara i“raquantly aneounterad in tha aoil aaa™Maa in tba
auTfayad loe~tlana. Oecasionally Criconataciaaa ap?., IVlIaQcho*
rtgnchya app. end ?!OpXolaikug app. vcra elao raeordad. rrat>»
lanchua ap”. voa obaarvod both in aoil and root aavplaa only

iTron ?iddapur (jjumataka).



120

Tht survtty r«T9al9d thiit red lat«ritic aoil typ«« eoo-
talnad sora r>8igdll8 This n«(&atod« vas not obaorved in latazl-

tlc clay or clay loaay aolla.

J.aiailia wea iTound jTroquaatly In araas whara pappar was
Intarei-oppad vith araesnutt follovod by ooeoout and banana. Dut
tMa Do”atoda vaa not aneountarad whan pappar Intar«rop,>ad

with eoi™M'ao or gingar*

Hoat OF t*™>a eoonon eultivara oT pappar grown in i:arnataldi
and iiarala wara otaanra™ to ba inXaetad with R»aicilia in tba

plantationa*

I>tlallia invadad pap)ar “aadar roota preparing tha root
tip region, above tha elongation sone. T”iona ware forsed

within 73 houra Of nan/itoda Inoculation to tha roota.

Tha naoatodea ware obaerved to Taed eortieal paranohgma
calla. Tha cella at injfaction aite were tumad bro%am and finally

to blaeir in colour* rtalar portion Of root waa not arxaetad.

E#aifgilia eTxacted 93*8 and 79.2 and 94.97 «d P1.6 per
cent reductiona in ahoot length and wai®*M in 55 daya old papnar
rooted euttinga whan Inoculated with 1000 snd 10000 noaatodea

raapectivaly» at the end of 150 daya eo«)ar»d to tha ched”™ planta.

“hen chec™' planta produced an averege of 7.5 niifdber of
laavee per plant, tha planta inoculated with 1000 and IOOOOnoaa*
todea par pot containing 1500 «1 aoil produced only 1,5 «nd 1«4

laavea real»aatively.
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[.ginilis ocaused reduction in root length and weight dy
67.8 end 88,8 and 86.6 and 94.5 per oent 1n plamts :mnmcv
vith 1970 and 10007 nevatodes, respectively, 88 cospsred to the
ohec* plants,

The Mgheet seto of reproduction of 32.2 per cent was
®served in plants inocul sted vwith lovest nuaber of ten newd.
todes per pet., Thero weo & decline in final pepulatiocn §n
plants inoculated with 10000 nesatodes. The population in-
orease per grem root wvas 2300 and 2964 number of aematodes in
plants inoculated with 1000 and 10000 nematedes at the end of
150 days.

The pathogenicity experiment revealed that I.gisilis
vas capable of showing vizible syaptoms on above grewnd parts
o pepoer plants when initial soil populetion vas 1000 nesa-
todes per 1500 ml s0il or vhen sversge population per gras
root vas 2300 nurbers. This vas observed in case of 55 days
014 pepper rooted cutiings at 150 daye alfter inoceulation of
the nenatodes. ‘

Pepulation of f.pinjlis fsclated fyoe peppexr roote did
aot fafeet Citrushinensis, C.zstisulste, C.guremtifolis,
Coffes arabicg, coeconut and arecanut, but inlected dansns oanly.
L-similiia noprlation fs0l ated {roe bansna infected pepper,
coconut and srecanut. I.gi7ilisg population isocliated Lfrom coceawt
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p«pp«r «nd buifinn but not «r«esnut« Population w:
isolated jlto* ar«e«nut ltu'eotod p«pp«r aad banana
but not eocoBut. r‘haaa ilRdin™a indieatad that tha Xeur

laolataa ara diil™*arent -boat typaa**.

7ba l'ouT popttlationv iaolatad iTroa p~par# banai»a» eoeonut
and araeanut did not di/i“ar aisniXieantly in thair aoyphalogle

tflaanalona and praoartiona or anatoaical raatoraa,

Nlghtaan eultivara, four ?loar apaeiaa» and riva wild
aollaetiona orj~lpar* aeraanad againat F.ai-”~illa did not ravaal
any i-‘aunity or raaiat™“nca. But wild eollaetion (V Ittal)
~a.430»  jfIPBaflojhyllua. and ij~flttaaaatua raeordad laaa than
33 p«r cant root raduction and 1.5 tia9a of nsaatoda raprodoaUon,

ahovin”™ laas aaaoa'itibility,

/Aong tha thraa namatioidat nasialy aldiearb aulfonat

fanauli'othioa iind 0 B C i? and naaa obHi taatad for eootrol of
£«elaills on pappar« aldiearb aulfana vaa found to ba thi baat
at a doaaga of B vg »,i, p«r h«otara pravanting root infaetioo
and raaulting in iaor©va?™ant of plant growth, (laaf production,
ahoot and root growtb). /aoaulfotMLon waa naxt baat in thia raa-

pact followad by DB CP, Naaa caH waa inafiactiva*

Patwaan tha two wathoda taatad, poatoinoeulation appli*

eaiion of the ohanieals waa found to ba auoarior ovar tht pra*

inoettlation aathod of ap”lie~rtion.
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InfonsAticti on thi' extent of distribution nnd preTalecce of thle
uenPto”e in the pepper growlinf ere» e in our etete end It» role on
the Cfuee of the diaeree. Pl&nt ceaatodee ere prinerily soil
orff nieae Infectlrg roote, hence eoll «nd rootfc afttnplee are re-
eulred for laboratory e<Ktminatloc.

The followJnir points aty plepae be etrictly adhered to
while tekln#r end eendin™ the eoll fendroot Sfttplea.

1* To not teke ifBples Iro?n f<pote of oospletely died out Tinea*

2. 1eaore 3-5 cq surface eoll, collect aoil upto 55 c« deoth
rrourid feeder root zor”jj of pep~er Yinea,

5. Tool 3-4 auch »<*aplee er.d trke e repreeent™tiTe e«sple
of 250 g,

4« Tpka 20-30 g oi feet'er roote irostefoe Tinea (Plante).

5. Insetiately put theroil enC rootaenpiee to#;ether is
polythene bfegs, put one lable inside with given code
BttsS:er and tie the with e rubber brnd to neke elr
X tight anc aake enother lable outside. Polythene bega
and I»bela ere provided piong with thia for thet pur”oea.

6. Take two auch eeaolee fros (1) Heclthy Tinea, (2)
I/ieapaed Tinea where dlae” ee eprefd is auapeoted,;
in the ease loccilltion.

7. Fill in the details in the date aheet on the epot of
ac”apling.

8. I>0 net aicpoae the aaapie bega to aun or in hot placea
e drying of aoil rocte will kill the neaatodea.

9. to not allow the bage to get holea etc, a« it will ra-
ault in Boiature escape end drying of aoil «nd roots.

10. Arranre to send the e™apleci, the e&Be dey ea far fa
poeeible or at leeet next day it8<»If of taking atoiple
without ft 11.

11. t»nd the at™mnlea by Poet, well oacked in cloth bfiga or
cer€ toerd boxae by OnreFi~tereci Poet ;~rcel, to the
pddrecE glTen unter Itcas (12).

12. t;ri T.i .Vinkitaean, Ph.X. ~chol«”r, lepartaent of Plant
pathology, i.griculturcl College, O./.1. Hebbal,
Bangalore-660024








