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1 . mKODBCTiai

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

h ts to r ie  crops la  T&aie. Th« fo rest gliftto of K«x«l« enS 

th« Krbadp ro^oB of raraotftka aro the orlflBAX hoa# of 99pp*t 
(Atrcltea, 1959). Tlw eurod borrloa fora the papoar of

oomeroe. Tha pro<haetloii of pappar a« par o f f ic ia l  aa tlae tea  

iR 1974-’75 ^ a  28»I50 tonnaa froai an arae o f 121,820 haoteraa 

which la n a a rlj 25 per cent of tha to ta l  world prodnctloB. 

^ u r is f  th la  period 26»M1 toBttaa of pappar were exported froa 

India eerninir a fo re i(^  axeh«ii|re worth 344.8 a i l l io n  mpeea 

(Reorire, 1976)• Kerela a te te  ooTere over 90 per cent of 

Indie*B pepper are« end production. The raat ia  oontribatad 

\ j  fam ateke end ? e a il  Kedtt.

Plaek pepoar i t  known to  ce effected two typea of 

**wilt dieeeaee” , one ic  celled ea *qaiek w ilt” end the other 

ea "elow wilt**. Thaee diaeeaec are  prevalent in the pepper 

graving tra c te  in our coantry. Ooeurrence of "alow w ilt* waa 

f ir» t  reported by !̂ eBon (1949) froa i^oath Vynad ( fa r s le ) .  

Fecent atadiea indioeted th r t  ”o«ick w ilt*  w^a cennaed by 

Phrtophthore ap, e funirel p«itho#en (Beabier end imrm, 1974). 

But the  etioloiry involred in  *elow w ilt* hea renftined an- 

etrplored h ith e rto , fhe dieeaee ie  a ttrib u ted  to  verioue 

oruaer. Feoent repoxtm on the pri^ence of the burrowiniT 

neaetode, Kedopholus e ia i l i e  (Cobb, 1895)t ^home 1949 in 
iuoath Indie end the eaeocietion of th ie  neaetode with benena



(9 « lr , «t 1966) otls«r pI«ntetlon e r o p n  ltk«  p m p p m r  

• T id  (^*SoaM, f t  liJj,., 1970) «n« tfoeomt (foshjr# 1975)

ha» e^tt»«a §re(tt eonoers v ith  r«g«r« to i t s  re l*  i s  e«rt«lB 

e ffee tisg  %hw eiropt. Kvvstfeioa^i 23 «p«otM of 

padooholtte have boon report«a (^lior* 1968} Colbrea, 1970) 

onljPt R»»1»1 1 U  b«*B r«eofnis«d cs e ««Jor s««ito4« 

l>«thofeB ORusiae oeoBOMie 4«aeFt to ••ir«r«l orops.

Ib  r o c e n t  7« e r« f  th o  *mlom w i l t ” o f  b iae lc  p « p p « r Ivib 

boon obM rvvd  t o  b e  a f f o c t l s e  l« r |r*  im a b o rs  o f  t I b o s  l a  th «  

B B jo r p«pp« r grwinf: r a i r l o a s .  7h« ty p i« « l  s y a p to a t  o f  th o  

dia<i«a« a r e ,  p a r t i e l  t o  e o a n la t a  y o llo itf ic f  o f  la e v o a ,  l o a f  

d ro p  sad w lth o r la c r  o f  t I b m  ( l l f c .  1 ,  2 ,  5 and 4 )*  Tlia 

a f f e o ta d  a r t e  eortrt a b o u t 10 p a r  o a s t  o f  th a  t o t f t l  pcpi?ar 

g row lB f a r a e .  ib a  aan a  a a a a to d a  wea a l a e  r a p o r ta d  t o  ba 

raa:>O B aibla f o r  th a  " jra l lo v a  d ia a a a a *  o f  p a p p a r  i a  tb a  

Ial#^Bd o f  rafdcgft darlB#r 1950* a  w bieb ra a a  I t  ad 1b th a  d e a llB a  

o f  p e p -a r  iB d a a try  t h a r a  (v sb  d a r  V a eb t, 1 9 5 0 ) .  O aly > few 

i £ v a a t l |« t l o i i a  h av a  b aea  e a r r t a d  o u t  r a l a t l a r  t o  t h l a  n a a o to d a  

p a r t i O t t l a r l y ,  o s  p a p p a r  1b o u r  e o « K try .

I h a r a f o r «  t o  g a t h e r  a o a a  p r a l ia lB a z y  ia for iB R tlcn i ob  

th a  r o l a  o f  t h i a  B am atoda 1b tb a  " alow  w ilt**  d ia a a a a  la e id a B o a t  

tb a  f o l lo w lB g  iB a a e t i f a t l o B a  v a r a  o a r r la d  o a t .

1. turraj of aoae laiporteBt black pappar frowlBg araea 

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



fig . I .  Htalthar p ^ p p t vlSM

fig . 2m SlMtMd p*pp«r viMS Ob p«lM
vitli pm etiA  jflXtmiMg

fi<* 9* 9«Pi»r sbtiwiiig «XI
X««V«« tOTMd y«ll0w« Witb SpflOMMI

vlaea la  f in a l «tai 
of ^  d lo o tf tf  ohowlcg a l l  locfto  
«rop|Mi«



Pig. 1 Pig. 2

Fig. 3 Pig. 4



K arn^tnira, t o  o b tc l c  I n f o n s a t lo n  ob th «  o cca rr« n o e  

end d ie t r i b a t iO B  o f  in

2. Th« p&thog«Bielty of to  blcok p«ptv«r, 1b*

clud lsf the uetur* ot densir# to  taost.

5 . To ••tRbllel) ty  •jcporlaentttl «vldenc«» th« btotype 

•tPttte of the pepper leo le te  of K«e l« l l t r  end tbo 

crocB in fective  beb&vlour of the populetlone of th ie  

neasntode i&oli^tetf fro« pepper, beeaae, eocomt end 

arec^But, eaonr the«.

4* &ereenlB^ of eoce eoonca cu ltiv^re  of bleck pepper 
fro« Ker*»l» and Ifercett te ineludinf %lld r ip e r  epo. 

Sfrelnft R.e la i l tg .

5 * ’̂ OBdoctiBr of pot culture studiee to  t<et the 

efiicbcy of three nea«ticldee mv.ely, eldlcf^rb
V

eulfoce, fec0alfothion» £ ? C ? pnt neec cf l̂ce. In 

controlllQ^ I '.e lo l l lc  on fcleck pepoer and th e ir  

e ffec t oc grovth find v lfour of the pepper ▼Inee,
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XX. %mim 0# lOLTflunais 

( c m ,  W 93) I W  papoX arlf 1m«m

M  tb9  b«T rm iii8  n«««tod« ha* noir b M iM  •  v iiM p r« « d  Bwat«tf« 

t a  «nd p a rts  a f t t e  varX<i.

I^mrlng Ctibb's invastlgatiooa as tha ttaoaaad hmmnB roo t 

M taz la ls*  raaaivad £r9m i i | i  i a  1«9X ha abaaivatf aala  apaeU 

aatia e r a i^ r a a i t la  aaaatadat vtiiete ha 4 a a a r iM  l a  1093 aa 

Tirlaaehua a ia U ta . la  t ^  aaaa ra a r  ha tfa ae rlM  tha Xaswla 

^ a a ia a n a  aa f r la c a h it  ctanalaaaa a tta lnad  froa baaana ra a ta . 
*§lbi» whlla atttdjring roots o^ dlaaaaatf sa§araaaa ia  HMfailan 

lalnnda fm aaaa aaraaa both aalaa and ^aaalaa of a ai^eaiaa a f  

ffaeatodat whiah in  1909, ha dotorlbad • •  Tylanohaa b i^o ra la* 
Siibaa^aat invaatigatlona earrlod out by Cobb« i»ith dlaaasad 

bafiaaa rMLaoaaa# eonvinead him« th t t  tha abova thiaa aaa 

afaataa  taaaribad by hia wara aetoaU f oiia and tha aaaa m i  
tharo^ora ha ratainad T»lanehi» a la i l i a  aa tha typa apaalaa la  

tha d f ta ila d  radaaailp iioa  ptibliahid i a  191$. ?haa«h i t  aaa 

inaXadad aad«r varioaa gaaaria aaaaa# hr a a ta ta l aaihaa^aaat 

ao r'^ rS f tha praaaat ganarie aaaa was propo09d tqr Tharaa (1949) 

aod aoa«id«rad t i l l  aow aa a valid nma* Shtr (I960) rf^PMrda 

f  .iocawilaaaa* aa aa a a r l ia r  ajrnony® or f . a ia i l la  and eaaiiraad  

aa tha tfp a  apaaiaa oi tha gaiiiia.

gx l i i i j r t n n a

T .a ia i l i a  ia  foand aow aasoalatad with aavaral iap artaa t 

aropa and aznaoantal p laa ta . Shar (I960) aaa«id9rad tha gaana



to  b« iad 9g«Aoas to  A w tio lio . tiwmmgmmn {1999) 

fotnd i t  oaooeiatod with 99itm  in I t  vao ostabXloliod

o« 0 p o to stio l p m o ito  of too to  J«vo bf Stoinor 

(1 9 ^ )*  Von dor VooM (1950) loposto^ th lo  eoM toio jTm  

Xolondd* Iiideiiooia ooooing ”? ^ p o r  yolloifo” . In 

tho «rpxoodiim 4ooIino of « it?w *  w u  ^ow s oiiieo 1929» but 
m&t v l th  th lo  aoootoio m ti lp  (Bwit os4 BoChosao*
1955). Though Cobb (191$) roportod thlo nooatodo aa tba  ooooa

o i ttio root <Hooaoo ojT oagoMono oni boftooot only soeontlyv i t  

woo i««im^^loo4 00 tb t oa jo r banana r<wt pathogoii* loplooing 

too JTcrgao JftM iw t C tooor* 1972)* Xb bOMRo^tha dlo?ooo 
•oaood by Wjowo ttqroogtMHit tlio vorKI aa Rodooholiie

root r o t ,  bloo>Hoo4« blooMiood toppling dioaooo and doelino*

I t  io  roportod ao sasoeiatod with bonaaa £rom  Paoi^io XoXan4o 

(C^b» 1993), footb ^ o t  loio (Lortor m4 Allon, 19$9),

Control oiii Sootb %oriea (£^tooor and i^oldlng, 1999)# tbo 

CoribbMHi Xolondo (iMOtit 1959}» Ivory coaot (Loo and Vilordobo, 

1961) and A m trolio (ri«i*o« 1991 )• I t  io  aloe roportod to  bo 

prooont in  /ranoo (neotto t «  n m m m o t 1967)« Siainan (Mioo« 

19S9b)» Coylon aaaoeiatod v itti too (Siva^alan, 1 9 ^ )« in  loi# 
void 0/ Fboiaoia ( iaoB« 1969o)» ^ooaabi«oo ( :varia to , 1969) •

(-ttirlian« 1970)» South Aftioa (cnobuo and Hiln«,l969)» 
Qfmna (lddoh« 1971)« ' oat Xndioo <teon« 1971b), Pfalavi (Anon, 
1972) and in  Taivon (l%tan«, 1972). I t  ia  prooont in  tansanio 
oad iboairo (Sfwide and fay lo r, 1973) and Saobia (laoeaotora and



1919). t e j a i i  (1971) i t*  oeottmtMw on

w ££99 in  h M lip lim  ^er th* £ t r s t  t l M « I t  i s

•ttsoelatttd with b«tl« vin« i s  >̂999  ̂ (Anost 1974%)«

Th« 9ecmewmnc9 9i titts  asM to is ta  Siwlli M i s  Immi 

bssn rseofd^d s« ss]>lf ss 1933 b j  ?.C^oo4iQf. i s i r  § |, Ifl̂ e 

(19€6) rspovtsd i t  os bsasna itnt tlw  f i r s t  tis s*  Xt«b Asvsls*

BsssBt tu rv srs  in^ isa tsd  i t s  ssssc is tio n  with teasns* blssk

fSffSVt W tls  v ia s t s s s to s a  (^'f^sssst i i  2 l* t 1970) satf 
svsesast (v:sssr 1971). Tlisagb ¥sa vssxtft f i
(19i9) sstsM ishsd  eseoiut ss  s  Im t s f  y . t i ^ l i s  ia ils r l4 s«  

vsisshsr*s (19€7) s ts d is s  xsvsalsd i t s  ooetmrsnos JTor ths 
f i r s t  t i a s  In th s  "sseonut w ilt” s ffs s tsd  palm  in  Ssvthsra 

s s ta l s .  YsfOcitssMi (1973) r ^ o r ts d  i t s  ssssoistiSR  with 

p9gp9g in  i l^ i is x a  ftm lm , Ths sx tsn t t s  whieh tliis  
a sa a ts is  is  4istsih«ts<i i a  4 iffs rsn t s t s t s s  i a  Ssath Zaiia 
hss a s t  bsaa in v a s tifs ts4  s s  fsr«

Crtps sfXsetstf fef r . s l^ i l l s  r s s u l t  i a  nnpro^itsbls 
tstaifis*  ^  xstfnsisc v igsor 9t hast s ro fs  sad strt»ss%«snt 

yisltf* Tisl4 in^rsasas 9 t  ^ O S O  pmr esot wsrs ib ta in s i 

sdi»t>ting control a sssarss  ia  hsasas (Blsis* 1972 )• vshant 

sn<l 'Awards (1969) sspsrtsd  th a t o i ia f s s ts i  bananft p lo ts  

fi«14 opts 17vOCO lbs p9T sera p sr f s s r  aora fru its*  th m



£t99 inXest^d p lo t a .  In SurlRM » (1969) v«pOftod that 
In 100 9«r e«nt lnr««t9d p lo ts  bcnonn ylold w«« 3? toim«c 

«o.ip«r9d v ith  73 tonn«« h«etar« s»«r jr«ar la  l»se thfla 
30 p«r e«nt unln/«et9d i!lold«. In th« «pr«»<iin^

d«oXin« OX e ltru s  dlMas* e«u»a« a yi«14 r«<Siiction o£ 50-^0 

p«r o*nt In gr«p« iTruita and 40->70 pmt cant in  orangaa* in  

Infastad grovaa (?ouchar f t  § i.., 1967). '^aalthjr g w a a  pro- 

tfttead 535 bosaa par aera emparad to  25 bmaa in  ini^aata4 

grliras. In tha BanVga laland* Indonaala vhara ovar 22 a llU on  

*^«p^ar tra a a ” (vlnaa) vara jTlottrlafdng vail* a t ona tiaa* 

tNt •yallowa** dlsaasa cauaad by F .atartlia  raduead tha vlnaa 

at^nding to  a favar than 2 a illicm  irlnaa in  tha ooirraa 0^ 

tvo daeadaa, 1 .a . batvaan 1930 md 1950, Vhan a gardan pro- 

duoad Xor savar«l daeadaa, a p lanting  nov hardly aorvlvaa 

Xor 3 to  5 yaara (?i>!Oma» 1961). In a aurvay on coconut in  

Zaralat F .a ia l l i s  vas raoovarad Tro« roota o£ paisa aXi'aetad 
by ro o t^ i l t^ d la  ?aaa ( mon, 1974a).

F.a l» i l la  is  a highly polyphagoaa naaatoda and haa a 
wida rango o£ hoata (?>tich9r f t  a l . ,  1967) including, sain ly  

b«riana, eitrua* blacX psppar* coriTaa* taa^cjconut* avoeado 

aofrAroAna, aaiaa, a^vax^l vagatablaa* graasaat tra^ eropa and 
caraa la . Thay r«i>ortad aan^o, lantana* ai»rigold, ^ to ta la r ia , 

lit^eh i»  to m ip , lattoea« v ild  lisa*  ‘?arela aa ap. aa aoaa 
ia^tortnnt nors.hoata. boata raportad vara potata« paanut«



rle ft.an d  vh«iit (<<»rtin f t  1969),

(T ^har«« , 1972), >^wioraic<i pjiairtntU (0* B«nncm, 1973). 

soxfhan* avoTcS t««nt Ii»a  Mart, ••sbaniAt rftblsa bMn and 

•phrosla vQgalll and 4 wa«d apaclet {^Avmrdt and Wahcuntt 

1971). In Indi« '»loa^ batl»» • la tta r la  caKiamwBua (D*io«m 

f t  1970) anil araeanut (ft.mar ^  i l .«  1971) ara r»pOrta4
aa nsw hMta o£ th ia  naoatoda. ?vafl thouith larga nmbar oX 
p lan t apaetas hava baan raportad as hoata o£ 1 . eiffiilig, tlila  

nasatoda hna baan obaarvad to  hava hoat praXarane^St asone 

diiTifarant populations in  di^Xarant ragicma or t r a c ts .  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 ŝ appanr a t ooa or aora apota in a pappar 
Mrdan vhara ona or ^av vinaa ar<9 ari'aetad and gradually 

apraada u r t l l  larga arana ara inTolwS* Ttia vlnaa atop «r<Ai» 

in f ,  tha fo lia ra  turna yallov and thara ia  dia»bac^ and laaX 

drop (C hrla tla , 1957). ^ocordlnf to  v-an dar Vaoht (1950) tha 
dla«(«8a ttffually a ta r ta  in  iaolatad apota. ^  to  the active 

diaparoal o/ nariatodaa in ao il thaas apota artand gradualist 
ao th a t larg9 bald araaa davalop* aurroor.dad by planta in 

various atag^a o^ d a ta rio ra tion  and yallov ing . Such araaa 
ara with apparently haaltry  p lan ta , roota or whi«h, howavar



on nation ahov alrof?<Sy lig h t inx 'aatation» grovth

atagnaitlon In a jfw olants potnta to , alraady ajciatinf In -  

fa tta tio n  tha s o il .  Uaoallyt tha tjrpieal f i lm in g  aynptoaa 

roLlovad by laax* drop show up not a a r l la r  than during Jtirat 

rlDdnin/? o£ j^rulta. 'Id e r p lan ta <siqr filso auXi’a r  haavlly 
iTroe) the mmatode in^aetion md pariah within a a i^ r t parlod, 

*o>arantly th la  la  das to  ra la tiv a ly  a ligh t llgnlx 'ieation oX 

aaln roota* which say be v illa d  eosnlataly bf natMtodaa pana* 

txiitlng in to  Vida nadollar raya* Van dar Vaeht Pbaarvad th a t 
in  twia eea»? alao , naoatodaa ;^anatrata in to  •hair* ro o ta . thay 

boxa tunnala in to  p a r a n o ia  tlaeui^af mainly longitudinal onaa. 
thei plaread ea lla  dla and aoon tonnala ara v ia ib la  aa darv 

apota* a ta rtln g  irom th in  ro o ta . Thay o^tan oanatrata In t^  

pai^anehyffiatoua co rtieo l tiasuae end also in to  aadullar raya 

OA thicN ir roota» vhtch in caa^ oi fiaavy in i'aa ta tion  ara cut 

o££ coaplataly • ” ^aa roota show fRirmroua laaiona and pro- 

nowead d laeo loration . ?ha aain roota ara davold oi a^a ll 

^a®dar roota and axtanalva naerosla ox tha  l«pgar la te ra la  

^?rodiially davaloo. "^rowth oai^s^s, aoon ai’t a r  tha yallowini^

9£ laavaSf baoor^«)a a>*>arant and production oX paanar rartidly 

dacllnaa. favara dia-bacv and daath oX tha vinaa avantually 
follow, fha j^ ra t  Indication or yallowa die aaa of pappar la  

the appearance o£ ooeitalonal yallowad laavas on vinaa. ?hia 

inc^naaa  in  noT^tara t u t i l  v ith in  a yaar* lar«a portion or 
aven a l l  ox' th« i!Dlias> may becbwa involvad. ^a«fciar (1976)
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v tp e rM  t t e t  • I tn  w ilt <Ha««0e mv« | i t s  i^ M ra sc *
««st sofiMon. t u t  ^ 9t«B8 ftz» eliaraet^riM d % In*

I t i a l  /•U ov in^  9i l9v«r wbicb s t̂tAuaXlf prtggm*
qpwiHa T««Qltifis i s  M p ls t*  y« ll owing th« fo lU e*  

•iatdtftnvoaa tfsi^oliatiOR. Ttw «Xi:«et«i} trliMs 4i« fsadiMtllj 

c^ tvr th« 01' • r t« rn a l 87«pt«M» f  h» « t« i

roo ts  thtM vaseular broipnlng though &ot e«»io to iitljr • 

tiAig (1975) roporlodt MololdogyRe mpm M tho »o«t ispo rtan t

gr t̂ip 9t noffiatodos in  causing groAmd doclino 9t
p«p?«r eh m cto fiood  bjr u rtlo lX tr grMtth mid jrolls^idng 

or lOftYOS.

MLSEBL

Tbo b«no«iiii asMtodo spoado virtualX f i to  «B(lra l i ^  
v lttiia  hoot ro o t« lo ts . T h^ ottacv osly hoaltfair yoasg ovoeiu 
loiHi roodor ro0t»l9t t ip s  . Loos (1^62) otudiod t̂ Mi liX« h io t0zy 

Md habits o£ th9 noaotodo attac'^ing banm a. Tho la id

m  lA ovstsgo 3 .5  to  4 .6  ogga por daijr and oonttnuod to  lajr 

i t  tvo vo«^-«. tho oggo httehod w itbla 5 to  •  dagra. Lstvsl 

p«rlod vAo 10 to  13 daya* b«t •attnod to  adulta i a  11 de^pa* 

Adolta la id  og^a i a  two daya a f io r  tba la a t  a o a l t .  All larva l 
a ti^oa  81̂  X^anloa wor« inXaetiva bat aalaa v«ra anabla to  ia»  

ra« t roo ta . ffm l i r a  eyelo to^v 20*23 dara to  aaaplato air 
7I5»90^# toapas«tora* h o rd in g  to  mchaxno aad ? flaa  (19d6)t 

itt e ltru e  tha l i r a  eycla waa eaa^latad ia  1S*20 dajra a t 75*2 

to  Tha noabor or agrs la id  xangad £rm ono to  aix a i ^
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p«:r d » y . l^ d e r  c o n tro lle d  c im d itlona  In  «z»nlo ro o t oultvtrm 

t b i f  iouni th 9 l a x ^ a t  p o p td a tlo n  In  a colony a te r tc d  Xroa 

on» iT rsals r o A c ^  to  A7t000 n tn b ara  l a  05 d t^ a .  In aonc 

co lon l^a*  aacond j^an^rfltion i'a aa lea  la id  v la b la  9C&b a i^  p ro . 

ducad a c t iv a  co lo o iaa  o;̂  m a l^  and ^9?« laa a lthough  no aa laa  

have bean in tro d u ce d  in to  th a  co lo n y . ¥an d a r  Vaebt i l 9 5 0 ) 

atiadllod th d  lnn .oonc9  ox' T . a tiB llla  inx’a a ta t lo n  on 2 a o n th  old 

p«I)p9r aaadlin-^a in  ptxta v l t h  a t a r i l e  s o i l  In o cu la tad  w ith  

20 jT«>^alaa. 'irt*»r a iz  aontha* ha could  dbtisin about 2*^00 

naeiatodas trom th a  ro o ta  and a o i l  o£ in o c u la ta d  p o t .  )'« 

obfiarv>d th a t  agga a ra  la id  a in g ly  in  th a  roota*  a / t e r  a 

day a th a  la rv a e  Hatch« which develop i n to  a d u lt a in  i^our to  

r iv a  vaa^'tt. Mal^a axe round in  th a  ro o t t ia s u a a  <mly a t  apo ta  

whara a t  le a a t  one fl^nera tion  hPo daveloped . Tha n a tu re  o£ 

re p ro d u c tio n , embryology and p08t«>«mbTcjir0nlc d ev e lo jq v n t o£

l» 2 jL a l i l l  a tu d ia d  in  d e t a i l  by Van *eerd t (195^f
reported

136 3 ). BrooVft and P a rry  (1 9 6 3 )/apparent F a r th a n o ^ e n e tic  re*  

p ro d u c tio n  i ^ t o  th i r d  ^ :enara tion .

lav aa lo n t^  ypot In juxy and Itteaa th p X o g y

Blav# (1966) a tu d y in ^  th a  in v aa io n  o£ ! . a i a i l l a  on 

'-:uaa o m a ta  aaedlingB  o taarv ad  th a t  f o u r th  a ta g a  la rv a e  o r 

a d u l t  £mmlBa had invadad ro o ta ,  12 houra a j t ta r  in o c u la tio n *  

w ith in  1 cm oX th a  ro o t  t i p ,  a lthough  x'aw invadad along  th a  

whola la n g th .  L o n g itu d in a l and tran a v ^ ra ?  ae c tio n a  o£ i o -  

I 'ec tio n  c o u rta  ahowed th a t bo th  a d iilta  and Ic rv ae  to o v  «



It

pM ition  9 «K«n«lQ^ M ll«  fa  ih t  cort«x»

OBtt %» t w  e« ll»  WfiMth « ip id m it.  fim pw—m m  %t 
eaiiM d r a i t i« « iw  m I U  t a  i tm  na

i ii ta ro s iltt la r  pw ltloB  ifiMrt«tf th a iv  vtyUft throofli 
M il  vally  aad e««i*4 i t  to

lim ifiM t*  arooD^ th a l r  a ^ l a t  tip *  KitMa 18 baara oC ttmiT 
• 8t i 3r« a laa  oi nu^aaa  and ntttil.a9liia tno^Zmt a a l la  ia a a i ia ta lf  

aaxToandifig ttiaa M  Increaaai a ifs l^ lea titljr . Hr alsoat 

94 itaars ttia crtap laaa iiad bagaa to  ra tia o t Aros e a l l  v a il  

aiKi a i t a r  H  hoarat aaaally oeo^piad lasa  than oaa t l i l t i  

veiona o f tti» aall*  thaaa a ia a m tio o a  aam aat t h i t  th i f  

ra<i4 d ira e tly  on a a ll  ajrtiflaaa* S la t la r  eMuifsa oaccrrad in  

t« a  or tiiraa ao lla  aroaad tha  tiaad o£ aaah Ba>at»<a» aafgaat^ 

inif th a t thoir Xaa4 in  t m  on tb taa  ealla* Tha aaaant o f 

ajftoplasa tn  a a lla  on whiah thor aoatinuad to  ba i a<aaa< 

i r t i l  oa lr noelaai and a ao a ll aaotnt 9i asrttflaaa zaaainaa. 

Than naalatta 4ialiitassata4« priaaxr a a l l  a a l l  wvtoxad, a 

tm i t f  raxetad an<l tha noaatodaa aoaallf aovad in ta  th la  apM a. 

r^a^ ra l nanatodaa vaia aaooeietad v ith  aaah ini^aatloo aoiirt 
an<l tlioaa aav itlaa  foiaad b f ind iv idaal naaatodaa la to r  
aoiilaaad* Tha n a a a to te  wilargad thaaa eav ltiaa  ^  jTa^diog 
on po rifiia ia l a a lla  and taanaling  la ta ra lly  in  c o r tts  and 
towaxds andodaxaia* >|rpax^lMia tnd Iq rp artr^ l^  woro xara 
an<l naaroaia «aa a su a llj  aaniTlnad to  aa lla  lin in g  eevltlaa* 

taimala and to  apidaxaal a a lla  in ja tad  daxing inaaaioa* THa



2»

•laiiMM 9t iroot did not show ®jf Invesion during th*

f i r s t  • x M p t  a  mwll f w e t « r «  o a  wlleli • M 4

b« witfa XO to  14 «ff«9 iticipiM n

«9idld b« d«t9«!tfii Iff n99x*9tm 9i ••1 1 a  arM Rd 

tiofi eon rt. In 21 to  26 days aztaaalvv eavitiMf X am d la  

th$ oartax asd i a ^  loiiglttidinal eraaNi v ith  raiaad wmggkm 
wmn evidant oa rea t aarfaoa ovarlying tha  laa io ii. Zavaaiaa 

ai‘ a ta la  waa not abaaxvadt avan vhava tha Iw iafM at c a lla  a f  

•a r ta s  vara daatro^ad. la  baaaaa roata« tha aadedasele i s  

atronely  davalopad vhlah probnftXy pravanta !! j i i a i l l a  twm 
aatarlBn; tha  a ta la  through tha ea ttax .

Xa a ttrv a  M haxaa (1959) ^ a a r v ^  th a t  raaalaa aa< 
la tv aa  a a te r  crowing faadar roota aaar tlp a  l a  tha lac iaa  af 
e a l l  aloeg^tion and root hair s»rodaa*iaa. Oi fa a a tra tto a  th^r 

raad aa a a r tia a l paraaalyaa a a lla  and g iadiiallf Imrrov ta» 

warda atala« tt^eatiag tannala aad eav ltlaa  ia  tha  tiaaaa« Thif 
aosoittlata ia  phlaaa and aaBbii)^ ring ragion. m a  part aT 

root l a  oxtan oaaplataljr daatr^ad«  laaving a a a v ltf  jCillad 

v i th  tiiMi* ftpartrophgr, t^parplaala ot p a rla ra la  ealla*  taaoiir 

f o m t io n  and aeew olation  of voand gm ra a td t i a  paxaaitiaad

ittaaaaa. XniTaatad roota baar atiaaraaa laaiom i, &tax«^ gralna
/

ditttfpaidr £roa a a lla  in  «id adjoining laaion a raa . 6aa aaaa» 

•tfLatad tisa aa a  iap a rt a taa*-to»«»b«r ealonr ia  a ld a r portion 
or laaiona, ?arl«arala taaoara a ra  alaa a t ta a ^ d  fegr thaa*

P a it and DaCharaa raportad (Citad by Paaahar f t  j i . ,  1967)
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thmt t h a  popttlatio fl in  in d iv id u a l lo s io n s  varl« d  ifroa 1«>739. 

Cficsidy <1930) o b ta in ad  2*532 sp9cin«na o f  l : .« i » i l l a  Xrofi on« 

l i n e a r  in c h  ojC augereena ro o t in  l u v e i i .  Tb» nacatoda

ern  u a u a llf  a n ta r  a ro o t in  c i t r u s  in  la a s  th an  24 h o u rs . Tba 

optimam ta n ^ a ra tu ra  &or ro o t in v aa io n  and rap ro d ae tio n  i s  

24®C, th a  Binisiun i2»C -  15*C and th a  <Mixlini» 29.5 -  32.5»C 

(T nC h««a, 1969).

In pap>ar r:>ota tJ-aar bor® ttmnala in to  paronel^a  tia su a . 
Tha piarcad c a l ls  dia and aoon tunnala ara v la ib la  ae dar'^ 

apota. Thay alao  p^natrata in ta  madullazy reya oX th lc ’̂ r  
ro-ita laadin^ to  bloc^in^ o£ tha vaasala. Tha hiatoloi^eal 

ehnn^^^s broo^ht 0!it by th a ir  panatrstion  and fasdinfi in  pappar 

root© hava not baan atfidjad and olaerly  ondasrtood. Iniovsmtton 
la  aleo lac’-ln#; in  rasf>act of in ju ria s  oauaad by tha naoMitoda 
to  othar boat crooe liv*  eoA.'faa, taa , coconut and araeanot.

Ijjotyoaa of tha pathogan

7ba f i r s t  r a 90r t  on th a  p o a s ib i l i ty  o r  b io lo . 'i c a l  racaa  

in  r . a l a i l i e  was aada by ^^^ally md ! ^ d o n  (19^1) vhan th ay  

vasra onabla to  i n f  a c t O lgantochloa w ith  ^ ae im an a  obtiB.lnad 

^ O ffso ro b u s t? , l^atar i^uChar^a and B irc h f ia ld  (li#56) 

id a n t i f i a d  two p h y a io lo g ic a l racas  o f I . a i a i l i g .  ona, th a  

”c i t r u a  r a e e ” which p a r a a i t ia a s  bo th  e i t r u a  and banana, ra»  

CDxdad only in  «?lorida and aaeond th a  "banana xttoa** which 

p a r a a i t i z a s  banana but n o t c i t r u s ,  f h ^  g s t  th a  f i r s t
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•vld«ne« ied iec tiag  thm •3d«t«ne« eX ffcfiie lA fiM l x«ci«« 

trm  tti« 4to«rvatiOf}« tiw t rM U  «tf b«a«a« (Kttia MW) 

a^JoscMt t«  « c i t iw  tw v*  hMvlly 9«rasitis«d  but 

aot tlM eitriMi ro9t«« Thty r«port«« %iw ®f
mdtftmnm o£ a tldx^ mo« in  tlw £!•!< tttTM liac i i t m  o a lf  • 

ftw f tUm  « tiid i«d  100 a 4 « l t  tm m U  •p u ±m m » 9i b o tli th «  

v»M9 and tai#a« but eoold R«t jtix np anf

r<HMKi« iMtiKMO thM  tqr ttMlz' aerpliological eN nraetm * t'iMf 
414 ttot study etmrttctars larvM  or adolt Mi««* l*a&» tmA 
Ltioa (I960) tlw blaev h»a4 or baam a (flMft
aociwlngta) in  J«««1oa end Itava glvan aeaa «Tid«Reo or tha  

a«lataiiea oiT raeaa l « a la llia  txom d m azan t ld«atiaaa»
fan i ^ r a t  (1997) rap a r t  «d th a t th a  pa^olations a /  

abtainad gwtaa a ia raah rlla  v a ria tf  Japaoica« SslsSftB

M a Sisl. la M ttH ii a » i fiS ia  rnMmm m m
^  (^aanaia on c .liaon  roo t atdev %i«ra iw«i £0r

vcrioua ereaa inoaala ttan  atodiaa* Inaeidationa an t a  tlia 

boata rrae  wtnah apaaiaan wbaza orig iaalljf axtraeta4» vaxa 
aneeaaaXal. /ra a  e itro a  th i f  raa4Uir inXaatad Ifre0D«Mia0ii 

^c iilaa tiw  wmt±9%f fwtKafa aa4 aara varia iy  Baataa, but 
riiiioeala tto ii t a  trm  thaaa baata vara not auaoaaafal.

rpaataana fra a  Moaa nima an4 2mm mam raad ily  in^aatad batb 
baata* f% atntad tb a t a l t r t»  abaald aallad  a i^aar boat jfar 
F .aioA lie. Ho eoitld not olao n n d  anr aox^hoXogleal voriationa 

batvaan tha dlTfvront populations. bar (1919} alao atodiad

■^-398



u

i l l  tH« m oTpboloar o r  ojT

• • w r a l  he*t« and iron ii££9rmn% lOMtioM and w«s aot id»I«

%9 flatf wmt^4 varia tions i s  th a ir  aaaaaraaaata  aa< aliaM * 

tava t a  i i f ia r a n t ic ta  tliaa aa to  twa or aoxa aapaiaf* ^ a a ta a .  
AfsXa and l̂ ogian (1 9 ^ )  obaarvad in  ?«arta  Biaa th a t  i* a la i l ia  

v idaly d iatx lbatad  in  baama and p lan ta ia  aaila*  ?(>af ^wrtliar 
rapartad th a t  th a  aaiXaa vaa injfaatad bjr B .a i» i l i a > bat tba 

plantisins and d t r a a  roo ts in tara inclad  with F .aiaiXla i»» 

^aatad a a^ ’aa roata wara Xsaa ^raa tha j^aiaaitat io d ia a tia t  
t i a t  a aoo^anaaa a tra ia  ia  pT—^  ia  Paarta  F iaa. ! . a ia i l ia  

«f»a not Jtaoiid ia /aa tin g  aagaraaaa and a i t r a i  i a  ths araaa tiMy 

aiiorvayad. Labor at or y atudiaa aondoatad bgr thaa did aot ra» 

a o lt  in  araaa ia fa a tio a a . Thaa Xtmj poatulatod that vitfaia 

baaatia raaa thara a^paarad to  ba aavaral a tra ina  aa iadiaatad 

by boat raa^aaaaa. Martia gt j i , ,  (X969) abaaraad ia  Fhadaaia 

t t e t  P_,a ia i l i a  io taa tad  grotmdmit, aaiaa« tabaaaa« potato* 

rlaa* whaatt aotton» aoyabaaatO««areaRa and taa« bat not laaaa. 

Thay pXaatad aaadlinga o£ thaaa arapa alaaa ta  tha ^aaudaataaa 

9i baaaaa varla ty , dvarf aavandiaht roata  9i wfaiah vara baaaily 

iikfaatad with f .a i a i l i a * ^ a a p t  Xaaon aaadlia^a tha  naaatoda 
vaa raaoaarad rraa  raota of a l l  a r ^ e  growi ia  tha  t r i a l*  tlNf 
acmeidarad tha  raaa or F#a ia i l ia  praaaat thara ta  bo a aoat 

aariooa ta ra a i ta  of groandouta* aa aoat oT tha oadarcroaBd 
IMirta aora haaaiXy invadad. iMaarda and Vabant (1971) taa tad  
t h i r ^  a ix  aropa aad aix ty  roar aaad apaciaa afi^aat tv a  
p49ttXatiaBa (Faaaaa and andoraa} or R.a ia i l ia  inTaatiac
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biiiittnii ax^atf la  MMiriea. ?tMf thift both

p9|p«l«tl8n«9 inXMtod in  eoosda only hmnm Toghyogli

•«ni»U»» kSEStssS aa< M

di^iToniitlal tniToativity to  o i l  othor ^loot apoeioo too to i 

feif tN «9 ohovin^ tho dfliTofsoiit iiifoetlvo botevioor tbo 

two popolationo. lo ^otol (ro«th -^zloo} rootob (1972) vo» 

9«rt«4 hlo rindiB^o on tho roaetion of r  *atmil±9 on ovor 

40 oowBoroiollsr 6v«vo ^ loat opoeioo. Aoooxdiog to  Hlo tho 

^  IL^ltelllS, ottaoklng 4woxX eoooadloli bwfioaa la  Wotol 
oooootf •otf#tot9 ro0t  lejQxy on ^borglooy oon‘oo« toooto ana 

pototo oo ltlv o fo . I t  ootiood oovoro to  vo«y oovoro iajttu r oa 
i^oaaatf ooycboanf ploniolB boaana* aoKthaa^ aaiao ani ai«a»» 

oMio o a rio tio o . Toa« takMOO* loaoa md aovoral oagotablda 
Vftro nM iotant on wtdob tho aoaatodo did aot aarvodly i»» 
otiraoao and only a lig h t roo t daaago ooeonod. jrajtroatio 

fiatsnss i^artoty oz«olo» radioh* ohallo tt £haooolw d H U ! *  
IgBHtt# and oplnaoh appoaxod to  bo iaaaao to  a tto ev . xa 

Koaaabiqao ( to la ,  lSt4) aaalyola of ovor 1000 aaaploo ahovod 

t  hat tho banana popalatioB «aa aasoeiatod i^ th  poaai«iia« ao tton , 

aaiao and toaato  oropo • 0*i>o«aa f t  (1970) r^ o r to d  tho 

o«eiixrono« or l . iS ^ y ia  on ^usfi o|^«« t ia a y  JAOMm, U&SC 
Hfflftlo and J lo t ta r ia  oardaiKia in  tho ooffoo tsa a ta  9i aouth 

voftom  Ind ia . 7 hoy eonld not find ooffoo root a infoatod 

v ith  B» a ln ilia * Xa addition« mmmr j[t (1971) rooordod 
i t  on i a s a  ooffoo t r a e ta .  Xa i^arala E t̂ l i i i l i a

tea booa oboorvod to  in foat aooomit mnS banana, 'tad io a  aa»>



a*

i i o M  a t  AAjTMlnilMi tisat tli t  fa^ iaa tio e  9£ I .a U lU a

irm  eo«onut« « t ta o ^  root« 9£ artieat toaoanet aw at patata# 

ai«areaa«« sroaruSnutt bat not Cttgna ap*p« I t  liM liaaa id aa ti*  

ftad  aa *tba banana raea* (zaahy« 197*̂  )• tba boat raa^a 9£ 
^>aliBllia populatiofia IniTaeting othar aro^a ia  M i a  baa aot 

baan atodlatf.

Tha burrowing naaatada baftag a a tg v a ta v  af^apasaaita* 
apaaial taataniqnaa vata fallowad £ot ax trae tiac  tbaa itraa raata 

A aalbad iaadbatiajr ao ia t roata bjr p laeiag  tbaa la  al.aaa< 
Jara aentalnlng a aaaXl aaaaat o/ watar waa tha papalar ta a l^  

niqiM rollovad la  a a r l ia r  yaara (Taaagt 1954}# M t a m  (1954) 

/o lloaad  tb ia  aatbatf fo r  aitzaaitlag tba barrowing aaMtoda la  
WLa praU alnazy atinliaa aonductad tor  dataxatalng tbo aaMa 
acid natar^ o£ ^vaad iag  tfaallaa q£ a ltraa*  vaat (1957) va^artad 

tlia t iaaiA atlng a itra a  raa ta  in  a a ta r  Inataad in  a aa ia t 

•lawbar faaa ^iilaknr and bigbar raaavaiy ra ta a  tba banrai^* 

ing aaaatada. Baata aara vaabad fraa  af a ^ l  and eat in ta  

lan ftli af 5 •  10 aa» d iaaa la r a r  flaabjr raa ta  aaa ba a p li t  

lafl^^todinaUy and Vapt ia  aontainara a l tb  a a aa ll 
air wirtiar a t 30 » 25*C ta  aiuibla naaatadaa aaarga. ATtar 

24 hoara of inaabatian tba watar vaa aollaatad and ratainad 

Xor aaaaifiatiw i. Maa and ax trae tlM  ewitlaaad bf adding 

fraab  a a ta r  and raa lo iiag  aantalaara* nm% of tba naaa ta its  

wara zaaaaarad w itl^a 4 . 7  dara» Tarjaa (ISiOa) raoad tb a t



If

pftlrttitfM tega* vhieh am  tP W ffm* a t  79*/
«mra M t a r  •x tf« e tian  than g lasa Jaf* . 7 a r|aa  (19<7) eb ta inai 

ofifianBad r*eov9f3r 9i E«^w U l« ^vaa roota of oraoga t f  — M i 

rough laaon root atoev a t ta f ^ r a to ra  batvaaa 69 •  7X^i v itli 
atfditian oiT 1 •  3 par emit hi^ragaa paro::cida. iSa ata ta4  ttia t 

th ia  ta«iniqiia asteaaatf tiM mimmm aX dataetiog  ! .a la t l ta  in  

roota th a t  aantaiii only tm  auibaxa. Oavas (197^} xapartad 

triat highar raaoverjr Tt«a ia i l l a  ^roa baaeaa roota* «han thigr 

am  aa t in to  1 •  3 as bita* aaaaratad f a r  10 aaaanda aiitf iaa«» 

bating a t  20*5 t a  33*5*c ia  9ia-»paaa in  a aoliition aontelaing 

1 par aaat hydrogon parexida t a  vhlali la  addad aaaaar d a l  
dfftanEoat a t tbo ra t»  aX I a l  par U tra*

C on tro l

'̂as%' aarrlad  oat tor  tha aon tro l o f P>a ia l l ia  haa pravatf 

inX initalir aora 4 if^ leo lt»  daa t a  i t s  tr« a  aaA apaiaaitia h M t ,  

i t a  a b il i ty  to  aarviva on varloaa hoat p lant apaeiM and i t a  
aoneantration In  daapar ao il lay a ra . In a^aa of apraading 

ia a lin a  diaaaaa in  Aorida« daa to  l ia i ta d  oaeurranaat aada 
i t  paasibla to  daviaa aoro anifora eootrol aaaaaiaa i^p llcab la  
to  lo e^ l acmditlona (Cohn» 1972)* VNvaaa i ta  world wida dia» 

ts ib a tia a  witb banana baa aada i t  a d i i f ia o l t  p r ttlm  t a  aaa» 

plaftaly aradiaata tha  naaatoda* only raau lting  in  i t a  «praai 
t a  nav fron tiaxa . Savaral aaaatieidaa hava baan t r ia d  againat



5  lIS lM iS  M t i i f a e t o i y  ««etTdX» * ® B, & 0  « i

X> B C F « • »  tri«<i tmtUXkf ro r  9£ in
ektrue Plots tivsM with B B C ««r* Iropt

ftC l e H l lM l  9 •ontiM oaly (£»«it moi 1H I)«
J> B C mpplimd along with oprinvUnr d̂ ilaiohod iafoolioa

but tvooo otilX  ott îToroil Xtmn opr oii  

ing dooUno* vh«i appliod • •  toehnieiil ontoxial i t  vao Imm 
iHMMtotoxie thofi oavOoiHoblo ironiiiXotion (JOIdoon* o]|, ol>* 
X<)€3). » B C f  vhra ii^U od  th m c t i  ovortsood in l io U o m  

l « ii1 1 io  WM ifto« it in  rooto t i l l  14 soa tte  only. oTtor 

tv o o t’̂ t *  but rottixnod to  th» lovol oX witsootod tro o t a f t  or 

3J? «ontha (r.nit and ioldoant 1964}. Col lino  and /old^M  
(1966) fofortod th a t 9 B e p ippliod at tha in to  o£ 100 

gttllono por o«zo did net g lw  «ontr«il oX noiwiaiao bolov

6 foo t in  t o i l ,  so t 9 B C ? MO om ooaTnl ao a y to ^ lw t 

tiro« t«w t a t  tha sato or 10 gallono por o«io and infOO«> 

t io n  wm eontrollod ooor foor fooro (Sait* 19€1)« Oio of 

•r« to« l«  aaootietdoo in t l»  groapa ojT orgasophM^batoa and 
•ttf^anntoo aro baing tz iad  rooantly* fhooo oiianioals a>o 

t»io3 aa bora root dipa f o r  nmoaiy ao^dlinga* a o il  drofsoh* 

a«ib»«iirfooo dxonoht in jootiona and granular ^oroo. Soao 
•iftlioda havo givon pronising ro o n lta . Tha roporta of oariona 

atfthora bava boaa owMiarlood in  ta^ la  X. Uao of oarLoaa 
nonatioidaa fo r contro l o f i >a tn ill8  on banana tooo boan 

t r ia d .  Eat in  aoot oaa«a tbo ao il faa igatlon  poaoo problaao 

diia to  odi^hio oonditiono and tovrain ondor vMoli banana
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pJjintMioiit M  In «o0t  ojf t l»  ii9rld

1961, )• But • t i l l  ia  oth«r fox«8
wi«» In granula* and tbo«« which can b« «ppli«d «loo« v ith

irrifatiM  ««t«r •>« i>«>̂ ulax’, titoa of o«M*8d«
pXftntlog M la r ia la ,  hf dfi^ts/aatation Iim hmn p rse tiea^  in

•  lMws/» inqr* Baugnon and Vllardobo {197^) et)«3rir»d in i t i a l  

M i r  oX c m t h  dtta to  taadLeitf oX jroiat^ root ayatas v im  

D S € ? ia  tiaad. @iiaraift (1970) #baar*a4 Saaaaor ? vaa 

raw d aaat aXXoativa than Tafaetnr ?» aaaap «ia ^ B C ia  

a f ia ld  a a ^ r ie a n t  in  ivory eaM t Xar aontrol oX a jid lia  

in  baaana. fha raeonasaiitatiaaa Xor efaavieal aan tral oX 
? .t t ia i l la  i a  banana» baaod aa th a  m a l t a  abtaiaa4 miriaaa 

«air««za ara praaaatad ia  Ta^Ia IX. Ia «Ma oX attrQa* Xar 

M a tra l oX f  , a i i i i l ta « faaaiagar j [ |  f i*  <l99i) aaatf iiardra* 
ganata4 Xiah a i l  and studiad i t s  oXXaetiiraMiaa* viiaa ia»  

Xa€(ta4 aaa41ii^a aX la r ia w  agaa ««ra a itb a r  ^zayad  a r  

tffiiiatiad witli 1 a r  1 3  par aaat aolutiona a t  a iaaaga aC 
10GL150 ftl X€r aaah i^lant« M  t ia a a  a t  2 «aa% in tarvala*  i t  

vaa «teawad th a t ae i^h:^ot«cie aXXaat oaetorr^ aa tUt ^ laa ta  

m4 tfmrm vaa i^ ^ iX ie a n t tadiaatioa oX aaaaa ia  iaXa«t#4 roota 
mti aa iwBatodaa wata Xoyn4 in  Xraafa ro a ta .

Aaaag t t e  aoa»«haaiM  a a lM a  «a«< Xor aontxol af 

£ >aiM lia« vm oX hot watar tvaa^taat oX root»atoti«« oX a ttf« a
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and par«^ b«n«ne a«ts «r« w ry p opu ltr. Th® thtrraal dl«ath 
point 01* r . a lB llia  (fro s c itru s )  v itro  w«i di«l«min9(! to  

b«» 10 !!«inat0s aacpoauro at 122^i  (Birohi*i«ldt 1954). TWL» v«» 

iom i to ba th« oaTo fo r  t . a ia i i ia  fro« bi»nana 1961).

Various prsetie«>s hsat thsx«py sdoptsd Iqr diXx‘«r«nt w or^rs 

hmm h99ti su»t«rlS9d for c itru s  in  Ti^lo I  and fo r bsnens in  
Tablo X II . iOT c itru s  nurssrjr atocv, hot v s te r  trsRtscmt i s  

given fas '̂oro planting in  nsv srs^s« such assdlings used fo r  
hsttt thsrspy sust havo only stae and root thio^mass laas than 

l i  inehaa* fba roota aora eoolad in  cold v a ta r  fo r  10 ainutaa 

i!f«adiataly a f ta r  haat-tharapy and t h ^  aza carad for in  tha 
plantad a i t  as by fra«iuant vatarlng (Cohn* 1972). ’*«at-t Iwrapy

for bariwa is  anccaasful only whar9 cNm̂  labour ia  availabls» 
as paring of S4^a bac-^aa a labinrious procaas. C^paclal hot 

v a ta r tan^a to  maintain tha raqo ia ita  taott>aratura Niva baan 

daalgnad (B la ^ t 1963).

apaclal control prograinta *ptash and tra^ t*  aiathod« 

applioabla fo r  ^?lorida has bean pri^r^spad fo r  banaflt of 

c itru a  f^owara (Pouchar 2 l  £i*« ^967). /loodlng and fallowing 
fo r 5̂  months aliisinatad ! .a t i l i a  froo ban«na f ia ld s  in 
- Midurae and Panniea (Looa« 1961). /lood^a llov ing  ia praeticad 

in  Surinae for control of tha burrowir^ na*&atoda, but bara 
fallo%dng vas onauitabla (^lasa* 1969). Colbran (1964) ra c o ^  
•andad a two yaer fallow period with a c c i^ r  crop of l^anicua 
gaaimue variety  trichogloaa in  Quaanaland* '’u a tra lia .  In
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Mttftit a r t« r  ifU ToM  •to o ls  V«r« aoehMiOfilly sprooted 

1969). tolatiOB 5 •onth* v ltli M tM an** 
i i t t t e l f  cocoviiig btnanas ^ro« f ie ld s  h«B M t v ltli •«i« 

Mnmo—9 (1«M« 1961 )• A ttw ^ts a t  b i9 l« illeal ooii%s«l,

^  tfm M« of BiMtodo tnp ,?ing  Xwigt 19(2)

or %!r growing ?•«%— as a oovor ex«9 Imw  not »«t
with «8gr saBeoos imSor flo ld  eoniitiofio (tarian# 1960k)•



m a t e r i a l s  a n d  m e t h o d s



Wlagliwi tl liinlM

A •«mgr ««• an4«xt«>«n to vnov tdt oeeitrrtiiM oC tilt 

HioToving oeiMtod* Msocl«t«4 «itti tiii slov wlXt

tfise it*  raip«0t«d p«pp«r viiM ia  aad &aifiat«fca
f̂tt<M« A pr^ezM witli nlovant ditailft on Xiold turaptmt 

0oarw m: sail and root MaplM* tfoa dovolopod ( <̂ »«s41s 1)«

An liiCorflMrtion oha^t va« a lso  praparad, d s ta llin g  tha  piro- 

eadtnca to  ba X0XX0wad« in  oollaa^ioot and dMpatoH oC

t t e  ttoil anS root aaaplaa (Jppandlx H ) .  Ttiaai* proiToxMa and 

iaXoxsatloa a l ^ t a  vara ai^pUad to  Jtaiior % rioultiixol Ofnearo 

• t  varloiia nm Moe>a in  tiia tvo  d ia tr lc ta  oX Cannanoro mtf 

sosiitkoda i s  iiorala r ta ta  and to  tha  Tali& rJortiooItiiraX Q£neara 
or tha varlooa d i a t r io t  a In £arnatalca t a t  a* to  oo llao t and aand 

tlia  ao il and root aaaplao £tm  tha alow v i l t  aiM|»o«tad pap9« r 

gaidoi» Tor Xaboratoxr prooaotliif and asaa inatiac .

giaaiHtM ^  f»n,..»iBft,

XiHMdiataly a f ta r  tha  raeo ip t of tlia ao ll aaaplao, 100 wA 
o f ao il rroa aaeh lo t  rapraaantin^ d iaoaaad and b a a l t^  oioM 

trora prooaaaad by Cabb*a aiovin^ and a iitln g  taehoiqnat w iiui o 
400 aaah alava a t tha  f in a l a iav ing . ?ha fln a  dabrie in  tha 
MMitoda awpanaion tfaa oloarod tNrotigh a aodifiod Baai«m a*a 

fonnol t a ^ i q u a .  <froa tha root aaft^laa sooaivadt tha foodor

t i l . NAtmALS im nm
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voott sort«(S OQt» and fUKMitfliM mr* wrtirftetod

hf €!h9pt»lfig th«n In to  hl%9 9i 0«5-l m  iM fth  •»! plaein^ Xhm 
mmr a  a o d lf io d

3l!|.fĝ .on 0̂. .8i!liMt a

^Xter t9x%f • If tit  SIT • • t t ln g
fi» n « l9  tim  t v t ^ n s io t i  eonXeining tb»  ii«M io4M  ymm 

twtamtmrrmi to  eloas 100 ml glaoo b«a^x«» alloiroi to  oottlo  
tmt «l««t thcoo h»m  and eenoontrotoa to  riv o  •!«  ?no t« t« l  
98|^«l«tion or E l̂ a t l l l o  and othor gonora o£ p lan t pmraoltio 
jTotas woro eomtodl and o a tia a tad . 7ho aoMtodoa In auaponalea 

• ra  than HlXod and rucod by addla« «%«•! ^ w n t i t f  o^ boiU nc 

$ por ooot f o m l iB  Mid prooorvad jror atiidioo, i^oaatoioa

o«oi«fod trom tho root aai^loa «oro eolloetod ovosyr homo aad 

ooantod. Tha dally  oaw ta  oX aosKtoioa oaorgios trm  root* 

•Mqiloo woro ooetioiiod Xor 10»12 daro t i l l  bo noo^odoa woro 

obooirvod to  oaoxgo frao tho roota ooiieooeHvaay Xor tivoa 4«ra* 

Tho to ta l  papttlatioR of aoMtodoa vaa eavpiitod to  par §gm root 

woigHt 9 t tho aaaplac. Tha soMtodo aoopMoloRat £vm roo ts 
«oro aloo praoarvod a i to r  b i l l in g  » d  Xislng* Tho oOlXootiOR 

and proaoaaios of om^^lao tro a  £oxal« woia aaxriod ont d io la t 
tho  portod froa  faptoabar 1974 to  mrth  1975 and July 1979 to  

Soptaahor 1975* and froa imnmxf 1975 to  nmih 1979 and £>optoaihor 
to  Oartebor 1975 Xroa 4axiiatalca«



so

tM t ao il mmpl9 ia im tm i  witli £ rm

frM  th* ? w « r  f td io i i t  ?« m ly w
r«r»rtd tti» ovi«iiial nool^iM iia tw ria l. imi 9p9&immm
0£ wiittlt te U lM  ca i M lM  tn m  • • e t m d  aoi eoiu'ixMtl ttw t 

t t»  lit—t t i l  ia  ^MSUOB ia  R> a i t i i a  (e«M« 10$9}« ?N >m t 
1949. /ttr th tr  a a l t l^ l lo a t ia a  or the noaatada «aa 4<Ba an4 

■alatalfiad a tth tz  on p*p94u aaad ltaga caiaad £rae aaa4a a r 
r9at»4 cttttincs varia ty  Ealiiivally* Abaui 50  aoXt ora pata 

ajt 15 Oi «i»a vara «alntaii»»S jfar tb a  aa^aarUwntal woz&« th i r  

vara ^ariodiealS j aotaainad I’ar ^ap a la tias  M id  19 aeA i r ^ t  

i a ^ a ia d  at bar pata i»  tha  g le w » 6 w a  fa  a a ln ta la  p tirilr*  
S n a  i^apalatian vaa a laa  aalat^inad oa loeal lianaaa aoc^ra*  

£i%«»laa f>a i« illa  papalaHaaa iTraa baaaaa and aoeoaut aallaafad 

i tm  CMitral P lan ta tion  Craf»a ^  ^ ra ti lRatitiita« eagrMiValaa 
and popalfttioB froa araaaatit aallaa tad  Xroa imIb laaaarah 

StatiOBt m iM ilt vara aaintaiiw d aaparataljr a« Vaaana auevaia*

liM m iiiU g a, .fla<l fa a m iU a i U  f  tt tg il

laaa ao il Xraa tlia n a ld a  ^  Kaiii S tation t
Bablialy trm  £rm alaai>a and atomia waa «M«inad and alxad v ith  
aaajiaat in  tha i>raportiOB 6 t l .  th la  aoil-»aoapoat*«ljtttira va» 

a U rU laad  (danaaattaad) hf aatlqrl kraaida XaaigaUon a t tha 
ra ta  %£ 1 lb  par 100 e f t  mkI atarad In elaan aanarata taa>a» 
t a  avoid aaaatoda aontM ination imd £ar a«^aquaat aaa ia
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vox^. ' b tn«v«r th i»  9 vil  B i s t m  v m  M«d 4 'tr  

yflttiiigy i t  9*rlodl««ll)r and e«(i/iT««d th a t a«

9%hmt BMfltatfM h9A eontiMiiiiatad tha a a l l  aixtitxa.

txmMx&ttm 9t ^ iitg ig g t a ^ la t lo q

!?otriant aol u tl on am i^xaaaribad by AjtiOB end FM«g3ji»l 

( I f 40) fa r  p rw id ing  v iaa r ind trao a  alaaanta ta  pat aiatiira 
p lan ts  waa praparad and atorad la  polytNma aarboya# ra«<5y ^ar 

uaa iriMttavar rrnquifdm

liiaiM L  aad mainttnanca a t  raotad tMt
2SBS.K n m

Sta» (Rittinga a^ aataiad ainaa oT eialtivair •  £ « llita a llr  

vitH  3 m $ nadaa ebtainad ftom Ptpp^r Baaaarab n te tio n t FMDijror 

and m x tiea ltttre l Baaaareh S tation , M a lav c^ a lt vara p la s ta t  

m itn  tra a tin g  th ra  £or ana mimU v i th  ^  99m ladtfla btityria 
aaid aa lu tlan , in  vida aartham  pana eontftinins a ta r i  U sed s o il .  

TIm7  vara tranaplantad a^ la r  55 data in ta  ain^la pata vHaa thagr 

atrucK raa ta  and allowad ta  ggtm* s taa  eottinga v i th  3 tiadaa 
vara t«v«i irom thaa» ainaa and f a r th t r  p lan t ad iTor rooting* 

Li^aviaa larva auabar of tvo nadaa rootad enttinga vara aalti«» 
p liad  r a r  pat ao lta ra  asq^ariaanta.

t s u a m m u ^  ? w a iy

i» a i! ia a« ta l

A pa t au lta ra  a^Hiiriaaat vaa aondaetad to  a a ti^ lia h  tha
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p«thoe;*n«c^ t j  ojl I . a lT llla  on blacv p9po«r« under glA«s«houaa 

eonditicme* Tha tr«at«9ntjs included inoeuletion o i th« n«B*» 

tod«9 in  logc^tN nlc lav sla  ot lO  ̂ 100, 1000 and lOOOO naoibore 

p9T pot ox’ 22«5 X 13 on 8lz9« holdlni>; 1500 a l soll^ ineltid li^  
a chsOfc- pot without tha netnatoaaa, .itity  i*lv« day# old, tvo 

nodai3 root«d poppar cu ttings with unii’ozff growth, ct«B g ir th , 

noda langtha, ?«-3 amargod Icnvea and with ^  la ta ra l  root* 
vara aal^et^d and trenaplantad singly in to  tha p o t t ,  I w«aV 

aiTtar p lan ting , tba cu ttings war? inocuIi<^ad with oaaatodaa.
Tha 4X«ct mnbar o£ leavos, la n ^ h  o£ aprouts o£ aach plant 

wore rocordad bax'oro adding tha na«atoda inoculum, ^gh t ra» 
plio<’>t98 wara «fiintnin«d i'or oech tr»«tn>ant« Tha pota var^

^apt ondar tha glass houaa tanehafl to  allow p a r tia l  ahada, in  
randOQiiaod w^y. taAT^aratura in  tha glaaa houda was naio* 
tainod Rt 24 ♦ 3*C throughout tha ax.iarimant•

L̂ oi>atq»o inoQuluR

ffaeatoda inoeultn waa pr9;jar9d by ex tracting  ! . a ia i l ia  

Xro« tha roota o£ tha pura cu ltu ra  p lan ta . ^oa toda  inoculuo 

obtelna^ w ithin a pariod o£ 72 houra and atorad undar 5 ♦ 1®C 

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 th raa  as away, with sav«m en In dapth, by pouxw 

Ing t^«* 8ua<ianai?n In aqui^l pr<^ortlona in  a l l  tha holaa, pota 
wara inoonlatod with riva »1 aliquot auap^naion t>£ 10, 100, lOOO
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«lld 10000 9Jt mil TIm iMdLM «#•>• t tm  WfMOUHl
witli ! • • • •  • o i l  sni f»tt irith 790 ml 9i wat«r Ja tt to

••ifttoe tim toil in tho wliol* pot, 7ho oliook fot voo OUo glvoo 

OB oqoal ^ u i ^ i t f  o r ploln wctor*

0 oj; p la n t f  ond roeer^Lflg
g f g m o g g

fiM foto WOYO giYoii oU oerOBOoio vô olrosoiito • MotriOBt 

ooliHiOQ voo o44o4 ot tlio foto oi lOD wH to ooô  pot ot intor^o 

of jroor voovo* Tvo opioyo vltli Bitliofio Z 7i ot 0*2 por oont eoiu 

oofitratlofi «oro glvoti d«isiiis tlio ported of tho oxporioont to 

•liooir mof £mg$l ottoek* Qboorvstlotio oa tho fg oot h of tbo 

otioflto* oooftonoo of oldo bronohoot ond aoObor of loovoo prOk. 

ioood «oro roeordod ot latonrolo of 30 dagro fro* tho 4«to of 

ino<mlotioa of noaotodoo* 7bo ftnol odditioiioi cvovth porosotoro 

iforo oolottlotod oilbotroettfig tho oboorvotlono roooxdod at tho 

tloo of oddiB̂  ths iooeultai*

fW  o«»oiloo«t woo ooBoioiod oftor 150 da^o of Boootodo
iBoottlotioB* Tho oho0t  poitions (viaoo) vmro out at tho groasd 

(•O il) I ^ o l OBd frooh ohoot woight^ Buobor of loovoo «rid oMot 
loBf;th voro xoooxdod* On tlio ooao dagr tho root oyotoo f r« i  ootli 
pot woo oorofally l i f to d  by ^antl* topping of tho pot ob o il  

•idoo md bottoo OBd roBOving tho loooo ooil* Tho rooto voro 
elonmod of odhoiine so il  partiOleo by g«atl«  vaahlng in  water.
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fkamt vatldiigt eoU««t«4» ttaogii 400 Mth «i«v«

and prM«rv«4 £ot n«aatod« • o o i t .  Tta* el»«n root tfv tm  
9«Miio4 b«t««9n ayt U o t i i i e  p ^ o r  « i4  A ptth  xoot voigM *

liafiMi Mdlii wot* v»eox4«4* lltMito4«« t tm  tb» root

tfg tm  woro oxtm etod m io iriiig  ttio proeoduro d o o e rlM  •n rli« r«  

Tl« no il XroB M«h pot «m  thoroiigliljr aixod and a vopMaoatatlira 
aasf^lta a t  100 a]L« waa aaaaawd ant and proeaeead Xor ax traetiog  

ttia  iMMtadaa ^ailovlng tha pgaeadaea aantiaoad aavUar*

Tte MMtoda eoMita Xroos tha roota and aoiX vara taaaidad 

aa par tha proaadoxa oaatiofiad aaA lar*  Tba Xinal a a il papa* 

la tio a  ia  aaaii p a t hm aaapatad froa tba ooaat i a  100 a l  aaapla x 

15* n a  t a t a l  ittna l population par pot «ea tima aetiaatad  fef 
addittoB of tha  aoonta £t9m aail»  root ^rataa w d txm  tlw  

«aahla«i ooilaetad a t  th a  t ia a  of vaalAag aaah raa t aro^oa*

m i,lB 3 a# ,s ia .,a» ” 4 ..M sEi-ftC  I n i M

To atadf tlia iaiMaiOB of R«a ia i l l a  t a  pappar zaata* a  

aaw taehnlqiio davalopad Paotod pappar au ttin«a

with 4U9 la ta i« l  roota wara l i f ta d  oaro rally  fraa  th a  nm m ii 
penB aad tha roota varo waah^ ftao  of adhaxic^ aod.1 partieXaa* 
r a i i i  a a r t lm  pata of 6.5 x 5*0 aa o iaa v ith  hOlaa a t ia aaya a t  
boktea aara  taVaa. laapiag  tha ataa a a tt ia g  paxtion ioatda tha  
pata* tho root onda of foadar ta a ta  aara  brai^M  aataida ttarough 
tiia  liiolaa aad tha pat f t  Had with aaid vaahad f in a  aaad* Thaaa 

vaal aada (t«a  aa laiifth)* a f ta r  aorfaaa a ta s iU a a tio a  with o a



»5

pT ewnt iRtrodue«d trlth Xm9% ifijiny into plMtie

MMii (twimlly tw«d • •  «ov«r g laM bosM ) 2.5 x 9 M  tlM v tiiroiail 

waall hol«s («n««gii to pa«t thi v«»ts) dfilM on Umlt ti4M. 

TIMM m w 9 y f  Xfll«d vith aei4 tiMiMid saatf* %• tim
root Mis* ftw In tb« plaatle mm «m eoletwi «dtli 

«t*rlX9 ymtBTrn Tte pot w«t«r«d vith 8t«ril« witor* Abo«l 

50 iMlolt ««U i«v«lop«d «̂elMBa mz«

•itr/aM  • ta r l l l i« d  wltii O.l p«r o w t HsPlg ^9r oit« aliiut* tmi 
intntdoM d o m t Meh root t ip  and %tm root poxtiM* Mir« than

« itii  |M t  Moogli M ai and «ol«tM«d wltli ■ taz ila  w«t*r«

Tlia i^ita alaog witli tha m cm  mx« pl*M< in  patx ip la taa  aa4 

on tb a  liliom toqr bafioh« wbara tha ta»paf«tara dw iog tb a  

atod^lM M a 77 * 2»C. Obaarvationa vara r«corded a t  In ta rv e l 

9i 0mvf 24 houra I f  e v tt ln i  th t  zoot M ta and axaaiaiae tliM  

£»t iavaalos of tha M««todM hf • td i i i a s  v i th  Mid fM hats 
Xaetophonol. Tha roo ts vava obaarvad t i l l  tha f o m tio n  ot 
laaiana an tiiM*

Foot b ita  £rm  tha  hosaa vara liT tad and vara tharaoghlf 

vaahad £ tm  •£ a a i l  adharing to  th M . fiM lthf and infatflad 

portiona of rao ta  C0»5 •  1 m> vm« aapavatad and £t9% hand 
nut aa«tiona vara takM . ObMrvaitiona on tha natioa ro a t 

injmisr hf tha  oafsatodaa vara raeordad*



? if. 9. TeehBiq«« developed for iooculctlon of 
h.BLailiM under laboratory oonditloaa 
to  ttudy root icvasion sad daTelopnNiot 
of laaiona on pepper teeier roota
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CwtifoX 04 r . g lg ll is  on blacv o^apT

n̂ • 3cp»rl!R9nt wm earrl«<S out to  iln d  oat tho «£iro€tt Pi 
aoMtcavo «md thro9 nesiatieldse nanalyt B C P , fonttilXothiOB 

and ald iearb  aulXone on r«a iT ills  ln^a«tlnc; pappar.

»
?a?par e u ltlv a r  •  ^lalXuvRlIy vaa t»ad ior thaaa atudiaa*

T«o nodae ataa eu ttin^a vara ua9d irttm tha  para atook aalRlaiaad* 

aa daaoribad aa rlia r*  Tha rootad eu ttiaga  vara plantad in  20 x I! 
cm  alsa  aarthaj) pota r i l la d  with danam tisad aolX-eoa:ioat • !»»  

tun i 0/  1500 « l ofipaeity. Tha eo ttinga vara plantad and ma 

vaav oarlod vaa allovad £ot t tw lr  aatM »liateant.

Tha ehaaieal noaaneXattira oi tha naaiatleidaa« aathod 0/  

applle«*ti(« and aourca o£ a«|>ply aza glvan in  Tabla XV. All tha 

daaiigoa onT n an atiddsa  ara axpraaead in  taroa o£ aetiva  ingra* 

diarit par haetara . Only eeamon nan̂ aa o£ tha ehaaiie»Xa hava baan 

naad in  tha ta x t .  Tha doaaga par pot vaa vor^ad oat bAaad on 

th a  aorXaca ar^a oiT tha po t.

Varlooa doaagaa usad vara* naaaeaVe I 23O9 2500 «td 5ODO Vg 
par haetaraf D B C ? 22« 33 and 44 Xitra a . i .  par haetara x'aaauX-' 
rottiloa 2ff 4 and a vg a . i .  par haetara and aXdieaxb auliTona 2« 4,
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and « vg two Mtbo4« 9 i  c^plioaUOB l.««

pT9 m$Si post ifioeiilaticm o£ Xim s a to x la lt  v«r« adipt«4« In 

tb*  • • • •  of pTO-lnoetattioa tro e teo e te , tb o  bmmKNi vao 

appliod to  e o il tttrfac* in  th« pots 10 4iqro boXoro \hm inoou- 

la tio fi 9£ aoMtodoo and alxod v ltli ttio ao ll thoro i« ldy . Id B 6 f 
VM oppliod oevoD 4iqro boforo fenoi)lfothl<Mi ai^ oldleoxto oolfMio 
two dsjrs p r io r  to  iaoeulatioii of tfao noootodoo. la  tho oaao 

o f I) B C p «ad aldieorb oolfooo* tbo oalottlatod aaoont tt£ 
noM tioido fo r  oo»b 4om«o was alM d v ltb  200 ml o f water aad 
tiM i aSdod to  Olay polo aa aoiX dronali* f  ho qfiafftitf of vator 

(too ml) votatrod fo r  dronaMag the oo il iraa dotominod o a r l io r .  
ionottlfothifln (Baoanit graftalm ) vaa applied to  the eo il aor- 

faoo aed aiaiod v o ll in to  the aoi.1* 7ho pot vaa iaaad ia to ly  
is r l ia to d  v itit  200 a l  o f water. Roaatoda inooulatioii waa ei^oii 
tan  and aevon dafa 6£%9t app liaatioa of nooaoa^o and JO B 0 f  

and tvo  dajra a f te r  c^p liaation  of ald iaarb  aaXfoaa and faaa ia -  

fotfcdoa in  tha aaaa of pro-iaooulation tra a ta a a t and ooym 

dasra bafora ^ l i o a t i t m  of the naoafcioidoa in  tba  «aa«* of poet* 

im cailatiim  traataenta* TiMO the data of naaatodo inoouletioa 

vaa ta p t  aaaa both i a  the aaaa of pro ind poat-ino«QXation 

t ia a ta a n ta . Three rep lio a tea  of aaeh troatB eata vara aain taiaad . 

7bata varo 25 aiioh trM taa a ta  inolodiRg tha aheaii' pota*

Tha p i ant a were plaoad m der the gimm twaae baaohee in  

p a r t ia l  ahade* The teaparaturo  in  the  glaaa hoaao throoghoat



tlM) Mp0zl»Mital pAried vm ait 24 ± !*€• ?l» p«t«

M I* in  •  landeaiiMd wagr. on« m
g ro v th  e h s ra c td rs  v is*  9hm^ gvov th t m ^ & r  1»«vm  produe«4, 

n«r« s«e«irM at intarvaia o£ «v««f 30 4«f« «ad tlw «sp«zi««at 

IMS Mfioloiad a ^ o r  di^rt th9 data o£ ap^Xiaatiofi of tlia 

%aat natazftala* 7ha Xinal obaarvatlona on ahoet aai M t  langtb* 

fraaii abaat aad root waiirM ai^  a« il «<! roat papaXatioa vara 

aatiinatad fallowing th» aa«a praaadoraa daaerlbad aa rlia r*

ISrttaBiiiBglttB tfca ract ilatHi n£ B .a ia llla  X m

^  aanparltsant wm oarrlad  oat to  atady tim taoa atatua 

af t l i i  p a fo la tiea  oiT B »M ailia f m  p tppT  aaillaatad 
Fanriyia- and i t a  aapab ility  to  In /ae t eitrua» aa f/aa  and banana. 

Tinrao a i t r a a  apaeloa v i s . ,  O itm i atnwiala ( a m t  o ran ^ ) 

g ^MtteaXata (Maadar l a  e ca ii^ ) , c ,a a r a a t im ia  (Uaa)# gMi^aii
la a a l o f baaaiM aad yaf^ar a a l t iv a r  •  xallavally

v«fa w ad aa d ifi 'av aa tla l hoata fo r aoapaiatlva lafaetivH ar lyr 

£«SteSMl* About 3$ diijrs old aaodU nia/aaitava of banana/rootad 
•a ttin g a  a f  aaoh boat vara pattad ia  10 x 10 ea aiaa  aartbaru  
pota n i l a d  with daaaaatiaad a<tfl. pot t»aa laoaalatad  v ltli

3<X) i»aatadM  ( a l l  atagaa) obtnlnad fros para o \iU ara. i la a  

yapliaataa of e itra a  apaalaa and th raa rap llaa toa  o f baaaaa Mrt 

pappar var« aatn tainad . ?tia aaaatodaa vara laoaalatad aaaaa 
d^rs o f ta r  plantiag* iHnaty fiva  efaya a f ta r  Inoaolatloa of th a
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nomatodes* th« plant* ward dapottad end n«f&atod«« %i9T9 axtraft* 

tad  iTroR! the iroota and s o i l .  Tha £ ln a l population in aaob pot 

«aa oatimatad rollowing a ia ilax  proeadura aantionad aa rlia r*

g tg g f r i

axpariaant with I .a t« l l lg  poptdatlon iao la tad  fron 

p'»ppar (?«pp«r ^asaarch r ta tio n , Pernilywr). banana, coconut 

(Cantral P lantatlofi Cropa ^aaaarch In a titu ta t riore«'Kula«) and 
arae«nut (’=̂ aln vaaaaxeh 'ta tio n *  Htbbal) waa eondtBtad to atudljp 

th a l r  a b ility  to  InTaet and r«pro<1«ca on tha o thar thraa ho»ta. 
Clay pota tt£ 30 x 25 on aisa  vara f l l la d  v itb  T .al-nllla IniTaatad 

ao il to  aavan l i t r a  Tolusa* ?ha aourca o£ in faatad  ao ll vaa 

£xom tha pravloualy bu ilt up pura eulttnra pota oX tha raapacrtiva 

popoJation. Thua aaeh pot eonteinad approxlaataly 5500 r «a l« l l ia  
iB ona aat o^ th raa  aueh pota containing tha aar>a populationt an 

in^aetad hoat p lan t and tha auacjot hoat p lan t var^ pl« itad  vaiy 

«103a togathar ao th a t tha roots oX th^ two hoat planta ossa io ta  
cloea contact and in tarsing lad  • Tha auaoapt hoat planta vaxa 

raiaad in a ta r i la  a o il aaparataly* la  ^ a a  9jC pwp^r (ivalluvally 
eu ltiv a r)  banana (loo«l) cocuntit (waat eoaat t a l l  varie ty ) and 
arao^nut (South ^anara varia ty ) vara uaad. In caaa oj.' coconut 

iao ia ta  population, I . a ig l l ia  IniTaatad eoeonut ae^sdlicg* obtalnad 

xroR tha Cactral Plaritation Cropa laaaaroh Inatitu ta*  *^amlnalaa 
ware uaad aa auch and plantad in  tha pots, thua A’our g r o t^  o£ 
pota containing thraa pota in mch £rfiup v itb  tha t%dn plantad



In M€li £9m9^ thm tfmtmmU  ( / ! « • •  6» 7* 9 9)*

Tfa* eoQoayt 9m€lin§§ m9T9 tH999 to  t l i t  o thar inX(t«t«d

tw tta  m£%w m o v in g  tlio portion , «o th a t  tbo iTeot gjrovioc 
fioolir ro o tt  11 0800 In to  oontoet v ith  rooto Ojt g^o ia i l ia  i»* 

^oetod isoota* 7iia ^ loato  vova ̂ p o tto d *  140 ia fo  oXtox' flo a tin g  
In  oeao o f  b«rutna and aroeenut popalatioaa» and 200 ia fa

in  fifiao of tlia eocoffiit t»op^«ticm. Ttia voot lorataiio o f tlio 

o rig inal infoetad Iserto and aweopt lioot p lan ta  «or« oofofnlljr 

ltft»«} and tlioroivttlf vaahad v itlt a atrong oontinnoua aipny of 

m itor to  roBOvo a l l  adtioring dabrla and a o il  ^ r t io la a *  Tlio 
aoMtodoa voto oxtraetod fros tha roota* Xollowing tho prooo* 

doKoo aa nontioaod so rlio r*  ?hn roota wozo oaraadnod f o r  lM ions« 

A tm  loaiono voro o«l and toariod l a  fow dxopo of vato r « i a 
a l i io  and oxMlaod andor m Mnoonlar atofooaiaiaaatpo* t o  aoo 

ohotriar thagr oonteinod a l l  %h» otagoo o f tho noaatodo* Baood oa 
thaafi ^ ao rv a tio n a , th a  natur® of tho lefao tiv llar by d ifforont 

H fa la tlo n a  (iao la toe) tiaa laaoxdai*

fon nnebofo of aoloatod ( p io i^  otit) adnlt immX— and 
aaloa of four popnlationa vero ^lU od and rolaxoa ^  gontle

iiOBt, taaporoff B ^nto  of thoo» aosatedoa v«ro pro^orod l a  
wator* H'oaa«r«»oiit8 vor# t«>on folloiring tho  aothod of do Man *a 

fOfatda (fo«^iM9rt 1970) ttalng ooi^Ur sle ro ao to r aoalo* tiagr 

«oro itlao e r i t ie a l l jr  oxaainod fo r  th o ir  difforoneoa in  «orpho» 

logloal aliaraetoro.
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Syryning of Qt03«r ggimartanp

Nlntt eultivfirOf oach ilroa ::«rala and ^m atftka* Xiva 

wild! oollaetlona and /our ^ o c la s  ojC P ipar (including two 

eultivirtad apaeiaa) v«r« aeraonad x'or th a ir  rasiatanco to  

T . a lg l l l a . Feotad euttlnga oX thaaa eultlvaza and eo lleetlona 

woxo rolaad jTollowing tha proovdura raportad a a r l la r .  Footad 

etittinga of unl/ora growth as at&ndardiaad a a r l la r  vara plantad 
in  ftteall aarth«m  pota (6 x 5 .0  m a lsa) v ith  75 nl so il 

eaoaeitjy  f l l la d  with a ta r llla a d  a o il .  Thaaa (ilg .lO ) ppta 

waro Inoculatad with 100 ne<9atod9a (a l l  atagea) o£  ̂.a la l l ia  

collactad /roa original ouKura oi pappar population Troa 

?anrilju r. Inoculation waa dona by pouring tha naoatoda aaa-> 

o»aalon in  thraa a l watar* aqu^lly in to  tho thraa liolaa or tw« 

cas dapthf about 1.5 c« away fro* tha atoo oi* tha cu tting  in 

tha po t. Tha holoa wara covarad lr«odlat9 ly  a f ta r  Inoculation 
with ao ll and pots dranchod with wator. Two rap licatoa fo r 

aach cultivax/w ild  oa llac tion  wara naln talnad . Chec^ pota 
w ittout natratodaa wora ulao ^ i^ t .  Tha nasa Inoculatldn waa 

dono aavan daye airtor planting ô : tha e u ttln g a . tf ta r  90 dajra 
of Inaculatlon t tha plant* w«ra carefully  li^ ta d  *roo tha pota 

an̂ J washed fras  0* aoll and d»brla adhering to thaa. Tha roota 
wore drlad In batw»sn tho fo lds of b lo ttin g  p ^ a ra  and fraah 

w«l|!7ht of tha roots wara raoord«d. Tha an tire  ao ll fros the 
pota wara procaacad fo r axtractlon  of tha namstodea. Tha 
naatfitodoo fros roots wera axtx^ctod to detam lna tha fin a l 

oopulation par pot following tho procaduraa d^tftilod aa rlla r*



Fi«. 10. T«ehaiqiM U8«d for aczn*nlng of rco ttd  
outtings of dlfforoBt p*pp«r eultW iirt 
icoottlatod with I<.8 la ll la  for tho ir 
r('8 istnnoo



Fig. 10



EXI>JERIMENTA1L. RESULTS



x f .  w m m o m A  w m m

Tto Xoo^tlon sarvigrA^ M i tim 4 t« tri^ iitie ii 9i

ia  tlw  t iif « r  ffrowias wgimm m  mlmm i s  I f f  O l*

S it l «!<} r»ot trm  M lt lir  and d ia w e i H m
ME* e9U««t«4 rr«Ni 19 mA 6 loeatioM  in  Cmmmtn mti 
M sttkai* tta tt la u  a f sa ia ia  atata iaa»aamia ly *  Im 

taka altacattaar X( aaaplM vaia aollaetad ^zac la a a tl^ a
ovar a ix  d ia tria ta . fhaa «a^^^aa a ta ta l aaabar 

af 41. laaatiaaa ia  ilia  diaaaaa awpaatad pai^ar gzowiai txaata 
af £i«B la aai im M M a  aasa aanslaai fa r  aa«ata<la ^ itfO atiQ ia. 
taat mm§lm9 irm  f iv t  loaatloaa in  ^asala mi tva laaatioaa  
ia  Mvnatalta «ara not vaaaivad. tba yr aaaaea a f B»a ia ilia  

aai it a  aaaata ia  tha aaaplaa aallaatatf fraa vaiioiia laaafttaaa 
in  bath ttia atataa a ia  tainiahatf in  Tabla V*

Oai a t  tiia 25 aoiX aa^plaa aaU aetad < M  Saiala« aavaa 

andar tMaltfer viaaa and 14 an4ar ttaaaaad vinaa lanaala i tba 
yraaanea or E» ^ a t l i a > Tiia a o il  papalation of B.a ia i l ia  laafad  

rvaa 4 •  12 par 100 a l  aT a a i l  (avaiaca 11«1) i a  haaltlv  ^ n a a  
aad twm 8 •  4« par 100 a l  a a i l  in  d iaaaaai viaaa* calsr oaa 

root taapla fro a  iiaaltlqr vina a iM  oat o f 20 roat aaaplaa 
Xraa 4iaaaaa4 iriooo r a ^ l a * tha praaaaaa oi* i-JdAlAlA* ^  
■Hftar of E .aietiU a raaow rad iwm rao ta or iia a ltif  vinoa wm 
10 par t  roo t and io  aaaa aT diaaaaai Yiaaa rroa  4 «  2^7 

(avara«o 5*) par c  ar ro o t.



O KAR N A T A  K A

• Bangalore

J A M I L
) NADU o R. similis Present
i • » M Absent

KERALA on Pepper 
on Coconut 
on Banana 
on Arecanut

F I 6 . i l .  MAP SHOWING THE DISTRIBUTION OF RADOPHOLUS SIMILIS ON 
BLACK PEPPER IN KARNATAKA AND KERALA
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Xa AJOEMtaka 11 •a t 9£ 16 Itra tiflB s xvvmiM t t e

oi ttm tmmtrnm, Xa * ^ 1  ata^lM  £Mt iMAtiif Hmm 
til* i»«piaatloa Mogtd it9m 3 - 4 9  (««avig« 21) pwr 100 id  «f 
• t i l*  la  roo t ■■■g la t  X m  tealtlqr vle«a 9 oat 9i 16 containai 

& 4U A U I. vk ila  i a  aasa of ataaaaai Yiaaa 9 aa t te’ 16 aaattaiaai 
tba  aaeateda. fha aail»ar of r«a ia t l i a  laaavaxad f m  root 

aaaplaa vactad batvoaa 7 and 42 (aaaiaga 20) ptr g oi roo t ia  

iMltiiSr viaaa aa4 13 to  926 (a m a c a  77*5) par « oX root i a  
M aaaaad  v in o a .

Xa Sanala th a  to ta l  araa oovarad t f  a aa ^ lla i aaa 29>  

hoet{)ro8f whila i a  jkantataka i t  waa 29.5 hoataraa* 7lia i l aaaaa 

iaeidanea roportod £rom wtari9m laaa tioaa  aaeoaatad f a r  11*91 

par eaat of tha  eorFafoS a iM  i a  sa ra la  aad 12«9 par aont i a  

Aaraataka.

iM lteD T f H  9 ^ M r n ^ ,^ i i ia § m 9 . . . 'm § t 9 «n

F laa t p a ra a itia  aaaatodos otlior tiMA n .a ia i l ia  fraq u aa tlf  

aiteoiaitoza^ i a  ao il aaaplaa ia  tha aamnrad aaoaa vara >taloi<!ll>» 

t m .  S f f l l w N t W I  a m  O M M tao .

■Ur E8ltWWIt4«t BrIwwlortgBehw s k i.,  and a w l r t l a — n  
vara a laa  ancountorad. QjOy ia  oaa loeation  i.o*  ia  Siddapart 

M h  a a i l  aad rao t aaaplaa aoataiaad grotvlaaaiMa i |^ *  ftm aietear 
a f  loaatioaa  ia  v tta li tiia d iffo saa t caaara of p lant p a ra a itia  

foraa vara aaaoastorad ia  piaaoatad i a  fabla VX. I t  aaa afcaarwai  

t l ia t  aaaplaa firaa la ra la  aoataiaad Moloidaama app* a a i
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TABI.3 VX

)7unb«r 0^ v itb  rxvqusnelM on the oocBrrtiie*
ojT dl^/«zent p lan t p a ra tlt io  nsMtodM

>}«aatodc
Bm 9f

HTiwb«r ojC looatlons
Msnataka Total

Hsalthy
_ai«4 ^%althgr m aa-

_«1«4 ifaaltfagr ^ a a -
aa«4

S • F.. s • R. » • B. S . K. S . B. S. t .

7 I 14 9 11 3 11 9 Iff 4 25 ll»

M i^ is s r n s 19 7 16 6 12 4 9 3 31 11 25 9
"otvlenohiilufl 15 4 15 4 4 - 3 . 19 4 18 4

''•lleotTlMChtia 17 - 16 - 6 - 9 - 23 24 -

TyUncborhm-
• > 1 - 2 • 4 • 2 - 5 -

?r«tyl8nchtts - “ - - 1 1 1 1 1 1 1 1

1 - 2 - - - -  • 1 - 2 •

C rle o n aao id ts 1 ** 1 2 - 1 2 •

S  s Soil
R. •= I'M Roots



Md gvM t vasiatlo ii ta  %h»tr mmhT. A a m a t^  MiipX«s « !••  

•te ta iii^d  w«lold^gyii« tpp* h9\h in  tM lttqr «i4 < f ——< Hkwm* 
Bwt tiw  yg—f w  of «f9 « «al|r in

Urn mmplmrn rt» fmwM 9£ **•

rovt MHplM £T9m tlw diaM»«A vliM t. Tht

tim 9i ot|}9r yXast g ia m  w m  B0t XMBi M fin c  !■

vifiM vhM mmpttt9i with hMttlqr v1m«*

O team B —  tt H.1M 11. in  a i f f w t  —i l  t»n«»

TIM data on so il tf»M  in  wlii«k #>■•■»%
aliov»i t t a t  x«d la to r i to  so il  aootainod aor« M low ad ^  XOMt 

hUL^ M i l .  IiMiiqr ao ila  eonliiinod tha wa««fda in  faw 1M*» 

tio n a , vaa not annoantarad in  olayajr a o ilt*  Vlw d a ta ila  

a s i  vvaaantad in  faU a  VXZ.

flia aarvagr ravaalad that f^par wm mmtly intavaarappad 

with althar ana ar aoia erapa li>a banMî t aoeonut« aiaeaaiitt 

aaffaa* fincar* jraa aai aaaaava. Tha Maila o£ loosUmm 
vl»i« S«aii^lia ipaa aneountarad in zvlation to intavei«pa grown 

aia —aaiiaad in fM» VXXX« ArawMMt paiaa fan tte »a|ar 

intarera^ with pappar and «« naad aa aapy^a far tiailing 

tha wimm wtiazaaa atiMHta aaa ylwtad aa «ixad ar aa ôrdar



4$

f m »  m

Ftweewe of s o il %wp—

fimhmr 9£ loMtiona
j%MRt TMl

$•4 l«%«rit« • • 10 i 19
iTm% soil.. T t M
Btd IMM •• « s f
BlMflr iM t 0 2
f*mdy IMB t 0 2
lisWrit* el^ •• 0 1 1
€Uqr IM 0 2 2

Total 25 41
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TABLB m i

OtsnrMnot 9£ t  .a ljA lla  f tp u la tlo a  |,ii n lA tieR  tlw 
int«reropa grown in

Kmb«r 9i lo««tioiia
lnt0r«rop« PraM nt AbMttt Tflfial

At^eamt . . 11 f 13

CeoMet • • T s 10

9mmm •• $ t 8
Corr«9 •• 0 < €

6ins«r •• 0 t 2

T«b/Cm m v « 1 1 9

Total t9 16 41



n

i n  p la n t« t iO f ) s .  T te  O M « n rta # »  « f  ****

w9w% tB when pla»t»4 w ith a m i —t  ^  coconut

«nd ibaiiMMi* Xa IwB&ttmm e9££m » r  glfigdr ««f« grom
g.g^sAm  >»« ftm pmtt&sn t  io t« ra « » 9&Qi
i«  fiv tfi in

fim wmnm %m i i tp t i t  tiM
%•« 1)|r tiM abow^i t te t  M t or 14 m a tlw rn f ,! !  mem im m i

v itk  Ttw d « m i«  i»  f« b u

XX. fli* e e w e  etativsr* by l aH aiita
aii4 ik«iXi»»ll9r« IHH 14 tmk m f  iwm mtmMm
m i rtlfi« M«iig«a f  S4«ttl«« OiM e n ltlv a r  (loea:i^ vim ro«i4 i»» 
r««t«4 with in  l!tv« »«t air aiJE X oeattm *

iiao?sf€iik i« i

d tearvatiM  a r  tlit  «t«i8«4 roots yvvw lai t M  mmt H
t t e  n«Mito4M fm a ln ta d  io ta  reota witMa 24 Itam  •£  tao«i»»

latiOR. Tiiar 99«Cm«4 wm% ti^  Mgiaa ^wt mh&w %\m •tm m m

%tm soea (i»Lg«l3). tiMqp m ra  a laa  r ta « ira4 ta  feag tse ta  

I 1,5 m  al>dva tid a  xafloa . ?tMaiii aaastaiaa  yaaat ia tad  
IndlvidaaXly* t^araa t a  a tx  naactaiM  iN»a £9wsA i a  am  laii^aa 

imrt4a tha ra a t ( f lg , i4 ) .  fha aaU a «r«ai^ t in  ai«a • /  >a—■ 
txaticwi wmt9 £9m6 « ttl! l^raiva iim i^ o w ra tia a . Siai^aaa iiajpa 

a^aarpai aa a ta a la  M a  v i t t t a  73 l ia w  a f  iaaatO attoa (iig a$ > «  
f  tia axilla ^Xaw tlia apt^toisaaX layara if«pa ia ilt Hrawa in  aaXaitr 

aaajT t I a  aatax iav  v a ii te  oi: ttia aaaniaiaa*



B A N  AN A

cocoNur •MIXED CROPPINS'
So

P E P P E R

ARECANUT

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

f  . a jg jlit  9(^ol«tios •fic«int«M4 with tfirin v n t  
e a l t iv « f«  o f

fw b w  of loM tiona
IWMi ^  OU'ClWfV ?MOont Abaont Total

zm llw nllf  •• i S t
iuiriMtmda «• 9 9 10
fmmAwwe t̂ •• f i
kgtMim wmnU •• t 0 a
T M In tM te* i 0 1
BolAiilrOttO* •• 0 i I
Vallya^aiilyal^adcs* 0 X X
PMBtayM ^unda •• 0 I
Kvidllrodi •• 1 0 X
Hallegaeaara X X t

I 0 1
muxirnw I 0 1
Gavatbi . • I 0 1
XiOcaX 9 i c

Total 23 u 41

« FM t 9mpl%9 W9f B«t rM tiv«d and



Fig, 15* K.tl& jllU  in  th«  proM Ss of p s M tra t lo n
in to  ro o t  t i p  rtgltm  o f b lack  ptpper



Pig. 13



n « .  14. H.s L ii l la  Inald* th# roet of blaok f«pp*r 
iB eo rti« a l

F ig. 1$ . ^ td « r  root o f kUek p«ppor shovlBf iM iont 
wltli p«r«Bol^tt M ils  Igr
ioTMioii w itb ia 72 hour* a fter  M Bntolt 
iiioe«l«tloa





o f ittiwar by tb u M w lt ia

i M  bmd tiaM v»f«9 ••ottcm* o£ IwiiXtl^ «r4 iafM d^ i 

root* «f« 8hoim in  f ig m 9  16 and 17 . la  %h« root* t t e

pereoebyea e o U s  in  %im Yogioa a«iT0W)4i i i f  tfm laXoofeion o it*  

v m  blaei-eeei m< in  « 4 i « a r w ,  la  aA iaeeei ttMiaa

iM orotie and by a g a o lla  teoali v lt l i  a fiita  naadla th a f  

i « t  aafavatad v«iy aaaily  irm  h m lt^  po tttm * . fhm e a lla  in  

tha vagiaa 9£ tha aaaadada advsaieamant vara dax '̂aoad and §t«Hi» 

la tia n  o£ e a l l  aantanfta vava abaarvad ( i l g .1 8 ) .  Tiia a t^ a r  

pattiaoa vata not af^actad* X% waa a lso  abaaraad t M  a ft*  

la id  witldR tha tiaaaaa vitM n a ix  daja o f th a ir  aoftiir 

in to  tba roota <iit«19}*

Tha abjaet o f t id a  ai^arimaat tiaa to  gain iiifacaatiea  

oa tba ro ia  aX th ia  aaaatada in  oaoaioj; daaaoa* aa ai^raaaad 

i a  tataa a f p lant growth ohanotasa* Tha srovth aliaiM lara li> a  

ahoot langtbt fcaah alioot valgitfc* Saaf produetion* root la a ftli  

and fraah root naight «aro raaajdad. Oat or aii;ht rapliaataa*  

plaata in  tva  rap lloateat iaoenlatad with 1000 naaatadaa par 

pot an4 in  thsaa rapliaataa inoeolatad v ith  10,aOE> aaaatodaa 

par pot abowad w iltin g  ^foptaaa a lta r  90 daya* «)d ttiay d ia i  

a ft« r  110 daya Bi aaaatoda in oetila tian . Tin* to  tlia daath o f  tbo 

plaata in  tba abov* traataaata* tha a ta t ia t io a l M Blyaia i«aa 

aarriad oat fo llow tng Tatoa (1993) and Taorlor i l9 ^ )  aothoda.



f l f *  16• ro*t
of bla«k ptpftY

fiUm Vtm QxcBm s«otioo  Of ft*4or ro«t of
kiMk pepp«r Infected with R .s le iy s  
•iiowiiMr the AHA b U A n t a
portion In ecv tiea l vociM  with e«vitl««





71g, IS, iOBgitudini>l section  of f««d«r root of 
blaek p^ppar inf*ot«d with H.t i i a i l l i  
•howing tht MKatode h«ad flxedinp«renchy«e 
C91U  mnd 6 m g » d  e e l U  m x o u n d  th« bcsd 
of the M setode

XH »  K e s tt to d e  b e n d  K »  M a m t o d 9

?ig« 19* um gitudinal seetioo of black ptpptr feeder root 
•howlDK ne«atode» eiid egge laid  inside root 
tiseu es by ^ .ejpilia within aix d«ye of neaetode 
iaocalatiOB -

S * Keaatode E ■ egg laid inaide tiesiiec





9<

fhm 9t Xhm p lan ts mm tWrn
l« v « l mi thm mmtmimm tmKtmmmii ig m  100 t o  10,000 p « r  9 « l*

Xa tmmm mi p lants iaeaaiata^ v ith  10,000 ft«aataiaa» alMat 

ggcMth «aa p ia e t ia a lly  airraatatf ( i i c t *?0 and 21)* Tba 

IWMM in  shaot lan itha mi tha planla  a t v a i^ o f  ieoeuIuB la v a la  

w aariad at SO «ar* in tarva l iTroa 90 ta  1$0 ^ a  wata Ufliljr 

i^ijniinaaiit and tha data la  mmmmrimm̂  in  taikla 1 C flc .t2>.

I t  uaa faaai t l ia i  pXanta iaoetaataa witb 10,000 aaaataiaa  

imtth ahaat laagtn  a f aa aaaparad v it l i  99 . f 6 aa prateaai 

hf %hm aht<^ planta* fhiia th ira  «aa 20 fo ld  daaxaaaa la  alHWt 

gr€M>th mi planta Inoetilatad v ith  10,000 aaaatadaa vidah aa* 

aanraapandlag ta a raditetioe mi 94 ,97  par aaat in  atiaat ggmmth 
aa oaaparad ta  aentrol p lM ta a t tha and of 150 dfl^a. ^adaation 

in  ahaat groath da9 ta  athar iaeaalaa  lavaia M c a d  irmm 23.3 ta  

93•« par aaat. Tha ai:fa«la an ahaot l« ig th  hatvaaa lOQO and 

lODOO aaaatadaa iaam Oatiim  Xaaala, aara aat mk&aXitmmX a t  

90 , 90 ^  150 dar^« ^at a t  60 and 120 dagra ia ta r v ila  t l a f  aHiil* 

hitad aiCBlflLaaat diXx’araaea* Tha raaalta ladlaatad th at vhaa 

tha aaaatada iaecttliH la v a l was 100 par 1500 a l  a a l l ,  i t  aaald 

•a a ia  arar 70 par aaat radaatiaa in  frovth  fa  aaaraa a f 150 d ^ a  

aa 55 daya aid p ^ p a r  *?r¥Hi tha iRoealaa aaa avar

10C>0 aaaatadaa par 1500 a l  s a i l ,  avar 90 par aant laduatioe la  

ahaat crovth , aaar daath ar atappaga mi «rovth mi p lant in  th a  

aaaa pariad wara ahaarvad.



Pmthogeoeclty of B^e la ilia  to tlaok pepptr

fi€» 20, Eff«ot oc gtatiXh of tIm s  by
lnf«otion, with four inocultM 
at 12Q days mftt̂ r neaatode Inoeulatice

Pig. 21. £ff«ot OD growth of vims and tb< develop* 
saat of root ayates by R.a ia l l la  infaotlcm 
with four inoculuB le w is  a t l5 C  day* a fter  
Deaatode ioooulatiOB
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TABLS X

?«thfligefi«eity o£ to  toXacv p«pp«r. Shoot XoagtM w)
ex' psppor cu ttin g  at ^  aays iB torval a^tor noaatodo ineaulation

(Kaan o£ alght rop lieataa)

l)ara
AriViJ%UMV

lava l 30 60 90 120 150

Chaov 4.36
(0.6349)

«.10
(0 .9020)

17.00
(1.2192)

37.92 59.26  
(1.57W ) (1.772S)

10 ^aaatodaa 
par pot

3 .20
(0 .4955)

4.27  
(0.6365)

12.25
( i .o r r 4 )

32.17 48.46  
(1 .5074) ( l.« » 5 3 )

100 -d o . 2.31
(0.3429)

3.09
(0.4#45)

6.16
(0.§379)

t .6 7  21.«0  
(0.93H3) (1.33®3)

10>0 -d o - 1.91
(0.3154)

2.50
(0.4029)

2 .90
(0.4546)

3 .34  3.73*  
(0.5203) (0.574^)

10,000 -d o - 1.51
(0.3043)

1.P9
(0.2474)

2.25
(0.3326)

2.4#l*» 2.9«**
(0 .3921) (0.4739)

r , i a .  ♦ 0.0344 0.0552 0.0B28 o.o irr^
0.0219JC

0.049U
0.0533ft
0.0618£

CU at r  lava l 0.0952 0.1531 0.22*7 0 . 0521^
0.0611£

0 .l3 5 0 t
0.1496ft

V«lua« in  parentha««8 are log  tranaiTGriwd tsoana.
• Moan of s ix  rop lioatoa . •* woan o£ Jlvo rop lieatoa .
<* M ffniiloant at 5 par cont lavol
♦ batvoon er««v and lOOQ noaatodas inooulatad pota
$ -do- 100 -do- -do­
it -do- 100 1000 -d o - -do-
a; -d o - lOgo 10^00 -d o - -djv.



Ncmotode 
Inoculum/ Ptont

10000

60 90
DAYS INTERVALS

FIG. 22. PATH06ENECITY O F  R.SIMILIS TO B L A C K  PEPPER. EFFECT O N  

G R O W T H  O F  S H O O T  L E N 6 T H  AT 30 DAYS INTERVALS A F T E R  
N E M A T O D E  INOCULATION

5J5 200

Nematode Inoculum/Plant (Q| 0

I  7.2

ooa: 4-8

10 H lO O  raiOOO e  10000

FIG. 23. PATH0 6 E N E C I T Y  O F  R. SIMILIS TO B L A C K  PEPPER. E F F E C T  O N  VARIOUS 

G R O W T H  FACTORS AT 150 DAYS A F T E R  N E M A T O D E  INOCULATION



9€

m  K M M  M  jim s s L

TN» 9i im t  o i Httmtmnt inoetdo* to v tls  o f tli«

9a rvMh tliflot v«lgfTt c m o tM  md tfa» Aate » •  MMMOltH 

i a  TfiU* XX ( # l« 4 9  )• 7119 av«M f« aiiM t 9i «IMI9̂  plaat#

24.76 g M •OBj^md t o  15.3 $9 U«51 <• $ •!$  «» M< 4*56 f  

eX t l»  p laatc ittoenUittd wltii 10,  100,  1090, 10000 mMMtolM 

ie i##ettv ti.y#  sifB iX icftat roduotion in  tlit alioet wMglrt

¥M  libM rw d tN i 100 and 1000 s« i« t« d M  liM «tiI«t«d

plMiia and th» Mduetion in  ttm aiiool w lg M  wm M l

Md T9.3 9«r coat ofli^ sod  to  oliotf^ plodto («^ g.24). ^sovovor 

M  oignljriosQt durozonoo in  olioot woigbt m» f c e tw e

p lM l«  iaoeoXetod %dth 1(K)0 and lOOOO sMOtodoo.

i t f K *  ^ f i l

Ti» flB»bor 0  ̂ loKfM pvodMod %3f tbo p lo sto  a t 150 dagra 

a fto r  noMtada inooolatiOB MM vaaordad to  aaea ita ia  tho affaat 

a f  aoMtoda iafaofilan on laaT pradaetion. Tho data a ia  pzaaaeld  

in  Tal>lo XXZ (A g«29)« 7Ho ehoai^ plant# produeo^ on ovoaoia 

7*5 laavaa* tfhllo tha plaata inoaiiLatad v it li  IC ^  and 10000 

•MMtadaa prodoeod only laaa tte n  tva  loavoa during tho t m  
p osiod . Tho laavoa 9i thoao ^lanto voro aa a llo r  ooag^rod t a  t l»  

loaves o£ ohocv pXanto* No ty p lo a l yoUoiring o£ loavoo «aa 

CkaaKVod* fho planta inooalatod with 10 and 100 n aattiloa  

fvadiHBod 6*1 m4 3*0 laavot soopootivoly and tho dlCTamaaa 

oaira sigBiXiaaat hotwooa ahootir and plonta iaaaalctod « ith  10 
and 100 aaaatadoa* mcUjp d g m r ie a n t di^or^neo ««a Obaojrvai
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YISI.8 XX

fa thogM M eitv  o f %• blacfi^ i» W « r .  /M «h
• I  s h o o t*  ( g )  o t  l ^ i  a tf to r  n o n o to to  i i i o # « l a t l « i

(P!o«8 o r  o ifM  r ^ X i e « t « i }

M«uitaio« 9«r pat
Cb«cfv —

10 100 1000 100(K)

v«ig|yt 24.76 15.90 U .$ l  5 a 5 «  4*96««
•£ a lio o t(g )  (1 .5 f l2 )  ( l . l i 3 5 )  U .0604) (O.T057) (O.fSS?)

S .a i*  ♦ 0.025$ 0.0277* 0 .032U

C I) « t 1  ̂ lovo l 0 .0 f0 2 l Q.0719A IS

V«1m« in  pazonthooM mm 1^  t» iii8/«r»od ■•uui

•  MOM or s ix  M plio ttoo*  ••  Nwa 9i i lm  xo^ lleatoo .

i  Bo^ooR •hoi»' and 100 nosatodaa in o o v la ta i f i t a .
9t Batwaan 10? and lOoO .d o .  «4a»
e  Batwaan lOOO » lOOOO .  do. « 4 a .



FatlMcwMltjr o f f ^ o r .  ^mhsr
9t l«avM  p«r plant p rea w w  at 190 i«y9 m itw  a«m»

ia o m a tiO B *
(Mmb o t  r ip l i« « t« t}

Giiooir .
'Toeotodes per pot

10 100 1000 10000

9t»’b«r of 
loovoo
yrodneoA

7,500
(2.902)

6.129 3.000 1*900* 1.400«« 
(2.643) (1.9«4) (1*364) (1 .941)

&*9k• ^ 0.1266S 0.um tt 0 .1U U
C » ot 1< 

l< m i
0.3994$ 0.393m  iS

I ^ U M  iB  p«r9atliM M  «£• wmm o f  / f  *  I  tx « M f e i i f tU «

* Nm b  o f  a ix  • •  Moaii o f  f iv s  ropllM tM *

I  B if tw M B  « K l  1 0 0  M a a t o d M  tm o o u lm X m d  p o t s
4k •40m iOD * 1000 «^0» mdOm
£ .d o .  1030 <* 10000 -d o . .d o .
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fliMita tsoealtttt o f  100 1000 am toA M

P9T p o t. »o «•»

plant* tnoeuUtftf w itli lOOC 9Bd 10000 iiM it««t« p«r pt/%» 
7hm r t» « lt»  i»^teet«a tfeftt prodikettos liMv««

«*ri* by SM«toa« In ffc tfo o  » t th« l « w l  o f 100 « —i»

tod«» p«r 1900 «1 o o tl aK>r« aariefidly vhtm tliU  tM««Uui 

ltiN»l in tx m f i  to  1000 neafit&iSe* p«r 1500 «1 a o t l .

g f f t e t  OP thg root loaiitli

:li« root ejrvtM of p lc sts  l»oeul«tt<! v lt li P;.o t » l lU  

•hmtmt tpoteliy htwm tfis^ loB r«tl<a2» wlMiro«» i t  v— eroeey 

in  eolour t s  tlio obodc plAiit*, vttti p lontj o f foo ior  

foeto  oca l« t«rfil rao to . the root »y»t«« o f  plKiito leo o u lsto i 

100 tme 1000 «ot»toe»o vM  dovoid of fooior reoto 

«|}ort footfor roots wor« |>reo«Kt» tfeoy %*»re t l « ^  t s  ooloor 

•B i alBoet d*e«3r«4« ttio root «ar«t^ of ploiit« io o o a U to i 

wftili 10000 oM to a o o  ««• h^'viag pxoetiofelly no foo ior  jrooto 

OBly Hit«r*d le t* r « l root* . tt»  lec^rth of roots r»« 

oorSod niteor e iffo r o e t  tro»%«tfi%o oro o«Miiriooa tJi Tcblo n n

Tlw ■oxlaon root Iccrtli of 406.0S tm %reo roe<a«oi i s

oooo o f eho^  ol^st* m  oo«poro6 to  54*44 tm 1b p lecto  isoott^ 

Ifttod wltli 10000 B«aotoa«c. Tteo dlfforotjooe botvooa tli* 

trt«t««B t», eo 8ff«ct«d hjf the vnrylnf Inoculua lev«l*  woro 

tilfb ly  olp itflG ^ct* rtto poroontofo rotactlon  in root lM»g%hm



(0

um^ x n i

Pfit1iog«B««lty of H. i l g i l t i i  to  block poppor. Longth of 
rcM»to (ea) at 150 deyc of^tor aoaotodo Inootlotloa*

(noon o f •Xfht rop lloetoo)

X«BBt0608 por pot

10 100 1000 10000

ton^tli of 
ro o to (o i)

406.06 278.70  
(2.6063) (2.4450)

215.05 90.26^ 54.44 
(2 .^ 8 2 )  (1.9554) (1.7552)

± 0.01141 0.0126ft 0.0146C

C B a t 1^ l o w l  0.05191 0.0355ft 0.0409C

T o lu eo  iB p a re n th o o o o  a ro  lo g  tz e a o fo ra o d  M m M «

“ M08B of o lx  r o p l l o e t c s .  «« Noob of f r o p l io o t i

I  BotnooB obo^  aad 100 Boaotoaos inoouioted poto 

it 100 £Dd 1000 -d o -  - a o -

e  -<5o- 1000 OBd 10000 -<!o- -d o -



n

<«• %• i l f f c r m t  iBoeuliui l « ^ l s  w«jr« 31.4• 47.i»  67.8  M  

• 6.6  m p M tiv e ly  la  tli« p lants %gm%m6 with 10* 100.  1000 

10000 oo«f«retf to  th« eh « ^  p lea ts  (Fiff*?4)»

fhm nboY« reeu lte  lx^le&t«d tlM̂ t en iBoeulnn l t v « l  of

XO »»«»ted«e per 1500 ml s o i l  oonia omui« r tteH fitlo a  la  

root tf«ir«lop««Bt ttp to  51 p«r e i» t i s  eoaxwo of 150 dâ ŝ la  

95 i« f»  9l§ tw M f  plaat«d reotod pepp«r e a tt la ^ s . ' Îth 
laertaaa la  tli« taooulaa 1 t 9 \  la  a o il»  tlia plaata ware 

dairoU of a w all aavalopod root ayatoa. fiita  a lao  aliaw i  

tliat tiM root frowth «aa atwaaaljr affaat«< v it l i  taaiaaatag  

a a o ito ia  inofiulaa ia  tha aoil*

I f fa e t  oa fraah root yatgfat

Obaarvf^tloaa raoofdod oa tba iraah root ttalgbt o f tiMi 

plajsta la  f lv a  traetaanta are glvaa la  Tabla Xlf C?lg«25). fhm 
aaa iaBa root w ali^t of 8.006 g waa raeordad by M o k  plaata 

ooaparai wltli tha laaat W9lgbt o f 0.412 g ia  plaat» taoouletad  

w tt l 10000 aaaatodaa. itw  r a t io  ot root tfig k t  t o  root laagtb  

• f  th9 p l« t a  ia  tha ftire traataaata wara foaad to  ba l t 50v 

ItTOf lt9 5 .5 t  It 100 aa6 l t l3 2  raapaatlvaly. Tlia diffaraaaaa  

la  ttia root iroifht of plaata aaoi« tba fiv a  tra«»taaata vara 

h if^ ly  a ig a lf ia e a t . ^mtmg plaata iaooolatad v ith  10 •mA 
100 aaaatfliaa^ tba iiffa r a a a a  aaa a lfa lf io a a t  o a lj  at f iv a  

par aaat la t a l .  Coaparad to  aliaok plaata tba par eaat root 

«ai#lit radaetioa ia  aaaa o f  plaata iaoaalatad « itb  10» 100,
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T /n K  XI?

Pfcthoircrcclty o f  r « e la t l l c  to  bleck p ep p er. J rech  ro o t 
v e l fh t  (g ) fit 150**doyiT?Ter neo&tode ic o o u le tlo n

{rteMJ ol e lfh t  re- l l c t t e e )

flesBtoaee per pot
Check ,0 100 1000 10000

Iresh root 8.006 3.990 
%wlr»!!t(f) (0.9542) (0.6947)

2.280 0.896' 
(0.5148) (0.2778)

0.412'^
(0.1493)

0.08261 0.09€7k 0.0106T

c r fit i r leTCl 0 .2318f 0.2714* 0.02971“

« t ^ l e t e l  0 . 170B*

▼Blue* In pareatfeeBee e r e  lo f  o f x + 1  trecsfo w ie^  a««n 

«#e*i of » lx  r e p l l e e t e c .  nmn of f l w  r e p l ie e te s

f Tetweeu ehedk £»€ 100 netabtodee ii3ooaleted pote

r -< o - 10 100 -<’0 - -d o -
A -< o- 100 - 1000 -CO- —̂ o—
e -^ o - 1000 "lOOOO -c o - -d o -



^  Shoot length (cm) 

§  Shoot weight (g) 

n  Root length (cm)

I  Root weight (g)

S E 40

f  t> on

Nematode 
Inoculum/ Plont

FIG. 24. PATHOGENECITY OF R .SIMILIS TO BLACK PEPPER. 
E F F E C T  ON THE PERCENT SHOOT AND ROOT AND 
LENGTH AND WEIGHT AT 150 DAYS AFTER NEMATODE 
INOCULATION
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loeo end 10000 nrntodM  «tr« 50.4* 7I.€»  8S.6  anfi 94.$  r««-

p«etlv«lx (F if .2 4 ) .  fli« m a lt s  auccMtcd thst the iae rm s  

iB B(M»tod« lB<>cal«n in th« •e ll the root vol t̂ltt fend

wM AftriatBtsl to boot plant,

Iffoet on ohoet end root wtrht mttn

1̂ 0 rotlo b€tw««B iboot ontf root volclit «m  ooleiil&ted 

froB ttt« o)»«erTitiose rooordo^ oe freoh ^oot en£ root vol«M » 

m i the e » f  Bro BowiBrUed la  T«1>1b XV (F l f .2 » .  Highlj 

BlfBtftBBBt diffBrBBOCe V9t0 obBBrVBd bBtWBBB tllB BllOOt «b€ 

root r^tloB o f  tho pleote inooulatotf with BBBntodBB

BBS OftBBk plBBtB. iOWBVBr thB rBtlB bBtWB«B thB plBtttB iBOBtl*

UtBiS witli 100 end 1000 nOBBtodBB %<bb aot Bi|;BifiBPBt. 

plBBtB InoealBtBd vith 10000 BonitodBa M  b ratio of 11,34 

BBd wBs 2̂ 3 tiBBB Bort* eoBpBrod to thB tBtlB Bf 5.078 Bf CbBflll 

plants • ShiB aaricBd diffBrmcB in tha ratia oould ba dua to 

hBBTjp root tfaeaga ofiBaad b j hifh no^toda IbobbIbb* Ib bbbb 

Bf p lv ta  inoetilatad vith 100 and 1000 BaBBtotfaa tha ratioa 

wart 5*061 »nd 5.795 whi«ft wara 1 .6  and 1 ,9  tiaaa Bora raapaB* 

tiTal; ooBparad to tha ratia ol the eheak plenta. ?ha fBBBltB 

iBdlaatad that vith tha inaraeaB in BBBfttoda inoOBlwi in aoil 

tha Boxai l̂ ffrovth of tha p l « t a  ware advaraely affBOtad.

Baorodacttem rata ane final t?oimlatio»

fha final po^lation of naBBtoSaa in BBil* roota« to ta l  

pB^BlatioB BBd paraaBtape iBcraeaa ara a— Briaad ia  fa h la  XVI
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TAK.I IT

?ttthoir«fi««itjr o f R eS le llU  to  peppn, £hoot
w t« b t/r « o t  veifteT r fiilo  o f * t 150 •!%•»

ito e e  la o ftile t lo s
(lf*8B of eli^t n p lio »t f « )

i RoMtodoo por pot
1

10 100 1000 10000

thoot %rol#ll%/ 
root wolgkt 
v o tio

5.0T8 5.9*5 5.081 5.795  
(0.4854 X 0.5888) (0.7040) (0.7404)

11.154 • 
(t .0 4 4 9 )

0.05041 0.0557* 0 .0 5 9 U

C S o t I f  lo v t l  0.08959 1^ O .lO fff

T8la«s iB pArenthMoo ore log tx«]iofor«o4 m o m

* Ho*b of 04* ropllOBtoo. « Ro®» of fl'to roplloetM.

f  fiottiooa tho ohook and 100 MMtodoo Inooalotod poto. 

ft ^o-> 100 " 1000 -40- «4o-

C •dth- 1000 ** 10000 -« o - -d o -
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TABLE m

Pcthorenoelty o f  to  blaiA pepp«r. ^lual
pC'palBtton la  TerToon inoculua le v e ls  at 130 6ej» 

neneto€« inoculation
(Meen of el|tht rtnliefitiea)

I c o «u l i i s
la v e l

Kefin s o i l  
populetlon  

per oot

root poptt- 
1? tlop

I«r plant P«r g
Mean to ta l per cent 
popttlatioQ incratia#/ 

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 7277 0.73

• Mean of aix replte^taa

* Mean of flYa raplieatea



Final  p o p u l a t i o n

i l
52 ?: 2.0
HI ?

sRoot length

§ 1  ...

.Reproduction rote

Root weight

1 2 3
LOG OF INITIAL INOCULUM

FIG. 25. PATH06ENECITY OF R. SIMILIS TO BLACK PEPPER. EFFECT ON 
ROOT LENGTH AND WEIGHT REPRODUCTION RATE AND FINAL 
POPULATION AT 150 DAYS AFTER NEMATODE INOCULATION



(F if*25)« It  el»B«rve< tbet the rm f  of lecrtftM  Ui f l s a l  

BMftted* popttlfttion was ■•xlaMi lijr 52«5 p«r evat In plant* 

tBoMlatatf v lth  10 a M to d « » . th9 xmfm o f  titojr««»o o f  

to ta l  p on ila tloa  i s  plant a Isoeulatea wltli 100 and 1000 B«aa» 

toeac voro 8 .52  aai 2.79 par eant raapootivaly, Tl» flaa l 

aaaitoda popvlatton doollnatf ta  0*79 par aaat ta planta iiioaa- 

la ta«  v ith  10000 n«i«toea** ? te  ota«rv«tioBC also r«v««lad 

tkat aoro B««atodoa wora praaast ta tha reota thaa ia  ao ll«  ia  

plaai:a inoeulatad vtth  10, 100 aai 1000 aaaatatfao aad Tiea -  

irata î ia  plaata wMali %iara glTaa an in t t t a i  tnooalaa of 10000 

aaaatodaa. Tba hlfliaat xata o f a n ltip ltea tta a (th a  factor m  
ftael populatiaa laeraaaa ovar la lt ia l isoctiloa , raprodttetioa 

rato) of g .a ta l l ta  la pUnta iaocalatatf witta lowaat aaabar of 

ttodet abowad t l» t  th« taat plant «ao a aeltal>la hoot.

faletlQBatilo of ta lt le l tnocttlttn le-yel to olaat

Tarloaa pleat eramth obaraetora wara ataaiaa ultli in itia l 

inooolna lorala to kaow whothar anjr relatioaaiilp axiatatf batvaan 

thaae two faotora. HagraaaiaB aaalyoia cvvaelaa oorrolatiatt' 

•oaffiaiont of aacativc valaaa of orar 0.90 in a l l  oaoao. Tho 

raatalta aarfoetatf tiNit thaaa tvo faetora follow a aagatiYO 

oorralatioa (Figs. 26 and 27), fartliar aupportinir tha avidanaa* 

tbat tba ineraaaod iaooalua U 'tal wao ral«ta« to plaat ia e i^ ,  

Tima tkia aaaatoda ia oapablo of affaotiac plant ianago at a 

tiao vhaa tbara ia optioal nMatoda population 1*^1 ia tiHi 

ao il.
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L OS OF I NI TI AL NEMATODE POPULATION

* Shoot length • Fresh root weight

FIG. 27.

PATHOGENEOTY OF R .SIMILIS TO BLACK PEPPER. 
RELATIONSHIPS AMONG INITIAL NEMATODE POPULATION 
AND LEA F PRODUCTION (n o i) FRESH SHOOT AND ROOT 
LENGTH (cm) AND WEIGHT (g) AT 150 DAYS A F T E R  
NEMATODE INOCULATION



Ho»« fW W  »t P«P!>»» tee l«t« >f

Tbit flxpcrlMat «e « oerrl«« cnt to Imew tb» iafeetlT itj 

of poppor tooUte of R.o ta llU . to citrus, ooffee* b«iien« tmi 
popf)tr 8na tbe tfoto oa neaetodes oxtfoetod fron tlio root oai 

aoll art prooentoa in tatolo XTIX* Tho 4«t« roreoltd tbRt bom 

of tlM throo oltnit opoelea OBd ooffoo plooto woro lafootod 

vhon iMMlotea vltb tho poppor UolBto» %dior« • •  ban&iio tmi 
poppor (?tp#r aiggoas) wer* rad lljr lafcet«d. Koota of tteao 

hoat (eitrua, eoffao) plante vere wall dOYolopod with plasty 

of faedar roote end vhao waaliod «b4 osasUiai tbay wara %#htta 

egmmg in oolcur astf 414 not rateal preaonoa of any laaloca.

Tlio a o ll  at^splaa «iaolia4 froa tlia pota of thaaa koata did 

xovi^ l tha preaaisea o f E.aU tllla  at 160 -  285 »«»tod«a par 

pot o f 500 «1 aoll»  a t m  aunrlYlcg in  f t — a o l l .  In banana 

and pappar tha roota abowad laalona and daaay so nonsaUy 

M arvad In f .oIqIH b isfaotad  p lanta, rha nancitodea ostxaetad  

fVOBt roota of tbaaa t«o  boata oontalnad larga nwbar of larvao  

at # lffarai}t ataf€« o f devalom ant. ^ba popalatlon raeovarad 

froei roota ohewad tbat tha ntawtodaa bad Incroaaol 2 .0 -2 .5  

tia ra  aora than tba o r lf in a l Ixiooaliia Is  benene and pappar rM - 

p o o tlT a lj. Tbaaa raaulta Ina iocs tad tbat thaaa two planta %rora 

tlM fiRiPoaratf boata tor  ttala aaw toda. fba ovara ll inoroaoo I s  

popotlatiOB In benana alao tRd!Oi»tad that tba pappar la o la ta  of 

tbla na<!!atoda favoured ban^e aora aa a onltabla boat*



«7
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i B f t e t l T l t ;  o f p«pp«r lsoX«t« of to  •itxno»
mta bi^nfin*. Ksnbor o f cnatodoo « r ti« e t  

fro« roots £̂ xid s o i l  »t 9$ « fto r  soaototfo laoon letioa

(Meoii of flv o  ropltofttoe)

Bnibor of »o«ito6«« 
_ ostj^otod

TotoX flBOX 
popaXfttiosHooto

tnoonlotoi Fro« root* 
por plant

F r a  100 
ml s o i l

Sltjrao • 42 220

m JEai £SU Si2£$£ - H 199
citjFus « a x ^ tlfo lL « 5? 285

Coffoe eroMca - 52 X60

Bcit&W* 1232 129 1977
P«l»per' 1055 144 X775

QrlfliiOl Isocaluti lovoX 500 noiMit oi oo , per pot of 
500 ■! s o i l .

f»oen o f  5 »oplio«too
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^ 8  t a f a t U l t ?  beWTloar c l  B»PH«r l« « U t«  ta w r t»
B>. eocoBut end f trg c cn it

On Repotting the seedXlngt; fwm mxh £et of pote» It  

«e» obCBrred the root •jsten of both the plists «tv « 

entrsilee cue eeae Ir.to eloee contact with eeeh other* -h«y 

vere seiMixetetf eerefuXIj %rtthoat loetnir root oKterte^le of 

either of the plaete. ihe details on the nuitcr of 

•xtfftcted froB roots of the plante en6 soil fron the ai^e pot 

ere eawsBerieed in Tehle XTIIX • Bo leelone eoold id* S m a 6  ob 

the rt>ote of oooonut or ereceBat aeedliBfe. ^veBthough, the 

roote vere k ^ t  for over 10 6my for extrectioB of aeaetotfee, 

BOBe could be recovered. Ib e«̂ ee of b^neBe sBd peprter root** 

pet^y diecolouxetion end rotting ot roote could be observed. 

a.stcilie  ifi e l l  etsfes of develonceot were reedlljr obtfrlcsd 

from the roots of benem ee^ pepper. Kvecthoafh bo BenstodM 

were obteioed Sxtm roote of Mccnmt SBd ereccBttt, the eoil ia 

the f»ote conteinod the BOBStodee. ihese results indic»t«d 

thet the Peaaiyur pepper isolate of H.s la ilis  eould iBiect oBly 

haaefte but BOt cocoaut B̂d srec«Bttt (Iig .28 ).

pepper. coooBat sbc areeeattt

IB t h i s  i^se eleo %ht root e y s te a  of both host plaata ia  

each pet wae ohaerv«d to be aiBirlec « i th  eeeh o th e r .  1b weshinfr 

the ro o te  o f  th e se  pleats ana oi^refB lly set>aretiB f the«>« s n e l l  

4a«lr spots could be loested an the ro o ts  of pepT>«r» cocoaat ead
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T A u  xnn

CxM« o f  *p«pp«r i c o U t c  * • £
to  •oooaitt and &r«e^mt ^  "ootitel* pU bP
sctfeioA. w tiflit and m abcr o f noflAtodoo ovtxootoi 
froHi roots and t o i l  c t  140 io jo  a f te r  pXoattBg of t h »  
iMOt pX oato.

Root p losto
Boot

( « r

M feor o f ao»to«oo  
•»%*««to<l

Booto por 
plOBt

^ o ll por
100 ta*

Pffpor . • 8«84 2574
<5

B im o  •• 77.73 2544

Fifpor «.5« 2651 94
Cooraiit •• 17.81 K ll

Ptfpor 7 .17 2287 48
Artepmt 12.57 ■11

fh« pot
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arececut plente, on cloee observa tion. Thcee nmBll spote vr 9 

fottsd to be le8iori£ and they were separated end teased out on a 

l^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 tJJ, The nuisber of neostodes recorered frost sreernut 

rootc w*is coQperetlirely less then the nn«ter eolleeted froo roots 

of bcneae, papper end coconut, ^he rwulte sufrgested that the 

benrne Isolate could infect a l l  the three hocta (M f.28 ).

Croce In fec tIv tty  bebPvloor o f cocoroit i s o l s t e  to  
pepperT bang nc sn^ srecaput

On re«ovPl of the seedllnpt^ 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-̂ Ziut seedllnfs. Ilje details on the recovery of neoetodes 

from the roots of orli^iiiol hoct, susceptible hoets end frc» soil 

in e«ch of the pots ere presented in Teble XJ, txtmim tiaa of 
the iroots reretled the presence oi lesione <mlj' on roots of 

pepper etid brn^nc pli^ntc. The roots of these two hosts yielded 

- . slosillB. Lesions frors pepper ben?>n6 roots contelned 

nefsstodee of a l l  stF>|res of develo^oent, confirnlnr the infection 

&nd reproductloci In the hosts, ^houfh the soil reveeled the 

presonce r f  ne«atodee on tercsin&tloB of the exDerlsent in the
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TABLE m

Ct9»9 in f« e tlY ity  o f nmmtm loolmt*” o f K.o i « i i u  to  
|i09)^r» ooeoBttt aatf OMOoaBt ^  *tfoablo p v a V o S lf e e i .  
Ho^ votfb t «Bd BB»b«r o f BOMtodoo «stxooto< from 
root* oaS fto ll e t  140 a f te r  p l« t tB «  tlio  boot p U ets .

Umbtr o f Boaototfoo o x tio e to i
ffoot plOBtO noov

woiciJt
( « )

por
plOBt

Soil por 
100 id -

t»mm
Poppov

45.55
9.47

5155
1680

51

mmwm
(̂ OCOBOt

w . n
41.12

2577
1156

45

Boivbb

Aroeesat
48.85
14.78

2840
829

57

Iron tho oom pot
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CVOM iB lM tlV ity  ©f **coomut l 80l«%«” 9S £ . • ______
to  p«pp«r» eiu! arM tiM t b j **do«bl« plTsf^iifbod •
T’oot w elfht gcd iwm&er o f B«neto^«s « itr«cted  fjroa roots  
6o4 c o i l  200 4eyo a fte r  p lr a t is f  tho hoot pU iito .

Hoot plOBtO
Boot

M ight
(S)

v o .o f aoMtiodoe oxtxoct«€
Boots por 

p lie t
^ o ll per 
100 wH*

Cooomt 31 .to 1072 47
Peppor 9.92 359

CoOOBttt 35.80 8€5 59
BRwao a u l 1520

Cooomt 29.26 784 3$
A roeent U .8 5 B il

the pot
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pM tcd with both hosts* no nsnstodss eoald bs «strsets4 

from roots of sreetmit. ^'hls tudieetod thst the eoeoimt 

IfttloB tfU Bot iBfoet arteeoat (J i«.28)» L «ri« naieb^r of 

■Mstodes rsoovorod Ifo i hsaeBe roots sacfoststf th«t It 

■oro fevoiiroA thsa the othor hosts.

Iisa lB S tia c  o f  dopottod plests ror«eXod iBttnicfX ii^  

mH MitSBflsMBt Of root sjrstoB of both tho host plsots 1b 

•ssit p o ts . 7h« BBBbor of Bssststfos rooovorsd fro« tho roots 

o f <irt«lBSl saa SBsecpttblo twsts f r w  s o i l  ars prosoBtsd 

IB tho T sbls XIX • Boot ssrsBleetioB shovsi %fOXX tforoXopod 

Xsstmis* psrtisX  dsrt dlsooXoBXstlos s»d rottlB g ob roots of 

hsmftBS SBd psppsr* bat Bot ob roots o f ooeoBiit. LosioBs t s s s s i  

OB « fX sss sXias iB fsw orops of voter mni sx^BiBsd showsA 

Bsastoftss of «XX stsgee of deiroXopts^Bt • ETtBthoofh* tho fMt 

uss pXsBtod with both h osts , B.s ta iX ls  « ss  rs«ov«r«4 froa  

roots of bSBSBSg psppsr «cd sroeeaat but not froa eoeoimt. 

thus tht obser^tloB S indies tod t b it  tho srso«Bot isoX sts asa  

•spsbXo o f  iB fe o t is t  sad pappsr oBXjr (F ig .28) • Rsra

Bii»ber o f Bcastedoi^ roocnrered froa boasBS S fs ia  saggsststf th st  

t h is  host ass tho aors fSToursd oas for tho asastods thsa tho 

sth sr  two h o sts .



T4

fABX.£ T O

Cross lBf«etivlty of **er«eeout isolat*" of R.«1b111» 
to banetia* eooontit os^ î oppojr by "ioubl9 pi«i"notbod •
Boot woight find niBber o f nOMRtotfoo oxtzoet«a from 
roots «Bd s o i l  at 140 6ay& a f te r  plant In^ tbo boat p la a ts .

Root plaata
Hoot

m iA t
(g)

Siiabor o f M»atodoa 
jgrtiaotad  

Hoota per ^^oll per
plBOt 100 t t l ’

Arooenot 22.86 837
41

Ban&na 34.57 2069

Areoemt 27.29 928
38

Cooontt 57.20 mil

A roeen t 18.40 689
55

Poppor 7.74 487

Frew the ea«o pot



B A N A N A

A >

CO CO N U T ARECANUT

P E P P E R

Banana population  
Arcconut «
Coconut »>
Pepper »

FIG. 28. MODEL ON CROSS INFECTIVITY OF THE FOUR ISOLATES 
OF fi..SJM giS ON PEPPER . BANANA, ARECANUT AND 
COCONUT
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le four iBolfctee of R.g ia l l l »

71m dotaila of aoftMuroaonto of Smmlw bwA ml9m of tho 

four isolatM  of H»»ln lllo  popaXstloa era praaastad la Tablaa 

m i  ttlJJ raap«etlvely. Kaaaaraaesta w  a l l  aritaria  

vaa€! far ttila aaaatoda g«iae wara raeardad. Tlie saea M y  

atainrcsanta of diffaraat iaolataa af B.a la llla  ahoirad e lli^ t  

iparlattona %iara not aignlfieaBt. ^ba raafa ia tha aaaaare-

•cBta raeordad wax* within tha Borpholofrio lia lta  of R.a ia llta , 

Critioel aaiaatriatioii of body orgfiie did sot ravael aiqr apacial 

faatiuraa or derietioaa froa tha alraady raeordad el^xactara.

S<raaiiimr ot black papaar eat 1 vara apd wild epaoiaa
s e s t e i I ' s i i u i s

Kina caltiY ara aaah, froa Karala and Kaznatfika, two 

aaltivatad  apaeiaa. two wild apaciaa and fiv a  wild aollaationa  

o f Pipar wara aaraanad for t^ a ir  raaiateBca acaiaat R.a iF i l ia . 

Obaartetiona wara raoordad ob root %iaig|ita of plaata and naaa- 

todc« racovarad fro« a o il  and roota . Thaaa ara aunariaad ia  

Tabla XXTf. 7t waa obaenrad th et aona of tha plaat typaa 

ahoi«ad iw a a ity  or raaiateeea to  B .a tg l l te .

Tha root w a M t raduation and aaaatoda aaltipliOKtiflB  

la ta  (the faator on f in a l  popoletioc incra^^aa o w r  in i t i a l  

iroaiilAB) lo r  aaah o f tha plant typaa ara fiT as i s  Tabla m  

( li |r * 2 9 ). Boot w aifht raduction of ovar €0 par aaet daa ta  

WM obmmrwmd in 23 typaa wharata IJI four typ§8
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f m t  u x v
Bam m ing  bU «ir p tfp w  « a t i v a r 8  and « U 4

V *ig l}t ( f ) 9£  plAflt* IHid «MHltaS« 
yifMilJittOB i r m  s o i l  and r o o t s .

(M»as or tv o  ropU M tta)

C vlitiipss/ S M t 
woiglit 

of oiiMlr 
oXasl

Inoealatdd plants

root ro o t  

t o  mimrn

VMCtOdM

" s S T T o S r

Totai
B( 
t<

1*349 
1.610  
l « i t 9  
1.790  
1.J50  
1 .4 t0
i.y ro
1.620  
1.9T0
1.490  
1.2T5 
l . f « 9  
1.330  
1.360  
1.400
1.490  
l . f tO  
1.390  
2.120  
3 .600  
l . i 0 0

1.940
e o lle e tio n  lASO 

( n t t f t l )  Itowt30 
«4o» 110.341 1.790
•d9m ffo.34» 1.960
*4o» (fM iil wads)

RO.S 1 .300  
lO .t  1.205

tmgimwOm
jk a lltf fa lly
OIM iiM ftftta
Panni,Tin>»t
sottaaadaa
lalM ikaita
M ra la a  sonde

eiwHf^Nis&ra. 
%adani 

Miii4i>odi 
fa i^ L  gm^m 
ttafftfoaano 
M m g ra  
NovUga 
notat^ato 
sa ioaon a la^  
OMairaro 
stM o illa iaaaa ia  
Balaaollogaaa a f

0.490 33.96 39 972 610
0.190 9.29 17 ^ 6 293
0.709 39.39 17 97 n
0.195 8.64 910 766
o.iso 10.40 199 332
0.420 21^ 9 39 m 237
o.no 39.99 69 466 939
0.299 19.T0 120 370 490
0.909 32.20 63 297 360
0.400 27wiO 14 99 112
0.2T0 21.19 33

S I
226

0.990 29.49 26 161
0.390 26.69 35 214 249
0.3«9
0.429

29.20
27.03

36

5
166
262

208

3T.0.390 23.90 294
0w400 23.00 97 2M 341
0.260 18.70 48 329 377
1.000 •4«82 34 436 470
1.000 t 77 89
1.339 69 ao 39 81 120

1.210 78.90 40 74 114
0.919 91.70 31 79

0.430 M .99 74 941 919
0JI99 2 9 ^ 0 62 295 317

0.239 21.90 49
is ;

446
0 ^ 9 0 37.90 69 308



tHKUt IKV

1 cjTMaiiis ftiT hlBdk eultivars anA wild
«ifiifi«« s .ftB ilif .  X̂£mt m §w mot or root Mdnettoit 
•ail ttw ioaeealtlpU oatloa t«t«*

(Moaa oi fm0

C ia tlv ex /v ild  opociM
Boot

svdno*
tiOB

oatloii
m to

3E«iim d«
A O llaviaijr
OtfaizonlcottA
Poaaljrtti^X
sottonadon
BolORkOttO 
km ^vlm  nnndo 
ChorSjraVeBlyo^odftn

VCHral f w j a
B lneM w aiie
M ^ o r o

i M a i m
tittoeeeolflkal
m u>rnw
SOSOMllOgOOOOltt
BdloeelU geoesxe

ooU ootlan ( f i t t o l )  WqA^O 
•d o . ” fo«341

«*d ik » ( f o i H l l  F ia d n M fo *  9  
•do* -d o . ^o. 7

♦
C D Xovol,

66. 0i 6.10
90.71 2.53
6 1 .^ 0.74
91*36 7.66
81.60 2.32
7 » 5 5 2.37
64JL5 5.35
M .30 4 .9 0
67.80 3 .6 0
72.60 1.12
7 i* i5 2.26

1.61
2.49

71 .«0 2.02
72.97 t j n
76.50 3 .12
76.20 3v«l
n .s o 3.77
w a ^ 4 .7 0
72.22 0.05
30.90 1.20
21.50 1.14
w io 0.75
75*45 9*15
74.70 3.17
7S.50 4 .46
62.50 3..O0
15.203 0.7016
42.407 1.9506
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m m l 9  Z.lSMEB* £-llS2S2Blaa2SS* I-£SifflB£$SS 
« o lle« tlo ii (V it te l)  Ko«430 the p«r cent reduottoB o f root

v« ifh t«  ««re 2X*50t IB.50 mmi 50.90 r<Mip«etivcl^. Th«

M xiana ■ a lt in lle ^ t lo s  r«t« of 7 .(€  t ia c s  and root w i f i i t  

reduction of 91.56 per eest were recorded Is  Pennlyur -  I*

I s  «•••  of Cberl7«keBi7Elce«SB* Belleaellefeesera sad vlld  

e o llection (V ltta l) Ko.541» the root redactios Terled from 
75.45 to 84.5  per cent £sd the aaltlpllcet 1<» rete f g m  5.47  

to  4.9 tU ee . Though the seaetode m ltlplloetloa rete wee 

frcii 5.6 to ( .1  t lM » Is Arekttlnannde, KerlMusde acd Itacdlkodl 

the root redaction resided froa 64.15 to  €7 .8  per e e e t . Ib 

Kallttirelli the ■itltipllaition reta w a  obaerved to te 2.55 

t lM «» fcat the root redactIob waa aa high aa 90.7 tlaea. 

Balfkskotta aad KottssadOB thoogh raoordad, loot radaotica of 

78.!»5 «Bd 81.66 per oent reapeetlvely the ■«lttplie«»tloB rota 

iB thaa wea oBly 2.5 tlaaa. OthlraBkotte raoordei a daallBO 

la fiJBfil popolatloB of 0.74 per caat bat ahowad root redactloB 

of 61.65 per oast.

Thott#ii the BBltlplloatioB retce 1b ianiet&k& oultlvera 

reB<;ed froa 1.12 to 5.77 tlaea, the root weight radvotloB 

raaordad Ib them laBgad batveea 70.5 to 81 .5  per cent Isdloat- 

iBC thet they ware ^ery euaceptlhle. ?.hatle alao raoordad a 

daollce la the f l ia l  popaletlos, howairer It ahowad root weight 

radiictloa of 72.22 per cent, fha piaat typea eoraened wara



t l

mHnl9 lR t«  roar bMi«d on tfmtv a iiM ^ tU

M lity  M etiflR tovards r .a i» ixi« , m  d«taiU on th« grM^t 
art p M w itod  in  XXVI.

Tto  « ia  oX t l i l«  %f«« to  %tio« ^ho xo o o tle n  o f

poppor p lo n ta  to  vav lo ao  tv o o t« « n to  o f nooo o a v * and th ro o  

a a ia tie lA a a  and t h o ir  a ff& a a o r tn  o o n tro lU n e  R»a i a i l i a  an 

p ^ p a r *  Tlia fsow th  a ltt ia a ta ra  l i v a  aboot la n g tli»  tt— h aH aat 

v a l^ H ty  la a f  p ro d o e tlo n t ro o t lo n g th t fra a h  ro o t w o ig lit a a i  

f in a l  nooatodo p o p ta a tlo a  v a ra  raeovdlad w ith  ra ^ p aa t to  th a  

tro fita a n ta  ad ap to d . A l i a t  ^  tra a ts ia a ta  a n  praaaoftad in

M ia  xxrn*

J ffa o t on ahoot lonjeth

Tlia ahoot l«Bfltli o f  planta andor veriom  traatmwita a t  

90 and 150 d ^ a  a fta r  ttaoatioidal appliaati^a ara aaaaaiiaad  

in  fmVl9 X X fz n  and X X IX . r ta t ia t io a l  M ljra ia  ravaalad aig*  

B ifioan t diffaranaaa batwaan ohaav and varioaa traatMnta^ 

batvaan d iffa ra n t naaatioidaa* th a lr  daaa«aa and •athoda o f  

i^ p lie a tim i. 1*^ inaraaaa in  ahoot langth a f  ohaov plant al

90 daya %iaa only 4 .6  ea ooaparad to  11.56 aa in  p lanta tndor 

7 12 foUovod Hy T 24, T 21 and T 11 traatam ita. TMa iiw  

oreaaa in  ahoot langth by thaaa traataanta vaa ofor 2.29 tiaaa  

ooifrpazad to  tha inoroaaa o f 1*1 •  2 .1  tis<aa in  xaat o f  tbo  

traataanta . Tha ahoot langth at 1$0 daya a fta r  naoatioidal
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»«r •tA ttw o rc  and idLI^
'M tiQ II  o£ tlw

p m « r  r a t t v i  
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m giO f S w e tp t ib l* e w e y t l b l e
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H t t h }«» 1«9» 
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m  1 .5 -  
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( n t t a l )  430
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t i t £ s  m n

C h w iiea l en b la fiv  p^pryw,

tM »in90ui«tion  ?o«t-»ifioettXatioa t m t *

T 1/ »  1250 Isf/N i TX3  ̂ !f«M ttclr* (» 1250 H ^fet
T f ^ a . #  2500 >g/tm n 4 *4o» e  2500 ^ k n
T 5 »  5000 vg/Ht T15 .44b. »  5000 % t/i»
T 4^ S B C f #  22 1/iM n « ' 0 B 0 f »  22 X/im
f  5 •4ft» •  S3 l/tm n r «>4Qk» «» »  V t e
T 6 • i s * m 44 J i / i * n s m 44 I/IM
T 7^^fM ulX oth ton  9  2 le t / te n s /•n so L fo th io n  2 ln/lM
f  • •doi* #  4  feg /^ T20 md9m ^  4  Ig / tw
t  f ?21 maOm «  •  W h i l
TiO AXdlMTbtolfon* »  2 tg /h « T22 A141e««bsiaroM «  2 Vg/lit
n i ® 4  l« /h » m40m
n t . 4  ft. i  >§/tm T24

t25 C M !*

IIM«I 1 ) n ,  n » ,  T4, T16, T7, T19.nO,T22 « n  eonaid«r«d low

2 )  T2, fl4 , ?$ • T17, 1i« T9Q,ni,Ta9 m  •onsKwrttf w $ i m

S) fl5 t ?«• T19, T9« m «n2,T 24 «r« Ma«ld«r«d ldL«li
lm'9^



tmu, m u x
ChM iM l ftOBtrel 9t on oe
•lioot IwMTtb icm) «t 9v « ft«v  n««atiei4aX a^pXieatloft

{nmm t h M  n p U e a tM )

n *  S I* f9 SI u fa SI

n 5*36 rr 6«63 n 3 5 .1 n f 8.43
« 6 .?» w T.73 f l4 6 .0 no 9 .6

f9 t l5 5 .76 m 11.01
f t 3.93 no 9.T ns e .5 3 m 8.63
t5 9*t6 n i 10J$ fl7 6 .0 9.43

€.13 flS IIM fU 7 .4 TH 11.53
m 4 .6

•sl«6hoet
I«agth

s  i M f M

......

WMNitioitf9t M m&ttmrn o r  
• fp llO A tio a

Ajptpiioatiofi TOtiioir
w w »  im  < 
U « i4 M M l o i Rigb oottlatloii

#o«i iiw
OOUlAtiOII

MM 3 i a
cairo

38.3 38 .1 5*9 56.9 90.6

»  »  0 f  3 ? ^ 37 .5 40.6 6 .4 4 7 3 67.7

imbiott 5 2 .0 57.9 8 .6 67.9 87 .2

AliittAlP* e e  A
h»ul£om 60.3 69.3 10 .2 9 5 .7 88.8

H m  7 .0 7JB 8 .5 7 .4 8 .1



f m a  m i l l  -  (Co«rt«.) 

i m f t i  s  avthod dX i ^ i o a t l e s

A ^ p U M tie s  f f X M

POMgM f f  ia »  
oeiiljrU  
I M

?o « t
Inoetil**
t lo n

IftMl

7 6 .6 92.x T.O

9 9 .0 9 5 .0 7 .0

m «ii • • 9t.T 10T.2 t . f

t . 4 • a

ftw te e e U S*g» 1  0 D « t  15(
_________  - . . . in x ia i.....

B«tv««e
S tM iU eidM  
S tM fM  
N « tM t  

R tM H leitfts X 4om «0« 
I tM tie id M  s  m tlM ii 
fleeesee s  M tiiote  
ciM i^ t m t a o i i t *

0^T 12
0«»2U
0 . 2 m

0.2T56
s s

0 3 W

0 .9H 9
O S S U
0.70»5

0.1W 6

2.4369



f  M S  m x

M t r o l  o f M
•n siitot («*} aO §o iMft mitmr
eiiti«B.

( mmb ttf  tbT M  n p l i s a t M )

T*« SX» 81 T« 81 f SI

n  9*4 T t n a T13 «*4 fX9 15*9
t3  8 .9 f  • 22 f l4 9*6 n o l e a
i i  9 a  
u

T 9
n o

24«9
2i a

n 5
n i

9 .7
U *8

T2l
f l 2

25.0
2 9 a •SI* r l̂Met 

iM ft ll
t5  15-5 m 2 3 a f l7 12*7 Tf» 29 a
T6 l e a n a 2 7 a TW 1€«9 T24

T29
2 9 a
8.1

S iM tio id es X d w s * t a a t io id t c  X m 4 M «  of
llPfliOAtiM

^9»g9 1»1P*1 9£ itp liM ttO fl

« 1 ^  Ltm nU im Htfii
nWKn iaoco* i^eoi 

la t io a  iaoeu latidr

is i 5 2 .t 5 € a • a 7 9 a 8 0 a

9  l e t  i« « o »4.9 104.9 14.7 i 4 o a 126*4

M m oa  106,9 UT.T 150.0 2 0 ^ 208.4 166*2

•vliToft« 195*4 142.7 171*7 24*9 2 1 9 a 290.0

n tn  15.4 16.5 2o a 18*0 16*7
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TABLS X m . ( C o a t d » )  

B w g e e  X M ftto d a  o f  i^ p l ie a t im

iNmism

ftf «99li6«tiOfl

ff« iaoeo- PMt i»» 
lat&M oeolatton

NMB

Mv 195*4 175.5 19*4

N*ilW 212^ 1S5.1 16.5

IttiH MOJL 2 4 f.4 2 0 a

NMM X8*0 16.7

f r e e tw w t t

b«%«m b

,m  ±  0 B a t

t9wMtlel4»« OAX0 1.1)57
0.3606 0.9664
0.3944 0.7»90

HtMitieldva X 0 .7 2 U 1.9»29
V«M tlet4*8 X BglhBil 0.3467 0.9292

0.5099 1.3665
ehMft* Vs t iM iM i i ta 1.0198 2.7»51



m

iV ^ licstian  in  eh««v plant* ww « • !  m  t o  t h i  MZl«

m i  shoot longth or 29*4 in  p la ita  und«r f  34 fA lw o d  

t f  T 12, T 21 MiS r 9 v itb  21S  «•# 25*0 m  m i H»9 m  w—  ̂
fo e t iv o ly  (#ig*SO)« Thai I n o r w e  i s  shoot iMigtli l i t i  

« t 190 4iqro oXtor n o » « lle i4 o l ^ l i o i t i o a  woo 3 .64 t i M  

lt«hor in  T 24 t y a t —nt and ooriod ^tw aoo ! •$  »  3«43 tin eo  

in  othor trooteonto ooaposod to  obse^ plonto* B«t in  eooo o< 

•11 t iM tco n to  with noon ««>o tho ineroooo ovnr th t ohooi' «M« 

onljr bntwson 1. 0I «1«20 tinoo tfh i^  was v s iy  nogligibln* Tfao 

som atn indinstnd that a t 90 4^ro« fonaoixothiott and 0 B C f  

« •!«  n o n  afraotiiro %f p ost •  inoonlation  applioatioay in  

inovnaainf ahoot lon^sth, «horo«o aldiodrb anlfoao «ns noi«  

o£to«tivo nhan appUod ba/oro nasatoia inoonlation* M 150 
4aira tho ?ro»4noettlation appliantion oX ahaniaala in  fanaral* 

novo « rX a « ti« o  in  in n m a a in g  tha ahoot longth, vbaM a ald iaai^  

aulfono «iaa tmmA nozo 9ffaotiv9 ao paat^inooulation ai^plioa- 
t io n .  !iaan aa«*o vaa laaat afXaalitro* Inong ohanieala triad*  

nltfiaarb aalfona and ronaolfothion ait tha la to  of •  vg par 

hoiftara irraapaativa o f aathod oe a p p lita tio n  wara foand noro 

affoatiira in  indiielng ahoot langth*

S tf— t  aa f r — h i t w t  iw l« t it

Tha data im tha fraah ahoot vaight o f plaota a t  130 

dar* o fto r  appliaation  o f nanatieidaa ara piaaantad in  

Ti^la W  (jlg * S l)«  S ta t ia t ic a l analyaia ravaalad a ig n i-  

f ia a n t d iff^ a n o a a  batwaan ahaev and a l l  othor traatean le.
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AFTER NEMATICIDAL APPLICATION
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TABLE XXX

Cheat cel control of h.feltilllg on bl«ck popper. £ff«ot an 
fr<*«h velfrht of ehoot (frU ai 150 drye <tft*r neaatloidol 
a p p lic a tio n

(*l«8n of three replloctes)

Te VE‘ T» V8 T9 VS TS VS

XI 10.4 T7 U .5 T13 11.6 T19 12.6
72 12.4 T8 21.5 T14 12.6 ?20 18.9 TSii^reeteeBta
S3 13.2 T9 28.5 T15 14.3 i2 I 30.7
T4 8 .3 TIO 23.5 I l€ 11 .3 'i)22 18.5 vt«rreeh
T5 12 .1 T il 24.6 117 15.9 T23 27.4 weight of 

•hoot per
?6 14.7 T12 31.0 X18 18.6 T24 35.4 plant

T25 5.4

Kevetleidee x tfoeerec tleiaee x sethode of 
f^pplleetloii

l^eihode 0/  applieetloiil099ft9 level*
Kenati-

eldea Low tied ins Hi«h
Mean Pre-lBOM*

latiOT
Poct^iB-
oottlatloi)

Fe«B«
e«ke 66.3 75.0 82.6 12.4 108.3 U 5 .6

D B C P 59.0 83.9 100.1 13.5 105.5 137.5
renaol*
fOthlOB 87.5 121.3 177.8 21.4 199.8 186.8

A ieicar¥-
M lfone 126.4 156.3 199.5 26.8 237.7 244.5

ireen 14.1 18.2 23.4 18.1 19.0



TAa> m  -  (Contd.) 

lo sses  X acthodft of eppliertloo

90

ICMiefes

Methods of a p p il< ^ tio n

P re -ln o c tt-  Poet I n -  
I r t i o n  o c ttla tio n

Mm b

Low 176.9 162.3 14.1

?!edins .. 211.9 224.6 18.2

R l ^  . . 262.5 297.5 23.4

M ean,. 18.1 19 .0

Tr»e taepte

I'esFtlcldee 0.4359 1.1682
ioofifM 0.3775 1.0111
Methoes 0.3082 0.626C

Veaetlcldee x dot^gee 0.7549 2.0231
I^omatlcidec x methods 0.6164 1.6520
loBf fer X aethods 0.5339 1.4309
check tr9ntmentB 1.0677 2.8614



n

mi4 m t M a  e f  a p fU *  

M t i m *  r t f B l i l e a n t  d ifr« t9 iie« «  w«r9 ebM rv«4 b«^MMKi

tb« lR t«raeti« i <(lw to  «ain £ietOf«» Mmug nmuttim
aiaiMmr  ̂ •alXoii* um mogt 9tt99tiW9 by both 

•ofthodo 9 i  i^r}lieatieii la  ieoroM liic otioot woight oX plonto^ 

virioh waa € •  7 ti«oo  «or« ovor e>ioe»' p lim to. Ttto olio«i«aK 

m» alaa « « p « lo r  t o  a l l  otbor ohoaioolo ia  tiioiY coo^oetivo 

deoncoo la  oXfootiiic iaosoaaod afeoot «oi$6t* poot^indovaotten

9i ohoBtoola  «M i s  gonorol o iip o r i^  to  pso^iaooiilotioB o^pli*  

o o tio a . Aldlearb otilfono at low doaago or fonaitlfotliioa at 

MdioB doaago %»oz« jCoaad aoi<o a lfa v tiv o  t ^  D B C f at tdgh 
doaaso* ?oat.iR o«taatiaB  ^ p U a a tto a  oX aooa ai!%«» D B e f  

•ad aldioarb atilXoao roaiiltod ia  bottor alioot woiglit vfaaxaaa 

pM»iaootilatiOB o£ XocaoXXotbloa mm aofa aXXootivo.

a c m

Tl» mai^or oX l« ifo o  prodi»od lif p laata oador vaxloaa 

tvoato^onto a t 150 dara aXtor aoaatia ldal applioattoa axo aaa» 

■atlaod ia  fablo XXXZ C ag.32)« n ta t ia t le a l aoalyoio oX data 

abovod aigalXieafit dlXXoxonooa batvaoa ehoa^ and varloaa 

tr«!i^ ont« , botvoofi n osatie ld es and tfaolr throo daaagaa* Tl» 

two aotlieda oX ap^lioaticm did not otMw oigBlXieaat diXXoxonM 

oa loaX prodooriiOR. Planto oador 7 H  prodoood aaxiaaa aaabor 

oX 7 .6  loavoo por plaat aa ooaparod to  loavoo prodaeod b f 

tho oheo^ plontot whiob abowod a two Xold inoronoo ovor ahoe^ 

p la a ta . Aldloarb aaXXono vaa aoart oXXoetivo Xor loaX prodvotion.



9t

TABLE X m

CliMioBX eoeiroX o f  ob b U A  p«pp«r. <m
Im t  proanotim  150 •fte ir  i im t is ia a X  applioetio ii

(K««a o f  thre« r*pli««%M)

fo to ip To Lp fa lp

n 3.3
(1 .821)

T7 4 .0
(1.989)

T13 3 .6
(1 .9 U )

f l9 4 .0
(1 .989)

T2 4 .3
(2.0T9)

T« 4 .3
(2.079)

T14 4 .0
(1 .989)

T20 4 .3
(2 .079)

T5 4 .3
(2.0T9)

*9 4 .3
(2 .079)

U5 4 .3
(2 .079)

f21 3 .3
(2 .307)

f4 3 .0
(1 .732)

n o 3 .3
(2 .307)

T16 3 .6
(1 .9 U )

222 4 .3
(2 .079)

T5 3.«
( l . f U )

m 5.6
(2 .379)

S17 4 .0
(1 .989)

T23 3 .0
(2 .229)

n 4J0
(1.9W)

T12 7 .0
(2 .641)

T18 4 .3
(2 .079)

f24

T25

7 .6
(2 .759)

3.3
(1 .821)

in par«Rtb«8ee art m 4 1 lo g  wmm

Ts •  T w ta « iit«  Lp « Wtmhmr o f loeiroe proteocd
por plant
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TABLK

K «netleld«6  x docaires K e«atio fd te  z  »«thodfi o f  «p p ll- 
eatIOB

lo s e f e  l« ircl» Methods of ap p lle ^ tlo B

Low Ksdiun High
* Mces ?r« -ln o o u «

la t lo n
POSt-iSOM*

lo t io n

Keea*
oeks

11.196 12.204 12.472 1.995 17.956 17.956

r  B C P 10.92P 11.700 12.204 1.954 16.096 17.956
FCBBtll-
fotht<m 11.956 12.472 15.158 2.087 ie .4 4 0 19.126
A ld lc a r t
SulfOB# 15.158 15.822 16.202 2.579 21.982 21.200

1 .5 5 2.C91 2.251

Poesr«e x nethode o f ap p llo & tlo a

Hethode o f ep p lio iitio ii
lo se ^ e s w - ln o c u -  ro fit-lB ocu- 

l e t  ion  l e t i ( »

Low 25.550 25.668
Kcdlttir. 25.540 24.858
Hl|?h 26.564 27.672

T rsftta sn te 4 C r I f  I s v s l

f«tw«os

Ioe«fe«
Methods 

Kfenotlctdec x Coe&gem 
liesat ic id ee  x »«thode 

X methods 
Ch'clc '̂ s treB tiB snts

0.06X6
0.0529

»E
K£5
m

0.1507

0.1651
0.1413

0.4059
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£tUo%f«a hf f w a i f  at M en. Tii« on l« a f  prodoetioii I f

X « M i^ ottto ii « t tdffh diM ga «mw •qual to  lo v  or M d iw  tfOMfi 

OR eldieaz^ au lfeiio . ROM ea '̂S ^   ̂ C ? eboweS OQtuil of£o«t

08 looX protfoetiofi at a l l  t in  throo ioeagoe.

.IfeClfft Oft 3f

I'oot longth o f planta tndor vaxioaa tvoatooAta a t 150 

Aqfo 0 /  fioM tieidal ai>?Ueati on ax« pr^oonto^S ia  M l o  XXX2X 

{9igM)m  ftc tia tlo a X  analyala rovoalod rnkffditcmX 
roRCoOy botvaoa aon«tielda«t th o ir  doMfo* and baitweoii 

and a l l  tho othor troatmonta* ftoo moI mm root lo a ftb  wao 

oboorvod i s  iilanta w dor 7 v it l i  273.4 m  followod hf plant* 

in  7 12« T tl^  T 11, T 23 and T 9* flio ehoe*” plaBta roeoid«i 

only 3 0 ,6  on root la n ^ b , wliiob la  9*9 tin o a  laos than tha

roooxdod root len g th . M amag tfao ohoaiodla toa tod , al»  

di«atb anirono « t h ig h  dana^ raaiiltod in  maa U u m root longth* 

followod by fonatilfotlAoot 9 S C 9 ,  m i ntm  ocf>>o* AldicMeiẑ  

m v X tm a  « t aodina daaafo ahovad aqiml o ffaot aa fonatafothion  

at liigli doaa^ t in  root langtii prodttetioii o f planta* /o a a a l-  

fottdoa a t  low doaa«o» 9  B C F a t aadlaa doaaieo or m m  a a ^  at 

high doaaffo ahovod ŵ utH oJtfairt. SindLlarly aldiaarb aulfone at 

lo v  doaaca waa aero a ffo a tlv a  thaa x> B C ip or aaoa a a ^  a t  

th o ir  h i g h  daaaco. fliao aldiaar^ aulfona aaa foand aaparior 

avar othor ahoaiaala taa tad .
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fA K l XXXIX

CkMlOBl eaetxol of H.» la i lt »  ob p«pp«r.
OB root len ftti icm) et 1>5 lays • t f x  
•p p lie f  t lo s .

{msn o f thrM  r tp lio a tM )

Te R1 Tb R1 TB R1 "8 K1

T1 54.6
( 5 ^ )

17 119.0
(10.91)

T15 56.9
(6 .10)

T19 118.1
(10.87)

f2 61.8
(8 .7 6 )

f t 185.5
(15.62)

TU i f . l
(8 .55 )

T20 176.4
(13.28)

w U 9 .4
(10 .93)

f9 247.9
(15.76)

T15 U 3 .6
(11 .15)

T21 255.7
(16.00)

14 72.4
(8 .81)

TIO 210.8
(14.51)

T16 91.3
(9 .57)

T22 a 5 .9
(14.62)

T5 119.5
(10.95)

m 255.2
(15.98)

T17 U6.8
(1C.81)

m 246.1
(15.69)

T6 144.9
(U .0 4 )

712 270.5
(16.44)

tlB 156.4
(12.45)

f24

f25

273.4
(16.55)

50.6
(5 .56)

?B •  TrBBtaentB R1 •  Boot lisfftt) p«r plitnt

TAqbb In parBiith«B«6 given aro a^uaro root traaafoiw itieB .
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USLT. X m i  -  (CoBtd.) 

f esictlcldeB  X dofifires Neaibticide& x ecthodfi of 
« p p lle s tIo n

F c o e t l -
c ldee

lo v f ®  I t  ve la i^eibode pi ep c lto ^ iio s i

Lev Mcdlua P re - la o c u -  
l e t  ion

?o«t l a -
o c ttla tio n

Peem
efk e

35,94 49.13 66.20 8 .91 74.67 76.60

r  F c p 55.13 65.24 73 .43  10.76 95.33 98.45

fe n e u l-
fo th lo n

65.35 80.69 95.27 13.91 120.86 120.45

Aldlc&rb*
eu lfo n e 87 .38  95.00 98.91 15.63 140.79 140.50

Ke£u 10.16 12.06 13.91

ro©«̂  fce X aethodt; o f ftpp llc ; tlcw

cthodB of ttpp llc t^ tion
lOBA j»8 r€-{fioou

la tlo R
I- Poet i n -

OCUlStlOB

Low 120.32 123.48
Kedlus . . 145.84 144.22
Hlirh 165.51 168.30

Treataer*te t .rm  4 c I
1*̂

: a t
1 m l

e tv te o
K w aetlcldee

Methods 
1tMititlcld«£^ X doacgf’S 
?^ear t lc ld t tc  x methods 
To*epei!' X se th o d s  
Check Vs t r « i t a e n t»

0.4583
0.3969

BS
KS
Kf

1.1225

1.2282
1.0657

3.0083



f f

tim A lts OB ifm h  root noigiit 9i plm U
VBiioai treoteew le oxo ew w w leed  in  fmhl* XHXIX ( i i i « i i ) «  

s t c t io t i e a l  ofuilfolo showed o iiiim ooflit 4 ti!fe iw eo»  HtweoB 

tlio olioo^ m i vazlotHi tx o o tM eto . tg jo iitm iB tk  4iX^oroae««

WOS9 « i«o  ofcootiod botifoofi tho B «iati«i400t tlooo  4om«o«» 

and t6« two aothete oit ^ f lio a t io n o *  Tho e e i l e ie  root woi^M 

VM rocoxdod b]T plonto in  tM Otaost 7 24 iritb 12«90 g • •  ooa» 

porod to  2*07 c  hf p lanto in  t i —tooat  T 9% and tfai di^oroftoos 

waa ovor a ix  to ld o . %oat ttao naaatieidoat aXdiaoxI} aaXfono 

aaa iToand aw^mAvt a t tho tiv o a  doaafoa aoapazod ta  a l l  tka  

atlMr noaatiaidoa. fiivavar W ttar  xaaalta vaao Obtainad wttli 

a ttov  aasatletdoo undor tiaataaaita T 21« T 1?» T 23, and T 9 

wtiioii raaardod an inaraaao in  root walsbt or 5*4# 9*0, 4 .t«  

mA 4*7 tiaoo  aoro m p o o t iv o lf  ovor tho alwai'. In gaaatal 

poat-inoaalotion  ^ppliaation o f ahoaiaala itaa f a a i i  a^parior 

t o  pre-lnoeulation  appXloatioa*

I g t i t  m  %tm «■— t» a »  n o p a la tla n  In  n w f  H I

Tka iatft on noaalodo ooanta roeoxdod i a  a l l  traata«rta  

f io a  rooto and a o il aro aaaisaiiaad in  Takla XZXZf* fha da» 

t a l lo  OB iTinal noaatoda popalaticm ooanta par p la st a t  150 

ia^a a fta r  neaatieldaa appliaetion  axo proaantod in  Tabla 

ZZIV* Tbo a ta t ia t io a l aoaljraio rovaalod hlgli lava l o f al#»  

nlfioanea botvoan tba aiiaa»> and traataanta, aaaatiitdaat th a lr  

dooa«o aad a i t M a  o f i ^ l i a a t i o a .  Naxiaaa radnotion in  ta t ia  

popalation aaa Oto^rvod ia  f  24 foUoitod hy T 12, T 21, f  23
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fABLI m i l l

ClKHiieal eoBtroI e l  cm IsIjkHc p«pn«r. B ffcet on
ftmh  root w oii^t ( i7  a t  156 day* of te r  B ea etle iao l oppllofttii

(MoiiB oi th ro o  ro p l ie a to o )

T« to Bw f Sw To Bw

n 4.25 T7 6.26 n 5 4.08 T19 4.81
f t 4.45 fS 7.35 T14 4.30 T20 7 .70 fo r fr o e t-
f5 5.09 19 9.74 T15 5.10 f21 11.30 ttOBtO

T4 2.47 TIO 8.07 T16 4.10 T22 7 .90 lw»Tr«ili
T5 4.65 TU 8.54 T17 6.0? 123 9.90 root

voifht
f f 5.99 X12 U .2 7 X18 7.51 T24 12.90

T25 2.07 pl«Bt

|i0 M tl0 l4 M  X dOOB^O VOMOtiOMOO t  sotbodE Of 
•Pp ltW tiO B

^OOOfO lo v o lo Motbode of oppliootioB
♦ ♦ II — ^
e l 400 Low M I bb High

nmn Pro-lKocm-
UtiOB

ÔOt iBOOB-
IfttlOB

liooa
•oko

25.00 26.27 3C.61 4.55 41.41 40.47

B C ? 19.72 32.18 40.61 5.14 39.33 53.18

FOBOttl*
fotbion 33.23 45.17 62.32 7.82 70.0T 70.65

/lilo f ir b
OttliOBO 47.93 55.44 72.64 9.78 83.69 92.32

WOOS 5.28 6.62 8.59 6.51 7.13
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fABE.£ Xm XI •  (CobM.) 

roMge* fm aetboas o f  •pp lleatioB

^•tfeode of a p p llo stio a
£ •••§ « • in eea - Foat I s ­

i s  tioB ocalatloB
IMHI

L0W €3.18 62.70 5.28

75.01 84.05 6,62

Hifb 93.51 109.«7 8.59

I M l 6.51 7 .15

T r— t a u f E.Ite ♦ C r  at I f  l« f« l

WMatteidaa 0.1414 0.5790
raaagaa 0.1225 0.3285
Nctboda 0.1000 0.2680
Baaatleldae x deaagM 0.2449 0.6565
Sanatlcidaa x  sethoda 0.2000 0.5560
lioaagaa s  aathoda 0.1732 0.4642
^•dk irm trestmenta 0.3464 0.9284
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ChefBloftl o f OB blAtfk p«pp«r. K#f«ot
ee th t  of B w to d w reco v ere fl f r a  r««%c « €
••1 1  « t 150 deyc a fte r  B W tic ia e ^  api>llo«tt«i

(H««B of thr— r«plt••%••)

TABLE r a iT

fr te taea ta  Fawbr ol r tc o y r e a
Jr* ro o ts / IB s o l i /  

p la n t f9t

T1 724 905 1629
T2 6€6 763 1431
T3 522 685 1207
n 582 580 1162
f5 529 390 919
76 5€6 340 906
T7 3U 333 646
T9 199 150 349
T9 m 95 182
n o 116 230 346
n i 28 85 113
n 2 - •9 65
t l3 m 898 1731
T14 C65 738 1403
T15 49€ 713 1209
T16 553 625 1178
T17 301 435 936
T18 378 320 698
X19 287 190 477
?20 68 133 201
T21 28 70 98
T22 96 325 421
f23 69 39 104
$24 - 19 15
T25 2634 925 3559



f A w  t m

C h««ie8l c o n tro l  o f ob blftek p«pp«r,
i:S f at OB f l i i s i  B w T flt ie p o ^ E tlo B  p9t p is a t /  
pot &t 150 a*y« a fto r  BMiKtioldo app iice^ tien

(Moeii of thrto rcp llo«t«o)

fo Co Kp !TO »P To Up

f l 1629
(40 ,36)

T7 646
(25.42)

T15 1731
(41.59)

T19 477
(21.83)

T2 1491
(37.78)

f8 349
(18.71)

T14 1403
(37.46)

T20 201
(14.18)

t3 1207
(34 .75)

T9 182
(13.51)

T15 1209
(34 .77)

T21 98
( 9 .8 i )

11€2
(34.10)

TIO 346
(18.61)

T16 1178
(34.33)

T22 421
(20.49)

n 919
(30.84)

n i U 3
(10.61)

X17 936
(30.59)

T23 104
(10.22)

u 906 
(30,10)

212 65
(8 .67)

718 6 ^
(26.42)

X24

T25

15
(3 .52)

3559
(59.64)

To « fro«ta«iite Up •  Rowitoioo por pU n t/p ot

Yftlvos in paroBthoeos aro ^ T T T  trr^BOfenetiOB



202

fis .K  x m  -  (coBtd.)

X dOMfM V M tle i< «S  X MtllOiS of
•pplifletici

V M t i -
eltfM

M«thod« of spfilioK tlor

U m K««lM R ll* IfttlOB
Poet liJocu- 

UtiOB

F««b- 245.897 225.783 208.587 37.792 338.731 341.526

9 B C F 205.311 184.340 169.560 31.067 285.144 274.067

ita e t t l-
fothioB W .7 9 9 98.692 70.151 17.258 172.977 137.665

n d i e a i t
Milfeii* U 7.335 62.512 34.784 11.924 u i . t w 102.738

29.597 23.805 20.128 25.243 23.777
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TAatS IXXT - (Contd.) 

lompts X aethod« of appliectioa

Methods of appiiefetloD

I’r e - la o c u -  ?c* t In -  
iB tlo n  D culittlon

Low 355.523 354.909 29.597

w«dlua 293.909 277.418 23.a05

High 259.313 223.769 20.128

M«bb 25.243 23.777

Tx«otQ«Kits S .£« ♦ C I  I  l> v> l

r.#tve*n
dd<*K . .  0 .4088 1.0956

r-oi^g'^e . .  0.3539 0.9485
M«*thodP . .  0.2891 0.7748

H ea rtie ld « e  x dosofce . .  0 .7080 1.8974
t i c  idee X methods . .  0 .5781 1.5493

lo e e r^ r  x ae thods . .  0.5007 1.3419
Cheek r t  tr«^ tm ents . .  1.0013 2.6835
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and'T 11. In th« abovs ^iira t r 9atMBta» the p a r  eant ra» 

daetlon in  erli^inel InoeultM oap«l«tlona vara 97, 07* 60»4»

79.2 and 77*4 reapaetiva ly . ' baraaa ttia i in a l  naaatada 

papulatioB In T 25 (ehae*') ineraMad to  9999 wbiah waa 7»1
o

t isa a  aora than tha original inoeultw  (/lg « 9 4 ). %aog tha 

cbM laala tr ia d , aldiaaxb aiOXona «aa iTovnd ta ba aoat 

aJtJfaetivay iTollovad bf JTanaulXotlilony D B 0 ? and naaa a a ^

96t 37 and 9 p ). 'Idiaerb aaljCona a t liigb daaaga 

pravantad tha roota ^roa n«vatada ioiTaetioa. Ifa naoatadaa vara 

raaovarad troo tha raota a  ̂ plaata traatad with tWLa ahaalaal.

In ganaraly popnlatioa eounts vara aoeh lasa in  plaota traatad  

v ith  aldicarb aalfona or fananlXot hion. /aaaolfeth ion  at lav  

doaaga vaa not aa a^raotlva aa aldiaarb aulfoaa* bvt a t Ugli 

doaage i t  vaa aa afi'aativa aa aldioarb aolJtoaa at aadioa 

doaa.-^a. 7ha peat^inoeulation traatn^nta in  ganaral^ vara 

aora a/jfacftiva in  bringinir dovn thm nanatoda population* vharaaa 

in  oaaa o£ naas oa^a pra»inooulation traataant vaa ^otaid to  

ba aora a£^Taetiva.



l>ISCUSSION



? .  m o m i m

t t e  blsek p«pp*r ecm txitetM  •  sliftc* o f  foM lgs

•xeliaBff* MiniiBf* •wtmg tiM spie* orvpm Im Xii4i«. P m c n t

tli« pr«v»lmie« of tb« w ilt*  4lM «e«

ifiiieh U  <«i%xoyiBc thm ▼iats ia  %li« p«pp«r gxoming tx a eta , 

eoaeia«r«A iw p% ftiw  timt m b« l a i t i a M

%• «Btf«rateDd %h« a«tiir« o f  %h» pjrobtw* • ^ e i a l l y  tfa« rol«  

9t th« terrow lnf B««atod«» ^ o p lw la e  ■ i w l l f  its *»low w il t” 

«tf

Tliis I s  tli« f lv o t  t ia o  ttiat aaeli a atudjr h— b««a aMa 

ia  ladia* tlw afii blaok pappar i«aa raaordai aa a toa t of 

yi« a la illa  ^  faa  Gooday (195€)» a p ra lia ia a iy  atadjr o f tha 

taaate eaaaad bjr t l i ia  aaaatoda waa aaoitietee only foartaaa  

yaata le ta r  (vaa dar Yaabt, 1990)• Chrlatia* (1997) baaad 

OB M a tour eoaduetad la  tba lalaad o f  Baagm* aoafiraad tlM 

fiad lnea of Y»a dar Vaabt. i^onia (1961) ooaaidarad th ia  

aaaatoda aa M ic iB i liln^ «aoaf tba aoat iapertaat plaat p a ia-  

a i t ia  aaaatodoa ia  tba traplaa aad aa tba aajor aaonoalcwlljr 

tsportaat apaeiaa la  tboaa fag ioaa . S*Saaaa at a} .̂ (1970) 

vaportatf tba ooettrraaaa o f H.a ia l l l e  oa pappar for tba f ir a t  

t ia a  ia  Soatb waatara ladia* Xbay did aot ioT aattg ita  tlia 

problaa fa r tb tr . Taakitaaaa (1972) raportad tba praaaaaa a f  

tM a aaaatoda oa pappar la  tba aortbani parta of Car«la aad 

aaapaatad ita  aaaoelatioa  wltb "alow w ilt"  diaaaaa*
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7b« »}rtiptc»B of "slow w ilt*  ob*«rr«9 in tli«

pr«»ent stad j ar« s la l la r  to  thoe« reportod bj ves dor f o ^ t  

(1950) «®d Chrlotlo (1957) (F l|r t.2 , 3 •ad 4 ) .  ThU lo  baoi- 

o « lly  « root dloof^M. Koot rot »sd doec> sywptoBa woro obsorvod 

la  the oeoe of of footed ▼inee. Above frotmd sjv^tono ore asBi*

footed by oocfielrniel or pert l e i  to  coaplete yello ir iiif o f lee  Tee

(T lfi .2 ead 3 ) .  Coooftlon of growth - n’r- w«o followed by 

fredual lop f drop and f in a l death o f vlnoo ( F i f ,4 ) .  ^ f'a ln a -  

tlo n  of root oyoten o f affoeted vlnee ohowod extenelve nf^eroele 

end decfy of roota , }>coder roota were oo«plately destroyed. In 

euoh oeeea the Tinea oould be palled out ea a lly . fro* the t i« e  

of in fe e te tio n  to  doeth of the Tinea, a period of two to  three 

yeara aay elapae, The f l c e l  et£gea of lof^f 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 th ia  f in a l  

ata^e by wfe!ch t ia e  the Tinea are irretrlTWoably lo ^ t .

The prerent aarrey roToeled the preaence of R.a i» i l la  In 

25 out of 41 loo^tiona, in antf around the diaeeae aaepeeted 

T icee. -^hia ia 60.9 per cent of the to t e l  aree aurreyed. The 

neafstoce populatim  waa higher in the roota of dlaeeae<^ Tinea

and the a o il eroucd the roota. The a>«plea oolleoted  fro«

healthy loolrin^ Tinea reTe< l4Pd the preaence of the neaatode 

in 18 out of 41 aeaplea in  the eorreepondinf lo ce tlo n a . S=.oll 

around healthy looklnir Tlr«a oontr:lned the nei»to^e» but the 

roota of theae Tinea contained praotfof I ly  no neaatode. l^lde
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a i f f e r e n c e  In ceaatode poimlettioD deoelty b«eu obM rvetf, 

Thie couie f>rob@bl7 b* du* to the tine ol »««p l!n f, cffM t  

of Inttreropplc^ or d lff«r«n t ftoll t>p«» 1b the dl»«ec>«d 

«ret» (T ab les f l l  anfi 1111),

?he o th er pIsEt p s r e e i t l c  forae eeeooctenM  In the  

•G «ples xere  ^clotepgame spp.*  ̂o ty lep ch a lu t » p p ., «»e 

n ellco ty len ch u B  »pp, (Table  6 ) .  T h eir  popu latloa  l e v e l s  

did Bot vfixy aarkedly tetweea th e  het^lthy and slow v l l t  

a ffe c te d  T ines ane a r e a s . H.s l a i l i e  was associated  with  

se v e r a l sop u lar  cu ltiT e rs  1b th e  d le e a se  a ffe c ted  p l£ B t«t lon s  

(Table IX ). t ia i iK r  obaervatioBS have beeB aade t j  aevera l 

workers who atudied the neaatode ice ited  root d ia e a s e s .  

^^oiiBteiB and Boyce (1956) • & lso reported a l s l l a r  f la d in fa  

ifiTeetlffcttlnF the peach r e p la s t  p rob les  1b CaBi^da who fouBd 

that only 50 per ce&t o f the oreh&rds surveyed with s  h is to r y  

o f rep len t problem contained th e  suspected neaatode pathogea  

-rctvIeBChus penetreris.  ih e y  a ls o  observed a h lfh e r  p o p o la -  

tioB  iB th e  s£ap lee  i s  r e p le a t prob lea  a rea s  thra 1b the  

h ea lth y  aref^o, t u i t  end luC ham e (1953) d e o  observed s  

s l a l l e r  s ltu & tio a  1b resp ect o f  th e  spread lap  d e e l i s e  o f  

c ltr u r  iB f lo r ld a ,  ihey reported th a t frequeat se a p lla g  aay  

be aeceasf^ry b efore th e  aenatode wcta fcmad. la l lu r e  to  d e te c t  

P>s i B i l l a  iB a l l  th e  saap lea  c o lle c te d  during th e  survey i s  

Bot th ere fo re  uBatnial tvnd does ao t B e c e sa a r lly  lB d le» te  th at  

the d lsef^ ie la  Bot a sso c ia te d  w ith  th e  aen atod e. I t s  wide
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ooeurr«ne» In th« dl8««Md ar«a« md th t pr«««nee o f xoot 

l«8ion« in  e l l  eases of dieeaeed plente etrongljr p i^at to  

B>ei"-ille beine the in d t e n t  or elow v i l t  d ieeeee cC pepper* 

w^nrther the leee tio n e  in  vMeb the nesatode vae not detected

vere not e o n tlg ^ e  in  tho dieeaee tract*  Tfaeed are aeatteredh
aloni; v lth  other loeation e  fxoa whieh the neaatode vaa deteeted  

in  the M sp lee . 7baa the eitrvegr data eoold be eoBaldered 

adequate to  poetu late the eloee aasoeiatian  of tbe neaatode 

v ith  the alov v i l t  dieeaee o f pepper* The reatilts of patho* 

/^eneeitsf of l .a lja llta  on pepper repotted in  th ie  th a e is  

•trengthen th ia  eoneliteion.

The invaaion o f the roote by the neaatodee leading to  

fo iM tio n  of lea ion e vaa studied* 7MLe vaa done in  the labo­

ratory* a ia o la tin g  aa fa r  aa poaeib le eonditiana p reva ilin s in  

nature < /ig * l3 ) .  ^ha invaaion and eatabliaheent e f  the pathogM  

are e lo se ly  a ia i le r  to those reported by DoCharae (1999)«in  

oaae of E .a ia i l io  on c itru s  roota* f̂ and aeetiona o f the in -  

feeted  root ehoved that the nenatoda alao feeda on the root 

parenchyae ee llfi and M ultip lies in  root tiaauoe (^i«a*10 and 19)* 

Theao ftndinge eo n fo n  v ith  the db strm ticn s reported by van der 

Veeht (1990) in  peppert *^haz»e (1959) in  e itm e  and Vilaoni 

aĵ * (1976) in  ease o f fjinger in fee ted  by r .a itg ll ia .

The inoaolation  esperiaents proved the pathogenicity o f  

r .a i e i l l a  on pepper roote* Pathoeei^city espexiaente were eon* 

ducted aa per the tech n iq u e reported by 'fountain (I960) for
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avalti«tiA« th« pUmt ■ w U ie  y l« t i  o m M f  m th u m  in m t  
mmtB n m  Maaaet^d oa vbol* plAiita <rM*M « iin ia i» }  l a  

9« l«  « itb  t a i f s t o d  s o i l  «ad n itb  ew ee^eeM la

le e e e le ie  ftm mltmammst or intoaoity  9i ■ f^ jfan  v itb  ifr» 

a m o ifif  4oaa§Mi or tHo patliocoB va« mo9 i^ iiH a t  
t l  and 29 )• Tlw aHova f M a i iqrapto^a ibaorvod on tlio plaata 

ta  tliia  aap«Haaat aloaoljr a m a^Ui  M  tfUw w ilt if^pttaa la  
t t »  f ia ld  aaatjpt fo r  ttm l»«v p yaM n aai atAataata la  a»> 

^atiffioatia plaiila* Xt la  aaatiiaaai tlMt tt»aa laaalto aai^ 

aloitvolsr a a l^ lia li tte  ^a^lMiaaiaity «r B> aia illa  «i »ap9M  ̂
aai aa th$ in a iia iit or alov w ilt dtaaaoa* TMa^tho n ia t  za» 
port In ilila  flw iib  mm ia r  VaaM (1950} inoeulatod
pofpor aaoM afa v itli ^« ^ a tlia . ba iid  aat taadtaot oi^ad*  

aaata v itli d ixraxootiel inoeiaaa laaola* Bo aaald aot tbma» 
rava arriva at tba aaaa t laraateM laval or iooea la i ror proidLng 

yatiioioaic arraat* Tiia yiaaaat laaalta  haaa atiowa ttMit tba 
tlnaalMld laval or iaoanliKi ta taiaaa aiaaal ^r^^taaa sa 5$ d ifa  

aid roatad o a ttlii^  oT pai^ar at tba ond aT 150 diqrt t9  tM  
M a^aiaa fa r  1500 a l ar aa&l ar a tta in ia g  a ataa popidatioa 

laval or iboat 2S00 par iiaa  ar xaat* ItN wlaa ander n oU  

•andttiofw «hMiav«r tb i popalatiaa latpal inasaMaa to  tb ia  atafo» 

i t  rntnf bring v itlb lo  laval or daaofo laadfag ta  tfio diaoaaad 

aonditioii or tba viiiaa* Baaalta or tbo aagfay •boaai tbat tba 
aatl popalatioB aroood ^aoaaad viaoa raacad bataaoa U l  

(aaai agi  21) noaatodaa par 100 a l aeil*Howaaar tMa pipalatloa  
lavol aay faxjr iapaaltat apoa tba aga tad fvoatb ar viaaa aad
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t o i l  faotoxs. Van d«r v«ehit (1959) eeuld not al«d >«prodiic« 

th« yollowlns fH l«avo« in  inoouXatod planta. f̂ owovor* 

•f«pt«i8 ox' dooUno ot: obovo Etwmd pnrta, noorooio and doeigr 

0  ̂ root* «id dootrM iion o£ jToodor roots wore «oU roprodoood 

•fld eloooly rooeablod £i«ld sjsptoiRa*

Tho r o lo  oi* o th or p le n t  ptNCOSltle nom todos oneoMntorod 

in  th o  t o l l  tMipIoo in  "slow w i l t ” diooaoo ia  quaation ab lt*

Tfao eonapioooa rodaetion ia  groirth and p r ^ e o d  root ro t in  

plants inoeulM od with l .̂a ia i l ia  at threahold lovo l as atovo* 

stron^lj in d iea ts th st tb la  n«9«toilo alone aoold caoBo a l l  tha  

^r«ptO(s« ox alow w i l t ,  /o r th sr  ' in to  (1972) rc^ortod tbat« 

14flS2£StiLSL ^  M.iayanloa oaoaad radoetion in  plant waigbt 

pappar aaadlini^ by 37«4 and 1 0 ^  par eant raapaotivaly ta  thoaa 

9i con tro la . TMa ha oba«rvad 10 aontha ajCtar 04’ inoetilation  

with thaa9 naoatodas. ;:war (1971) raportad that

i »  •  poor boat io r  lgtjfl^ng.t«4m  ranUTontia and th a t  

i t s  a u l t ip l ia e t io n  r a ta  w«s l9 s s  than two t ia o s *  Thaaa oba^iw 

v a tio M  in d ia e ta d  th a t th a  othar nanatodaa j^otnd in  pappar 

f ia ld  a o i l  do not hawa anjr a a jo r  ro lo  in  alow w i l t  d ia^ aaa. I t  

i a  a ls o  prababls th a t thoao naoatodas axa patbogana ot  tha  

plar.ta aaad as stan d szd s ojt * > ^ a r  vinaa*

Tha rao id  attltit> lia< n ion  and high popu lation  b v ild  op 

in  in oeu la tad  p l in ta  at low in o c u lm  la v a la  o la a r l?  in d iea ta d  

th a t  pappar I s  a ravoara’̂ la  hoat of r > a in i l i s .  owawar thara  

waa a datilina in  p op u lation  la v o l a t  th s  hi^hast inoon lna la v a l
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10000« C is ila r  rvaulta h«v« r«eord»d with ?Mty«» 

lu c h u e  thom «t on wh«at ( Aeen.t 197X«)« ’̂tda pbsnoaanon 

o«n occur only vNm th« rsprodootivc p o tM tia l o£ th e  pathogcB 

i s  dependent on and rdlatod to  tho avaiX obility  9£ a o tr it le a  

and autoatratw!. Thia «»aa ovldaat £xo® the apoeiaena 9i tha 

nanatoda with a lng^ ah  aovaiRant and anpty body ea v itla a  ra- 

covarad Xro« a o ll washinga or tha abova traateant. ro it «id  

9iChas«a (1993) Obaarved that î >a la i l ia  InYodo faadar raota 

ar 1/16 inch diaaatar* Tha ^appar planta oaad fo r  pathatani*  

c ity  ta a t had Tawar ifaodar roots* vhan fav roota ara inocu* 

le t  ad with auch larga nunbara o£ oasatodaa aa 10000, tha 

populatiofi par tn it  area o£ ava ilab le  root ia  aa hight that 

the reader roota are qvlc'^ly daaaeo"^* i.̂ reah root produetlott 

wee too alow to  replace the roota l o s t .  7taa high popolatioa  

praasure and severe o o ep etitiM  £or food would have leed to  

a high a o r ta lity  whioli could not be coapenaated by the m te  

ox B oltip licatiO R . ruch a a it  oat ion had been reportad by 

IVharae and P rice  (1966). They poetttlated that auoh a phono- 

aenon coald a lso  occur onder natural conditiona. Thay obaarvad 

that axtar 55 daya« the actual population begon to  X all doe to  

population praaoure*

The I . a i a i l l a  p i^ u la t io n  la o la ta d  £rom pepper# vhea in oc«»  

la to d  to  citruO f o o ix eo f banana and pepi^er cou ld  i n f e c t ,  re­

produce and m u ltip ly  only in  pepper and banana iad lM itin ^  th a t
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t lw  i»«99«r i s 9 l« t«  f« M  ( l t i « f t } «

C M m  mm Bot 1bX««I«4« t t a t  «tippoxtia« tlw  a « H m »  •£  
9'sm m  (IffO ) wii9 BMia oot fibMmrw am iatM tioa  0T

S »M 2l2tft ^  r o o ts  d o r iiis  t h t i r  •«n«Q r.

Cr«t« WiMnrioor 9£ ttm t9 v t  popttUUoii*

(ls« lA t«d  tgm bMMMt po9p«r« •oBoaut «nd n n i m t )  in d i*

MlWd t ll«  PMM&M • /  t9Wg *imi% tjp M *  (J 1 « .2 S ). i lU  

l a t io n t  ln^«et«d bftnana tmi hm t M  bMuna* TIib

^ h a v l o a r  •€  %hm £9ur p o p a la tiO M  m& m» X«U.«ws* 

fim p^pmr S » o lit«  4 i i  m t  infM d eoeomit m i  m M BU ttV vt

% w n i» t l »  baRARs is e l« t«  lsf9 « i« d  pgppBr, Boeonoft 

M i Tbt •oeoiRit iafM fttd baiiafia ani ptppmt

M i not •tw esaiite fim rnrmm^t latflat*  bmana «ni

te n w r  1»«t so t eoooaut. I t  i«  i i x n o o l t  to  M f irtMitiiBr tim  

M r  t«ol«koo eeeow iterei h«ro roproo«nt fowr •w iM *  o t  ttw  

MM(tod«. th« vrosentt ttm «fox«  I t  o«r bo o io lo M o  to

• i i t im t B  tiiM  oo «toot tr^oo* oo ho* k«oa i fciw rooi Ir  

f i l l *  <19*9)• Kootoh ( m 2 )  ftoi flilfio ftfii M to h  (1976)• 1% 

i o  oloov ho«««or t M  ohm poppor to  int«rplaRt«d v lth  bananot 

•M M M t or eocaiwtt i t  i o  l i ^ U  to  %o ittCootoi by * lm t  

tjrpoo* M o  tfeooo f lo a t s  ooi br i t o  om  *iMot tjrpo** Axm m mI 

Md ooconet o io  oloo in oo ltob l*  otaaioxio  Xor poppor OIMO 

tlM{f oBooorogo a i i i l i f U o t t io a  o£ ttm ir *iioat typ«o* «iii«li paoB 

M  to  po^por* Yob io r  Voedt (1990) Ino poiRtBi out that tbo 

p r o M iU ^  M i opro^ oX iaXooUoo to  pippor a o a li bo ^rM



iafiM M  Ummm p lm tt*  v«tNnst i l f f l )  n m i
% m m m  popnUUdii of F.iiaim « tw m  w m m m  m ti « * • * •  M  

i i i f « e t iY i^  la d iM ltiig  a tfiitiaM ii i<iOM. Zb 

*«M lc UMUyt 1975) tii* •tMMU «M f m d  laTMfU
•I «
ta g  ¥«Mn«t mkI «r«M iiiit, B«t tn* •tad i«« in*

th a t t ilt  •••(Nittt 9«p«]jitftOR iafM it pi f pay « i i  

taaaaa aod aal araeant^* ?lila laAtaataa tha p e a a ib iU tf  a f a 

■ i x t m  a f  *baat tfpaa* la  lyatala aoaom t ^ ^ a la tia a t  vMiak 

aiglit infacfl athar iM ta , Ttaattar CX9< )̂ a a i Statnor (1925) 

p a a to ia t^  a fef^aliiaaia af avalution o f atxalaa ar kaat typaa 

ar fa«aa witii tea t a a laa tiv ity*  Y«a vaai«« 0 9 5 t )  a lM  faaB4 

tlMrt pafttlation o f ^ â ia i l la  ia ^ a la d  f M  «U S m t« l kaata M  

iaeon a ia taat in f a e t iv l^  l»ahavtattr* tvrhaa (1971) arapoftad 

th a t atasy l9omt papaxatlon o f n .a iM lia  M  a a o n a t te i^ la  

aaaaat a f  ^oaatle variaM litjrt i ^ m ^ a c  iwat ^paeifiaitir*

M a  avtlMv alao ataartad ttiat lia abtaiftadi iaaU taa  a f  

aaljr fraa t a p ^  «ina yaata anA aat fraa  aiaaawit m t a  aaai 

aa ataadar^ fa r  tlaa tappar vina* A a ia l la r  tn fa a t iv it f  ba» 

faaviour «aa abaarvad ^  Om  0«tta  and SoahadH (19T1) l a  «aaa 

T atylaneholaa g a a ifa a iia  a ith  twa popalationat aallaatad  

I M  M feta  Pvadaalu

Tiia faar iaa ia taa  did aat ^ f f a r  aigaiflaaaiH y ta  aaaaaxa* 

•aata  ar aafpholagr ( M la a  HXX and H U Z }« fim v a fia tio a  i a  

b a ^  aaaaw aainta vara a ia i la r  to  thoaa rap«rtad ^  Gadfif (1 M )»  

riCliaiaa aad M xabfiald (1956)» and 2iiar (1968} in  t to  ptpttlatloaa
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îi9T9tn% (199i) immi th st bodf
• e e w e e e n t e  oC f«M l«  laolBtcd Ar«a

d ir r m o t bo&%» but hi onabis to a w * * e  t h «

in to  a m m n t  tpocdao Tlim « (I9$ l)

ttait v«rUiti0ii of Wn pm t 09fit or 9V«ii eovltf b« 

in  w  pflpttUtioR. Hi rorthdr ita t« a  that 9»9tAmmm i tm  
f«vouri&l« and mXavovnftU hofla M f «iDtl»ii i n M l

n »  pifp ig v iltf etfllM tttM  ««i othir t||M C
eyeelw  ieriftnid did m% rvtmstl ujr imsvnity or m IcM m * to  

i e t t d U U .  {^Mrovor* t h i  a i * i s l« 2 i  « m  fre ap o d  t o t *  itm t 

eotoQOtiMt (7»bl« XXVX). T u t  I t  bftMd on th o ir  m e t io o  

f - l l f f t l l i  rolatod to  ttao for ooat root to io e tio s oad a t iltv  

plloation  lo to  oX tlio sMttliogM in  tho ho«t plant (iic»a9)«
Tlii o r ito r ia  oood t9 t  auoli a o laoa ir ioa tioa  am  tlM o  o f  

(oM o (19S5). itoootdif« to  IH% xoalotMMo to  t o  bo MasBrod 

in  to iao  M l i t y  9i tho pareaito to  oarvivo and o o lt ip ly  

and not cilv^pa dirootljr xoiatod to  plant iprovtti. In tb a lr  

roport (/toon, 19€Pa) t i»  aoaoittoo  on aoaatodo oootroi alao  

r i owmii ai ad that tho in to  or re»* o iw lio n  bo dotondand w hilo  

aooooelee w l s l w e o e  fodor j |  ijL* <195^)# e o w iia d  oooosol. 

e itm a  planta acaiaat g.a i « i l i o  A r o l bjr aoXaativo aerotningt 

a i* jo « li« c  tho oandidato aaodU nfi ror In^ootlon in  a o ii  taa%a. 

fbooo ohoMing leoa daaagi voro la to r  toatod Xor tho iM U t f  i^  

Mvatodoo to  ponotsato in to  roota« l«ir o isa  and aaintala
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Tiw ee ieea iag  in  tbm p M a iit  attMliM waa dont 

iMiag r«9 t«d  e u tU o fft aa4  n o t m tfU n g a *  CtoM tis O R lX M IIf 

mm ttmgm£9f* aatRtainad* t '^ n  (1991) m

ia t Mthed %QMd on %h9 nmlb^T and 9im* 9S 1*«1or» an walMt 
VMfta ag«in«t I lH lft*  Saah a aatiiotf «aa

Mikla ia  tlia ytaaant atodlaa* Tt^a la  dua ta  tba ia e t  t t e t  

tap^ar raala infaalad  w ith i . a ia lU a  aM iia<  ta  ta ir  Mrawa aa« 

t uraad blaafr in  M laar* In aaah aanditloa tha laaftma eM 4 . 
Bot ^  d latin«tilahai a laarlr*  S iaea tlia im a  9i pi t par t& 

la i la  (^xabaa« 1999) aad aavaraX a ild  91oar a ia

>tt9m ta  aaear ta  tiia M il  r ^ m  9t tHa a«b aontiaant {inaa» 

Hffb)  iwHtmr 99tmtAn8 haa ta  ba daaa ta  n a d  aasta a a ttib la  

la a la ta iil M la x ia l*  itai^avar iaroraatian  an tha dagiaa of ia »  

AMtian and iaaaga li%«lar ta  ba aaaaad br p ^ v l« tta a a  £ h b  

atbar baata art ta  ba dbaaiirad aad atodiad*

Tha a^paiAaaatal atiadiaa as tha m t r o i  ar ^>a i i l i a  

indtaatad that a l i ia a ib  atdXaaa aad Xaaatd^atlAatt a t tUfii 

da«a«a lava la  vara aXiTaativa ia  aaaplata a lim iiiatiao af faat 

laXactioB and iapravaaaot 9X p lm t grotttb aad 35 ta

M a  aX tba aadarlaXa Maialy* aXdiaax^ aidXotia* X«aaiaXotfaiaii«

9 M G f  aad aaaa aav« v«ra ptqrtatoxle avas a t h ifh  daaaa t i i a i  

ta  tba ? a ^ a r  anttiaga* tha ta a a lta  abtainad a ith  aldioasb  

aaXiCaaa and XaaaalXatMoti vara aonalatant v ith  tha th iaa  daaaga 

la v a la  t t la d  aa ear^arad ta  aaaa aa^a « d  D B e  7 • S te lla r  

wm At9  vaxa abtainad aaiag aldiaarb oa CmimUmf « a » a f« a



m

w ith L - m U l l  (nw eeee, 1971} mA  on m h\mm i a t e M

g j!g ty lft» h «  «99* and 1972)« A lil« i%

••1X0II9 i t  a aiOfttiM t e i m t l v *  oT aldiearb and t h l t  M t ih t  

Mwt praaU iiis B iM tie l4 «  «MMi XMr triad* TiMnii 0  •  C t  

i«  MOMsaoded e«Btrai I * t a i l i t  i s  hmmm lif

W i « « i  aotlMi* CXiOM Md L09«t 1960t vilaydsbo and T obin, 1369} 

£6ateh« 1973) tha ^vaaant raaalta tiara oat aoaaaragioe* X) B C ;  

yeeelie'tton  %»a ioa itf^ la iM t for easp la ta  ^ i l l  a f  t liia  n a ^ a d a  

i a  Vnma (BlaVat ^ 1 > *  I t  m i a d  ta  a antral fg a tr la n a in i  

a aaata—  in  a a t ir r l |« i  and ciaqraaiitiiaMa and i s  radaaing raat 

and a a i l  pai^iaatiooa (r.r«Bd»anf» 1971 )•  liaaB aaka waa praaii*  

a a l l f  iiia£faativa»

Tlia faat^ inoaalation  troataaata (il«*95 ta  3«) 9i obaeiaals  

naa foand at^arior t o  tha pra->inoaulation txaataaata . ?tda aC£Mft 

vaa aonaiataatlsr a tg n in ea n t in  ia fluan alng  tha ia^raaaaant 9t 
plant growth. OtOf in  tha aaaa a f ahoat la a ^ h  o£ tha plaata» tlia  

fra»iaaatilatian  traatoanta ( .^ cS O ) vara faand 9c|>arlor* fM a 

ahoM th a t tha ahaalaala %rara aera arxaotiaa aa tbaiapaati»ita, 

in aa tlva tin g  imd H l l in c  tha invadad aaaataiaa  and a laa  paaaibl;^ 

fvaaantiag r n th a r  ia fa a tia n , Baddr asd Saahadri (1971) ra?art«i 

tiia aaaa ylweeeaeaa in  aaaa ar aldiaaf% tvaataaat ftfainat S 4 i i | | h  

n i t t  aa taaata* Tha ahtaiiaal aldiaarb aalXana ia  a  «oi>»faa1gaat 

ifaftattia M a t ic id a  m d a s l j  i i i t « ^  in ta  plant cralaa and can aal 

w§m tha naeatodaa vlA la faadin« by in aa tiv etiiig  ar ^ l l i o i  tiM *  

ia ia a a  (1970) abaarvad th at aldiaarb in  aatar aafaittoo in ld b ita i
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loeOBOtion In  m so  o f  l« rv a «  o£ -aitarodora r o a to c M n s ia * 

p ott-ip lan t tr)at<T^nt gIViSR In <^truB to  c o n tr o l T . o i t t l l l t

(Cohn« 1972) (^oar^ntly baeauBtt o£ poor s o i l  p«n«trft» 

tlo n  and d iffu sio n  o f funli^anto through oiri>«»soil and tha daap 

rootad natura of d tr o a  traaa« whieh aldad in  aorvival o f  

na«at9daa In root^lata in  daa?ar lajrara o f  ao ll*  ‘3ut T̂>«lr>ilia  

vaa a ffa e t iv a ly  aontrollad in  c itroa  aaadlinga in  eloaad eoiw 

tainara «han a o il  vaa traotad v ith  aquaoua aolutiona of P B C P, 

fanaulfothion (daaanit)* and aldiaarl) (ta a iv ) (rtdU 1969)* 

^anaolfothion (daaanit) was uaad in  gramtlar foxs whiob s ig lit  

h«va aeeountad for i ta  lov a ffiea o y , whan eoai>arad t o  aldiearb  

aulfona utileh waa uaad in  aqtiaoua aolation  and dranahad around 

tha plaota*

tha in v a a tifta tio n a  earriad  out htra rairaslad th a t  I »a i a i l l a  

had vidaapraad oocarianea and c lo a a  a a so c ia tim ) v it h  th a  a lo v  

v i l t  d iaaaaa  o f  papnar. Tha path ocan aelty  a x ? « r isa a ta l raan lta  

proaad th a t  r^a i o i l i a  vaa tha iodL tant o f  th a  a lo v  w i l t  diaaaaa* 

?ha orosa in f a c t iv i t y  a tod iaa  o f  tha fo itr  ia o la tM  fro a  pappar* 

baiiana« ooeonut and araeonut in d ia sta d  th a  praaanea o f  fottr  

*h08t  tyoaa '»  and ban<m«« vaa a sora  fevavrad  boat fo r  thaaa  

fo u r  ia o la t a a .  "haaa fin d in g a  hava a ig n ifie^ a it ralaTanoa t a  

•rap p in e  p a tta m  whara banana ia  p lan tad  aa a a v ta id ia r y  crop 

in  th a  i n i t i a l  phjiaa o f ra la in n  pujry p la n ta tio n a  o f  pap?ar» 

eoeoniit or araean u t, |)|oraovar* papnar eoald ba in fa e ta d  by a l l  

th a  ia o la t a a .  ’-artea c » o t io a  haa t o  be axareiaad v h lla  iotroduo*  

in «  pappar aa a ixad  erop alon^ w ith  eoeonut or araoantit, vh ieh



n e

ero alrtMdy in4*oet9d with T

Cultlvars and vild spaoiot q£ ptppmt scr«an«d £9t th «ir  

ro«l8tano« agalnat F .s lg d l l a  ahowod that a £w  hava laaa auaoap- 

t i t l l i t y .  SerooRing a ll availit^la ear* plasst ia thara^ora 

nacaasaxy vhieh eould aanra aa a aouroo o£ raalct«nca or tola* 

ranca Tor a v o lv in g  aultael« ^ a a .  Tha c *^ iea l control ra» 

anlta hava ahown that aldift^rb aulfona« follovad tgr /ananlXothian 

(r^aanlt) at eight >g a . i .  p a r  ha«tara pravantad I n f a e t io n  of

cm papnar* Tbaaa n aa^ tieidaa  eonld  now )»a tr ia d  undar 

r ia ld  eo n d itio n a  to  axp lors tha p o a a ib i l i t la a  o f  co n tro llin g : th ia  

naaatodo and ehae^ th a  apraad o i t ^  dia?aaa«

Thus tha praaant in v a a tig n tio n a  hav9 opanad a naa tttBdriog  

on tbo a lo v  v i l t  d iaaoaa problaa and aora laounaa a i i s t  in  our 

Vaovlad^'a on varioua aapacta oX th ia  naactoda and i t a  boat plant*  

th a  pa^par vina* I t  ia  n o t vaoyn v*«thar a l l  tha eae^on atandarda 

ttaad j »T  t r a i l in g  pappar v inaa ara a lao  in fa o ta ^  hf th ia  naoatoda. 

Sttidiaa OR thaao aa^aeta would ha va lu ab la  t o  af)voaat« ai^&aativa 

c o n tr o l p r a c t ie a a . ^^ttrthar roaaareh on th a  b io lo g y  ^^a n< 

today b ioch aalod l siaohanlaaa involv«d  in  th a  h o a t^ a r a a ita  ra» 

la t io n a h ip a  and th a  acoloifdlcal iTaetora raaponaib la Tor th a  

oecurxanca«apra^d and s a f a r i t y ,  would ba q u ita  rawarding t o  

c o n tr o l tM.a nm atuda problaa on b lac^  pappar*
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InvtAtigatlons wero oerrlo<} out on th« rol9 ô ‘ 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 auR‘7«riaad balow.

A aurvair vaa conduetad in  and ^larala In tho

pap iar grovin^ arona vhara alov w ilt  diaaaaa la  pravalant. A 

to ta l o£ 29.5 and 29*3 haetaroa waxra eovarad by tba aorvigr in  

Aaranatelta and ;:arala roapaetivaly* Tha pareontaeaa o£ diaaaaa 

ineldanee in  tha ^orvayad aia^a vara 12*50 nnd 11*51 in  

Aomat^lca and iierala roaoaetivaly .

faa:>laa rroiR 41 looatlcna  eoUacrta^  ̂ £rom both tha at«taa« 

ravaalad the praaarica o£ r . a in l l i s  in  IR haalthj and in  25 

diaaaao aoa9oetad vinaa,

Tha population of f  . a ia i l io  ranga^j Troa 3 to  49 in  

haalthy and 3 to  61 in  diaaeaad par 100 e l  oi’ a o il aroond tha  

n n a a . Tha popul&tion par gro* root variad ^roo 7 to  42 in  

haalthar 00Bi:>arad to  4 to  326 in  diaeaaad vlnaa.

oppm I otylanchtilua app., and La>UgotTlanohaa 

3pp. vara i^raquantly aneounterad in  tha a o il aaa^ l̂aa in  tba 

auTfayad loe^tlana. Oecasionally Criconataoiaaa ap?., IVlaQcho* 

rtgnchya app. end ?!0pXolai«ug app. vcra e la o  raeordad. r^rat>» 

lanchua ap^. voa obaarvod both in  a o il  and root aavplaa only 

iTron ?iddapur (jjum ataka).

VI. SIMNAHT
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Tht survtty r«T9al9d thiit red la t « r i t ic  a o il typ«« eoo- 

talnad sora r>8 ig d ll8  This n«(&atod« vas not obaorved in  la ta z l-  

t l c  c lay  or clay loaay a o lla .

J . a ia i l ia  wea iTound jTroquaatly In araas whara pappar was 

Intarei-oppad v lth  araesnutt follovod by ooeoout and banana. Dut 

tM a Do^atoda vaa not aneountarad whan pappar lntar«rop,>ad 

with eoi î'ao or gingar*

Hoat o£ t.*>a eoonon eu ltivara  oT pappar grown in  i:arnatal4i 

and iiarala wara otaanra^l to  ba inXaetad with R»a ic i l ia  in  tba  

plantationa*

I>t l a l l i a  invadad pap )ar ^aadar roota preparing tha root 

t ip  region, above tha elongation sone. T^iona ware forsed  

w ithin 73 houra o£ nan/itoda Inoculation to  tha roota.

Tha naoatodea ware obaerved to  Taed e o r tiea l paranohgma 

c a l la .  Tha c e l la  at injfaction a ite  were tumad bro%m and f in a lly  

to  blaeir in  colour* rta lar  portion o£ root waa not arxaetad.

E#a ifg ilia  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 o£ 150 daya eo«)ar»d to  tha ched^ p lanta.

 ̂ hen chec^' planta produced an averege o£ 7 .5  niifdber o£ 
laavee per p lan t, tha planta inoculated with 1000 and lOOOOnoaa* 

todea par pot containing 1500 «1 a o il  produced only 1,5 «nd 1«4 

laavea rea!»aatively.
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R.« i« i l la  mm99A M tfoetlon in  root length  and w tiglit b j  

€7*8 end 8i*9 and 96.6  end 94*5 p«r eont in  p l« t «  in«e«l«t«d  

with 1 9 ^  m d 1000^ n«satod9tt v w o e tiv ^ ly *  m  ooa^xod to  tN i 

obo#' p la n ts .

Tho ttclNOt s« to  or royyodoetlon o f 3 2 .2  por oo«t ««• 

i>—r ood in  ploata Inooololod « lth  lovoot iiwbor o f t « i  

todoo por p o t , t t e o  voo a d«oUnt in Xlnal popolctloa in  

ploato iaoeolottfd v ith  XQOOO a m lo d « a *  ?lw p9$iAMm  
o m o o  por « m  root «m  2300 oiid 29S4 iraobor t  aoM toioo 1« 

p lm ts  inoettiotod with 1000 cad 10003 noMitodao « t %tm oed of 

ISOdiqro.

ftio pattiogoBiflitjr o^^ziaoiit roooolod thot 

cflpobl* or allowing o is ib la  afaptowi on abovo <i t i d  parta 

0^ poppar planta whan i n i t i a l  a o il  popalatioa wao lOOO aoai^ 

todao por 1500 a l  a o il  or vhan avaiago popalation par graa 

raot «aa 230^ Boi!!baro» ?Ua vao obaor«od in  oaaa o t 55 dag^ 

old pappor rootod euttings a t  1^0 daya a ^ a r  in oaa la tioo  oX 

tba aaai^odaa*

fap olatio fi 9i 1#1S|12S£ ia ^ o ta d  £roa poppar roota did  

not latM t C .taron ttrtlla .
Coffaa arabica. ooaontil and araoanott bat injCaatad banana onljp* 

l»>alaAlia papulation iaolat9<$ ^roa banana inTaatad pappar* 

aoeon»t and ataeanot. Ti.a i^ il ia  population iaolatad Xroa aoaa— t



p«pp«r «nd buifinn but n o t «r«esnut« P opu lation  w: 

i s o la te d  jlto*  ar«e«nut Itu'eotod p«pp«r aad banana 

but not eocoB ut. r'haaa ilR din^a in d iea ta d  th a t  tha Xeur 

la o la ta a  ara diil^arent -boat typaa**.

7ba I’ouT popttlationv ia o la ta d  iTroa p^par# banai»a» eoeonut 

and araeanut did not di/i^ar a is n iX ie a n tly  in  t h a ir  aoyphalogle  

tflaanalona and p raoartion a  or a n a to a ic a l raatoraa,

^Ightaan e u lt iv a r a , fo u r  ? lo a r  apaeiaa» and r iv a  w ild  

a o lla e t io n a  o r j^lpar* aeraanad aga in at F . a i-^ illa  did not ravaal 

any i-'au n ity  or raa ia t^ n ca . But w ild  e o l la e t io n  ( V l t t a l )

^a.430» jflPBafloj hy 1 lu a . and ij^flttaaaatua raeordad laaa  than 

33 p«r cant root raduction  and 1.5 t ia 9 a  o f  nsaatoda raprodoaUon, 

ahovin^ la a s  a a a o a ' i t ib i l i t y ,

/Aong tha thraa nam atioidat nasialy a ld iea rb  au lfon at  

fan au li'o th ioa  iind 0 B C i? and naaa obHi ta a ta d  fo r  e o o tr o l o f  

£ « e l a i l l s  on pappar« a ld iea rb  aulfana vaa found to  ba th i baat 

a t a doaaga o f f» vg » , i ,  p«r h«otara pravanting root in f a e t io o  

and r a a u lt in g  in  iaor©va?^ant o f p la n t growth, ( la a f  p rod u ction , 

ahoot and ro o t grow tb). /aoaulfotMLon waa naxt baat in  t h ia  raa- 

pact fo llow ad  by D B C P , Naaa caH waa in a f ia c t iv a *

Patwaan tha two wathoda ta a ta d , p o a to in o eu la tio n  a p p li*  

ea iio n  o f  the o h a n iea ls  waa found t o  ba au oarior ovar th t  pra*  

in o e ttla tio n  aathod o f  ap^ lie^ rtion .
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ĉ .;h m  a u . , . i9 A » i4 i  H i t

V illcg«  
93^ Blocf^

Talu v
nifltrlet

I
I

t
X
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SO Rm  07 . than gECLlKE (fcLOW W PJ) or pepp^p 
IKTOr-^/TlOg SHKET Or COLLI CTlOH/SFrXTKg SOIL/ROOT EAMPLKS

T bt * £ lw  w ilt*  01 pepper ( p ip e r  n lg n ia ) e le o  kao%m ee 
"’oeprier yellowB” 1e cttspected to  ce crueec by th e  iKirrowinfr nena* 

f Rc<SopholttP g lm l l l e ) . *he o b je c t  o f th lB  eu rrcy  li» to  g e th e r  
InfonsA ticti on tb i' e x te n t o f d i s t r ib u t io n  nnd p reT alecce o f th le  
uenPto^e in  th e  pepper grow lnf ere» e in  our e te te  end l t »  r o le  on 
th e  Cfuee o f  th e  d ia e r e e .  Pl&nt ceaatodee e re  p r ln e r i ly  s o i l  
o rff n ieae  I n f e c t l r g  ro o te ,  hence e o l l  «nd rootfc af^tnplee a re  r e -  
e u lre d  fo r  la b o ra to ry  •K tm inatloc .

The followJnir p o in ts  a ty  p lepae be e t r i c t l y  adhered to  
w hile tekln#r end eendin^  th e  e o l l  fend ro o t S fttp lea .

1* To n o t te k e  i’f’B ples lro?n f<pote o f o o s p le te ly  died out Tinea*
2 . 1 eaore  3-5 cq su rfa c e  e o l l ,  c o l le c t  a o i l  u p to  55 c« deo th  

rrourid fe e d e r  ro o t zor^jj o f pep~er Y inea,
5 . T’o o l 3-4 auch »<*aplee e r .d  t r k e  e re p re e e n t^ tiT e  e « sp le  

o f  250 g ,
4« Tpka 20-30 g oi fe e t 'e r  ro o te  irost efoe Tinea ( P la n te ) .
5 . In se t i a t e l y  put th e  r o i l  emC' ro o t aen p iee  to# ;e ther i s

p o ly thene  bfegs, put one la b le  in s id e  w ith  g iven  code 
BttsS:er and t i e  th e  w ith  e ru b b er brnd to  neke e l r  
X t i g h t  anc aake en o th e r  la b le  o u ts id e .  Polythene bega 
and l» b e la  e r e  provided P l o n g  w ith  t h i a  fo r  th e t  pu r^oea .

6 . Take two auch eeao lee  f ro s  (1) H eclthy  Tinea, (2 )
I/ieapaed Tinea where dlae^ ee eprefd  is  auapeoted; 
in  th e  ease lo c c i l l t io n .

7 .  F i l l  in  th e  d e t a i l s  in  th e  d a te  ah ee t on th e  epot of 
ac^apling.

8 . I>o n e t aicpoae th e  aa a p ie  bega to  aun o r in  hot p lacea
•  e d ry in g  o f a o i l  ro c te  w i l l  k i l l  th e  n eaa to d ea .

9 . t o  n o t allow  th e  bage to  g e t ho lea  e t c ,  a« i t  w i l l  r a -  
a u l t  in  B o ia tu re  escape end d ry ing  o f a o i l  «nd r o o ts .

10. A rran re  to  send th e  e^^apleci, the e&Be dey ea f a r  fa  
p o e e ib le  o r  a t  l e e e t  nex t day it8<»lf of ta k in g  at oiple 
w ithou t f t  11.

11 . t#»nd th e  at^mnlea b y  P o e t, w e ll oacked in  c lo th  bfiga o r 
cer€ to e rd  boxae by OnreFi^tereci Poet ; ^ r c e l ,  to  th e  
pddrecE glTen unt e r  Itcas (1 2 ) .

12 . t ; r i  T .i .V in k itaean , Ph.X. ^chol«^r, le p a r ta e n t  o f P lan t 
p a th o lo g y , i .g r ic u l tu r c l  C o lleg e , O . / . l .  Hebbal,
Banga lore-660024
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