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I . IBTRQDUCTIOH

Black pepper, Piper nigrum L. 1 b one of the most ancient 

and historic crops in India. The forest ghats of Kerala and 

the Kenare region of Karnataka are the original home of pepper 

(Abraham, 1959).  The cured berries form the black pepper of 

commerce. The production of pepper as per o ff ic ia l  estimates 

in 1974-75 wsb 28,150 tonnes from an area of 121,820 hectares 

which is nearly 25 per cent of the t o t a l  world product ion .  

During this period 26,341 tonnes o f  pepper were exported from 

India earning a fo re ign  exchange v/orth 344 .8 m i l l io n  rupees 

(George, 1976).  Kerala state  covert over 90 per cent o f  

In d ia ’ s pepner area r rid production. The rest i s  contributed 

hy Karnataka end Tamil Iladu.

Black pepner Ip known to be e f fe c te d  by two typec o f  

"w i l t  d is e a s e s " ,  one if ca l led  as "ouick w i l t ” and the ^ther 

as "slow w i l t ” . These dicer net are prevalent in the pepner 

growing t ra c t s  in our country. Occurrence o f  "slow w i l t "  was 

f i r s t  reported by tlenon (1949) from South V/ynad O'erala). 

Recent studies indlooted that "quick w i l t "  was caused by 

Phytophthors Bp.  a fungal p a t h o g e n  (pembinr and Serna, 1974).  

But the etiology involved in "slow w ilt" has remained un

explored hitherto. The disease is attributed to various 

opuses. Recent reports on the presence of the burrowing 

nematode, Radopholue Blmllla (Cobb, 1895), Thome 1949 ln 

South India and the association of this nematode with banana
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(Hair, et a l . f 1966) and other plantation crops like pepper 

and arecanut (D'Souza, &1. t 1970) and coconut (Koshy, 1975) 

has caused great concern with regard to its  role in certain 

diseases affecting these crops. Eventhough 23 species of 

Radopholus have been reported (Sher, 1968; Colbran, 1970) 

only, R . similis has been recognized es a major nematode 

pathogen causing economic damage «o several crops.

In recent years,  the "slow w i l t "  o f  black pepper has 

been observed to  be a f f e c t i n g  large numbers o f  vines in the 

major Depoer growing reg ions .  The t y p i c a l  symptoms of  the 

disease are, p a r t ia l  to  comnlete yellowing o f  leaves ,  l e a f  

drop and withering o f  vines ( l i g r .  1, 2, 3 and 4 ) .  The 

a f fected  area covers about 10 ner cent of the t o t a l  prpr'e r  

growing area. The sane nematode wr s a l s o  reported to  be 

responsib le  f o r  the "yellows d ispose"  of nepner in the 

Island of Innkga during 1950 's  which resulted in the d ec l in e  

of pep er Industry there (van d^r Vechfc, 1 ° 5 0 ) . Only b few 

in vest iga t ion s  have been carried  out r e la t in g  to th is  nematode 

p a r t i c u la r ly ,  on pepper In our country.

Therefore to gather some preliminary information on

the role of thin nematode In the "slow w ilt" dieenee incidence, 

the following inventlgationn were carried out.

1. Survey of nome important black pepner growing areas 

suspected to be affected by "slow w ilt "  in Kerala and
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Karnataka, to obtain information on the occurrence 

and distribution of H.eimilis in these areaB.

2. The pathogenicity of B.sim ilis to black pepper, in

cluding the nature of damage to host.

3. To establish by experimental evidence, the biotype 

status o f  the pepper i s o la t e  of R .similiE and the 

cross in f e c t iv e  behaviour ol the populations o f  this  

nematode iso la ted  from pepper, banana, coconut and 

arecanut, among them.

4. Screening o t some comrvn cu l t iv a rs  o f  black oepper 

from Kerala and K a me t • ka including wild Piper spp. 

againrt R.s i m i l i s .

5. ^onducttng oS pot culture  studies  to  t i s t  the 

e f i  icacy oi three nerru t i c id  es n.'mcly, old let rb 

su l fone ,  f ennu l fo th ion, 1 1 C r and neem cake, in 

c o n t r o l l in g  !■ . s im i l i s  on bl» ck pepoer and t h e i r  

e f f e c t  on growth and v igour o f  the pepper v in es .
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I I . REVIEW Oj? LITERATURE

R .similis (Cobb, 1893) Thorne, 1949 popularly known 

as the burrowing nematode has now become a widespread nematode 

pathogen in tropical and subtropical parts of the world.

During Cobb's investigations on the diseased banana root 

materials, received from **iji in 1891 he observed male speci

mens of a p a r a s i t i c  nematode, which he described in  1893 as 

Tylenchus s i m i l i s . In the same year he described the female 

specimens as Tylenchu3 granulosus obtained from banana roots. 

Again while studying roots  o f  diseased sugarcane in Hawaiian 

Islands he came across both males and females of a s p e c ie s  of 

nematode, which in 1909, he described as ?ylenchus biformia . 

Subsequent in ves t iga t ion s  carried out by Cobb, with diseased 

banana rhizomos, convinced lei —, that the above three new 

species  described by him war? actua l ly  one .and the same and 

there fore  he retained Tylenchus n im i l i s as the type onecies  in 

the d e ta i led  r o d o s c i l p l i  on public  lied in 1915* Though i t  was 

included under various generic  names, by ooveral subsequent 

wor1rf3rn, the present, generic  name was proposed by Thorne (1949) 

and considered t i l l  now an a valid name. Chor (196F) regards 

T .granulosus, an an e a r l i e r  synonym o f  T_.s im i l i s  and confirmed 

as the type species  o f  the genus.

m t r i b u t h e  P.athQgea_and the bisaaso Incidence

R.Blm il is  is  found now associated  with several  important 

crops and ornamental p l a n t s . Cher (1968) considered the genus
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Fadopholus to  be indigenous t o  Australia .  Simmennann (1898) 

found i t  assoc iated  with c o f f e e  in Java. I t  was established 

as a p o te n t ia l  parasite  o f  tea in  Java by Ste iner  and Buhrer 

(1933 ) .  Van der Vecht (1950) reported th is  nematode from 

Banvga Is lands,  Indonesia causing "Pepper y e l l o w s " .  In F lor ida ,  

the "Spreading dec l ine  of  citrus-" was vnov/n since 1928, but 

not linked with th is  nematode u n t i l ,  1953 (Suit and DuCharme, 

1953).  Though Cobb (1915) reported this  nematode as the cause 

o f  the root d isease o f  sugarcane and banana, only re cen t ly ,  i t  

was recognised as the major banana root pathogen, replacing  

the fungus Pusariun ( tover ,  1972). In bcnann the d isease 

caused by ~ .s im i l i s  i s  ’ -novjn throughout the v;orld as Frdon hoi us 

root  r o t ,  blackhead, b la c ’-hoad top »ling d isease and d e c l in e .

It i s  reported as assoc ia te  1 with banana from P a c i f i c  Islands 

(Cobb, 1893), a0ui.h last 's i r  (Tarter and Allen, 1953),

Central and Couth ’morlcn (dl.ovei and f i e ld in g ,  1?5F ), the 

Caribbean Inlands (Loach, 19r>P), Ivory co^st (T,uc and Vilardebo,  

1961) and Australia ( f 1 n'-n, 1961) .  It, In a lso  reported to be 

present in franco ( .cott.o T.n f’aaoeae, 1967 ), Surinam (AnoU, 

196flb), Ceylon assoc iated  with tea (r.ivapal an, 1968 ) , in Low 

veld o f  Thodenia (Anon, 1969a), Monambiquo ( Ivnristo ,  1969), 

Germany (T turhan, 1970), f’lOuth Africa (iiuchane and Milne, 1969), 

Ghana ( Add oh, 1971),  Vest Indies  (Anon, 1971b), Malawi (Anon, 

1972) and in  Taiwan (Huang, 1972) .  I t  i s  present in anasania 

and nenya (Ngunda and Taylor, 1973) and Zambia (Raomaekera and
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Patel, 1973). Tarjan (1971) reported i t s  occurrence on 

c o f f e e  in Western hemisphere for the f ir s t  time. It ia 

associated with betle vine in Kenya (Anon, 1974b).

The occurrence of this nematode in South India has 

been recorded as early as 1933 by T.Goodey. Nair at a l . 

( 19 6 6 ) reported i t  on banana for the f ir s t  time, from Kerala. 

Fecent surveys indicated  i t s  a ssoc ia t ion  with banana, black 

pepper, bet le  vine,  cardamom (D1Souza, et a l . ,  1970) and 

arecanut (^umar ejfc aJL., 1971) .  Though Van ' eerdt ot_ a l . 

(1960) established  coconut as a host o f  T . s im i l i s  in Florida, 

Weischer's (1967) s tudies  revealed i t s  occurrence f o r  the 

f i r s t  time in the "coconut w i l t "  a f fe c te d  palms in Southern 

Kerala. Venkitesnn (1972) reported i t s  a ssoc ia t ion  with 

b lae7'- pepper in Northern Kerala. The extent to which th is  

nematode is  d is tr ibu ted  in d i f f e r e n t  s ta tes  in south India 

has not be ;n invest iga ted  so f a r .

Ooonorric Importance

Crops a f fe c te d  by I . si milin result in unprofitable  

returns, by reducing v lrour  of  host crops and subsequent 

y i e l d .  Yield increases o f  3Q_C0 par cent were obtained by 

adopting control measures in banana ( 1'la lo , 1972). Vohunt 

and Edwards ( 196fi) reported that uninfooted banana plots 

yield upto 17,000 lbe par acre per year more fru itb, than
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from infested p lo ts . In Surinam, Hass (1969) reported 

in 100 per cant infested plots banana yield was 37 tonnes 

compared with 73 tonnes per hectare per year in less than 

30 per cent uninfested fie ld s . In Florida, the spreading 

decline of citrus disease causes a yield reduction of 50-80 

per cent in grape f r u i t s  and 40-70 per cent in oranges, in 

infested groves (Poucher et  al 1967).  "ealthy groves pro

duced 535 boxes per acre conrnared to  25 boxes in infested 

groves.  In the Banvgn Island, Indonesia where over 22 million 

"pepper t re e s "  (v ines )  were f l o u r is h in g  w el l ,  at one time, 

the "yellows" disease  caused by . s im i l i s  reduced t i e  vines 

standing t o  a fewer than 2 m i l l ion  vines in  the course o f  

two decades, i . e .  between. Iy30 mb 195 9. ' hen r garden pro

duced for  several  decades, a o la n t iu y  now hardly survives 

f o r  3 to  5 years (Thorne, 1 j6 1 ) .  in a survey on coconut in 

i lerala, ' . s im i l i s  v/as recovered f r o  1 run Is of pal*,.a aiYeoted 

by root-wil i ,  die -nutj ( ’non, I57-i;i).

Host Pango

j; . 0 imi l ls  i s  n highly polyplwgouH nematode and has a 

wide range ox hosts (poucher e_t a l . ,  1967) inc lud ing ,  mainly 

banana, c i t r u s ,  black pepper, c o f f e e ,  ton^coconut, avocado 

sugarcane, mni.7.0 , several  vegetables,  grasses ,  tree crops and 

Cfrroala. They reported mango, lnntnnn, marigold, o i o t n la r ia ,  

litutohi, turnip, l e t t u c e ,  wild limo, darcia uq up. as some 

important non-hoata. New hosts roportod were potato ,  peanut,
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rice,and wheat (Martin ê t a l . , 1969), Kallstroemia aaxima 

(DuCharae, 1972), Monordica charantia (0* Bannon, 1973), 

sorghum, sword bean, lima baan, sesbania, rabiza bean and 

Ten hroaia vogelii and 4 weed apeciea (Edwards and l.: eh hunt, 

1971). In India P iner  bet l  3, l la t ta r ia  cardamomun ( D* Souza 

et a l ., 1970) and arocanut (Kumar s i  a l» ,  1971) are reported 

aa new hosts of th is  nematode. 2ven though largo number of  

plant species  have been reported as hosts o f  G . a imilia  , th is  

nematode has been observed to  have host pre ferences ,  among 

d i f f e r e n t  populations in d i f f e r e n t  regions or t r a c t s .  Jioreover 

no exhaustive studies  have been conducted to determine the 

host range.

Gymetonatology

In b la c f  poo jor du j t o  the i n f e c t i o n  by the burrowing 

nematode, symptoms appoar at one or tnom spots in a peeper 

garden u n r ; one or fnw vinos are n f fucted  and gradually 

spreads until largo areas a n  in vo lv ed .  The vines stop grow

ing,  the f o l ia g e  turns yellow and there i s  d io -bac1* and l e a f  

drop (C h r is t ie ,  1997).  According to  vm dor Vocht (199'd) the 

d isease  usually s tarts  in i so la ted  sp o ts .  hue to  the act ive  

d isp ersa l  o f  nematodes in r o l l  thane spots  extend gradually ,

30 that large bald aren9 develop, surrounded by Diants in 

various stages of dotarioration and yellowing, buoh areas 

are with apparently healthy plants, roots of wliich, however
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*

on examination show already l i g h t  in f e s t a t i o n .  Sarly growth 

stagnation in a few plants points  to ,  already e x is t in g  in 

f e s t a t io n  o f  the s o i l .  Usually, the t y p i c a l  yellowing symptoms 

followed by l e a f  drop show up not e a r l i e r  than during f i r s t  

ripening o f  f r u i t 3 .  Older plants  may al90 s u f f e r  heavily 

from the nematode in fe c t io n  and per ish  within a short p e r io d ,  

'ooarently th is  is  due to  r e la t iv e ly  s l ig h t  l i g n i f i c a t i o n  of 

main r o o t s ,  which may be ,ri l l e ' l  completely by ner.oisdes pene

trat ing  in to  wide medullar rays.  Van der Vecht observed that 

in th is  case a lso ,  netstodes lenetrrte in to  "hair"  r o o t s .  They 

bore tunnels Into parenchyma tiEymu, Tri.nl} long itudinal  ono3 . 

The o ierced  c e l l s  die nn:I socn tunnels are v i s i l l s  as dar*r 

3 o ot s i s tart ing  f i o r  thin r o o t s .  ?  I ey often  l e n e t r ' i i  i n t 0 

oarenchymatoue c o r t i c nL t i e  u ^  mil "l : :o  in to  medullar rays 

o f  th ick er  r o o t 3 , wh‘i.ch 1 ri cas-> 1 J heavy in fe s t a t i o n  are cut 

o f f  comnletely . '^ un route show numar ou*’ l e s io n s  and pro

nounced d i s c o l o r a t i o n .  '''In main rontn are devoid of small 

feeder root,a and er+^nnive necros is  of the la rger  la te r a ls  

gradually dnvelon$. growth cranes, soon a f t e r  the yellowing 

o f  leaves ,  becomes nnpnrent and prndnctien o f  pepooi rapidly  

d e c l in e s .  Severe d io -bncv and death o f  the vlner. eventually 

f o l lo w .  The f i r s t  in d ica t ion  o f  yellows din v s e  o f  pepper is 

the appearance of occasional  yellowed leaves on v in io .  Thla 

increases in numbers u n t i l  within a year,  large  portion or 

even a l l  of the foliage may become Involved. Nambiar (1976)
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reported that alow wilt disease ma^es i t s  appearance a f t e r  

south west monsoon. The symptoms are characterised by in

i t i a l  yel lowing o f  lower leaves ,  which gradually progress 

upwards resu lt in g  in complete yellowing o f  the f o l i a g e  and 

simultaneous d e f o l i a t i o n .  The a f fe c ted  vines die  gradually 

a f t e r  the appearance o f  external  symptoms. The a f fe c te d  stem 

and roots  show vascular browning though not c o n s is t e n t ly .

Ting (1975) reported, .7e 1 oido,gyne spo. as the most important 

group o f  nematodes in "a lnysin  causing gradual decl ine  o f  

fclacv pepper characterised 1 ;; u. t h r i f t y  growth and yel lowing 

of  loaves .

Biology

The burrowing norr.rtodo a tend a v i r tu a l ly  i s  en t ire  l i f e  

within host r o o t - l o t s .  1 ay attnC only !:?althy young succu

lent feeder root-1 -?♦ t ips  . Lo j i  vl.  GZ . oti died 11 e 11 f  > history 

and habits of t h • nemn Lode a t ta c7 i ng tan.ana.. The females la id  

on an average ’>. 5 to A .G i ,po n r  lay and continued to lay 

f o r  two wee’-a . The eggs h a t c h '1 within 5 to q days. Larval 

period was 19 to l ’> days, but, matured tn adults in LI days. 

Adults la id  eggs in  two days a f te r  the la s t  moult. All larval  

stages and £ -'males ^ers in fe c t iv e  but "in Ion wore u able to  in 

f e c t  r o o t s .  The l i f e  c y c l e  t o n -  29-25 days to complete at 

7 5 - 9 0 ° temperature. According to  *>nn harm a and " i i c o  1>66), 

in c i t r u s  the l i f e  cyc le  was completed in IP-20 days nt 75*2 

to  The number o f  ogj'ii la id  ranged from one to  s i x  agga
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per day. Under controlled conditions in axenic root culture 

they found the largest population in a colony started from 

one female reached to 47,000 numbers in 85 days. In some 

colonies, second generation females laid viable eggs and pro

duced active colonies of males and females although no males 

have been introduced into the colony. Van der Vecht (1950) 

studied the inx’luence of P . similis infestation on 2 month old 

pepper seedlings in ootg with sterile  s o i l  inoculated with 

20 females.  ' f t e r  s ix  months, he could obtain about 2 , 5 0 0  

nematodes from the roots  and s o i l  o f  inoculated n o t .  be 

observed that eggs are la id  s ing ly  in the roo ts ,  a f t e r  a few 

days the larvae hatch, which develop in to  adults in four  to 

f i v e  wee’- s . Males are found in the root t issues  only at spots 

where at least  one veneration h-̂ s developed. The nature of 

reproduction,  embryology and oost-ombr^voni c development o f  

P .3 lml 11 a have been studied in d e ta i l  bv Van 'Gerdt (195P*

1950).  BroeWj and Perry (1953) anna rent. P a r thenogenetic re- 

produotion up to third generation.

Invasion, Boot Injury and >flq1.ot»n Mu>J ogy

BlflVq (1965) studying the invasion of K .s imilis on 

M us a ornata seedlings observed that fourth stage larvae or 

adult females had invaded r o o ts ,  12 hours after inoculation, 

within 1 cm of the root tip , although few invaded along the 

whole length. Longitudinal and transverse sections of in

fection courta showed that both adults and larvae toov up *
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feeding position between parenchyma cells  in the cortex, 

one to four cells  beneath epidermis. The presence of these 

nematodes caused contig"ous cells to separate, from an
f

intercellular position they inserted t h e i r  stylet through 

primary cell wall, depressed cytoplasm and caused i t  to  

invaginate around t h e i r  s t y le t  t i p .  l.'ithin 12 hours o f  the ir  

entry,  s ize  o f  nucleus and nucleolus in ?  few c e i l s  immediately 

surrounding them had increased c i g n i f i c a n x l y . about

24 hours the cytoplasm had begun to  retract  from c e l l  wall 

and a f t e r  36 hours, usually occupied lo s s  than one th ird  

volume o f  the c o l l .  ' hes 2 observations s i r ' ’ eat that t sey 

feed d i r e c t l y  on c e l l  cy I opine - . o im il~r  c t ;  igea occurred in 

two or three c e l l s  around the hs^d o f  each nematode, suggest

ing that they feed in  turn on these c e l l s .  The amount o f  

cytOpinem 1.n c e l l s  on which t hoy fed contin ed to be reduced 

u t i l  only nucleus and a small amount o f  cytoplasm remained, 

then nucleus d is in tegra ted ,  pr i  'my c e l l  wall  ruptured, a 

cavity  formed and the nematodes usually moved in to  this apace. 

Several nematodes were assoc iated  with each in fe c t i o n  court 

and these c a v i t i e s  formed by ind iv idua l  nematodes la te r

conlsr&Kl. The nematodes enlarged these c a v i t i e s  by feeding
(

on peripheral  c e l l s  and tunneling l a t e r a l l y  in cortex and 

towards endodermts. 'typorplnain and liyportrophy wors rara 

and necrosis was usually confined to c e l l s  lining c a v i t i e s ,  

tunnels and to epidarifil ce lls  injured during invasion. The
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surface of root did not show evidence of invasion during the 

f ir s t  wee>, except a small puncture on epidermis, which could 

be detected v/ith d ifficu lty . After 10 to 14 days, incipient 

lesions could be detected by necrosis of  cells around infec

tion court. In 21 to 28 days extensive c a v i t i e s  formed in 

the cortex and deep l o n g i t udincl craC-s with raised margins 

were evident on root  surface overlying the l e s i o n .  Invasion 

o f  s t e le  was not observed, even where the innermost c e i l s  of 

cortex  were destroyed. In banana r o o t s ,  tee endodermis i3  

s trongly  developed which jrob^bly prevents P .s im i l i s  from 

entering the s t e l e  through "the cortex .

In c i t ru s  OuCharme (1 J j v )  observed t hat females and 

larvae enter growing f e jd e i  roots  n r r  t i j3  in t i e  region of 

c e l l  elongation arid root i.air n o  .act ion ,  n penetration  they 

feed on c o r t i c a l  unrencriyma ce l . l j  arid gradually burrow to 

wards s t o l e ,  creating tunnels and c. v i l i o s  in t i e  t i s su e .  They 

accumulate in phloem and cambim ring region.  Ibis part of 

root  i s  often com.iletoly destroyed, leaving a oavity  filled  

with them. ifypertruphy, lypero lao ia  o f  n o r io y c lo  c o l l s ,  tumour 

formation and accumulation of wound gum resu lt  in parasitised 

tissues. Infested roots  bear numerous lesions. Jtarch grains 

disappear from cells in and ad jo in ing  leBion oroa .  Gum accu

mulated tissues impart a tnn-to-ambnr co lour  in older port ion  

of lesions. E'eri cycle tumours are also attached by them.

Tuit and DuCharme reported (Cited by pouoher at a l . ,  1967)
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that the population in individual lesions varied from 1-739. 

Cassidy (1930) obtained 2532 specimens of R.similis from one 

linear inch of sugarcane root in Hawaii. The female nematode 

can usually enter a root in citrus in less than 24 hours. The 

optimum temperature for root invasion and reproduction is 

24°C, the minimum 12°C -  15°C and the maximum 29.5 -  32.5°C 

(DuCharme, 1969).

In pepper root3 they bore tunnels in to  parenchyma t i s s u e .  

The pierced c a l l s  die and soon tunnels are v i s i b l e  as dar> 

s p o t s .  They a lso  penetrate in to  medullary rays o f  t h i c ’-er 

roots  leading t o  blocking o f  the v e s s e l s .  The h is t o lo g i c a l  

changes brought out by the ir  penetration  and feeding  in pepper 

roots  have not been studied and c lear ly  understood. Information 

i s  also lacking in resooct  of  in ju r ie s  caused by the nematode 

to  cither host croos l i ’-e c o f f e e ,  tea, coconut and arecanut.

Dio types of the Pathogen

The f i r s t  ronort on the p o s s ib i l i t y  o f  b i o l o  i c a l  races 

in R. nl~nl.llo was made by ilnlly and Loyd on (19^1) when they 

were unable to in f e c t  gj/pen ton hi. on ap u s v;ith specimens obtained 

from Coffea  robust a . Later DuCharme and Hirohfie ld  (1956 ) 

identified two p h y s io lo g j c n 1 racoa o f  L . s i m i l i s , ono, the 

" c i t r u s  race"  which p a r a s i t i z e s  both c i t ru s  and banana, re

corded only in Florida and sooond tha "banana race" which 

parasitizes banana but not citrus. Thoy got the f ir s t  ,
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evidence indicating the existence of physiological races, 

from the observations that roots of banana (Musa nana) 

adja-cent to a citru9 grove were heavily parasitized but 

not the citrus roots. They reported the possibility  of 

existence of a third race in the field infecting citrus only. 

They also studied 100 adult female specimens of both the 

races and measurements ta^-en, but could not f ix  ud any diffe 

rences between them by th e i r  morphological characters. They 

did not study characters o f  larvae or adult males. Loos and 

Loos (I960) studied the b la c 1- head disease of banana (Musa 

accicninata ) in Jamaica and have given some evidence of the 

ex istence  o f  races o f  T .s im i l i s  from d i f fe re n t  l o c a t i o n s .

Van Veardt (1957 ) ra-»ortod that the >o>ulations o f  I . s im i l i s  

obtained from Lux us micros ir 11a variety  Japonica, Calat haa 

l i o t z e i  , I ve dye hi urn coronari urn, Musa n a n a t a cindp.o us aureus 

and Citrus ainonai:j on C. 11 mon root  a toc1- were used for  

various cross in ocu la t ion  s tu d ies .  Inoculations  on t o  the 

hoatn f r O T  which onocimanS o . ' o r ig in a l ly  extracted ,  were 

s u c c e s o fu l . from c i tru s  they readi ly  in fec ted  Lycoperaicon 

esculent urn variety  Put.gorn and 7ea mays variety  Hantam, but 

re inocu la t ion  t o  C . 1imon from these hosts were not success fu l ,  

rpeoimans from Musa nana and Tea mayo readily  in fes ted  both 

hosts. He stated that c i t ru s  should be ca l led  a poor host f o r  

R.similis . He could not also find any morphological variations 

between the different populations. r her ( 196P ) also studied
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several hosts and from different locations and was not able 

to find mar-ed variations in their measurements and charac

ters to differentiate them as to two or more separate species. ' 

Ayala and P.oman (1963 ) observed in Puerto Pico that P .similis  

widely distributed in banana and plantain s o i l s .  They further 

reported that the coffee was in fe c te d  by T- .s i m i l i s , but the 

plantains and c i t ru s  roots  intermingled with T . s im i l is  in

fected co f fe e  roots  were f ree  from the p a ra s i te ,  in d ica t in g  

that a non-banana stra in  i s  e re3 nt in Puerto i i c o .  L. s im i l i s  

was not found in fe c t in g  sugarcane and c itrus in the areas they 

surveyed. Lab oratory studies  conducted by them did not re

su lt  in crons in f e c t i o n s .  Thus they postulated that within 

banana rac '1 there no ose red to  he several  strains  as indicated  

by host responses. Hnrtin el_ a}_. (1969) observed in Rhodesia 

th a t  P . s im i l is  in fe c te d  groundnut, maize, tobacco,  potato ,  

r i c e ,  wheat, co t ton ,  aoynbnnn,ougnrcano and tea ,  but not lemon. 

They planted need lings o f  these c r o n  clone to the pseudoetoms 

of ban an a var ie ty ,  dwarf cavendish, roots  o f  which were heavily 

in fe s ted  with £ . gjmll.i 3 . 'Ixcent. lm on  neidilnrn the nematode 

was recovered from root,a o f  n i l  oro>n yrorm in the t r i a l .  They 

considered the race of P . a in i l la present there to  ba a moat 

aerioua parasite of groundnuts, as most of the underground 

parts were heavily invaded. 'Mvardo and Vahunt (1971) toBtad 

thirty six OTOpa and sixty four weed spacing against two 

populntiona (Panama and Honduras) of B .similis infecting
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I
banana areas, in central America. They found that both 

populations, infected in common only Rabiza bean. Tephrosia 

Candida, Sorghum bicolor, Calapogonium muscunoides and had 

differential infectivity to  a l l  other plant species  tested 

by them, showing the d i f f e r e n t  in f e c t iv e  behaviour of  t lie 

two populat ions .  In hatal (South A fr ica )  reetch (1972) re

ported his f ind ings  on the react ion  o f  T .s im i l is  on over 

40 commercially grown plant s p e c ie s .  According to him the 

race of 7 . s im i l i s  attaching dwarf cavendish ban ran a in ra ta l  

caused moderate root in jury  on nborgino, c o f f e e ,  tomato and 

potato c u l t i v a r s .  I t  caused severe to very severe in jury  on 

peanut, soyabean, j lantain L^nnnn, soighun, maize and sugar

cane v a r i e t i e s .  Tea, tobacco,  lemon and several  vegetables 

were res is tant  on which tiro nematode did not mnr’- 'd ly  in 

crease and only s l ig h t  root  damage occurred.  •rngrosti s  

curvula variety  ermoLo, r a d io ’ , shallo  t, j? Imseolun at ropur-  

0 oreon, and spinach a » iaa.i ed to be i ieun1 to a ttach .  In 

r^naarbique ( l o i n ,  lh74) nnnlyn * s ox over 1000 samples shovod 

that, the banana ecrpmI n l.i on wan nuooriated with peanuts, co t ton ,  

maize and tomato cro .n . o ’ pouzn <rt a l . (1970) reported tho 

occurrence ot J . s i m i l i s on fnaa son . ,  r i p e r  pigrum. Piper 

bet i/t and l l o t t s r la  cardamonr in tho c o f f o r> trnote  o f  south 

western India. They could not find c o f f e e  roots  infested 

with R.almlH a . In add it ion ,  Kumar fit. a l . (1971) recorded 

i t  on Arecn oateohu from co f fe e  t r a c t s .  In sera is  R . aiiailii 

has been obaervad to infect ooconut and banana . ftudiaa con-
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ducted at ^yamkulam revealed that the population of K. similis  

from coconut, attacks roots of areca, banana, sweet potato, 

sugarcane, groundnut, but not Citrus spp. It has been identi

fied as "the banana race" (iloshy, 1975). The host range of 

R.similis populations infecting other crops in India has not 

been studied.

detraction of R.similis from Roots

The burr-oving nematode being a migratory endoparasite, 

special techniques were followed f o r  extract ing  them from roots. 

A method of incubating noi3t roots  by p lac ing  them in closed 

jars containing a small amount of water was the popular tech

nique fo l lowed in e a r l i e r  years (Young, 19 54 ) . harme (1154 1 

followed thin method for  extract ing  tb? burrowing nematode in 

hi a preliminary a tu l ie s  conducted f o r  detei.minin t lu  cause 

and natuie of  opreadin ' d o c l in ? c 1 c i t r u s .  not (1 p7) reported 

that incubating c i t ru s  ronL i in water inste  I in a moist 

chamber gov"1 nuin1 or and h' ;h >r r?covory rates  iOr the burrow

ing nematode . Tjoof,o v/nr» wnn li *d f ree  of  n o i l  and cut into 

length oi 5 -  1') cm, diameter or f lenhv roots can bo split  

longitudinally and 7"eot in containers with a nna1 1 quantity 

of water at 20 — 25°C to enable nemntodon emerge. After 

24 hours of incubation the water wan collected and retained 

for examination. Rinn -* and extraction continued by adding 

fresh water and reoloning containers. Moat of the nematodes 

were recovered within 4 - 7  days. Tnrjen (1960a) found that
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polythene bags, which are permeable to oxygen, kept at 75°i* 

gave better extraction than glass jars. Tarjan (1967) obtained 

enhanced recovery of R.sim ilis from roots of orange trees and 

rough lemon root stock at temperature between 69 -  71° f  with 

addition of 1 -  3 par cent hydrogen peroxide . He stated that 

this technique enhanced the chances o f  detect ing  F . similis in 

root3 that contain only few numbers. G-owen (1973) reported 

that higher recovery o f  R .s im i l i s  from banana roo ts ,  when they 

are cut into 1 — 3 cm b i t s ,  macerated f o r  10 seconds and incu

bating at 20.5 to 23 ,5°0 in pie-pano in a so lu t ion  containing 

1 per cent hydrogen peroxide to  v;hich jo  added commercial 

detergont at the r a t :  o f  1 mi per l i t r e .

C ontrol

Chemical methods

’ orv carried out fo r  the co n tro l  o f  ' . simil-i s has proved 

i n f i n i t e l y  more d i i Y i c n t ,  dm to i t :  true endopnrasit ic  habit, 

i t s  a b i l i t y  to aurvivo on vnriou i host s lant species  and i t s  

concentration in deeper s o i l  layers . in c  an of  ST^reading 

d ec l in e  di.eoaee In Florida, dun to  l im ited  occurrence,  made 

i t  noaaible  to  dov 'ao more uniform contro l  measures app l icab le  

to local condit ions (Cohn, 1972). Whereas i t s  world wide dis

tribution with banana has made i t  a d i f f i c u l t  p r o b l e m  to  com

pletely eradicate the nematode, only resulting in i t s  spread 

to new frontiers. Several namaticldes have been t r i e d  against
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R .a i  mill a to obtain satisfactory control. E D 3 , D D and 

D B C p were tried in itia lly  for control of R.sim ilis in 

citrus groves. Plots treated with 3 B C p were >ept free 

of R.similis for 9 months only (Suit and Feldman, 1961).

D B C p applied along with sprinkler diminished infection  

of R.sin ilie  in citrua, but trees s t i l l  suffered from spread

ing decline. Then apolied as technical material i t  was less  

nematotoxie than em uls i f iab le  formulation (feldman, et a l . t 

1963). P B C 2 u hen applied through overhead irrigation,

F .s im i l is  was absent in roots t i l l  14 nontha only, a f t e r  

t r e a t - e n t ,  b irt returned to  the l e v e l  o f  untreated trees  after  

32 months (Suit and f o l d nan, 1164).  C o l l ins  and Jeldnan 

(1966 ) ranortoil that 3 ■> G p amolied at the rate o f  100 U.3. 

ga l lons  per acre did not give control  j f  ne’ ai od •. below 

6 f e e t  in s o i l .  ut D 13 C r wno success fu l  ac a preplant 

treatment at t in  into o f  10 U . ga l lons  per acre and i n f o c -  

t ion  was contro l led  over four years ( s u i t ,  1961).  hse of 

aysteiiio none t i  cide.u in Lin groins o f  organ op hoap hates and 

carbamates are being t r i e d  r e c e n t ly .  Those chemicals are 

tried as bare root. 'Upti f o r  nwmery s o ’d l ingo ,  s o i l  drench, 

nub-surfnee drench, in j e c t i o n s  and granular form s . Jomo 

methods have given promising r e s u l t s .  Tho reports of various 

authors have been summarised in Table I .  Use of various 

nematiciden for control of I...similis on banana have been 

tried, hut in most caaea the soil fumigation posse problems 

due to edaphlc conditions and terrain under which banana



TABL3 1

Control ox' Padouholua similis on oitruB

Chemical triad D oaaga duration and type 
ox treatment

Sffect on hoat crop/ 
p1ant s Rafaranoa

Tfalonamln, fenaolfot hi on 
Prop boa ldCd ppm

30—60 minutes bare root 
di ' a

Eradicated p.similis in 
roots, no phytotoxic e ffect .

O'Bannon and 
Taylor, (1967)

Aid i carb and Oramy 1 .  - t 2o. o j  ■■ m "onthly application 
arou: u calathea plant

Comoleta eradication ox'
P.similis in f.lass house.

Ilaungena,
(1971)

3t hyl 4 (Met hy It hi d) 
a -to ly 1 - i3opropy1 
p hoap ho rami data

-> r -  -» -• ■* -O  —0 - - p ~
3 7 minutes dip9

!o phvtotoxic effect, 
eradicated T .similis  
in roots.

O'Bannon and 
Taylor, (1967)

P henaaiphoa 
jBnaulfothion 
Thionaziw 
Prophoa

In solutions ?j 
l^ef or root di ->3

710 toxicity, number of 
T .similis effectively , 
reduced on seedlings . 
lemncur foliardiu was 
most effective, acted 
as reoellent

O'Bannon and
Tomerlin,
(1971)

water treatment 1221 .*(5 ' "C ) L  ninutoo nuro ir:r 
otoc’- di >in~ ox roupi 
l*o on se e d lin g .
. o l r '  7 e i 'to [.jura 
di j .

: : i l ls  J^jSimijlig in roots. Birchfield, 
(1954),
Spears,(1955)

Organic mercurial 
(Aaventa)

1 * 7.1 ) .i i ; jx root:: 
ornr ~ont l :  x or on 3 
1: 0 ur

found to ’ - i l l  nematodes 
in r o o t s .

Spears (1955)

fOH



iADiiJs i  - lu o n x a . ;

Chemical triad Dosage Duration and type or 
treatment

^Sffeot on host crop/ 
plant a Rafaranoa

Thionazin S, 16 i  3 2 lbs oar 
acre a .i . 60 lb a/ 
acre 16 lb a' acre

D C 2 (Dicblo- 
rop ropena)
•D f  C 2 (Techni

cal )
3 D £ (-d o— )D £, c P

■"a cr e
45,
_  /
1C CC g a c : °

-  15 ’C 
4 01 : / a c r ?

rT>

acre

Ttdonazin 3 2 lbs 'acre in
.o r wa*.ar
;r2.^r 3n~ 3w

j*ansulf ot hi on, 
Thdonc.zin, 
prep no a

Jthion

1C 0 , 2 CO , 4 - C p t.

7", J - i  / )J  10 £ 3C <Zx

3 app l icat ions  to c itrus
see J l i  ivs   ̂ *

iti grean house, 
in a o i l  columns
3 f i e l d  m o l i c n t i  one

••

Preolanting a o i l  
treatment in groves

r i o l c  treat ;, ervt in f i e ld  
ei spr inkler  appl icat ion  
or in ja c t ie n  or granules

l e t t e r  con tro l  o f  in fe c t ion

w oil drench around ireoa  + 'renter increased feeder  
I o s t -x r  e"vl. ent water drench roots  in  in fected  trees*

ub-s 'rface drench mixed . s im i l is  was eradicated
\.ith \;at er in n rsery con- in seedlings (rcughlemon) 
i  a i  r. j r .

o i l  drenci on c i trus  
e, in fected  by•3-d iin

. a iu i l  ' s

re; it a d p 1 a nt s produced 
t a l l e r  heavier aeri&i 
parts; heavier root  system.

(1961)

Controlled P.simi l i s  from in- Suit and 
foo t ion  -  v i l i e d  1 . s im il is  upto jfeldman, 
9 1 depth con tro l led  for
3 months, increased twig 
growt h.
Controlled in fe c t i o n  f o r
4 years

-d o-

Suit, (1961

Sult,et a l .
(196lT“

Collins and
Feldman,
(1965)
Taylor and 
0 Bannon, 
(1968)

Tarjan and
Wouts, (1965!

ro
ro
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plantations axe raised in moat parts oi the world (BlaVe, 

1961). But s t i l l  nematicides in other forms namely, systemic 

ones in granules and those which can be applied along with 

irrigation water are becoming popular. Use oi nematode iree 

planting materials ,  by d i s i n f e s t a t i on has bean practiced in 

a large way. Bougnon and Vilardebo (197B) observed in itia l  

delay o i  growth due to t o x i c i t y  ox young root system w ten 

D B C P ie  used. Guerout (1970) observed hemacur P was 

found most e f f e c t i v e  than "eracur P, mocap and -OB C P ,  in 

a i i o l d  experiment in ivory coast i o r  control  o i  s i i r i l i s  

in banana. The r e c o r endations i o r  chemical control, o i  

T .s im i l i s  in bon 'nr ,  based on the results  obtained by various 

workers are oresented in Table I I .  In case o i  c i t r u s ,  i o r  

contro l  oi " . s i m i l i s , T?onninger et a 1. (I95R) used hydro

genated i i s h  o i l  and studied i t s  e i ie c t iv e n e s  s . '.hen in 

fe c te d  sc sd Lings oi various ages wore either sprayed or 

drenched with 1 or 1 -o per cent so lu t ion s  at a dosage oi 

100-159 ml for  each plant,  2—> times at 2 wqqV in te r v a ls ,  i t  

was observed that no .• hytol oxic e f f e c t  occurred on the plants 

and there was sign 1 i  Lean I, reduction o i  nemd i in in fe c te d  roots 

and no nematodes were Pound in i r e s h ro o ts .

lion-chemical methods

/■mong the non-ohenionl net hods used i o r  contro l  of 

R.ajmlliB. use of hot wntor treatment o f  root-atocub o f  citrua
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Control oi‘ Padopholua almllla on Banana

C heaical tried Dosage Duration and type 
oi treatment

SBC!  3 C 0.5 tnl a . i . / o l a n t

S B C !  (706 ) Solution based 
auao anai on

on

B B C ! 1 . 0 so lut ion

P horata 
P ben ami c h03 
(406) '

8 -  11 ml '"slant
5 0 oo□ (v ' v^

S B C !
Pranilag®

550 ml + 4C 1 c l -iv 
a o i l  + 5 0 1 water

S I C ? 0 .5 j emulsion

Phanaaiphoa 100 ppm (41
emulsion) 3 .i

P hensmip hoa, 
Aldicarfa
mat ho«y; , 0 j C ?
B B C !  3g .9

(75-
1 ■' ha71 - '- y

D B G ! 3 ml/plant

'oot Jio

» : n’inu't di >

15 _ 6 0 ninetec din

Dir i; t!"« s o lu t ion
i Oj i'r..1 3 j c or Is

_’i v 3 n?.n'.i'aj di.:
(  Cl J  t ’ 0 >t racist
!•' hoars)

t in  13- Jio

j j )i  c ' ion a at
;L.v i  ntcrv U

3iTect on hoat orop/ 
plants Haftxanoa

decreased in fe c t ion

Control of P .s im i l i s
Peachy & Hoopar 
(1963)
Beccari and 
Ooavaxion,(1966

ilimination ox in fe c t io n Caaaraayorfat al 
(1966)

Plants completely free
from inx'e station

Taboado and 
Caballaro, (1961

do nttacv or spread or
m u l t i o l i cation t i l l

*

14 nonths

Vllardebo and
Fobin, (1969).

Total elimination o f  
i . i i e c t i  on

Decker, et al, 
(1971)

, 'otrl elimination Decker, et_ a l ,  
(1971)

;.vo better  results  
and con tro l ,  decreased
to j 1in r

Coates, (1972)

"no • in 10 . enr’r: spelled ora ■rowth and heavy bun- Hutton and Chun 
to  1" old " : r a i '  circs, complete elimination (1973).
0 la n : a t i on of i n i e c t i o n .

<1

v/ic: r? yeai in R i n j e c t -  no in fe s t a t io n ,  4 Qb in -  Beugnon and
ions around th) olnnt cronae in cron growth Vllardebo,(1973,

and weight ox' banana

£
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and pared banana aets are very popular. The thermal death 

point or H.similis (from citrus) in vitro was determined to 

be 10 minutes exposure at 122°? (Birchfield, 1954).  This was 

found to be the same for B .similis from banana (Blav©, 1961).  

Various p ra c t i ce s  o f  heat therapy adopted by d i f fe re n t  wor^rs 

have been summarised fo r  c i t ru s  in Table I and f o r  banana in 

Table III . f o r  c itrus  nursery stoci-, hot water treatment i s  

given before  planting in new areas, such seedlings  used f o r  

heat therapy must have only stem and root thickness le s s  t han 

1& inches .  The roots  are cooled in cold water f o r  10 minutes 

immediately a f t e r  heat-therany and they are cared fo r  in  the 

planted s i t e s  by frequent watering (Cohn, 1972). Heat-therapy 

fo r  banana is  successfu l  only where cheap labour is  a v a i la b le ,  

as paring o f  3 sts becomes a laborious n rocess .  d oec ia l  hot 

water t'-n’-s t o  m a in t in  the requ is i te  temaerntura have been 

deoigned (Bla^e, I960) .

/ spec ia l  c o n tro l  programmo ,!pusf and trea t"  mothod, 

app l icab le  fo r  f lo jHda has been rammed fo r  bene f i t  of

c i t ru s  growers (Pouclier et. lLL*» 1967).  f l o  >ding and fallowing 

fo r  5—6 months eliminated ] . ai  i l l s  iron bnnann f i e l d s  iri 

Honduran and Panama (Loos, 1961).  f  1 ood-fa l lowing ie praoticed 

in .Surinam for  con tro l  o f  the burrowing nematodu, but bare 

fa l low ing  was unsuitable (naan, 1969).  Colbrnn (1964) recom

mended a two year fallow period with n cov?r or op o f  f  anioum 

maximum variety tr iohoglime in <«ju«onalanU, /u a trn l ia .  Iri



TABLS I I I

rot water treatment oi "'yanana sets" ior control oi r »aimilia

Taarparat ure 
range

JuraXi on oi 
□ant

t r e a t -  Jy j j  oi
t r e 3 txont

i i i e c t  on host Heierenoe

55°C h T! in ux a a In ore i on treated setts  irae iron 
i n i 3 c ti on

ia ra ira  ©t a l . .  
(1960). ~~

55aC 3 J xinuxj ; I- eroion I.ini UiD loso o i  crop . Plants 
vmi-0 iron iron i .  s im i l i s  i o r  
ov?r 5 ye^rs

dlave, (1961)

553C —cO xinut 33 I -  3rsi on i i le c t iv a  contro l  oi in ie c t io n Dlave, (1963)

55aC 2 J ainat 33 I""' :ro i  on oi
3 2X3 (ui'tli
” 3 r  ̂ t _

Control jo r ied  and darapja Casamayor, at a l .  
(1966)

55°C & 50-C 1;
i :

r i  n rt 33 
xi nut is

~ i t  i r )
1“ ■ ir  o'.'.on r dip in 
o i - "n o  x .31 carte l  
sol- ’ t i  : n

Control oi iu io c t io n ,
> 1 i  t-1 n 1 1 ion 0 i  c ro > loss Sananayavo, (1969)

52 -  53°C 2 : xi nut 33 I "  i r : i  on t m o i r l  contro l  iron in ie c t io n ?a y lo r# (1969)
553C 20 xinut 13 T .s i  ’ i l ?  s v.ms t o t a l l y T)ecver> at a l . (1971)

•J j_ i  11 i. i 1..1 11J

roas
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!fev South Wales E.similis was not detected in so ils  six  

months after infested stools were mechanically uprooted 

(Slave, 1969). Eotation o f  5 months with sugarcane, imme

diately removing bananas from f i e l d s  h ^  met with some 

success (Loos, 1961). Attempts at b i o l o g i c a l  c o n tro l ,  

e i th er  by the use o f  nematode tra in ing  fungi (Tarjan, 1962) 

or by growing Tagetea erecta as r cover crop have not met 

with any success under f i e l d  condit ions  (Tarjan, 1960b).



MATERIALS AND METHODS



I I I .  MATERIALS AND METHODS

Survey

Collection of so il  and root samples

A survey was undertaken to vnow the occurrence of the 

burrowing nematode R . similis associated with the slow wilt 

disease suspected pepper vine gardens in Kerala and x^arnataka 

rtates. A proforma with relevant details on field  symptoms, 

source of so il  and root samples, was developed ( 'ppendix I ) .

An information sheet was a lso  prepared, d e ta i l in g  the pro

cedure t o  be fo l low ed ,  in c o l l e c t i o n ,  package and despatch o f  

the s o i l  and root  samples (Appendix I I ) .  Thes-  ̂ proformae and 

information sheets v/ere supplied to  Junior t g r i c u ltura l  O ff icers  

at various NEC blocks in the two d i s t r i c t s  o f  Cannonore and 

Kozhikode in Kerala r ta te  and to the Taluk h or t icu ltu ra l  O f f ice rs  

o f  the various d i s t r i c t s  in Karnataka ta to ,  to  c o l l e c t  and send 

t hn no i l  and root samples from the slow wilt  suspected pepper 

gardens f o r  laboratory  processing and examination.

Processing of a o i l  and root anm doa

Immediately after the receipt of the soil samples, 100 ml 

of aoil from each lot representing diseased and healthy areas 

were processed by Cobb's sieving and sifting technique, using a 

400 mesh sieve at the final sieving. The fine debris in the 

nematode suspension was cleared through a modified Daermann's 

funnel technique, u’rom the root samples racoived, the leader
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roots were sorted out, weighed and nematodea were extracted

by chopping them into bits of 0 .5-1 cm length and placing them 

over a modified Baermann’ s funnel.

Sstimation of nematode population in soil and
root samples

After fo r ty  eight hours o f  se tt ing  up of the Baermann’ a 

funnel,  the suspension containing the nematodes v/as c a re fu l ly  

transferred  to clean 100 ml g lass  bearers,  a lleged t o  se t t le  

f o r  about three hours and concentrated to  f i v e  ml. The t o t a l  

population o f  I . s im i l i s  and other genera o f  plant p a r a s i t i c  

forms were countod and estimated. The nematodes in suspension 

are than 1ri l l e d  and f ixed  by adding equal quantity of b o i l in g  

5 per cent formalin and proservod f o r  further  studies .  Nematodes 

emerged from the root aamoles we ro c o l l e c te d  overy 24 hours and 

counted. The daily  counts o f  nematodes emerging from r o o t -  

sample 9 wore continued f o r  10-12 dqvs t i l l  no nematodes were 

observed to  emerge from the roots consecut ive ly  f o r  three days. 

The to ta l  population of  noma Lodes was computed to per gram root 

weight o f  the samples. The nematode suspensions, from roots  

were also preserved a f t e r  b i l l i n g  and f i x i n g .  The c o l l e c t i o n  

and processing o f  samples from Kerala wore onrried out during 

the period from September 1974 t o  March 1975 and July 1975 to 

September 1975, and from January 1975 to Maroh 1975 and Septembe 

to October 1975 from uJirnataka.
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Batablishment of Pure Culture o f  P .similis

Root aid so il  samplesinfested with P.similis from pepper 

vines collected from the Pepper Research Station, Panniyur 

formed the original nucleus culture material. Pew specimens 

of adult females and males were measured and confirmed that 

the nematode in question is  B . similis (Cobb, 1893 ), Thorne,

1949. Purther m u lt ip l i ca t ion  ox the nematode was dwie and 

maintained e i ther  on pepper seedlings raised from seeds or 

rooted cuttings of va r ie ty  k a l lu v a l ly .  About $0 culture  pots 

o f  15 cm s ize  were maintained f o r  the experimental work. They 

were p e r io d i c a l ly  examined f o r  oopulation build up and >ept 

i so la ted  from other pots in the glass-house to maintain pu r i ty .  

Came population was a lso  maintained on lo ca l  banana suc'-ors. 

Likewise T . s i n i l i s  populations fro^ banana und coconut co l le c te d  

from Central P lantation  Crons vos arch In s t i tu te ,  Bayami ulam 

and population from arecanut c o l l e c te d  from Main Research 

S ta t ion ,  IfehhnT, were maintained separately  on banana sucVora.

Perl loam s o i l  f r o m  the f i e l d s  of grin Von •■arch Station,  

Febbal, free  from clum >s and atones was obtained and mixed with 

compost in the proportion of 6 i l .  This soil -compost-mixture was 

sterilized (denematiaad) by methyl bromide fumigation at the 

rate of 1 lb per 100 oft and stored in clean conorate tanvs, 

to avoid nematode contamination and for subsequent use in



31

•xperimental wor>. ’ henever this soil mixture was used Tor 

p a t t in g ,  i t  was periodically examined and confirmed that no 

other nematodes had contaminated the aoil mixture.

Preparation of Uutrient solution

Nutrient so lu t ion  aa prescr ibed by Arnon and Noagland 

(1940) f o r  providing minor and trace  elements to  pot culture 

plants was prepared and stored in polythene carboys, ready f o r  

U33  whenever required .

Raising and maintenance of rooted cuttings of 
oeooer vine

Ctem cuttings of matured vines of c u l t i v i  -  Halluvally  

with 5 — 6 nodes obtained from fe e  <er Tesearch f t  l ion ,  Panniyui 

rnd I’o r t i c u l tu r a l  Research s ta t io n ,  Ambnlnv‘y a l , were slanted 

a f te r  treat in ' ;  them f o r  ono irinuto with r i > m indole butyric  

a d d  so lu t ion ,  I n wide oart horn >nns cont :1 ing s t e r i l i s e d  a o i l .  

?hey warn transplant id a f t e r  5 r» dgvs in to  j ingle  eta wlien they 

struct roots and all  over! to grow. stem cu1 t ings with 2 nodes 

warn tn Trnn from than'* vines ami further  planted Lor ro o t in g .  

Li^swiee large number of two nodes rooted cuttings weie multi

p l ied  f o r  pot culture experiments.

gatho/ienecity _of Ii.fliaiLLo on .M a c7-. f.omioj 

ilxperinontal

A pot oultura experiment was conducted to establish the
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p a tbogenecity of R. similis on black pepper, under glass-house 

conditions. The treatments included inoculation o£ the nema

todes in logarithmic levels of 10, 100, 1000 and 10000 numbers 

per pot of 22.5 x 15 cm size, holding 1500 ml so il ,  including 

a check pot without the nematodes. f i f ty  five days old, two 

nodes rooted pepper cutt ings  with uniform growth, stem girth, 

node lengths ,  ?-3 emerged leaves and with 5-6 la te r a l  roots  

were selected and transplanted singly in to  the p o ts .  C w e e k  

a f t e r  p lanting ,  the cutt ings  were inoculated with nematodes. 

The exact number o f  leaven, length of  anrouts o f  each plant 

were recorded before addin'' ’ the nematode inoculum. tight r e -  

p l i ca te s  were maintained f o r  each t r e a t - e n t . The icts were 

’-eat under the glass house honchos to  allow p a r t ia l  shade, in 

randomised way. T ? t • •■iaora lure in the glass house was main

tained ~t 24 + 3°C throughout the experiment.

FT oid at ode inoculum

Nornntode inoculum wnu prnoarod hy extract ing  1 . similis  

from the rootn o f  the n u n  cu lture  ulantn. Nematode inoculum 

obtained within a period of 72 hours and stored under 5 + 1°C 

in the low temoernt.ure incubator was used f o r  the experiment.

The inoculum wan added to the pots hy making f i v e  holes around 

the stem about three cm away, with seven cm in depth, by pour

ing the suspension in equal proportions in a ll  the holes,  pot9 

were lnoouleted with five ml aliquot suspension o f  1 0 , 1 0 0 , 1000
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and 10000 nematodes of a ll  stages. The holes were then covered 

with loose soil and pots watered with 759 ml of water just to 

moisten the soil in the whole pot. The checv pot was also given 

an equal quantity of plain water.

Maintenance o f  plants and recording of  the 
observati  ons

The pots were given a l l  agronomic requirements. Nutrient 

solirfcion was added at th-i rare o f  100  ml to  each pot at in te rv a ls  

o f  four wee’ s .  Two spray3 with Hithane 2 IP at 0.2 per cent con

centration were given during the period o f  the experiment to  

check any fungal a t ta c ’-. Observations on t ue growth o f  the 

shoots,  emergence of sido brandies, and number o f  leaves pro

duced were recorded at in terva ls  of ;’ 0 drgs i r o T the data o f  

inocu lat ion  o f  nematodes. The f i n a l  addit ional growth parameters 

wore calculated sulCNrac tin. ti  e observations reco-dod at the 

time of adding th» inoculum.

the experiment was conclude! ,n iter  1 5 0  dayn o f  nematode 

in o cu la t io n .  The shoot >ortionn (v.tn^n) were out at the ground 

( s o i l )  l ev e l  and fresh  nhoot wsighl, n miliar o f  loaves and shoot 

length were recorded. On the same dny the root system from each 

pot wan ca re fu l ly  l i f t e d  by gentle tapping Ox tha pot on a l l  

aides and bottom and removing the loose  s o i l .  The roots  were 

cleaned o f  adhering s o i l  part ia lea  by gent le  washing in water.
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These washings were collected, passed through 400 mesh sieve 

and preserved for nematode count. The clean root system was 

pressed between folds of bloting paper and fresh root weight, 

length of main laterals were recorded. Nematodes from the root 

system were extracted following the procedure described earlier. 

The so il  from each pot was thoroughly mixed and a representative 

sample of 100 ml, was measured out and processed for extracting 

the nematodes fo l lov / ing the procedure mentioned earlier.

The nematode counts from the roots  and s o i l  were recorded 

as per the procedure mentioned e a r l i e r .  The f i n a l  s o i l  popu

la t io n  in each not was commuted from the count in 1 0 0  ml samole x— -*•

15. The t o t a l  f i n a l  population per pot wrn thus estimated by 

addition of the counts from s o i l ,  roof; system and from the 

washings c o l l e c t e d  at the time o f  v/nsiting each root system.

Foot Invasion and flaturo of  Injury

To study tho invasion of I'. simi 1:1n t o  popper ro o ts ,  a 

new technique was developed (u‘i g . 5 ) .  T ooted pepper cutt ings  

with /1— 5 l a te r a l  roots  were l i f t e d  ca r e fu l ly  from tho nursery 

pans and the roots  were washed free o f  adhering s o i l  p a r t i c l e s ,  

fmall eartherv pots o f  6 . 5  x 5 . 0  cm s i z e  with holes sideways at 

bottom were ta en . Keeping the stem cu tt in g  portion in s id e  the 

pots ,  the root  ends o f  feeder  roots  wore brought outside through 

the holes and the pot f i l l e d  with acid washed f in e  sand. These 

root ends (two om length), after surface s t e r i l i s a t i o n  with 0.1



Fig. 5. Technique developed f o r  i n o c u l a t i o n  o f
p 1 ' i l i r  under ]n b ora torJ' c o n d i t io n s  

to  study root  invco lon  ejid development 
o f  lesions on pepper feeder  roote
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pep cent FfeClg were introduced with least injury into plastic  

cases (usually used as cover glass boxes) 2.5 x 3 cm size, through 

small holes (enough to pass the roots) drilled on their sides. 

These cases were filled  with acid washed sand, to support the 

root ends. The sand in  the p la s t i c  case v/as moistened with 

sterile water.  The pot was watered with s t e r i l e  water. About 

5 0  adult well  developed female specimens o f  F . s im i l is  were 

surface s t e r i l i s e d  with 0 . 1  per cent HgClg f o r  one minute and 

introduced near each root  tip and the root portions were then 

covered with just enough sand and moistened with s t e r i l e  water.

The pots along with the cases were placed in p e tr ip la tes  and 

l e f t  on the laboratory bench, where the temperature during the 

studies was 27 + 2°C . Observations were r^ rry  .-r at in te rv a l  

o f  every 24 hours by cutt ing the root b i t s  and examining them 

for  invasion of the nenrrtodea by staining with acid fuchsin 

lactophonol . The roots  wor* observed i i i 1 the formati on of 

les ions  on them.

Foot b i t s  from the boxes wore l i f t e d  and were thoroughly 

washed f ree  o f  s o i l  adhering to thorn. Healtliy and in fected  

portions o f  roots  ( 0 .5  -  1  cm) were separated and f r e e  hand 

out sections ware taken. Observations on the nature of root 

in ju iy  by the nematodes v;ore recorded.
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Control of R .aimilis on black pepper

An experiment was carried out to find out the effects of

neemca^e and three nematioides namely, D £ C P , fensulfothion

and aldicarb sulfone on B . similis infecting pepper.

Host plant material

Pepper c u l t iv a r  -  Kalluvally  uas used f o r  these s tud ies .

Two noda3 stem cuttings were used from the pure stock maintained,

as described e a r l i e r .  The rooted cutt ings  were planted in 20 x 15 

cq e lse  earthen pots f i l l e d  with densratiisod s o i l —com osx mix— 

ture o f  15Oo ml capac i ty ,  rhe cutt ings  wore planted and one 

wee1'  period uas a l l  cued f j i  t f j i i  establishment.

flomaticides

"'he chemical nomenclature o f  t ’ 1 n mat i  c i d e r , method of 

appl icat ion  and source of supply r ie  given in "able IV. All  the 

dosages of mmaticl.den a e expressed in terms ox act ive  ingre

dient per hectare . 1 y common n r  1:1 o f  tlm chomic la have been

used in the text,. The donaro nor pot wno worMd out baaed on 

the surface s r na o f  the n o t , .

■Hoaagog and methods o f  app l ica t ion

Various dosages used vrere, ne.encav e 1250, 2500 and 5000 Vg 

per hectare, D B C j? 22, 33 and 44 l i t r e  a . i .  per hectare fenaul-  

fobhion 2, 4 and fl Vg n . i .  per hectare and a ld icarb  nulfone 2, 4,
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TABL13 IV

Chemical cosrpoaition, f  ormulation, mat hod of application and the source of supply of tho
materials used f o r  contro l  o f  I.«s im il ia  on pepper

Comaon 
name

Trad a 
nans Chemical coanooit ion Tormulat- Method of

ion applicat ion Source

Ksea caVg

D B C P y-l2~2 aeon

fensulfo— I"?. aar.it
t hi on

Aldicaib LC 21?55
sulfone

1 , 2 -  d i c r o -o  o _
chloro-»rO':nn

Di 5t 1 (mot h i  
a liI •’.inyi . o hen1, 1
1  ho5 ) ;i00 O’" hi "t 9

2 - e t  v : - 2 - ( '  et '1- 
a u l fo ry l  erooional
da TV do 0- y  o f :

car’c 1' ov3 ■ Gj-;irr -*

5 C = Smulsdfia’o le  concentra*

Ca’-e jowder

5 G

75 o• M

3* = iron ill o3

Soil apuli- Non-edible oil and soap, 
cation Industry, Khadi and

Village Industries 
Commission, Poona,

i C 75 ' v/v f o i l  dranch Shell chemical company.

o i l  ap^ l i -  Layer India Ltd,,
cation

o i l  drench Union Carbide, India Ltd,

VJ .e = V/qttable  powder

wS
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and 8 vg a . i .  per hectare. Two methods of application i . e .  

pre and post inoculation of the materials were adopted. In 

the case of pre-inoculation treatments, the neemca't-e was 

applied to so il surface in the pots 10 days before the inocu

lation of nematodes and mixed with the soil thoroughly. D B CP 

was applied seven days before  fen su l fo th i  on and aldicarb sulfone 

two day3 p r io r  to inocu lat ion  o f  the nematodes. In the case 

of £ B C P and aldicar'o su lfone,  the ca lcu lated  amount of 

nematicide f o r  each dosage was mixed with 200 ml o f  water and 

then added to  clay pots as s o i l  drench. The quantity of water 

(200  ml) required fo r  drenching the c o i l  was determined e a r l i e r .  

Tensulf ot hi on (wasanit granules;  was a a l i e d  to the s o i l  sur

face and mixed wall in i  o the c o i l .  The pot was immediately 

i r r ig a ted  with 200 rnl o f  water. r .atode inoculat ion  was given 

ten and seven days axtoi a > o l i c  t ion  ox neencah-o and .0 x> C P 

and two days a f te r  app l ica t ion  ox a ld icarb  sulfono and f e n s u l -  

fothion In the case oi p re - inocu la t ion  I. re a tment nd seven 

days before app l ica t ion  o f  the nemat icicles in the capo of poet— 

in ocu la t ion  treatments. Thus tha date of nematode inoculation 

was Vept same both in the case o f  pro 'nd p ost - in ocu la t ion  

treatments. Three r o o l i cn te a  of each treatments wore maintained 

There were 25 such treatments including the ohecv pots.

iIflln.tenan.Q_B of alan to aid_ra.Q.Qj33fn/i of Qbaaxvatfpnfl

The plaits were placed under the glnss house benches in 

partial shade. The temperature in the glass house throughout
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the experimental period was maintained at 24 + 1°G. The pots 

were arranged in a simple randomised way. Observations on 

growth characters v iz . shoot growth, number of leaves produced, 

were recorded at intervals of every 30 days and the experiment 

was concluded after 150 days from the date of application of the 

teat materia ls .  The f i n a l  observations on shoot and root length, 

fresh 3hoot and root weight and s o i l  and root population were 

estimated fo l low ing  the same procedures described e a r l i e r .

TVter^ination of  the race statue ox ^ .a im il is  f  ron 
Panniyur pepper population

An experiment was c^rrie  1 out to  study the race status 

o f  the population of  . si mil-in f r o :  pep p r  c o l le c te d  from

Panniyur and i t s  capab i l i ty  t o  in fe c t  c i t i w , c o f f e e  and banana. 

Three c i t ru s  soecl.ec v i s . ,  Git-.- is 3 i n enc 1 a ( :'"o ' t  or~nge'

C .ret lc  ulat o (;*nndaj£ « n or an . , < .aura.ntif o l i r  ( l i r e  ), C of f  oa 

arable . loc al va i io ty  o f  br nano ; nd iro . .ji c u l i i v : r  -  Kalluve.ll.v 

were used an d i f  fercnt  i n 1  fia.pt,: f o r  comparative t n f o c t i v i t y  by 

F .a i m i l i s . About dgyu old neorl lings/aucborP o f  banana/ roo bed 

cuttings of onch hoat i;o-r-j Dotted in 1 0  x 1 0  cm nine onrthon 

pots f i l l e d  with densmntined s o i l .  ;pch pot was inoculated with

500  nematodes ( a l l  otnges) obtained from pure cu l tu re ,  i/lvo 

r e p l i c a te s  o f  c i t ru s  aneciar and three r a p l i e a tea o f  banana and 

pepper wer^ maintained. Tiro nematodes v?9re inoculated seven 

days after planting.  ninety f i v e  days a f t e r  inocu lat ion  of  the
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nematodes, the plants were depotted and nematodes were extrac

ted from the roots and s o i l .  The fin a l population in each pot 

was estimated following similar procedure mentioned earlier.

Cross infectivity of nema isolates from pepper* 
banana, coconut and arecanut hosts"

/ji experiment with R . s im i l i s  population i s o la te d  from 

pepper (Pepper research s ta t ion ,  lann iyur) ,  banana, coconut 

( Central Plantation Crops research In st i tu te ,  llayaml.ulam) and 

arecanut (Main research tnt ion ,  Jhjbbal) was conducted to study 

t h e i r  a b i l i t y  to in f e c t  and reproduce on the other three hosts, 

Clay pots o f  30 x 23 cn s ize  wero f i l l e d  with . s i  l i l i a  in fes ted  

a o i l  t o  seven l i t r e  volume. ihj souice of in fes ted  s o i l  was 

from the previously  builr, up pure culture pot j  Ox the respect ive  

population. 1  huo each pot can tr in e  1 a j n o:;i ;r t ' ly „vOI . s im i l i s  

In one sat of trireo such pots ccnt^iniiiy tlij se.i: population, nn 

in fec ted  host, plant and tue t u a c o t  uOj t ei.ui t were Inn ted very 

c lose  together oo that ti j j oot s ox th * two host plants came into 

c lo se  contact and intorninglod . The suncept hosL plants wore 

raised in s t e r i l e  a o i l  separate ly .  In ceoo oj. popper (knlluvnlly  

ou l t iv a r )  banana ( l o c a l )  coconut, iwcot const t a l l  var ie ty )  and 

arecanut (South jxannm var ie ty )  were used. In case of coconut 

i s o la t e  copulation, ft. s lm i l i s  in fes ted  coconut seedlings obtained 

from the Central Plantation Crops I eaonrch Institute, i^yamkulnm 

were used as such and planted in the pots. Thun four  groups of 

pots containing three pots in each group with the twin slanted
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hosts In  each pot formed the treatments ( j ’i g a .  6 , 7, 8 and 9 ) .

T h e  coconut seedlings were planted c lo se  to  t  he other in fe c ted  

h o s t s  a f t e r  removing the husv port ion ,  so that the fa s t  growing 

f l e s h y  roots  w i l l  come in to  contact with roots  o f  R .s im i l is  in 

fec ted  h osts .  The plants were depotted, 140 days a f t e r  planting 

in case o f  oepaer, banana and arecanut ponulations,  and 200 days 

in case o f  the coconut population. The root  systems o f  the 

o r ig in a l  in fec ted  hosts and amcoot host plants were ca re fu l ly  

l i f t e d  and thoroughly washed with r strong continuous spray of  

water to remove a l l  adhering debris and s o i l  p a r t i c l e s .  The 

nematodes were extract oil from the roots ,  fo l lowing  tha proce

dures as -entic-ned i a r l i e r .  ' 1ho roots were examined f o r  l e s i o n s .  

A few le s ion s  were cut a;nl tost  od in few dr on a of water on a 

s l id e  and examined u.id Jr ,■ binocular at or 'o. - icros co >o, t o  see 

whether they contain.•' a l l  the s*. ; j j  o f  the nenrtodo. b^asd on 

those observations,  the natui j  of  t hj i n f e c t i v i t y  by u f forant  

populations ( iaolo  los ) was lo co ided .

i11 o m  h o lo g lo i l c ha ra ct o rs o f  b . s i  mi Its  from non per ,
bnnnn-i, coconut and axew "ml

Ton n limb ora o f  se le c ted  (pic’-od out) adult females and 

malea of the four populations wore V i l l cd  and relaxed by gentle 

heat. Temporary mounts of  thes ' nemntodos were prepared in 

weter. Measurements wore tn^on following the mothod of do Man 'a 

formula (3outhey, 1970) uaing ooular micrometer scale. Thoy 

were aleo critically  oxamlnod for their differences in morpho- 

logi oal oharact era.



s tu d ie s  on cross i n i e c t i v i v r

6- Pu*° plf>nted ^ s e t h e r  with ben-nr, cocor.ur ^nc aiecsnut plents
and pepper, containing t ie 'pen e r i s c l Pt= '  c '  ? H r - W c  w
"double plant method" T'  ^

F i g .  7 . lota planted together vit:  nr canut, per cr ard c o c o n u t  rlsnta
contain ing  tho ' b r / a ’ a i o o l k t . '  of 7. .s ir  i l l s "  bvdouble plnnt L O Ui-Od" ---------------

P i g .  S. l o t a  p l a n t e d  t o r ct:tlr v i t h  t a r e  nr, c e r :;r r=c -,xecP n ; t  r l e n t 9

M d _ c o c o n u t  co, 'c-coni.t isolrte ' cr : . . r i - i U =  t-r
double plruiT i. 'w ti Odn ""

Pig. 9. .ota pl.-nt.Pd to vilier • i  . ii i o, br-.rrs me. coconut rlpcte
rn,i nroennut c o n t r ln in g  ' r r c c n u t  i s c l r t  ' c f  R . s f i l i s  bv 
"double plant 'iwtl.od"----------------------------------------------------- -----------





Nine c u l t i v a r s ,  each from Kerala and jiamataka, f i v e  

wild c o l l e c t i o n s  and four  spec ies  o f  P iper  ( including "two 

cu l t iva ted  s p e c i e s )  were screened f o r  th e i r  resistance to  

R »a im i l i3 . Rooted cutt ings  o f  these cu lt ivars  and c o l l e c t i o n s  

wera ra ised  fo l lo w in g  the procedure reported e a r l i e r .  Rooted 

cutt ings  o f  unii orm growth as standardised e a r l i e r  were planted 

in  s n a i l  earthern pots (G x 5 .0  cm s iz e )  with 75 ml s o i l  

ca p a c i ty ,  f i l l e d  with s t e r i l i s e d  s o i l .  These ( f i g . 1 0 ) pots 

were in ocu la ted  with 100 at odes (a l l  stages)  of T-: . s im i l is  

c o l l e c t e d  from or ig in a l  culture  o f  peeper population from 

Panniyur. Inoculation  was done by pouring the nematode sus

pension in three ml water, -equally in to  the three holes of two 

cm depth, about J .5 cm nwav from t '  e a Lem o f  the cutting in

the p o t .  'i'he hole9 were coveied i  mediately a f te r  inocu lat ion

with s o i l  and pots drenched with water. Cwo rep l ica tes  f o r

each cu l t iv n  i /w i ld  col.l notion wore maintained, whec1* pots 

without nematodes wore a lso  ’-out. t iv noma inoculation  was 

done seven daya a f t e r  o iant ing  ol the cu t t in g s .  Alter 90 days 

o f  in o c u la t i  on, the olantg were care fu l ly  l i l t e d  iron the pots 

and washed X :ro e o£  s o i l  arid dehrio adhering to thorn. The rootB 

w en  dried  in between the f o ld s  o f  b lo t t in g  papers and freah 

weight o f  the roots  ware recorded .  The en t ire  s o i l  from the 

pots Itfa* eroceeeed f o r  ex tract ion  o f  the nematodes. The

nematodes from roots  were extracted to determine the f in a l  

population par pot  fo l low in g  the procedures deta i led  e a r l i e r .





EXPERIMENTAL r e s u l t s



IV . experimental results

S urvey

The location surveyed and the distribution of R.aimilis 

in the pepper growing regions are shown in iig .11.

Incidence of I?. similis population in the samples

S o i l  and root  samples from healthy and diseased vines 

were c o l l e c t e d  from 19 and S loca t ions  in Cannanore and 

^.ozhikode d i s t r i c t s  o f  Lerala state  re sp ec t iv e ly .  In jxarna- 

tal:a a l t o g e th e r  16 samples were co l le c te d  from loca t ion s  

spread over s ix  d i s t r i c t s .  Thus samples from a t o t a l  number 

of  41 l o c a t io n s  in the disease suspected pepper growing t ra c ts  

o f  ilaral a and x^arnataka were examined fo r  nematode populations.  

Root samples from f iv e  l o ca t io n s  in hernia and two lo ca t icn o  

in  Ajorna taka were not rece ived .  The presence oi t, . 3im i l l  s 

and i t s  counts in  the samples c o l l e c t e d  from various lo ca t ion s  

in both the s ta tes  are furnished in Table V.

Out o f  the 20 sol. I samples co l le c te d  irom i.Grain, sevon 

undar hsalthy v im n  and I* .mdnr diaanand vinos ravoalod tha 

praaanca o f  ; . o lml.Ua. Tha a o l l  population oi' t . olmllin ranged 

from d -  22  par 10 0  ml o f  s o i l  (avarngo 1 1 . 1 ) in hanlthy vinoa 

and from 3 -  dp par 100 ml a o l l  in dinanaad vinos.  Only one 

root  aampla from healthy vino and nina opt o f  20  root aomploa 

from dlaenaad vinaa ravaalad tha praaonca o f  £ . f l lm i l le .  Tha 

numbar o f  K .a im i I t .  racovarod from roots  o f  haalthy vinaa was 

1 0  par «  o f  roo t  and in oaaa o f  diaaaaad vinaa from 4 -  237

(avarags 53 ) per « of r0ot-
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Density of R.aim ilis in so il  and root Bamplea collected from 
healthy and diseased pepper vines from different locations in

Kerala and i^arnataka

Nematode population
State Dia- 

t r i  crt
Locations Numbers

oer ICO ml 
soil

Ileal- Iti.se- 
thy ased

Numbers 
per £ root

Heal— Iti.se— 
thy ased

Total

Heal- Dis< 
thy a3ei

Kerala Canna-
nore

Calicut

i iallody 
HdilO^ara 
Anfju>unnu 
Vellamunda 
Chemoeri I 
Chemoori II  
Chemoeri I I I  
? ay at uc hal 

^ Chunduv unnu 
’ ’eat ,1 a i l  
Larin dal am 
iwinnanur 
Manjeawar 
Chearioady"
U liyil
?anniyur 
x.arimbam 
.? o r i n t ! l i t  a 
TnVmod
i\niv1'ami) oil
I h' rib''larinnr 
r halayad

Had uvnyal 
Mundavnyal "

12

l rj
r -G
r

C h/P^ittnn-r

u " -

■a

Karnataka iddapur
aoIUwri ’ ndy
B11 n twn 1  
Snv lgolrp ui 
p utt.nr
-agar
Thl rt hahnlly
fjdd ip l  
Miidigara
Angola 
i^arknl a 
Lunit a 
ii.oppa
H r in g a r l
f i r « l
Homwarpat

3
8

28

14
22
1G

33
l r
A  n 10

6

4

12
7

— O
13 —

4 1 1 —
1 1 l'l —

22 30 —

.1.3 19 —
L2 ir
6 22 12

A9 61 42
4 16 —

1 2 54 ■■a
P 13 7

A 15 -

7 9 -

3 16 -

5 7 mm

.Llr
48

2->7

7o

22

4G
326

121
IP
16

13

96

42
?1

Boot aamplo* w«ro no* rsooivsd snd
examinad

3
14

12 32
26

-  29
16

IT 151 
6 66 

18 285

4
11

22
13
12
IP

91
4
12
15

4

7

3
5

29
13
11
36

39
19 
64

340

102
16
72
29

20 

105

50
20
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TABL3 V -  (Contd. )

o + „+_ Dia- Loca-uxaxa . _. . , .t r i c t  t ion3

ITeciatode population
Humber per 

100 ml s o i l
:IuDiber3 per 

£ root
Total

Ileal- Diae- 
t  hv a as cl

Heal- Diae- 
thv ased

Ileal- Diae- 
thv aaed_

Observed mean 11 21 17 65 15 68

I t a t i a t i c a l  moan
( VX + 0.5 trano-  

£ormati on )
1.8 2.9 1.03 5 .44 2.8 6.4

r.-]n + 0./107 0.9766 0 .81

CD at 1 j l e v o l 1 .05 1.97 2.089
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In Karnataka state 11 out of 16 locations revealed the 

presence o£ the nemataJe. In soil samples from healthy vines 

the population ranged from 3 — 49 (average 21) per 100 ml of 

s o i l .  In root samples from healthy vines 3 out of 16 contained 

R .s im ills t while in  case o f  diseased vines 9 out of 16 contained 

the nematode. The number o f  K.s im i l i s  recovered from root 

samples varied  between 7 and 42 (average 20) per g of root  in 

healthy vines and 13 t o  326 (average 77.5)  per g o f  root in 

di seased vines .

In Kerala the  t o t a l  area covered by sampling was 29-3 

hectares,  while in  Karnataka i t  vn3 28 .5 hectares. The disease 

inc idence  renorted from various lo ca t ion s  accounted f o r  11.51 

per cent of  the surveyed a re a in Kerala and 12.5 per cent in  

^am atnka .

Incidence of other )]ant j a r ' s i  t i c  non at odea

I-'lr'nfc p a r a s i t i c  nematodes cthoi than 1 . nimilin iroQuently 

eneoun io .o t l  iri n o l i  oamnlou I n tin curvayed aiean were floloid©- 

gyna a p i . ,  Tiotvlunohulno non.,  and b i l e  ot.y lone Ima spp. Oocaslon- 

a l l y  Crloonemoldga spp . ,  Tylonchorhyncima apu., and o p lo lal mug sp 

ware a l s o  onaounterod. Only in one lo ca t io n  i . e .  In oiddapur, 

both s o i l  and root  aamples oontainod Pratvlonohuq opo. The number 

o f  l o c a t i o n s  in  which tha d i f f e r e n t  genera of plant p a ra s i t i c  

forms ware encountered la presented In Table VI. It was observed 

that  samples fr<* Kerala contained { U l g ^ S C M  "PP • «"<>
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TABL3 VI

Number o f  l o c a t io n s  with frequencies on the occurrence 
o f  d i f f e r e n t  plant p a ra s i t i c  nematodes

Humber o f loca tions
llerala j^arnat al:o Total

gene ra - aIt  <\y Pi 3 0—
ased •iealt hy Dise

ased Leal thy Dise
ased

:i .  T .  : . .  T . •
7 1
_ 1 •

C’
vj ■ *P_ . • •.j . r

-  w • S .  R .

T-adooholus 7 1 l /! J 11 “7O 11 9 IB 4 25 18

Meloidoyyne 19 7 1G G 12 A** 9
9 7O 31 11 25 9

Potylenchulus 19 4  19 4 A —
r—*a — 19 4 18 4

Helicoiylenchu~ 17 -  1G - 6 — P — 23 - 24

Tylonchorhyn- 
c h u 8 -  -  1 2 — A — 2 — 5 -

Pratvlenchua -  -  - 1 1 1 1 1 1 1 1

Hoololaimuo 1 £ - — — — — 1 — 2

Criconemoides 1 - 1 2 1 2

In noi l  H r It rnd.r
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F ut y 1  ejp hulua app both in healthy and diseased vines with

out gTeat variation in their number, jj^arnataka samples also 

contained Meloidogyne spp . both in  healthy and diseased vines. 

But the presence of Kotylenchulus spp. was observed only in 

few samples. The presence of n .s im i l is  was more in soil and 

root samples c o l l e c t e d  i'rom the diseased v ines .  The pooula— 

t i o n  of other plant nematode genera were not found varying in 

diseased vines when compared with healthy vines.

Occurrence ox> ] . a lmil l3  in d i f f e ren t  3 o i l  types

The data on s o i l  types in which K . s im il is  was present 

showed that red l a t o r i t e  s o i l  contained more fol lowed by forest  

b la c1- s o i l .  Loamy s o i l s  contained the nematode in few loca

t i o n s ,  and was not encountered in clayey s o i l s .  The detai ls  

p re prenenter! in  table VII.

Occurrence 01 7 . n imi l ls  in ro Inti  on to intercrooning
p n  11 e rn

The survey revon led that popnor was mostly intercropped 

with e i th e r  one or  mom ct 000 Liv o banana, coconut, araoanut, 

c o f f e e ,  E'irif'or, yam and cnoo ivo .  '• lie d e ta i ls  ox locat ions  

where B .s lm l l la  was onoo.mterod in re la t ion  to  intororopo growr 

am  aunmariaed in Tnblo V I I I .  Aroonn.it palms form the major 

in ta rcrop  with popper end are used no aupports l o r  t r a i l in g  

the vinon who roan others am planted ae s*ixed or no border
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TABLE VII

Presence op 1 . s im i l is  in dif i 'erent s o i l  types

oil tvoes

Pad l a t e r i t e  
fo rest  b ine1- noil 
T.ed loam 
BlacV loam 
Tandy loam 
Late r i t e  c 1 ay 
Clay loan

Humber oi locat ions  
resent 'b3 ent Total

Total

1 0 0 13

7 7 14
4 3 7
2 0 2

0 0W 2

0 1 1

0 0L- 2

25 16 41
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TABLE VIII

Occurrence ox* B . s im i l i s  population in  re la t ion  t o  the
in te rcro p s  grown in pepper gardens

Humber oP locat ions
Ini er crops Present Absent Total

Arecanut 1 1 2 13

C oc onut 7 3 1 0

Bnnana 6 2 P

Cox’roe 0 6 6

Oinger 0 2 2

Ynm/Gnonnvn 1 1 2



51

crops In pepper plantations. The occurrence of R.aimilia was 

more in pepper when planted with arecanut followed by coconut 

and banana. In locations where coffee or ginger were grown 

R.aimilis was not encountered. The pattern of intercropping 
is  given in j i g . 12.

Pepoer c u l t iv a r s  afx’ectec! by disease incidence

The survey data in respect o f  the peooer cu lt ivars  a f fe c 

ted by the d isease  showed that out of  14 cult ivara ,  11 were found 

a ssoc ia ted  with h . s im i l i s  . The d e t a i l s  are presented in  Table 

IX. The common c u l t iv a r s  a f fe c ted  by r .s im i l is  wore Harimunda 

and K a l lu v a l ly .  Out o f  I '1 cu lt ivars  four were from i^arnataka 

and nine belonged t o  Hero la .  One c u l t i v a r  ( lo ca l )  was found in

fe c te d  with I . s i m i l i s  in  f i v e  out o f  s ix  lo ca t ion s .

pool  invasion and lo s io n  formation

Observation o f  the stained roots rnvoaled that most of 

the nematode a penetrated in to  roots within «M hours o f  inocu— 

la t i o n .  They preferred  root, 1.lp region just abovo the elonga

tion zone ( r t g . 1 3 ) .  7 hay ware alno obaerved to ponetrate

1 - 1 . 5  on above t id e  r o g l on . Though nomatodoa penotrnted 

In d iv id u a l ly ,  throa to  nix nemntodeo woro found in ona ragion 

inaida the root  ( r f lg .1 4 ) .  Tho oollo around the nito of pene

tration ware found with brown d is co lo u ra t io n .  Laaiona were 

ob.arved aa minute data within 72 houra of inoculation (rtg .15 ) .  

The oalla b.low  the epidermal X .y .ra  were dark brown in odour 

near the anterior region of the neeatodee.
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H.admilis populat ion  encountered with d i f fe ren t
cu l t iv a ra  o f  pepper

TABLE IX

Humber o f  locations
Flame of cultivara iJ resent Absent Total

I^ l lu v a l ly 6 3 9
^arimunda 5 5 10
Panniyur-I 1 2 3
Arakulan nunda 01— 0 2
The>7'enadan* . . 1 0 1
3ala n7'Otxa* 0 2 2
Valiy • n iya7-adan ' 0 1 1
poonharan ’Jundn . . 0 1 1
Kundiv odi . . 1 0 1

Malle^eaaera I 1 2

Zarim a 110/30 3 3 ora “ 1 0 1

IJddal:vare 1 0 1

Oavnthi •■ 1 0 1

Lo ca I r3 1 6

Tntn 1 2r> If) 41

. ,  ̂ _ ,tnkrrt no+ rnpni v f̂l and oxrml nod* p rjrjl; n n̂ r) * n vorn nnii r f.wri L T



Pig. 1 3 . K.s-L.iila in tne process of perpetration J
into feiatr root tip region of black p«pp*r



Pig. 10. Techniaue used for  screening cf  ruoted
cuttings of d i f f e r e n t  pepper cuitiverB 
inoculated v/ith a . g in l l in  for  their
ree la tnr.ce





Fi£. 14. K.ulmlilH inside the root of bl&clc peppt*
in corticnl  region

6 - 5. Feeder roo t  o f  b lack pepper showing leflio®
with blackened parenchyma c e l l s  by E .bIj
^  t .sv/* ̂  hours after nematodeinocu lat ion





jfree hand transverse sect ions  o f  healthy and infected  

roots are shown in  f igu res  16 and 17. In the infected root ,  the 

parenchyma c e l l s  in  the region surrounding the in fe c t ion  s i t e  

were b la cv ened and in a d isarray .  In advanced stages, these 

became n e c r o t i c  and by a gentle  touch with a f in e  needle they 

got separated very e a s i ly  from healthy por t ion s .  The c e l l s  in 

the region o f  the nematode advancement were darkened and granu

la t io n  o f  c e l l  contents were observed ( f i g .  1 8 ) .  The ste lar  

port ions  were not a f f e c t e d .  It was Iso observed that eggs 

were la id  witliin the t issues  wiLsin s ix  d-ya of  t: sir entry 

in to  the roots  ( f i r .11 ) .

P«thocrenecjtv o f  . o im i l i s  t o  blncv oeooer— — — A — p*. ^  » ' ■ ■■ ■ ■ — ■ ■■ — ■ ■ ■ ■ ■ ■ * ■ *  ■ ■ ■ ■ ^ i ^

The o b je c t  of  th i s  experiment wan t o  gain information 

on tho rolo  o f  thio nematode in causing damage, os expressod 

in  terma of  plant  growl h c hn rn et, r* re . Thc growth characters li^Q 

shoot length, f ran h ninnf, ve1r,ht, .loaf production, root length 

and fresh root, weleht wnr^ recorded • Out oi eight, replicates,  

plants in two rap ! lenten ,  inoculated with 10 0 0  nematodes per 

pot an 1 in  three rapl loatea inoculntnd with 10,000 nematcdes 

par pot ahovad w l l t i n r  symptom a a fte r  90 doyB, and they diod 

attar 11* days flf nomntode in o c n ln t ion. hue to the death oi' the 

plants in tho above treatments,  tho s t a t i s t i c a l  nnalvoi- wt’-

aarrtad out follow ing Tata. (1983) and Taylor (1949) aethoda.



n. a c t i o n  >f healthy feeder rootPi*. 16. Tranavurfie oocti
l lg  uf black aeppor

Fig.  17. Cross s e c t i o n  of  fe ed er  r o o t  °*
b lack  pepper i n f e c t e d  with K . B ^ i l t f .  
showing the daMged and b lackened ( B  
p or t ion  in c o r t i c a l  r e g io n  witn





v ia  10, LongitudinrJL nection of f e e d e r  ro o t  of
* black peppor infected with J l.^ im ii^

showing the nematode head fixed in parenchjna
col ln  • nd damaged c e l l o  eround the head
o f  trie lieiiiutode

r  ki   I. Lain ca I  i t f l  P  M i  * I f i

F i g .  1 9 . Longitud inal  s e c t i o n  o f  b l a c k  p e p p e r  f e e d e r  * Q

shov/ing nematodes and eggs l a i d  i n s i d e  root 
t i s s u e s  by R. 3 ini i l l s  w i th in  s i x  days o f  newt
in o c u la t io n

K = Nematode E = egg l a i d  i n s i d e
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Effect on ahoot length

The stunting of the plants increased as the inoculum 

leyel o f the nematodes increased from 100 to 10,000 per oot.

In case of plants inoculated with 10,000 nematodes, shoot 

growth was practically arrested (j«'ig3.20 and 21). The diffe

rence in shoot lengths of the plants at varying inoculum levels

recorded at 3 0 days interval from 3 0 to 150 days were highly

significant and the data ia summarised in Table X ( f ig .2 2 ) .

It was found that  olants ■’ noc ulated with 1 0 , 0 0 0  nematodes put- 

forth shoot length of 2 . 9 <? cm com >ared with 5 9 . 2 6  cm produced 

by the c ra cv s l a n t  n . Thus t h e r e  was 20 f o l d  decrease in shoot 

growth o f  > 1 nn t s i n o c u l a t e d  with 1 0 , 0 0 0  nematodes which was 

o orreapo n d i ng to a r e d u c t i o n  of  9 /1- »9 7  aor cent in  shoot growth 

as eoar,ar2- to c o n t r o l  l a n t s  at the end of I ; 0  dr-ys.  eduction 

in shoot growth du • to  other i n o c r l u  , Levels r~nged from 2 2 . 3  tc

93.8 p e r  c e n t .  The e f f e c t s  on ahoot, ] -ngtI- between 1"00 f

10000 nemntodeo Innculnl . j  on lev -1 '1, wn-'e not n i / ; n i f i c n t  at 

30, 90 or 1 5 r) d a y s ,  but at 60  -n I 120  days virle-v^ln they exhi

bited s i g n i f i c a n t  d iu o n n m . 7’ho results i n l i c  tud that when

th« Bwiiotodo inoculum l o v i l  wan 100 .vir 15 00 nl s o i l ,  i t  could 

M U .,  over 70 nor oont roduotlon In growth In courno o f  150 dny< 

on 55 dnyn old ponpor c u t t i n g ,  "'non thn inooulw. woo ovnr 

1000 nesmt odan pnr 1500 nl n o i l ,  ovar 90 par cant reduction In 

• hoot growth, naoT danth or « t o ,  .««• o f  growth o f  plant in t h .

psriod ware obssrvad.

and



Pathogenecity of H.b IciI U b to blaok peppt*

n v o t  on Ur vinee by H.s l a i l
in fect  lori, v;i th f^ur inoculum leve

21. Cffect on growth of vines end the develop** J 
went of root system ty P .sim ilis infeeti<* jj 
with four inoculum levels at 150 day* 
nematode inoculation
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F * th o g e n e d ty  of R.aimilis to blaclr pepper. Shoot length(cm) 
or pepper cutting at 30 days interval after nematode inoculation

(Mean of eight replicatea)

TABLE X

Tnoeulum
Days

XU WV UX Iflll
level 30 60 90 120 150

C hecv 4.36
(0 .6349)

0 . 1 0
( 0 .9020 )

17.00
(1.2192)

37.92
(1.57PP)

59.26 
(1.772P )

10 Nematodes 
per  pot

3.2 0 
(O .4355 )

* .27 
(0.6365)

12.25
(1.0P7*)

32.17
(1 .5074)

48 .4 6 
(1 .6855)

100 -d  o- 2 .3 1 
(0.3429 )

3.32
(0./1R45)

r .16 
(O.p'379 )

F 67
(0.93P3)

21 .6  5 
(1.3383)

1000 - d o - 1.91
( 0 . 3 i : /  )

2.50
(O.^ '*23 )

2.90
(0.^546 )

3 .34 
( 0 .5 2 03 )

3.73*
( 0 . 5 7 ^ )

1 0 , 0C0 -d  o- 1.31 
(0.3 O'! 3 )

l.FO
( 0 . 2/17A ) (0.3326 )

2 . 0 " ’ 
(0.3921 )

" 2 . ̂  8 * *■ 
(0 .4759 )

C . On . + 0 . 0 .' / . >»- 3 . T  36 J . 01F7 +
0.0219.0

0 .04FIS
0.0533&
0.06180

CD at 1  ’ l e v e l 0 . OQ r; 2 0 .1 r.3l 0 .2287 0 . 0621+ 
0 . 06 1 l„

0.13501
0.14*J6A 
0 . 1275 Cn

Values in  pnr-ini heonu ore l o r ,  i r n n r j i oi m *1 t.oniui.
• Mean o f  s i x  m n l io n t e n .  M Menn of i-ivn rep l i o n  tea.
• S ig n i f i c a n t  at 5 par oont ]nvel
♦ Between onetf- and lO'o.t namaLudau inoculated pota 
$ —do— 1 00
*  -d o - 100 1000
A -d o- 1000 lOOOO

-  d o -  
- d o -  
- d o -

-rio-
- d  j -
- d o -





E f f e c t  on f r esh weight o f  ahoota

The e f f e c t  o f  d i f f e r e n t  inoculum levels  of  the nematode 

on f r e s h  shoot weight was recorded and the data are summarised 

in  Table XI (ii*ig.23). The average ahoot weight of chec> plants 

was 24.76 g as compared t o  15.3 g, 11.51 g, 5.15 g, and 4 .5 6  g 

o f  the p lants  inoculated with 1 0 , 1 0 0 , 1 0 1 0 , 10000  nematodes 

r e s p e c t i v e l y .  Uglily s ig n i f i c a n t  reduction in the shoot weight 

was observed between the 1 0 0  and 1000  nematodes inoculated 

plants and the reduction in  the shoot weight was 53.5 per cent 

and 79.2 p er  cent compared to  choc1' plants ( f i g . 24).  however 

no s i g n i f i c a n t  d i f f e r e n ce  in snoot weight was observed between 

slants  i n o c u l ' ted with 10 0 0  and 1 0 ) 0 0  nematodes.
B

Of 1  act on l e a f  production

The number Ox leaves irorluced by the plants at 150 days 

a n „ r  nAnnt.0^q inootd.nt.ion unn recorded to  nncort.nln t!v> a f fe c t  

Of nemeWle i n f e c t ! on on l e n f  production. The fl.-t- ,W  presented 

in Tnbln XXI ^  cl-ocv nl nn ta -reduced on nvomro

7 .5  lenvo.i ,  whiln 1' ’’ ntn Inocnlnted with 1 0 ™ end 10 0 0 0

nenet.odes orndoood only >eso t.Hnn two lonvoe d.-rlnr the
i T,^n nr* thee* »lants were smaller compared t o  thep e r io d .  The leaves on .nee.

l , . » a .  of c h , c v  - len to .  Ho ty o ic e l  f l o w i n g  of  lueyes vn,

obaerya I ■ The plants inoculated with 10 „»d 100
, t n 1 mnvtx r n « " » o t iv » ly  end tho d i f f . r e n o . eproduced 6 .1  and 3 . 0  lnnvn

* t.mn n c ho o'" and plants inoculated with 1 0  
worn s i g n i f i c a n t  batwe

fhjh lv  • ign lf ioent  d i f fe ren ce  was observed
and 1 0 0  nematodes.

56
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TABLE XI

o ^ s h o o t M g 3) a t  T s T T d a v 1 "  p+ b l a c V  P eP P e r .  P r e s h  w e i g h t
V S /  a t  1 5 0  d a y s  a f t e r  n e m a t o d e  i n o c u l a t i o n  

( M e a n  o f  e i g h t  r e p l i c a t e s )

C he c^
N e m a t o d e s  p e r  p o t

1 0  10 0  10 0 0  10000

W g i g h t  2 4 . 7 6  1 6 . 3 0  1 1 . 5 1  5 . 1 5 *- 4 . 5 6 **
o f  3 h o o t ( g ) ( 1 . 3 9 1 2 ) ( 1 . 1 8 3 5 ) ( 1 . 0 6 0 4 ) ( 0 . 7 O 5 7 ) ( 0 . 6 5 3 7 )

5 . 3c .  + 0 . 0 2 5 0  0 . 0277& 0 . 0 3 2 1 0

C v  at L- l e v e l  0.07020 0.077?!  NO

Values in Derent nee oe a i ? log  transformed means

* .dean o i  3 ix  r e p l i c a t e s .  * Naan of five rep l icates

Between chec1r and 100  nematodos inoculated pots .
& Betvmen 1 0 !  and l'-OO —d j— - d o —

£  Between 1 0 0 0  " lOOOO -  do-  - d o -
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TABL3 XII

° f  l>lacv T)©dt)e r • Number
t o d e l n o c u l a u c n : " ' ^ ^ ^  ** 15°  ^  ^

(Keen or eight rep l i ca tes )

C hecv '7enatod3 3 i e r  pot

10 100 1000 10000

Number of  
leaves 
produo ad

7 . 7-r, 
(2 .S/02)

6.125 3.000 1.500*
(2.6-13 ) (1.964) (1.564)

1.400k*
(1.541)

5. 3m . +

C D at 1 
l e v e l

0.12663 0.14O5& 0.1626£ 
0.39543 0.OQ3P& NO

Valina in  larenthanon are moan or ^X + 1 tranaJfomnticn

* Mean or oix repl' rui Ui3. «* Mann or  riv^ rep l i ca tes .

% Between cnack and 100 nematodes inooulatad pota 
,5. - d o -  10 0  n 1000  - d o -  -d o -
£ _r] o- 1 000 " 10 0  10 -d o -  -d o -



“ °Dg PlaDt8 WUh lnowlum levels of 100 and 1000 nematodes 
per p o t .  However no significant difference was observed

among plants  Inoculated with 1000  and 10000 nematodes per pot .  

xhe resultB indicated that e f f e c t iv e  production o f  leaveB 

were a f fe c te d  by nematode in fe c t io n  at the le v e l  o f  100  nema

todes per 1500 ml s o i l  and more markedly v/hen th is  inoculum 

l e v e l  increased to 1000 nematodes per 1500 ml s o i l .

E f fe c t  on the root len/rbh

he root  cyst era of olante inoculated with R.simlliB

showed patchy brown d isco lourat ion ,  whereas i t  was creamy 

white in co lour  in the check plants,  with plenty oi feeder 

roots  and l r t e r - 1  r o o t s .  :he root system o f  plants inoculated 

with 100 ■ nd 1000 ner.jotor ft; was devoid of feeder roots and 

where feeder  roots  were nrosont, they were bl&ck in colour 

and almost dec'.yeti. The root system of  alanti Inoculated

with 10000 r-orr/'to(; eo vex having oroct ic f  l l y  no feeder roots

and had only matured la te r a l  roota.  The length o f  roots  re 

corded under d i f f e r e n t  treatments are summarised In Table XIII

( F i g .23) •

The maximum root length o f  406.06 cm was recorded In

ease o f  check nlants as compared to  54.44  cm In plants inoou-
Thp d i f fe rences  between thela  ted with 10000 nematodes, the d i n e r

^  wv the varying lnooulum leve ls  were treatmentn, aa a f fe c ted  Dy
The percentage reduction In root length* 

highly s i g n i f i c a n t .  ln”  e

59
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table x i i i

pathogenecity  of K.s lm i l ls  to  black pepper. Length o f  
r o o ts  (cn) at 150 days a f t e r  nematode inoculation .

(Mean o f  eight rep l i ca tes )

Check
Hematodes per pot

10 100 1000 10000

Length of 
r o o t s ( cm)

406.06
( 2 . 6 0 8 3 )

278.70
( 2 . 4 4 5 0 )

2 1 3 . 0 5  90.26 '
( 2 . 3 2 8 2 ) ( 1 . 9 5 5 4 )

5 4 .4 4
( 1 . 7 3 5 2 )

C1 u g Hi"m + 0 . 0 1 1 4 8 0.0126& 0 . 0 1 4 6£

C Tj a t  1 ' '  l e v e l  0 . 0 3 1 9 8 0.0355& 0.0409f

Values in pnrentheoer arc log  trmoformed morns.

Mem o f  nix r e p l i c a t e s . Mem ot 1 ive re p l i c s te s

| Between check and 100 nematodes Inoculot.ed pots

_d0-  100 end 1000

- d o - 1000 and 10000

-d o-

-d o -

-d o-

-d 0-
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/

* .  to different inoculum levels were 3 1 . 4 , 4?. 6> 6?>8 aDd 
86.6 respectively ln the plantB trested ^  ^  ^  ^

end 10000 nematodes, compared to the check plants (Fig. 2 4 ) .
The above results indloF+ori 4-v,o+ ~lccted  that even an inoculum le v e l  of
10 nematodes per 1500 ml s o i l  could cause retardation in 

root development up to  31 per cent in course of 150 days in 

55 days old f r e s h ly  planted rooted pepper cuttings . With 

increase in  the inoculum le v e l  in s o i l ,  the plants were 

devoid o f  a w e ll  developed root system. This also showed 

that the root growth was adversely a ffected  with increasing 

nem2 tode inoculum in the s o i l .

Z f i e c t  on fresh root weight

O bserv 't ion s  recordeo on the fresh root weight o f  the

plants in f i v e  tre '  tments are given in Table XIV ( ‘ ig.<-3). ihe

maximum root  weight 01 8.006 p was recorded by check picnic

compered with the l o - e t  weight o f  0.412 p in p lcntr  inoculeted

with 10000 nenntocler. >'ho m t i o  oi root weipht to  root length

o f  the n l c t e  in the f i v e  tre-tmonte wore found to be 1 :50.

1 ,7 0 ,  1 :0 3 .5 .  1:100 end 1:13? resp ec t ive ly .  The d i f ferences

i n  the root w e i g h t  of  pl*nte emonr the Jive trer tmcnte were

h igh ly  B lgn i f i c r n t .  Among d e n t s  inocu l .ted  with 10 nnd
d i f f e r e n c e  wee o lg n l f l c en t  only et f iv e

100 nematodes*
,  Cnm nered to Check plants the per cent root

per cant lcv o l. Compare
„ nlnnte inoculated with 10, 100, 

weight reduction in ceee of p lw t
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table XIV

pathogenec ity  o f  K .almlllB to black pepper. Fresh root 
weight (g )  at 150 days a f t e r  nematode inoculation

(Mean of eight reD licc tes )

Ilemotodes per pot
Check 10 100 1000 10000

Freeh roo t  
weight(g )

0.006 3.990 2.280 0.896 0.412-'* 
(0 .9542)  (0.6947) (0.5148) (0.2778) (0.1493)

S .Em + 0.00 2 6 f 0 .0967& 0.0106£

C 1 at I t l e v e l  

at 5" l e v e l

0.2318' 

0.17 08'

0.27145c 0.0297f

v 4 - 1  transformed mean Values In paronthenoa arc  l o r  ol x +
Hem o) l ive  rep llc - 'tee

* Mean o f  s i x  r e n l l o n t e n .

1 F:etween chrcV rnfl 100

© -d o - 10 •' 100

a - d o - 100 " 1000

t -d 0 - 1 0 0 0 *'10000

prmatofler I n o c u la te d  pota  

_ , l o -  - t * ° -

—11O- -d o -
_do-  - fl° -
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1000 a n d  1 0 0 0 0  n e m a t o d e s  w e r e  8 n
5 0 . 4 ,  7 1 . 6 ,  8 8 . 8  a n d  9 4 . 5  r e s 

p e c t i v e l y  ( F l g . 2 4 ) .  T h e  r e s u l t s  e u g g e a t e d  t h a t  t h e  I n o r e a e e

i n  n e m a t o d  e  i n o c u l u m  i n  t h e  s o i l  r e d u c e d  t h e  r o o t  w e i g h t  a n d  
w a s  d e t r i m e n t a l  t o  h o B t  p l a n t .

E f f e c t  o n  s h o o t  e n d  r o o t  w e i g h t  r a t i o

lhe r= c i o  between Bhoot and root weight w a s  calculated 

from tire observ  l io n s  recorcet on fresh shoot end root weight, 

and th e  data are summarised in !.* b le  XV (F ig .23) .  Highly 

B ign i i iC '1 rb c i i .  erence: . t re  observed between the shoot and

root  weight r a t i o s  oi uhe nV nts inoculated with nematodes 

and check ol- nr,. . nowever t h e  r^ t io  between the olants inocu

lated with 1 0 0  ' iid 1 0 0 0  n e m a t o d e s  * a s  not r igni :  i c r n t . 1he 

plants in j c u l a t e u  with 1 0 0 0 0  n e m a t o d e s  had r ra t io  oi 1 1 . 3 4  

and war 2 .5  times mere, co luared to  the ra t io  oi 3.07? oi cheok 

p la n ts .  ihif:  marked d i f .< erer.ee in the ra t io  could he due to 

heavy root; d- r c< ur.cd by h i r'n nematode inoculum. In cnee 

Of Olwtfl  m o a n  eked with 100 end 1000 nematodes the ret ioe  

were 5 . 0 8 1  nd 5.705 which were 1 . 6  end 1 . 9  t i m e s  more r e s p e c 
t i v e l y  c o m p e r e d  t o  me r a t i o  C the check plentn. The results

, .U  f h c  I n c r e e e p  i n  n e m a t o d e  I n o c u l u m  i n  r o i li n d i c a t e d  t h ' t  w i t h  t h e  l n c i

« . .  „ o „ , l  . r o . t h  o f  " "

o f  n e n * t o d e n  i n  s o i l ,  r o o t s ,  t o t a lT h e  f l n n l  p o p u l a t i o n  o i
increase are summarised in Table rvi 

population and percentage incre
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table xv

pathogenecity o f R.s im llis  to black center Sv,nM-
weight/root weight raFTo o f  plante et 150 days after 
nematode inoculation J

(Mean o f  e ight re p l i ca tes )

Nematodee per pot 
C h e c k     -----------------------

10 100 1000 10000

Shoot v e irh t /  3.078 3.923 5.081 5.793 11.134
root weight (0.4854 )(0 .58hR) (0.7040) (0.7404) (1.0449)
ratio

s.Em + 0.03044 0 . 0 3 3 7 0 . 0 5 9 1 *

C J »t 1 le v e l  0.0953S' 0.1096C

-  *4

Telu-e  In p -rm th ere i .  a m  log  t rm ' lo v n o d  r.erna
, , o -H rrtr -  ... • n oi l ive rep l iertea* Mean o '  f'J* rr- . l icr  to. .

$ Between the ctech *n« 100 nemo todct Inooulcted pota.

* ^ 0_ 100 " 1000 -d o -  -4 0 -

t -<io- iooo " ioooo -do-
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TABLE XVI

Pathof eneclty of R.slmills to black pepper, llnal 
population ln veriouB Inoculum levels at 1 5 0  davs 

after nematode inoculation
(Mean of eight replicates)

Inoculum
le v e l

Mean soil 
population 

oer pot

Mean root 
l a t ion

popu-
Mean total 
population 
per pot

Per cent
increase/
decreasePer plant Per g

0

1 0 139 186 43 325 32.5

1 0 0 377 49? 199 832 8.32

1 0 0 0 665 2060 2300 272? 2.73

1 0 0 0 0 * * 6036 1221 2964 7277 0.73

* Mean of air renlIce tec

' *  fleon o f  i l v e  r rp l l c e t c B
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( n ? -2 5 ) -  was Observed that the rat. „«> ,rate of increase in final
BWBtode population waB maximum t  , 2

y 5^.5 per cent in plants
isoculated with 10 nematodes. The rate8 of inoreaee Qf ^

total population In plants inoculated with 100 and 1000 nema- 

todea were 8 .32  and 2.73 per cent respectively. The fm a l  

nematode population declined to 0.73 per cent in plants inoou- 

lated with 10000 nematodes. The observations also revealed 

that more nematodes were present in the roots  than in so il , in 

plants in ocu la ted  with 10, 100 and 1000 nematodes and vice -  

versa in p la n ts  which ’/e re  given an i n i t i a l  inoculum of 10000 

nematodeB. The highest  rate  o f  m u lt ip l i c s t ion (th e  factor on 

final popu la t ion  in crea se  over i n i t i a l  inoculum, reproduction 

rate) o f  R. s i  m i l l s  in >1- lits inoculated with lowest number of

nema tod^E sh over! th' t thr t e s t  nlnnt we f r> suitable host.

f?clPt lonr.hln n1 i ni M - I inoculum le v e l  to vlc-.nt 
growth charectoru

Various n l 'n t  rrnwth chnrf.cU.-rr were rtudiec with i n i t i a l  

inoculum l e v e l s  t o  know whether any re lat ionship  existed between

these two f a c t o r s . R e c e s s i o n  snn lys ls  ravelled corre lat ion
r n qo In n i l  oases. The

c o e f f i c i e n t  o f  negat ive  values o f
- . . i - * .  4-»inrn two fa c to rs  fo l low  n negativeresults eurrfigted that then

o f  and 27), further  eupportinr the evidence,
correlation (F igs. 26

   . « . « » . — - •  *°  p i “ ,“

m .  . .  — * »  • '  p l“ * ’  *

« «  t h . r .  1 .  “  "

Mil.





This experiment waB carried +
to know the infectlvity

of pepper Iso la te  of R .Blmllla. to  o l t „ , „   X0 cl-trus, coffee, banena and
pepper and the data on nematodeB extracted tV„„cibiacied irom the root and
■oil are presented in Table XYTTuxe • The date revealed that none
of the three citrus species and coffee plante were infected

when inoculated with the pepper isolate, where'ss banana and 

pepper (Piper n.lrruir.) were readi ly  infected, loots of these 

hoet (c itr u s , cojiee) nlants v;ore well developed with plenty 

of feecer roots. ant •..hen vg theti and examined they were white 

creamy in colour c.n6 did net reveal pr< eence of any lesions. 

The so il  Bennies v.-cched i’rw tho pots oi these hosts did 

revee 1 the presence  of n . simills ot 160 -  285 nematodes per 

pot of 500 ml c o i l ,  s t i l l  surviving in free coil. In banana 

and pepper the roots showed les ions  end decay cc normally 

Observed in r-.olm ills in fe c ted  nlnnlo. The nematodes extracted 

from roota ol there two hosts contained large numler of larvae 

at different ntopen of development. The population recovered 

from roota showed that the nematodes had increased 2 .0 -2 .5

times mors than the origin*! inoculum in b-nnnn end pepper res-
i„,nprted that these two plant* were 

pBOtively. These renulta Inc 1
. e r this nematode. The overall Increase in 

the favoured hosts fo r  thl
maioatsd that the pepper isolate of

population in b*n«n« n l*°
mnre *b 11 miitnhlc hoat. th l .  nematode fevoured banana more
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TABLE XVII

In fectivity  o f  pepper iBolate of R.ejmlliB to citrus. 
co^-.eef and banrna. Tunber c f  nematodes extracted 
frcn roojE and s o i l  at 95 days a f te r  nematode inoculation

(.lean of f ive  replioatea)

' O So B
inoculated

Lumber oi nematodes Total f in e l
 ext n  ct cd__________  population
irom roots from 100
nor plant  ml s o i l

Citrus s inensis — 42 210

Citrus r e t i c u la ta — 59 195

Citrus a u r a n t i f o l i a — 57 285

Coffee err 11 ce — 32 160

Baner-' 12J2 129 1877

Pepper 1055 144 1775

Ortfl  n l  inoculum l e v e l  500 r.omntodco, per not of 
500 ml r o l l .

’ fpnu of  3 renlioeteo
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Cross Ip fectlr ity  b e h a ^ ^  
banana, coconut and areoa^TTof Ler Isolate towards

On aepotting the seedlings from each set o f  pots, i t  

wee observed that the root  system of both the plants were 

entangled and came into  c lose  contact with each other. Ihey 

were separated ca re fu l ly  without loBing root materials of 

e i th e r  o f  uhc plan be. -L'he d e ta i ls  on the number o f  nematodes 

extracted  -irom roots o f  the plants and Boil from the same pot 

are summarised in Table XVIII. I.o les ions  could he 1 ound on 

the roo ts  oa coconut or r r e c n u t  seedlings.  vventhough, the 

roots  were kept tor  over 10 days for  extraction nematodes, 

none coo Id oe recovered.  In c sc oj banana and ^en'er rootB, 

patchy discolour*. t1 or r;v- ro t t in g  02 roots could be observed, 

f i . s i r i l i i .  lr. a l l  v.tv -os. o f  dovelo ant v:ern readily  obtained 

from the rootf  oi f n ' i r  civ "Cmner. 1 ver.thou>-h no nematodes

roif rr-un coconut ■- r.d arccr nut, , the s o i l  inwere obteir.ee
the pofcr. cor.tMr.cd the ncr,-todcs. rhror rrrult.r irdicrted 

that the r> nnlyur L'ol«.to of r .r ln lU r could Infect only

,  ̂ 4 n r  r> .mii and nrecanut ( F i g . 2 8 ) .hen* nr but not one «rm ■ nM

Grnss InfeotlvgyU>£hfvl°^  
epner. o^mriut end nrecniw

,  .%,p root sveteui of both hoot plants in
In thle eeae nlc° tne r ‘ °

w.«rved to be mlnplerl with each other, eta waahlng 
••oh pot was observed

. . . . .  nnp oarefully separating them, small 
the root, of these plants and

h.  inoateO on the roota of pepper, coconut and lark spots could ba
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table x v i i i

Cross i n f e c t i v i t y  oi "peoper i s o la te  " o f  R .s im il is
arecanut by "uouble plant” 

method, ^-oot weight ard mimi.er o f  nenetodes extracted 
from r o o t s  and s o i l  at 140 days a f t e r  planting of the 
host p la n t s .

Host p lants
l o o t

weight
(r)

Lumber of  nematodes
extracted

Hoots per 
i >la nt

b o i l  per 
ICO ml-

pepper

Fkn'T.a

■: ,R4

7 7 . 7 3

2574

2344
63

Pepper
Coconut

■ •

• •

6.36
1 7 . 8 1

2651
M l

54

Pepper
Areoanut

• * 7 . 3 7
1 2 . 5 7

2287
n i l

48

« prom the some pot
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£T#e&init
UCDC amaii epotB were

found to be lesions and thev werey were separated and teased out on a
glass s l id e  In few drone o f  water t„  *v.water. In the roots o f  coconut,
pepper and arecanut, adult females, males and larvae could be 

seen from such l e s i o n s ,  .he details on the number of nematodes 

recovered  from the roots  ol  susceptib le  hosts are presented In 

the Table XIX. The number o f  nemetodes recovered from arecanut 

roote wae conna r a t i v e ly  le s s  than the number co l lected  from roots 

of banana, pepper end coconut,  -he recultc  suggested that the 

banana i s o l a t e  could in fe c t  r n  the three hoc^s ( _ ig .2 8 ) .

CroEE i n f e c t i v i t y  behaviour o f  cocorut Iso late  to 
pepper, ban' r." rind a r r c^nut

On r e n o r 1 1 oi the cs^ri Lirip from each not, i t  v.’ac observed 

that the root  svstem oi rurce^t ib le  hosts were entonpled with 

roots  o f  coconut s o r d l l n r s .  : o- e roots of the susccntlble hosts

were observed t o  h 'v o  even penotreted Into the huelf portion of

ooconnt s e e d l i n g  . The , - t m i r  on the recovery o f  nemo tod ee

from the ro o ts  of o r l r ln -1  hort ,  susceptib le  boots n„d from s o i l
„ n„ „ i r,i ) p n : . T'xr,ml nntlon ofIn eech of the nets ere nreBon1.ro in

*V . „ , . fl fhe presence of le s ion s  only on roots ofthe ro o ts  revealed tne
irnt£ The roots of these two hosts yieldedpepper end boprno nV nt£ .

f . nppper end bnnonn roote comtrlned B .e l m l l l e . Lesions  from pepper
.  « of development, conflrratnr the lnfeotlon

nemetodes o f  e l l  s t e ^ e  ol devero
.. l'hovfh the noil revenled the

•nd reproduction In the h
on termination of the experiment In the

Vrtaenoe of ne»®tode*
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table XIX

Cross i n i e c t i v i t y  o f  "banana i s o la te "  o f  R .s im il is  to 
pepper, coconut end arecanut by "double pTsnP metbod.
Root weight and number o f  nematodes extracted from 
roots  and e o i l  at 140 days a f t e r  planting the host plants.

Hoot p lants 1 ’OOo

v/eipht
( r )

I'umber of nematodes extracted

Roobs per 
plant

• o i l  per 
100 ml"

Banana 4 3 . 3 5 5 15 5 51
I epper 0.47 1680

Banp r.a

CM•
CT
VC 2377 45

Ooconut 4 1 . 1 4 ’ 1 1 5 6

Pa u  nn 4 n.r-g, ?R40 57
P r e n u t l/l ,7R 829

I ror Lhf' : ' Pnt



I
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table XX

Cross i n f e c t i v i t ,  oi "coconut i s o la te "  oi u .s im i l is  
to pepper ,  bans m and erecanut by "double plaFt‘‘method. 
Root v /e ifht  ^m1 nu.^cr o f  nep.etocea extracted from roots 
end s o i l  at 2CC da-ye eater  n lrn t in f  the hoBt plants.

Host o ia r tE
Root

vjeirht
( r )

Lo.o i  nematodes extracted
Roots per 

r lant
Coil per 

100 ml

Coconut 31.70 1072 47
Pepoor 9-92 339

Coconut 3 3 .MO 865 89
te n'j 21.41 1520

Coconut r’o.pr, 784 36

Arpcanut 16. 85 ni 1

rr>Fi the t'ot
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note planted with both hcm'hR
nematodes could be extracted

the coconut popu-

nematodes recovered  from banana roots suggested that i t  was
more favoured than the other hosts .

Cross i n f e c t i v i t y  behaviour o f  arecanut iso la te  
towards pepper,  banana and coconut

Examination o f  depotted plants revealed intermingling 

and entanglement o f  root  system of both the host plants in 

each p c t c  . The nu .bc-r o r ncmsfodcr recovered from the roots 

of o r i g i n a l  and su sce p t ib le  hosts and from s o i l  are presented 

in the Table  YYT. J not exmrin' t ion showed well  developed 

les ion s , p a r t i a l  dark d is co lou ra t ion  and rott ing on roots of

favoured onethis host vpb the more 

other two hoete.
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table XXI

Cross in fe c tiv ity  of "arecanut Isolate11 of R.slmllls 
to banana, coconut and pepper by "double planF^ethod. 
Root weight and number of nematodes extracted from 
roots and aoil at 140 days after planting the host plants.

Host plants
Foot

v: o i pht
( r )

Fumber of nematodes 
extracted 

Bcotr per boll per 
plant 100 ml'

Arecanut 22.86 337
41

Banana 34 .57 2065

Arecr nut 27 .29 928
38

Coconut 37.20 nil

Arecanut 10.40 689
33

Pepper 7-74 487

* From the enme pot





The d eta ils  o f  measurements of females end males 0f  the 

four iso la te s  of R .s lm llls  population are presented m Tables 

XHI and XXIII r e s p e c t i v e l y .  Measurements on a l l  criteria  

used for this nematode genus were recorded. The mean body 

measurements o f  d i f f e r e n t  i s o l a t e s  o f  R.slmlllB shoved slight 

variations which were not s i g n i f i c a n t ,  f  be range In the measur 

aents recorded were v/ithin the morphologic l im its  of R.similiB. 

C ritical ex^nina-t ion o' body organs did not reveal any special 

features or d e v ia t i o n s  Iron  the already recorded characters.

Screening of b lack  pepper cuti.ya.rs and wild species 
against R .s in l l ie

nine c u l t i v -  n  each, from Kerala and Karnataka, two
x. 4 ri r nnn<po and l ive v/ilo co l lect ionscu lt ivated  spec le a ,  two wild Lpeclts  ana uvu

i fr>r> j- ni r real stance against R. s im i l i s .of Piper wore screened 1 or t- e l i
uri diitB of plants and nema-

ObservntIons were recorded on ro
. These are emmmariBed in

todeB recovered  j rom s o i l  nnf L
a ih; t none of  the plant types 

Table XXIV. I t  woo observed

■howed Immunity or reuletonoe to ]i.Blmlll£.

. , nT)fl nemntode multipli00
The root weight reduotlo in it ia l

• 1 nopuietlon lnorenae
» t e  (th e  f a c t o r  on f i n a l  P ^  T„ b l ,  m
. f  »v.e p la nt typ®6Inoculum) fo r  each of th oent flu,  t0

( f l g . 2 9 ) .  Root w . i g M  re d "0*10"  °f  ° f(jur type.



m i

a o f  R.o ln lllB  from Pepper, Banana, Coconut «na Ar*
CSX39t

3.51 10 3 .75 13 20.8  17.7 58.61 *•£! ic 2^ |L

1 3 .5 -4 .2  9-12 3-4 12-14

1.J7

1 9 - 1 / !  1 7 - 1 9  5 5 - 7 - € 5 -'7 5 . 1 - u  i7.o^5.s 1<2W

3 .2 12 .7  4 .7  15.3 13 18 .1  56.07 3.3* *7.36 1.17

,0 2 .9 -3 .7  9-16 4-5 1 5 - 1 6  13-24 1 7 - 2 0  5 5 . 4 - 6 C . 2  3.2-4.: U . u * : . Z l . l - l

3.9 11.6 4 .7 1 4 2? 1 °  .5 5 5 . 3 32.3 1.25

i 3 .4 -4 .4  9 - 1 3  4 - 5  1 3 - 1 6  1 9 - 2 5  1 7 - 2 0  5 3 . 2 - 8 9 ,3  U --.7 *"-33.3 1-2-1.3!

4 .3 1 0  4 . 7  1 5 . 8  1 9 . 4  1 7 . 8  08.4 51.* 1.12

( 3 . 5 - 4 . 8  9 -1 4  4 -5  15 -17  IX-.'M 1 7 - 1 0  ''.1 . 1 - f o  o 52-55-5
1,06-1

X 100 t  toti 1  Btylet Inrrth



Body measurements (ln
SI

Water) of afluit feme

Pepper
(Meen o i  12

00 )-t-f '
( ? o . n r e )

Banori&
(Mepn ci 12

r M  
W

( FBriP'S)

C o c o n u  6 

(Meen 10
r.X

( P " r. r  r : )

592 2 7 .O 7.0 4.2 9.2

9 1  692 2 5 . 2 - 3 1 . 6  6 .4 -7 . 7  3 .9 4̂ .5  a,l-]

674 26.7 8.0 5 .5 10.6

5 3 9 - 7 8 3  2 5 - 2 9 5 . 3 - 9 . 9  4 . 2 - 6 . 5  9. 1- 1

64? 26.7 4.4 9.5

5 2 2 - 7 2 1  24 .7-29.5 7.5-3.9 4.1-4 . 8  9.1-K

P  rec  - r.-j
(Mfi-'n '  r 10

r/P
( .Rsnf;^)

6r , r- 6.0 9.7

Mr,-71& 2 5 .2 -2 '1-* >
b. 2 - 7-0  5 . 8 - 5 . 5  8 . 5 - 1 '

1 . H rr
0 £ 1 CT »

3 . flW 2!

4 . Bt S2

5 . M *5
6. r*

h—«

Hy.n l 1 , 1 0  f r pr

Cephr H °  j”1 ? eHne,.r oree
i.orl.v width' » < # Btyiet  length

; . t y l r t  l e n g t h  4
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TABLE XXIII

Body mcapurcmrr.tir in uatcr o_ adult noire c: R. eiraili 3 fror. ?er :erf

ôpul t̂i ono Jl;

V u
c* • » .  • •

Ter;'or
' • - L c

( ivr r r< ' -- .Z-5.E ;;-r.
1 V
** t



table XXIy
78

S c r e e n i n g  o f  b l a c k  p e p p e r  c u l t i v a r s  a n d  w i l d  a o e e i e a  
a g a i n s t  P. . s i m i l i s .  Toot UOi  r,u+ t - \  -<> , . a p e c i e e ,, „+.»~ ■ .  . 5 ; .  "Qignt v g ; or plants and nematodepopulation extracted from soil and roots.

(Mean of two replicatea)

C ultivar/  
Wild ape ciea

I i o o t  
weight 

ox o he co
olant

Inoculated plants

Karimunda 
^ a l lu v a l ly  
Othirankotta 
?ann iyur-I  
Scrttanadan
Balaniiotta
0rav ulam cun da
Cheriya'-nniya-

vadan 
Mundi’-odi
Vav,'a 1  7 ur. .j a 
Sin£arc-3.  ̂
Doddigye 
Moitiga
Motnvare
Earemenoin ai
UddaVgra 
Earemell 2.9 e'J
Belemalleye-a 
P iper  Ionium
Fioer E l H
Piper n t ben 'in tu '
Piper hy mono a he
lium
Wild c o l l e c t i o n
(V itte l)  'To.4 3 0 
.d o — 1T0 . J 4-1.
. d o -
. d a -  (Tnmil Ond_ 1  T n , )

*7 o .7

J t 1 1 
rn

1 . 3 4 5  
1 . 6 1 0  
1 . 8 2 5  
1 . 7 9 0  
1 . 2 5 0  
1 . ^ 7 0  
1 . 9 7 0

1 .6 2 0
1 . 0 7 0
1 .4 5 0
1.275 
1 . r 3 5
1 .3 3 0
1 . 3 6 0
l . / r o
l.A^O
1.6C0
1 . 3 9 0  
2 .120
3 .6 j0 
1.8  06

1 .64 0
i . ioo

i  . 79 0  
1 . r/ 0

11 ^
.1 .3 0r 1.200

Boot
weight

0 .450
0 . 1 5 0
0 .7 0 5
0 . 1 5 5
0 . 2 3 0
0.4 20
0.710

0 . 2 5 5
0.505
0.409
0.270
0.550
O.359
0 . 5 8 5 
0.425 
0.^59  
9.4 90 
0.260 
1 .9 90 
1.00' 
1.335

1 .710
0 . 9 1 5

0.430
0.395

0.235
0 .4 5 0

9 root 
weight 

to  chec*

3 3 . 9 6  
9.29

3p .35 
8 .64 

18 .40 
21.45
35.65

1 5 . 7 0
3 j .20
27 .40 
2 1 . 1 5  
29 .45
26.65
28 .20 
27 .03 
2 3 . 5 0  
73 ,p0 
IP .70 
RA .82
27 .7P 
69 .10

7P .6 0 
PI .  J O

p/i .56 
76.3 0

2 1 . 5 0
3 7 . 5 0

Nematodes

74
62

48
69

841
255

398
239

Total
nema-

5 oil Toot todes

38 572 610
17 236 253
17 57 74

256 510 766
37 195 232
39 198 237
69 466 535

120 370 490
63 297 3 60
14 98 112
33 193 226
26 135 1 6 1
35 214 249
36 166 202
nr,

J 262 287
58 254 3 1 2
57 2RA 3 4 1
48 329 377
34 436 470

R 77 85
39 81 120

/m 74 114
,1.1 3 1 75

915
317

446
308
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Screening of black peuDer mii+4 .
against R .a im il is . P̂ 0£ m .  species,
and nematode multiplication rate °* r°ot reduotion

(Mean of two replicates)

TABLS XX?

Cultivar/wild specie a

Ilarirnunda 
jialluvally  
Othirankotta 
Panniyur-I 
Hottanadan 
Balankotta 
A ra b ia n  munda 
CheriyaVaniyav adan 
Mundi>odi 
Vav^al  gunja 
oingare^ano
Doddigya
Morti.gr 
MataVara 
ilarananainkai
Uddava m
ilaraTiell o 'enaara 
Belemella gans ara 
Piper Ion 
Piper not 1 e 
Piper at ton ’>n tim 
Piper hvmenop r.yllijm 
Wild collection (V itta l)  '>0.430

■\ rx " ' '0.341
: d0_  " ” 0 . 3 4 8

1 , 1  o- (T aiil  !Adu);:o. 3  

_,Jo— - d o -  ” ° -  7
nkI■Sm -  ' -1 1Cj r> at 1 ’ l e v e l

Koot Kultipli
reduc cation
tion rate

66.04 6.10
90.71 2.53
61.65 0.74
91.36 7.66
81.60 2.32
78 .55 2.37
64.15 5.35
84.30 4.90
67.80 3.60
72.60 1.12
78 .85 2.26
70.55 1.61
73 .35 2.49
71.80 2.02
72.97 2.87
76.50 3.12
76.20 3.41
81.30 3.77
15.15 4.70
72.22 0.85
30.90 1.20
21.50 1.14
IP .30 0.75
75.45 9.15
74.70 3.17
78 .50 4.46
62.50 3.08

15.283 0.7016
42.487 1.9506



Pig. 29. Screening of  pepper cu lt ivaro  and v;ild species  against F . s 1mills
per cent root  reduction and nec.otod* re . .rcc -ct ion  rate at 90 days 
a f t e r  nematode inoculation

Cu 1 ■ iv ars f\ ■ i  1 r1 f: c it  £

1. Kariraunds - 1 r k '.re
2. Kelluvally r , . -.r rer *-ns in ' ei
3. Othirankotta . :18 r' nxe

4. Panniyur-I i " . V re^e l legese  e-r a
5. Kottanadan 18. - c le  -  e 11 e gc s .* r r a
6 . Balankotta 19. ip cr  lonc-rr
7. Arakulam munda r* "£. V-* • i e. t e t l e
8. Cheriyakaniyakanan 81. . ire r «tteruaiun>
9. Mundikodi 22. i i p e r  hy^encphy Hur

10. Vakkal gunja 23- t le  c o l l e c t i o n  ( V i t t e l ) Wo. 4 30
11. Singeremane 24. n K0.341
12. Doddigya 25. w rc .348
13. Mortiga Of " (Tacilnadu) No. 3

«_ 1 . No. 7



ROOT REDUCTIOI

. .  .*
V  •• . . . .  3

>V - w - .

1 'T*'’ 7 ry at ■ TrrA. • J-- *— — -A- Fi|

CULT! VARS AND WILD SPECIES A6AINST R .SIM IL IS .  PER C
RUCTION mm AT DO DATS a f t e r  nem atode in o c u la t io n

*"r :
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s m c l y  P ylon gum. P.hymencmhviiun, td o**
 -£- y lUmx. Z-attenuatum ana wild

( Y i U . l ,  P„  M u t t i r a  M  ^

" • *  " " *  15 ' 15 ’  2 1 ' 50'  “ •»> -  3 0 . ,0  C .p e c t i y e l y ,
maximum m u l t ip l i c a t i o n  rate  of 7 ,oi r .66 t i m e B  and root weight
reduction  o f  91 .36  per cent were recorded in Panniyur -  I .

In caee of Cheriyakaniyekadan, Bellemellegeaaara and wild

c o l l e c t i o n  ( V i t t a l j  I10. 3 4 1 , the root reduction varied from 

75*45 t o  8 4 .3  per  cent ana the m ult ip lica t ion  rate from 3.47 

to  4 .9  t im e s ,  though the nematode m ultip lication  rate waB

from 3 .6  to 6 . 1  times in iirakulammunda, Karimunda and r-Tundikodi 

the ro o t  re d u c t io n  ranged from 64.15 to 67.8 per cent. In 

K a l lu v s l ly  the m u lt ip l i c a t io n  rate v;as observed to be 2.53  

t im es, but the roo t  reduction v/es as high as 90.7 timeB. 

Belankotta anf Kott-nanan though recorded, root reduction of 

7 8 .5 5  r nd 81 .66  ner cent resnect iv e ly  the multinlicntion rate 

in them w r.  only 2 . 3  timer.. othirankottr recorded a decline 

ln f i n a l  popu la t ion  o f  0.74  per cent but chewed root reduction

o f  6 1 . 6 5  P?r c e n t .

i n  n n  u n io n  rates in Karnataka cultlvarB Though the  m u l t i p l e  lI0Ii
_ t l0 ,p8 the root weight reduction

ranged from 1 - 1 2  to 3 • ( (

i tel  ween 7 0 . 5  to 8 1 . 3  Ppr 0pnt m « l ° at -  r .cord ed  ln then ranged between
ooy.fl hie P.hetle  bI bo recorded e 

ing m e t  they were very bub P ^  ^  ^  ^

d e c l in e  ln the f i n a l  populflt on* oreened were
» . n t  T h e  p l a n t  t y P 88  80188118,5 W er*

reduction  o f  7 2 . 2 2  par*
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c la s s i f ie d  mainly in to  four om,m. v
grup8 b689,5 on their suscepti

b i l i t y  reaction towarda R.aimiiia Th» a +
— ■' 9 details on the group a

axe preeented in  Table X X V I .

Chemical control of Tt.aimiHa m, m >oer

The aim o f  t h i s  experiment was to  i ™ w the reaction of 

pepper p la n ts  t o  various  treatments of neem cavQ and three 

nematicidea and t h e i r  e f f i c a c y  in contro l l ing  R.s im il is  on 

pepper .  Tne growth characters l i^ e  shoot length, fresh shoot 

weight , leai. p roduct ion ,  root length, fresh root weight and 

f i n a l  nematode populat ion  wars recorded with respect to  the 

treatments adopted. A l i s t  ox’ traot ienta  aie oressnted in 

Table XXVII.

.ffect on shoot longth

The shoot l e n r t h  of  p l a n t s  undei various treatments at  

90 and 1 00  days a l t a r  nematicidal  no a li e at i  'n ora ouiiinarieod 

in  Table >7V I I I  and XXIX. :tnt. l s t i c a l  an a ly s is  rovealed s i g 

n i f i c a n t  d i f f e r e n c e s  between choc* and various treatments,

between d i f f e r e n t  nemsticiden,  th n i r  dosages and methods of

4 m ci hnnt 1 north of cliec1- plant flt 
a p p l i c a t i o n .  Tha i n c r e a s e  in " h o o t ,  lengrn

, Ar rm eomonred to 1 1 . 5 6  on in plants under90 d^ya wes only • 6 cm c o
-  nAT 71 end T H  treatments. Thin in -  

T  1 2  f o l l o w e d  b y  i  2 4 ,  T 21 n

„  * le n r th  by these treatments was over 2.25 timescrease in ahoot length  oy
„ r  ■, 1 - 2 . 1  tl.Tos in rest  o f  tha

oomcared to  the increase  ° i  ^ .
, a h  at 150 days a f t e r  nsmatioidal

treatments . The ehcot length  at 15
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TABLB XXVI

s creening of black pepper cultivara and ,riia
againat H .a i^ i l is ,  Reaction of the 3Pe°leS’

"types tested

Highly
auaeaotible Susceptible Less

susceptible

# MT ■ M nl t  1 p l i c a t i o n  rn t n 
* ** pr; m p oot T educrfcion

Fttgh MP.*> 3 .0
ffigh rR** > 7 5  >

TiOh Mfc 1 .5 -
3 .0

or Lou i-i 33
73 ;

i lgh  RP 33:-
75 j

Lou MI 1 . 5-  
3 .0

Lov; MR <£1.5
jj ow HR *C. 33/S

Panniyur-I Sarimunda ixnliuvn.lly v/ild co l lect ion  
(V i t t a l ) 430

C her i y  n k an i  i 1-a d n n /,-rn1-ulnnrnundn Dnlnnvottn P . hymenophyllum

Beleme l l e g e 309rn /'undi'-odi 3ott?nn.dnn P .Attennuatum

*aremel le o n rn iJ d c o l l o c t i  on
(" it i .n l  ) 3/P

Vnl:Val"unt1n

UddaVVnre \*.C . ( T .Hndu ) 7
( . 11 • co l locrt ion)

.linGnremnne

Wild c o l l e c -  
■ti on ( T, I'lad u ) 3 p . Ionium i)odd;l gyyn

Wild ool i e c— 
U o n ( V i t t a l P 4 1

■;ota7-aro
ILarenenainlni
Ot Itlran^ottQ 
£ .  bot le
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table xxvii

Chemical control of R .simUia on blaov pepper
List  of treatments

Code
Ho. P r e - in o c u la t i o n  

treatment 3
C odeTjo P oat-inoculation treat

ments

T 1 Neem ca>e 1250 kg/ha T13
T 2 —d a— q 2500 kg/  ha T14
T 3 —d 0— '  5000 1'0 /  be T15
T 4 D h C P ^ 22 1 /  ha T16

T 5 -d  o- 33 1 /  ha T17
T 6 -d  o— a 44 l /  ha T18

T 7 j'ena u l f  ot hi on n 2 vg/ha Tlj

T 8 -d  o— n A vg /  ha T20

T 9 — d o - 8 kg/  ha T21

710 A ld ica rb n u l l  one n 2 v f /ha T22

T il -d  0- n /I * v ? /  ha T23

T12 —  rl 0— n 8 v g /  hn T24
T25

Not oi 1 ) T l , T l3 , T4, T18, T7,

2 ) 72, T14, T5, T17, T8,

3 ) T3, T15, TO, T18, T9,

Ileem cave 1 2 5 0  kg/ha
-d o- n 2500 k g / h a
-d o- n 5000 kg/ h a

D ii C P 22 l / h a
-do - o 33 1 /ha
-d o - n 44 l/ha

fenauliotId on & 2
-d o -  ^ 4
- d o -  n  8

kg/ha 
kg/ha 
kg/ ha

-d o -  
-d o-

Chock

n 4 yrrf ha 
n p vg/ha

* * dooo leve l
T 2 0 ,  T11,T23 o r e  considered me ui 

' dose leve l
T?1 T 1 2 .  T24 are considered high
1 ^ 1  ♦ 1 X *  9 In Vfll



TABLS XX? II  i
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Chemical control of i
ahoot length ( c m )  at’ 90 dara 'a -P t^*"^  pepper. effect on

(Maan <>£ threa apf licatio“

fa SI* Ta

CL 5.26
T2 6 .73
13 6 . 9 3

14 3 . 9 3

T5 5.86
T6 6 . 1 3

T7 6 . 6 3  

T8 7 . 7 3  

T9 8 .26  
T10 9 .7
T i l  1 0 . 3  

1 1 2  1 1 . 5 6

T13
T14

T15

T16

T17
Tie

SI Ta SI

5 . 1 T19 8 .4 3
6.0 T20 9.6
5 . 7 6 T21 1 1 . 0 5
8 .53 T22 8.63
6.63 T23 9.43
7 . 4 T24 1 1 . 5 3

725 4.6

*Te=Treatmenta

* 3 1 = 3 hoot 
length

Te’na t i c i d e s Z d j33 *""* 77O  ̂̂ ** n_ 1 ^ aticidoa x methods o f
=>p i i ca t ion

j. mb A Low
‘"02 0 ’ 2 J love lo

’ f n r1
..-3-iiic t i on method

9—
t i c ld - j i ''aHJ ij—. ■ 7 7

J c1 u Pre-in-
ocuist i  : n

Post in- 
oculation

ca>g 
D B C 2

^1.1

37

3 p .5

37 .5

.^ .1  

40 .6

5.9

6.1

56.9

47.8

50.6

67.7

Panaul- 
Xot hi on 45 -2 55 .0 57.9 p . 6 67.9 87.2

Aldicar-
baulfona

Mean

5 5 .0

7 .0

60.2

7 . "

69 .3 

0 .5

10.2 95.7

7.4

88.8

8.1



TABLE! XXVIII _ (Contd.)

DoBagea x method o£ application

85

Application method

Dosagea Pre in
ocu la t 

ion

Post
inocula

t ion
Mean

Low 76.6 92.1 7.0

Modiir 93.0 95.0 7.8

fdgh 9R.7

7.4

107.2

8.1

8.5

?fgan

Lt cotrnento . ]rr. + 0 n at
levol

hotv^on iTT.n t . ic idoo 
mo ango 

Mgt hodo
fTg-n.ot 1. f)l d O 3 *  0 n n '■ ** S
H em atici^s x -nathods

mot hodsDosagqa x 
C h o c 1 -  r

t r i a t - n n t a

0.3712
0.3214
0 .2625

i r.
0.2756

IU.
0 .9 ^ 3

0.9948 
0.8 614 
0.7035

0.7386

2.4369
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ta b le  XXIX

on flhoo 
cation.

qj.m3.j-i g
L t l5 0  $  UBi

(Mean of three replioatea)

Tm* SI* Ta SI Ta s i Ta SI

T 1 8 .4 T 7 2 1 . 6 T13 8 .4 T19 13.9
T2 8 .9 T 8 22  .8 T14 8 . 6 T20

m

16.3
^5 9 .1 T 9 24.9 T15 9.7 T21

■ W 

2 5 . 0
T4 13 .1 TIG 2 1 . 8 T16 1 2 . 8 T22 23 .2
T 5 15 .5 T i l 23.6 T17 12.7 T23 23 .9
T6 1 8 . 2 T12 27.8 its 16.5 T24 29.4

T25 8 . 1

* T s = T r e a t m e n

* 0 1 =  C h o o t  
l e n g t h

Ifanaticldoc x do:j

Ifamati-
oldea

•a>«

Do 3  ̂" ’ la vol

Low nd t u 1 Iflgh

r>o,6 DP.7 56.5

Matn 15 .4 1 6 . 5  2 0 . 1

'I ‘rnaticidac x methods of
andl iert ion

!r an n

R . R

fl/i.O 104.3 14.7D B C B 7 P .0
ftn au l -  ,  _

fothlon 106.9 117.7 1 5 ° - °  2°*p
Aldlotrb- „ n
■Qlfone 135.4 142.7 171.7

"at hod Ox application
? to inocu- P oat 
lntion inocnlatioi

79.4

140.8

206.4

219.8

18.0

80.4

126.4

166.2

230.0

16.7
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TAEL3 XXIX (Contd .)

Dosages x methods of  application

Dosages

Method3 o f  app l ica t ion

? r e  inocu
la t i o n

Post in 
oculation

Mean

Low 195.4 175.5 15.4

Medium 212.9 185.1 16.5

2A9 .1 242.4 20.1

Mean l c .9 16 .7

X j_ 0 -1 rri vn l. 3
c D a t  

laval

Bet J ua n
n t i c i d  na

ia3 r '03
Met!odn 

Namst ici.dne v
Noraaticidea x

t n e t h o d nDoaago" n
' < f- ront-neritP1

C h o c 1 -  r  b r

fl o 3 n r ' e D 
nat hodn

0.416-5
0.3606
0.29 A A 
0.1211 
0 ..5467
0 . 5 W
1.019P

1.1157
0.9664
0.7*90
1.9^25
0.9292
1.3665
2.7331
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application in  checv plants waa n t
cm compared to the* mn-H 

■ ■  ahoot length of 2 9 .4  em a- , caxi-
cm in plants under T 24 foUoW9d

*  T 12, T 21 and T 9 with 27.8 em, 25. 0 0m and 24.9 cm rea-
( « 8 . 3 0 , .  I t a  ^  _hoM

at 150 days a f te r  nematicidal 1application waa 3.64 times
higher in T A  treatment and varied between 1 . 5  -  3.43  times 

in other treatments compared to checv plants. But in case of 

a ll  treatments with nee a cr'-e the increase over the checv was 

only between 1.04 - 1 .2 0  tir.os which was very negligible. She 

results indicated that at yQ days, fonaulfot hi on and D B C p 

were more e ffective  by n o :t -  inoculation application, in 

increasing ahoot l- 'irth , uhnra^s aluic-rb sulfone waa more 

effective  v ’rgn aooliod bofora -.ato-lo inoculation. At 150 

daya t :-n -7 ^-inorn' Ĵ ion n , Alien ii n of ohomicaln in general, 

were e ffe c tiv e  in in crons irt •; the nhoot length, whereas aldicar 

aulfone w-">a found ~ tu nffncMvn nr poo +—inocul-nt.ion applica

tion . leiTi ca'-o v.\-iu loaali offoctivo. Am eng chemicals tried, 

aldicnrb aulfone nnd fonoulfoihinn nt thn rate of 8 ’-s per 

hectare irrespective of nathed of opnll cation were found more

e f f e c t i v e  in  induc ing  aim at length .  

r.n-r,ct an frenh ghoot_wsl£M

Tto data on <»« I r *” " "* ^
<V .  . » , r  p i , n o . l . "  "I' " « . * * * “ “  • »  “

T .b l .  XXX , « , . » ! ) .  •“ » * “  ‘  ‘  '
i and all other tras*"3011*1’ 

Xiaant differences between cie
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Chemical control of R.sitniUg on m  ,
h weight o f  a h o o t l g T ^ T l s o  da^3 a= f t r Pper• Effe°t

application a^3 after  nematicidal on

(••ean of thre a re pi icatea)
Ta WS Ta v/s Ta WS Ta nf S
T1
T2

10.4
12.4

17
7 ̂  1 —

16 .3
? i .3

1 1 3
T14

11.6
12.6

T10
T2G

12.6
12.9

13 1 3 . 2 T9 28.5 T15 14 .3 T21 30.7
T4 8.3 m m y  1 r 25.3 T16 11 -3 T22 16.3
T5 12.1 T" 1 24 .0 117 m .9 123 27.4
T6 14.7 •n *■> 0 

. u  - L c l 3 j- . 0 T11: lc .6 T74 35.4
125 5.4

Ta =: Trs a r : Q  r  f  • ’  TT 1 . ^ -  ? j

A *  J * 1 • • -  1

O  j ! !  , v _ *  1 /\h t of ohm t per pia

Rein at i c i 1 h n x d o ; n.-e ,’ieT:r> t io ide n y net hone of
n m l lent ion

Nemati- 
oides

Neem-
oake
BBC p

j03n^ '  ! ‘ ’ v 1"
flip!

66

59 r,

T /

5 ™ ;  ^  m . 3  177 ."

i m ri

» r

,'1 .4

in t h oPn i. f n m l iprt ion
r e _ i n o-

r ill •* t. 1 on

I (  rm  r

109-M

i o--t - i n o c u -  
1 q 1 1 on

115-6

137.5

1P6 .8

Aldlcarb-
■ulfone 1?6 .4 156.3 156.6

Kean 1/1.1 1 8 . ° 2 3 .4

;>6 .H 7 37 .7

1 8 . 1

244 .5

19 .0
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TABLE X3CX - (Contd.)

Losag es x methods of application

Methods of application
Mean

LoeageB Pre-lnocu
l a t i o n

Post In
oculation

Low 176.9 162.3 14.1

Med ium . . 211.9 224.6 18.2

High 262.5 297.5 23.4

Mean. . 18.1 19.0

T re? tmcntc s .Em. + C DB t  Y j  level

Between
* err t Lcidc-ck -»* *

Locr> r e 11 
M e t h odF:

PemPtiolfl^!- *
Hemetlcldes x me'.hod

JjoflPPer * met,^ rK,B 
Check v , 1-.re,bmenhe

0.4359 1.1682
0.3775 1.0111
0.3082 0.8260

0.7549 2.0231

0.6164 1.6520

0.5539 1.4309

1.0677 2.8614
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tortvaen nemafc icidea, d i f f e r e n t^ e r e n t  dosages and methods of appli
cation. Significant d if fQrenCQa .

ore also observed between
the interaction effects due to -p *a aue to main factors, Among nemati-
cidea tr ied , aldicarb sulfone waa moat effective by both 

methods of application in increasing shoot weight of plants,

which was 6 - 7  times nore over checv plants.  This chemical 

was also su per ior  t o  a l l  other chemicals in their respective 

doaa£93 in e f f e c t i n g  incrsaaed shoot weight. Post-inoculation 

of chemicals  ’7.̂ 3 in  ggnsral superior to pre—inoculation aouli— 

cation. Aldicarb su l fone  at lov/ dosage or x’onsulf ot hi on at 

medium dosage '..’ore found i o n  e f f e c t iv e  than D B C a  at high 

doaago . P o s t - in o c u la t i o n  ».licatj.on o f  noom ca’-o, f  b C p 

and a ld i c a r b  aulfono renu lto l  in b e t te r  ahoot weight whereas 

pre-inoculo 1. un o f  lohsuI .fj Li ion \/a... i.ioii oxxoctive.

If f  o ct i  o ̂ f production

T .ho n urn h e ’ rn loaves roducod by ilnntn under various

treatments at 170 dnyn n it -r  nomnticidnl nuplicntion are aura-

marised in Table XXXt ( A r . M ) -  r.tntioUcal analyois of data

showed nd-ndftoont. dUTareecna between choc’- and various

treatment!, between nematiddon and their three dosages. Tb,
-non dirl nut. ohov significant difference

two methods of npolicntion
oinnta under T 24 oroduend maximum num 03 

on l^af produotim . l l - n
1 nt as compared to 3 .3  leaves produced by

Of 7 .6  leaves per pi ^  # ^  ^  ^  ov. r oh.ov 
the checv plants, v ^  ^

plants, Aldlcnrb sulfone wa
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table m i

Chemical con tro l o f  R .B i a m B 0n bis^v „ 
leaf production at 150 days a fter  nematloldal'a^noatlon

(Mean o f  three replicates) °n

II  3.3 
(1.821)

T2 4 .3
(2.079)

T3 4 .3
(2.079)

14 3.0
(1 .732)

T5 3.6  
(1 .911)

T6 4.0
(1 .939)

I E

T7

T8

29

I1C

11

71'/

4 . 0
( 1 . 9 8 9 )

4.3
( 2 . 0 7 9 )

4 . 3
( 2 . 0 7 9 )

5 . 3
( 2 . 3 0 7 )

5 . 6
( 2 . 3 7 9 )

7 . 0
( 2 . C 4 1 )

T b Lp

T13 3 . 6
( 1 . 9 1 1 )

T14 4 . 0
( 1 . 9 3 9 )

T15 4 . 3
(2 .0 7 9 )

1 1 6 3 . 6
( 1 . 9 1 1 )

1 1 7 4 .0 
( 1 . 9 3 9 )

1 1 8
( 2 ! 07 9)

Tb Lp

T19 4.0
(1 . 9 89 )

T20 4 . 3
(2.079)

T21 5 . 3
(2 .3 0 7 )

122 4 . 3
(2.079)

T23 5.0
(2 . 22 9)

T24 7 . 6
( 2 . 7 3 9 )

T25 3 . 3
( 1 . 82a)

▼®luee in parent hef-afi

Tb «  Treatments

j  4 1  lor: tjr iib formed meor

Lp
number of lePTes produced

par p lpnt



TABLE

| ««tie id e s  x dosages
x rr i

Low

ISHB- 11-196

IIBCP 10.92?

fothlcD 11.936 
Aldicart
wlfone 13.158 

Mean 1.55

Ifematicide8 x ^1 m«tnodB of aooli
____________  cation p

Dosage leve ls  -------------- -
-----------------------   Hear, -  ui “ P P U cet i ™
Med ium m gh i']r®rlDocu-  ?o6t-lno<w7

le t  ion jfltion

17.93612.204 12.472 1 . 9 9 3

11.70C 12.204 I . 9 3 4  16.896

12.472 13.158 2.087 18.440

1 3 . 8 2 2  16.202 2 . 3 7 9

2.091 2.251
21.982

17.936

17.936 

19.126 

21.200

Lor" .r oc x nethoc'u o f  0pplicntion

’ > thode of fppl lcnt ion
Lof. r r-nc j -r c - lnocu -  

lr t ion
i-'oBt-inocu-

lBtion

L 0 v 23.550 2 3 . 6 6 8

Vj.d 1U r:i 25.340 24.858

'Flph 26.364 27.672

T r c ntr,priE n

Petv/een
fTmnat J c l -1 ©a
Jiopar^a
Methods

N©m«tioideB x
H em stJ o1d *s  x raethocir
Loea*©e x m©fchod» 
Ch^ok \J$ treatment;*

::. Sm C L I f  leve l

0.0616
0.0529rs 

us
TTC
NS

0.1507

0.1651
0.1418

0.4039
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I „ U 0« .d  by fenaulfothlon. The eff9ct „n .

fgaiulfothion at high dosage was e.ual to x r o ^ " * 10” *  
en aldicarb sulfone. Heera ca^e B j  # ,  „ ^

on

aldicarb su lfon e . Neem a°sage«• ueem ca -̂e and D jj c p 9 un ** 9 nowed equal
lea f production at a l l  the three dosages.

TSf-fect on ro o t  l^nH-.h

Foot  le n g th  o f  p lants  under  various treatments at 150 

days o f  n e i a t i c i d a l  an p l i c a t i o n  are presented in Table XXXII 

( i l g . 3 3 ) .  s t a t i s t i c a l  ana lys is  revealed s ignif icant d i f f el 

rsncefl , betweon n e n a t i c id e a , th e ir  dosages and between checv 

and a l l  the  other t r e a t  enta .  The maximum root length was 

observed in  p lan ts  under - 2^f with 273.4 cm lollowed by plants 

in T 12, T 21, I 11, T 23 and T 9. The chec- plants recorded 

only 3 0 .6  cm. n t  l m  pth, which ia p-.9 t ines  loss than the 

saximum racordo  i r o o t  length .  Amonm the cmmicrlc tested, al-  

dlearb a u l fon o  at i.i don.v 1 reaul Led in naximum root length, 

fo l lowed by f e n s u lx o  tirl on, i> » C f , and no am cn’-o. Aldicorb 

■Ulf one at mod Iixp donn/;e nbowed equal exxeot no x'ansulx'otliion 

•t high dosage ,  in root  length eroduotion ox plants, reneul-

fo th ion  at low dosage,  D ii «  x at medium dosage or neem off*  at

M .u  e t , ,,,nl e f f e c t ,  aimilerl.v aldicarb sulfono atnigh dosage shewed ««|uaX exxsc
D B 0 J? or neom ca’-o at

Ion dosage wna more e f f e c t i v e
k rnnfl was found auDflilor

^hsir high dosage .  Thun o l d i c a r

•*sr o th er  ohemloals t e s t e d .
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t a b l e  x x x i i

Chemical control oi R.elm llis on black pepper Effect 
on root length (cm) at 150  days after nematicidal
a p p l i c a t i o n .

( ’ ec'n of three renlicet es

I s HI X  S R1 mTB R1 i B R1

T1
(
3^.6
5 .5 3 )

17 110.0
(10 .91)

013 36.9 T1Q 11^.1
( 6 .10) (10.87)

T2 61.3
( - . 7 6 )

p. 1*5.5 T14 69 .1 120 176.4
(13 .62 )  (8 .33) (13.28)

T3 119.4
n o . ? ? '

T9 247.9
( V  .760

r . i 15 123.6 121 255.7
(11.13) (16.00)

T4

m

72 .4
r p . m )

*5 119.3
(1 0 .9 3 )

T6 144.9  
( 1 2 .0 4 )

110 910.1
0  4 .51)

.Li 239.2
O o . o O

n ?  270.3 
( l<» .4 4 )

LIP 91*5 
(o .57)

l !7  llh.B T‘ 5 
( lO .f l l )

T1R 156.4 
1 li' .4 3)

T24

T25

213.9
(14.62)

246.1
(19-69)

275.4 % 
U6.55)

30.6
( 6 . 56 )

Treetmenie
Hi Boot l a v * *  Iier plnnt

tirnpforwBtion
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TABLE XXXII

Chemical control 01 R.Bimil1b on hlack pepper. Effect 
or ro o t  length (cm) et 150 dayB after nematicidal 
application.

( !Te?n of three replicatee)

T8 R1 i G R1 T b R1 l B R1

T1 34.6
(5 .5 3 )

T2 61.6
(5 .7 6 )

T3 119.4
(1 0 .5 3 )

T7 119.0 113 36.9 119 119.1
(10 .91)  (6.10) (10.87)

IP l p5 . p T14 69.1 120 176.4
(13 .62 )  (3.53) (13-28)

TQ 247.9 915 123.6 221 255.7
19 ( 1 ^ 7 0  (11.13) (16-00)

T4 7 2 .4
(3 .3 1 )

JT5 119. 
(1 0 .9 3 )

T6 144.9  
(12 .04)

T10 210.5
(1/1 .51)

lII  235.2 
( 1 9 . 9 5 )

Tl? 270.3 
( 1 6  . 4 /1 )

C16 91.3 222
(o.57)

117 116.8
(10.81)

T18 156.4
(12.43)

-1 ° jlc

T24

213.9
(14.62)

3 246.1
(15.69)

273.4
U6.53)

T?5 30*6
(5.56)

m Treatments

tn nflrenthe®*0 g l veTi

Rl
.  Root length rer plant

root trrneformatlon
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Femetlcides *  dosage

Neraatl-
cideB

t o B E - p e  l e v e l s  
Lo v ;  M e d i u m  H i g h

" ^ ^ a p l n n e a t ^ 0^  ° f

M e a n

Heem
cake 3 5 .94 49.13 6G.20  8 . 9 1

TTeLnoos of appxicatlon
P r e - i n o c u -  

1  a t  i o n P o e t  i n 
o c u l a t i o n

74.67 76.60
B E  C P

Fensul-
fo th ion

55.13 65.24 

65.35 30.69
73.43 10.76 

9 5 . 2 7  1 3 . 9 1

95.33

120.86
98.45

120.45
A ld i c a r b -
Bulione 87 .33  95.00 9r‘ .91 15.63 140.79 140.50

['lean 10.16 12.09 13.91

Lot.' / •'•: ;z r1 '/HiotL 0 r nolic- t i  on

L L ii'.ci L' O .1 <- poliC' tion
Lor' ren ' TO-inoCH

I' ■ Lion
'•'o: t i r -  
oculction

Lov/
I * J 1 • *. • •

rrjrti

120.32 
1 4 .8 4
1 < r- .51

123.48
144 .22 
168.30

. j. os t,monte ■j . i + C 
1

V Bt 
level

H e t w e e n
• •
• •

• •

Ti r THr'l !, j c Id fif 
T rj :i' 1 r e
r V> fchodB 

N e m p t ie d  a* * doongeB
ijemr t IcideB x methods 
Porr^pr x methods
C h e c k  x  t r e a t m e n t s

0.4583
n.396Q

Nb
NS
Nb
NR

1.1225

1.2282
1.0637

3.0083
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E ffe ct on Tra s h  ro ot v m

The data collected on fresh r00t Welght of ^  ^  

various treatments are aummarieed in T a b l e  m i l l  ( f ig .33). 

S ta tistica l analysis showed significant differences between 

the checv and various treatments. Significant differences 

were also observed between the namaticidaa, throe doaages, 

and the two met nods 01  app l ica t ion  . The maximum root weight 

was recorded  by p lants  in treatment 1 24 with 12.90 g as com- 

parod to 2.07 g by planta in treatment 0 25, sad the difference* 

w<?2e over mix f o l d s .  —’ an" the nenoticidoa, aldicnrb sulfona 

was found airoeri aj. -ni  t h « 1 r -o dos'g~:G com iar ;d to a l l  the 

othar nemeti c i d e c . 0 "ever  hotter  reoultc  weio obtained with 

other n e^ ot ic ide ; '  under t re^tm -»ntc , T 71 , T 17 , 7 24, and T 9

which recorded  on in crea se  in root ' /eight of 5 » 5.9, 4.8,

ond 4 .7  ti'^efi •- ■  ̂ t net i v e l ’r ovev the ch'C"-. In general

p oH t- in oeu la t lon  a . . l in - t l .  -n o f  dioTical.n was found superior

to  are— i n o d i’! a hi  >n i  • I. i.<:•• 1 I en .

E ffect  on
i _ ,, i j i ,)ii 1 n root.o and soil  t n■a nemo t,odo popMfiL'J: )n in—̂ -------------------

The data on n -rto-l .  counts rocoideu in nil treatment, 

from roots and so il  « «  c s o W s o d  in Tnbla XXXIV. T.» * * -  

tails on f i n a l  nannteda population oounta par p

lays a f t e r  n— t i r f d . s  appl.onti-n « .  p . . - * *  *»

a , .  Th. a t a t i a t i c a i  ^  L .
aific#noe between the ohe a c t io n  in  to ta l

. . . - t i o n  . Haxi«u» reduction ln
iMag* and wthods of «PP ,  „  ,  21, T **

a  in T 24 fo l lo w , d 1>T * « •  ______
> ap Hi at ion was obaarvad in
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fre*h root weight ( g j '^ F  155~a?y8b^ t e r PDe™t J ? ! feot on 
(Mean 0f three replicates) iclaal aPPlloation

Tb

T1
T2
T3
T4
T5
T6

Rw

4 .25
4.45
5.09
2.47
4 .6 5  

5 . 9 9

Te 

T7
T3

T9

T10

T i l
112

Rw Tb Rw Tb Rw
6 . 2 6 T15 4.08 T19 4 . 8 1
7 . 3 5 T14 4. 30 T20 7 . 7 0
9 . 7 4 T 1 5 5 . 1 0 T21 1 1 . 3 0
3 . 0 7 T16 4 . 1 0 T22 7. 90
3 . 5 4 117 6.07 T23 9.90

1 1 . 2 7 T18 7 . 5 1 T24 1 2 . 9 0
T25 2.07

Te=Treat
menta

Rw=?re8h
root
weigh
per
plant

Heine t i c i d e s  x do s -^ec

Ncmati-
cides

Loe-1 /re l e v e l

Hematic idee x method e of
°pplicetion

ethocr oi application

Lov ;T e tl 1 urn 1 i 11 h
rr n J r e - i i K - c u -  

lii t ion
^oet inocu  

l e t ion

2 5 . 0 0 26.27 3f '.63 4 . 5 5 4 1 .4 1 40.47

1 9 . 7 2 N. t • j *-*, 4 0 . 6 1 5 . 1 4 3 9 . 3 3 5 3 . 1 0

3 3 . 2 3 4 5 . 1 7 6 2 . 3 2 7 . 3 2 70.07 70.65

Keem
cake
BBCP 

Fen mil-

Aldlonrb- _ 0 n 7P
■ulfone 47.93 5 9 . 4 4  72.'”

H.an 5.2a 6 .6 2 0 .5 9

07.69

6 .5 1

02.72

7 .17
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table x x n n  -  (Conta.)

Dosages VB nethoas of
application

Eosa^ce

low

'!ed ium

H i rh

Methodl o f  app i ion t l on

4 .ecn

' ir .ocu-
t i  on

Poet in 
oculation

Mean

63.18 62.70 5.28
75.01 84.05 6.62

93.31 109.87 8.59

6.31 7.13

I r e '  t m e n t E S. bin + C I1 at 1 level

Between
i c l  a on

"Vfih f
t 1 r 5 fJ ° r' x do r np-cL

jcUloH x m^t.hodn
i o :  ran x rjothodn
Chrck vn t.rpr' t;nen fee

0.1414 0.3790
i .'.l."25 o • CD

(1.1000 0.26R0
0.2449 0.6563
0.2000 0.5360

0.1732 0.4642

0.3464 0.9284
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C h e m ic a l  c o n t r o l  o f  K . s i m i i i s  on Mr, l. 
on the number of nenatoclee re cove 3  7 P̂ per. Efiect 
e o i l  at 150 d a y s  after neraaticidee appUcaUon* * *

( M e a n  oi t h r e e  r e p l i c a t e s )

TABLE XXXIV

T r e a t m e n t s 'umber oi n e m a t o d e c  r ecovered
l, r o o t s /  i r tioil/
Plant aot Total

T 1 724 905 1629
12 666 765 1431
T3 r* O o 685 1207
T4 682 580 1162
T5 529 390 919

’ n 566 340 906
'27 "11 335 646
-p Q 199 150 349

T9 87 95 182

tio 116 ?30 346

T1 1 o o< * » >i h - ✓ 113

T12 — 65 65

T 1 3 p,33 R90 1731

T1A 666 738 1403

T 1 5 A 9  6 713 1209
•w 14

n *
T 1 7

T 1 8

T 1 9

553
5 0 1

378
2 8  7

625 
4 35 
3 2 0  

190 

133

1178
936
698
477
201

120 
T 2 1  

T 2 2  

T 2 3

28
96
69

70
325
35
15

98
421
104
15
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TABLE XXIV

' C h e m i c a l  c o n t r o l  o f  R . a i m I l l s  on b l a c k  p e p p e r .  
E f f e c t  on  f i n a l  n e m a t o d e  p o p u l a t i o n  p e r  p l a n t /  
p o t  a t  1 5 0  d a y s  a f t e r  n e m a t i c i d e  a p p l i c a t i o n

(Mean o f  t h r e e  r e p l i c a t e e )

2s i*D s Lp r,\ a *p J B

T1

T2

T3

T4

T5

T 6

1629
(4 0 .3 6 )

1431
(3 7 .7 3 )

1207
(3 4 .7 5 )

1162
( 3 4 .1 0 )

r~\ -1 r

n  j

( 3 0 .  84 )

90)6 
(3 0 .1 0 )

27 64 6
(2 5 .4 2 )

r-IQ 7/| r>
( I f 1. 71)

T9 182
(1 3 .5 1 )

HO 346 
'1 8 .6 1 )

’.11 U 3
: iu .6 1 )

1 2

(M. 67)

n.3

14

115

l b

17

in

1731 T19 477
(41 .55) (21.83)

"7140 
(37.46)

1179
34 . ‘7" x

936
(3 0 .5 9 )

(21- .42)

J- *0°0

!2 f

n  r-

201
(14 .18)

1209 121 98
( 3 4 .7 7 ) ( 9 . 8 6 )

421
(20.49)

x.o 10 A
( 10 . 22 )

124 15
(3.52)

T25 3559
(59.64)

pp .  IIP - " toc ler  Po r  p l a n t / p o t  

^ 1  tr^nsfon^- tlon
Value* jn ppr*nthe*«B nrf>

Tb
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t a b l e  X33V -  (C o n td .)

Fenatlcides x dosages

eidee

ftfB-
fltke

Hematicldes * methods 0f
application

Losage l e v e l s

L ov Med turn 7T1 gh [lean

B B C P  205.311 18* .340  169.560 31.067

Methods o f  epplicatio :
P re - in ocu -  Post inocu 

la t i o n  le t io n

245.887 225.783 208.587 37.792 338.731

ri
3 5 . 1 4 4

341.526

274.067

fothion 141.799 98.692  7 0 . 1 5 1  1 7 . 2 5 *  172 .977 137.665

Aldicarb
n lfone 117.335 62.512 3 4 . 7 ^  11.924 111.8^3 102.738

Mean 29.597 23.805 2 0 . 1 2 8 25.245 23.777
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TABLE XXXV -  (Contd.)

Dosages x methods of application

Methods of app l ica t ion
MeanLosa res Pre-inocu 

la t i o n
Post in 
oculation

L ov 355.523 35A.805 29.597

Medium 293.909 277. *13 23.805

Hirh 259.513 223.760 2C.128

; ic; n 25.243 23.777

T r o ' t  m or: t> 4* <’l i S. I'm 4 C D 1$ level

Between
{ i f  mf 1 L 1 c 1 d r p 

i o p t ' f 
Me Ihode

fl ern r t I. o L d a  > d o ea g e (1 
pemaUoldot x method p 
Dopager y methodb

Che ole *fJ tr0i u ‘ent0

0.4088 1.0956
0.3^39 0.9*85
0.2891 0.7748
0.7000 1.8974
0.5781 1.5493

0.5007 1.3419

1.00X7 2.6835



Control of K .s it:i l l s  on H ack  pepper

Fig. 35. 

Fig. 36.

Fig. 37.

Fig. 38.

E ffe c t  o f  Neem cake at three dor age l e v e l s ,  under tv/o methods 
of app l ica t ions  at 150 days a fter  re, a t i c i d a l  app l ica t ion  or 
growth of  vines and roo t  develop .xnt

E f fe c t  of  I
ap p l ica t io j  <e 
growth of vin- a

c—8 v.
at three dosrge l e v c _ s ,  ur aer tvrc rethods

150 dpva a f te r  n e ca t i c id ^ l  b ~ p l i ca  t i c n  on 
and root Cevelc. rent

c?

E f fe c t  o f  1’ensu l fe th ion  ax three dosage lev Is , uncer tv c cetfcods 
o f  a p p l ica t ion s  at 151 days rii*xr nematic i c a l  a p p l i ca t io n  or 
growth of  vines and roo t  development

E f fe c t  o f  Aldicarb su lfone  nt ti.ree c 03ape l e v e l s ,  under tve 
methods o f  a p p l i c a t io n s  nt I5C days a f te r  nenatic it ia l  
a pp l ica t ion  on growth of  vines and roo t  covexOpmerit
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^ In the above _Piv** +
. , 6 t r 9at" e n ^ ,  the per cent ra-
dnetion in original inoculum OODnlatt
7 Q 5 and 7 7  4 P°pnlatione were 97, 87, 80.4,
7 9 m2 and 77.4  r sa p ec t iv e lv  * u

./hereas tha f ina l  nematode
population in T 25 (oham  ̂ .*) i n ° r 0ased to  3559  which waa 7>1
timea more than the o h H nni jr ig in a l  inoculum ( f i g .34) .  Among the
chenicala t r i a d ,  a ld icarb  sulfone was found to be most 

affective , f o l l o w e d  by fensulfoth ion ,  D a C f  and neem ca’-e

-j ':, u j  cnJ 3 r ) ,  ' ld i c - r b  aulfone at high dosage 

profarrtad the l o o t s  irooi nematode in fec t ion .  Mo nematodes were

recover-id from t: roous Ou. jlantc treated with tina chemical.

In genera l ,  tj opulatlon  counts were much lees in plants treated

with a ld i  c  r l  nulfann 03; fonau lf  at [rLon. fonsulf othion at low

dosage waa not nc e f f e c t i v e  a al licp.rli aulfone, hut nt high

dosage i t  waa a a o x f e c l i v c  a j  nidi caj u aulf^ne at medium

dosn -e . ’ a > a e L- i r  ocu I a H >n treatments in g^ner: 1 , wore

nore e f f e c t i v e  in i ring  in," dawn tin nematode opul 't ion ,  wlieroas

in  oaae o f  ne.m r.-.— „ r , - 1  rmcni n H.nn 1.r'nt~>ni won found to

be more e f f e c t i v e .



DISCUSSION

ft



T * Discussio®

The black pepper contributes a n  ,
eB a lion»8 Bhare of foreirm «xehange earnings ancn, thp B . foreign

mong the ePlce m India. preBent
reporte  in d io a te  the p r e v a l e n t  ^  .

of the slow wilt” disease
which i s  d es tro y in g  the vines ln the ^in the pepper growing tracts.
Hence, i t  was considered imDerativro +-v,Q4. ^perative that a study he initiated 
t o  understand the nature o f  th* 02 the problem, especially the role

of the burrowing nematode, Kadopholus simills in "slow wilt"
disease.

i h i s  i s  the i i r s t  time that such a study has been made

in Ind ia .  1 hough black pepper was recorded as a host of

R.Blmllls by Tom Goodey (1936), a preliminary study of the

damage caused by t h i s  nematoce was conducted only fourteen

years l a t e r  (van der Vecht, 1950). Christie, (1957) based

on his tour  conducted in the Island of Lengkn, confirmed the

f in d in g s  o f  van der Vccht. Thome (1961) considered this

nematode an rnnklnr. hi ph nmonk the moot important plant para.

. . , j tup tronioo and no the major economicallyflitic nematodes in the tropi
 ̂ thnflP rerionn. U'bour.a et s i .  (1970) Important s p e c ie s  in those regiom --------

u o im il ls  on pepner for  the f i r s t  reported the occurrence o f  H.efnUi t -
T .i j RIhev did not lnveetlpete the 

time ln South Western India- iney
e r Venkltesan (1972) reported the preeence of

problem fu r th e r .  venKi .
„r ln the northern parte of Kemla end 

thie nenntode on pepper in
4+v, "slow wilt" <31 sen Be.

suspected i t s  aBBociation w
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The f i e l d  symptoms of  " Blow wl

present study are similar to th °  SerT8d ** th®
(1950) and Ch rlstle  ( ° B;  reP™  ^  -  -  Vecht

celly  .  Z  T :  5 "  4>' “ * “  b" 1-
and decay symptoms were observed 

in the case of a f fe c te d  vines ;,v
ove ground Bymotoms are mani

fested  by o c ca s io n a l  or  n s r t i - i  *or  p a r t i c l  to complete yellowing of  leaves
(Flgc .2 and 3 ) .  Cecsrtlon of  growth of  vines was followed by 

gradual lea f drop and f in a l  death o f  vines ( I l g . 4 ).  Examina- 

t lo n  o f  roo t  system o f  a f fected  vines shov/ed extensive necrosis

and decey 01 r o o t s ,  Iceder roots v/ere completely destroyed. In

such cases the v i r e s  could be pulled out easily.  1 rom the tine 

o f  i n f e s t a t i o n  to  death o f  the vines,  a. period ol tv.-o to three 

years may e l a o s r-. j-he j inr 1  stages o i  l e r f  drop to death of 

Tines hov/ever occur  in th 1- course of three to four months. The 

d isease  comes to the not ice  o.i the former only at this f ina l  

stage by which time the vines ere i ra* trl £A/flhly l o ‘ c.

The preaant nurvey ravenled the nreoencr of K.rlmllls in 

25 out Of 41 loc -  tlonr., In rn.' "round the dloenoe suspected

Tines .  . M ,  <n 60.9 nor cent of the t o f l  ares surveyed. The
loi r»Vipr In the roots of diseased vines nemntode population  wne higher In

i-n The s emotes co l lected  fromand the p o l l  around the rootn. the aem.

. p revealed the presence of the nematode 
healthy l o o k in g  vinos reve

Tno in the corresponding locat ions ,  po l l
In 18 out o f  41 peniil«» *n

„  vlnea contained the nematode, but the
around healthy  look ing  ._ .tnde Wide

pontainert p r a o t l c r l l y  no nematode. /lde
roo te  o f  these  v ines  con.
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difference In nematode populating ,
density haB been observed 

This could probably be due to the time 
•r , sampling, effect

of intercropping or different ami *
B° U  Wpee In the dlseaeed

area (Tables Vii and V III).

The other plant paraaltle forms encountered In the 

samples were Heloldogyne spp., Botylenchuliis spp. ,  and 

HellcotylenchuE anp. (Table 6). Their population levels 

did not vary markedly between the healthy and slow wilt 

affected v ines  and areas, B.simlllc was associated with 

several oopular cu l t iv a rs  in the disease affected plantations 

(Table I X ) .  s im i la r  observations have been made by several 

workers who studied the nematode incited root diseases. 

Mountain and Boyce (1953),  a lso  reported similar findings 

investigating the peach replant problem in Canada who found 

that only  50 per cent of  the orchards surveyed with a history 

of replant problem conti lncd the suopected nematode pathogen

_ jl. n U r orrfrenr i-hcv a lso  observed a higher populn-Pratylenchu poorer' r«r»« j

« _ _ i riri 1 nroM on n r c n n t h f n In thetlon in the samples In replant pro: i.on
,nrl iuChnrme (1953) 'lo o  observed nhealthy areas, ^uit ri. u

. of nf the spreadlng decline of similar el t u n tlon In renprot of the p
p.i that frequent sampling may 

citrus in Florida. *hey reported
,  , vhe nematode won found, failure to deteci

be neoeoenry before A rair̂ Bv 1b
„  the <=o l lec ted  dUrlng

l . f i l E U i ®  i n  «  • ^  n o t  n e c C B B o r l l y  l n d l o s t e  t h a t

not thereforo unuflu t fle I t B wide
t aeaociated with the nematode.

the dieeaee not
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oecurrenca in  the diaeaaed areas ans +u

lesions in a l l  cases of diaMQ«,q 
plants strongly point to 

g.aim ilia  being the  ineitent of alow uilt . .  
wiix disease of pepoer.

*1 i  A «  T 1 A A A-X J -

presence  o f  root

ihixt her

were not contig^ua in the dia9a39 tra o t . Th98e are

along with other  l o c s t i o n e  from which the nematode was detected 

in the samples . Thus the survey data could he considered 

adequate t o  p o s t u la te  the c lose  association of the nematode 

with the slow w i l t  d isease o f  pepper. The results of patho

g e n ic i ty  o f  } . s i  mil i s  on popper reported in this thesis 

strengthen t h i s  co n c lu s io n .

The in va s ion  o f  the roots by the nematodes leading to 

formation o f  l e s i o n s  was studiod .  This was done in the labo

ratory ,  Simula t ing  as f a r  as poss ib le  conditions prevailing in 

nature ( j * i g . l 3 ) .  The invasion and establishment of tho pathogen 

arc c l o s e l y  s im i la r  to t. hoan reported by OuChnpno (1959),in

case o f  P . a ln l lt .n  on e l t r -n  rootn.  Hand ooctiono of the in -
nlfVin n] n f o gdo on the root

fscted root, showed that the no
i i M ellon  in root tissues (i/'igs.lP nnd 19) 

parenchyma c e l l s  and multi o i l
i+h tho observations roportod by van dor These findings conform with the oosor

m m )  in citrun nnd Vilaoni 
Vacht (1950) in  papper,  n,. « * ! ■ •  W j O)

/rlnanr i n f  acted by E.al n l l i a-
Jt g l .  (1975) ln o/iai ° i

*m.nta proved the pathogenicity o f
The ln oou ln t ion axporl ■ ' . 9ra oon_

oot,  pathogenicity arperimante
fi.JiSlU a on pepper roo . ^  Mountain (I960) for

ductsd as por  tha tsehniQ11*3
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c v a l u f i t i n g

aiixp. I ha83 exp exl-
■ants were conducted on whole oi , 

9 planta (rooted cuttings)  in 
pots with  fumigated s o i l  and u-i + v, 

non-steri le  monospecific 
inoculum. The enhancement o f  in ten s ity  o f  symptoms with in -  

creasing dosages o f  the pathogen was very striving ( lfig3.20,

21 and 2 3 ) .  The above ground symptoms observed on the plants 

in th is  experiment c l o s e ly  resembled the slow wilt symptoms in 

the f i e l d  excep t  f o r  the la c 1' o f  pronounced chlorosis  in ex^ 

perircentnl plarTts. I t  i s  considerod that those results con

c lu s iv e ly  e s t a b l i s h  the pathogenicity  o f  H.aimills on pepper
O'

and as the i n c i t a n t  o f  slow w i l t  dineaco. Thi3 the f i r s t  re

port in  t h i s  rega rd .  Though van dor Vocht (1959) inoculatod 

pepper se e d l in g s  with K. s i  m i l l s , ho did not conduct oxperi- 

ments with d i f f e r e n t i a l  Inoculum l e v e l s .  Ha could not thore- 

fora a rr iv a  at the anna throohold lo v o l  o f  inoculum fo r  proving

♦ u a i* * o m o n t  rooults linvo oh own fchnt th®pathogenic 9 iL 0 Ct. ino proaeni#
i mliinn via uni avnntoma on rj5 dnysthraahold l a v a l  o f  inooiilun to lnduoo visimx

+h_ m j  nf l r)0 dnya i s  1900
old rooted  c u t t in g s  0i P^PPor

, . ,  „i- c o l l  or  attaining n nomn population 
nematodes per 150^ nl 01

of  r0o t .  Livowiso under fiold 
laval  o f  ah out. 2309 par Tram of roo

♦ * , i op ill at I on laval inorannnn to thin ntaga,
oonditiona vhanavar the if»P .uainsed. - loading to tha diaonsea
I t  may b r in g  ^  o£  the 81irvay -bowed that tbs
oondition  o f  tha v nna ^  betwoen 3-61

■oil  p o p u la t io n  around f ^  -0 il.However this population

21)  nematode a p « r  100 * ^  growth of vine* and

leve l  may vary depending «Pon
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got! f a c t o r s .  V a n  d e r  V e c h t  ( i q r o ’i

,  *  } COUld n o t  a l s o  r e p r o d u c e
the y e l l o w i n g  o f  l e a v e s  i n  i n o c u l a t e d  +

p l a n t s .  H o w e v er ,
l y n p t o m a  o f  d e c l i n e  o f  a b o v e  ffrn .m H

6  g r o u n d  P ^ t s ,  n e c r o s i s  and d e c a y  
o f  r o o t s  a n d  d e s t r u c t i o n  o f  f e ®d®-n

r o o t s  w ere  w e l l  r e p r o d u c e d  

and c l o s e l y  r e s e m b l e d  f i e l d  s y m p t o m s .

Tha r o l 9 o f  o ther  plant paras it ic  nematodes encountered 

in the s o i l  samples i n  "slow wilt"  disease i s  questionable.

The conspicoua reduct ion  in growth and orounoed root rot in 

plants in o c u la t e d  with K . a imilia  at threshold level as above, 

strongly  in d i c a t e  that th i s  nematode alone could cause a l l  the 

symptoms o f  alow w i l t ,  fu rther  " in to  (1972) reported that,

M.in c o g n i ta  and M.javanica  caused reduction in plant weight of 

pepper seed l in gs  by 37.^ and 19.2 per cent rospoctively to those 

o f  c o n t r o l s .  This ha observed 10 months after  of  inoculation

with these  nematodes,  burner et n l .  (1971; reported thnt 
-  . . - ,-nr t otvlonc bill us ronifognia and that? .nigrun l a  n poor noj i .̂ y. j.  -------- -

f n lnnn than two times. These obsoj> 
i t s  m u l t i p l i c a t i o n  r o t „  wno loan

. . nHinr nenn todoa found in popper
vatlona in d i c a t e d  that the

, nr r0l0 m  alow wilt  dispose. It
f i e l d  a o i l  do not have any mnj

. .  ♦ t h ,9o nomatodoB a n  pathogens of tho
ia  a lso  probable that tho
p la n t .  u . « d  as standards o f  pappar vine

1H l jontion  and high population build up
Th. ranld  multi .1 ly lndl0nl9a

loW inoculum xsvox
in inoculated plants at powevar there

iat pepper is  * favours * - * the highaat inooulua lavol
is s deoline in population 1«*
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• ' 1 0 < w - S1“ u r  ” " 1** * • »  » « ,  a t h  _  
u s a a  i s s s a  «  ^  U 7 U h  ^

« ,  „ „ „  th .  W M „ oll„  ptt<jitiji ^  ^  

is  dependent on and related to the a v a i l -
availability of nutrition

and a ub at rat urn. This was evident +uoviaent j.r0m the specimens of  the
nematode with sluggish movement nd empty body cavities re

covered from s o i l  washing3 o f  the abovo treatment, suit and 

Drfhanne (1953) observed that ] . s im l l is  invade feeder roots 

of 1/16 inch diam eter .  The popper plant3 used for  pathogeni- 

city teat had fewer leader  ro o ts .  I.’ hen lev/ roots are inocu

lated with such large numbers o f  nematodes as 10000, the 

population per unit area of  available  root ia ao high, that 

the f e e d e r  roots  are quicMy damaged, fresh root production 

was too slow t o  rep In co  the roots l o s t .  The high population 

pressure and severe  competition fo r  xood would have lend to 

a high m o r ta l i ty  which could not bo compensated by the rata

of m u l t i p l i c a t i o n .  :.uch n s i t u a t i o n  had boon reported by
l-.ru r ) T|,oy poatulntod that auch a phono-

DUG harmo and f  r i c e  (1960; .  no j  p
manon oould a l a o  occur un 91 natural  oonditiona. they

that a fter  55 d a y s ,  the a c t u a l  population began to f a l l  due to

population pressure.
, t1on isolated from papper. when inocu- 

Th, L .s im U ie  populatio ^  r9_

lated to c itru s , coffee , banana a ln(Uefiting that

produce and multiply only * n P°Pp
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tba pepper is o la te  belonged to a di <•<>
“ terent race (P ig .28)

Coffee was not i n f e c t e d ,  thus s.,™ ,,-*,
“ • i^ing the findings of

D'Soma at al^. (1970) „ ho could not »h.
not obaerve any infect ion  of

g . j i f i l i a  on coxxee ro o ts  dUri n3 t h s i r  survey.

Cross i n f e c t i v i t y  behaviour of the four populations 

( i s o la t e d  fro?, banana, popper, coconut and aracanut) indi

cated th e  presence of four "host types" ( : i 3 .2h). All popu- 

l a t i on3 in jec ted  bpn^n? and multiplied beat on banana. The 

i n f e c t i v i t y  behaviour of the four populations was as follows. 

The pepper i s o l a t e  did not infect coconut nnd arscanvtjbut 

in fe c ted  banana, "he bonana iso late  infected pepoer, coconut 

and erecannt. ? coconut i so la te  infected banana and pepper 

and not arec-anwt. Tha nrocan^t, isolata  infected banana and 

pepper but not cocan . t .  n  lr. d i f f icu l t  to soy whether the

four iso l f f tos  encountered 9 ro represent four "races" of the
± +hnrnror'' i t  ~ay ho advisable tonematode, ’ or  t.v- i n d e n t ,  th oroxor . i t  .a,

x , X X .  ..vent t v , on" an has been observed by Partindesignate n - ,on ■ •' '
. , (1 07 0 ) nnd Milno and Kootch (1976). It

<rt a l .  (1 969 ), r ^ t c h  (1J 7 .)
nr i n  i n t o r p l o n t o d  with banana,

ia  c l^ a r  hovov^r that when p o p ’ „
x i t  i s  l iab le  to be infectsd by heat

•reoaimt or coconut ,  i t  AT»eanut
,, w  i t s  own "host typo • Aiecanui,

tyoaa" from thoao plonte on
rt ta b le  ntandnrda f o r  peppor -inoe 

and coconut are nloo una ^  vMoh panB

they encourage " u lt tp U “ t ‘ “B " 0) hflfl pointed out that th.
o n  t o  p e p o e r *  ^ a n  mT c o u l d  b o  f r o m

d o f  in f e c t i o n  to pepp.r
probability  e n d  apren
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P l „ „ .  , na < e w  

p ^ o l a t l o n  i>nm > ^  ^  •

„ K „ . » t l . l  I n X a c t i v i t y  i „ a t c „ i „ B „ o>>

*erflla Uoahy, 1 9 7 5  ) the  coconut populationP°Puia t i ° n wa3 iound in fe c t -
lDg banana, pepper  and arecanut. But the present atudl9a in

dicated th a t  the coconut  population in fe c t  only pepper 

banana and not arecanirt .  This ind ica tes  the p oss ib i l i ty  of a 

■ ilture o f  "h o s t  t y p s s "  in  norela coconst population, which 

sight i n f e c t  o th er  hosts ,  l i e c h l e r  (1901) and Steiner (1925) 

postulated a hypothes is  o f  evo lut ion  of strains or host types 

or races with host s e l e c t i v i t y .  Van ’.'eervlt (1957) also found 

that popu la t ion  o f  t . s i m i l i s  i s  olatod from different hosts had 

in con s is ten t  i n f o c t i v i t y  behaviour. turhan (1971) reported 

that every l o c a j  popu lat ion  Oi j . s lm il ia  had a considerable 

amount o f  g e n e t i c  v a r i a b i l i t y ,  regarding host s p e c i f i c i t y .

Thia author a l s o  observed that lie obtnired isolates oi L.aimilip.

only from pepoer  ' /inn roots  and not from arocnm.t roots usod
ir-i n A  aimilar in fo c t iv i ty  beta atandarla f o r  the popper vine.  A m i

i v n n r.rnta and .-enhndri (1971) in casehtvlour wag observed by Haa r rp ■-
, i + ii two n op u In lions, col lectod

of Fotylenchuluo ron i  1 o imjJL w

from Andhra Pradesh.
 ̂ i f i cant lv  in meaaure-l t i nr)f d i f f e r  g i^ i-L100”

The fou r  l . o l n t e n  , n I ) >  Th9 v e r s i o n  in

■anta or mo ip h o lo g y  (Tobins Godfry (193! ) ,
.  4 in r  to  those rap01
°°dy msasurementa v a r a  aiml x ,  t ha population!

/1flf nnd 3 her (19*>p ' i
^HarmB and n i r o h f i a l d  (1^5 »
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from different hoots, v™ w ,Van yeerdt ( i 958 ) foun(J thgt
aeaaurements o f  progenies  f roa ,  . . .  ,

s ingle xemale isolated from
d i f f e r e n t  hosts  va r ied ,  but he was „ , » H  +

unable to separate them
Into  d i f f e r e n t  arjecii ' ic  proimQ m. .- - i c  group3 . Thorne (1961) suggested
that v a r i a t i o n  o f  ten oar  c^n+ nT.per cent or even moie could be expected
in any p o p u la t io n .  !fe further  stated that specimens from 

favou rao le  and unxavourable hoat3 may exhibit maiiced d i f f e -

?;i3 poppor c n l t i v - r a ,  wild co l le c t ion s  and other Piper 

species  scxe  r.a i did not r o v e - l  any I - -unity or resistance to

I . a i m i l i  3 . ’ov iv  ir, t ho ~"t -r-1 a Is we? o grouped into four

c a t e g o r i e s , ' -.hie Z " ' l ) .  'his i s  h; svl on the ir  reaction

to  I . aim 111 a i tod to  t! o per cjnt root reduction nnd nu lt i -

p l i c a t i  or. ratr* ,x the n 't  Ingon in the host ilant ( ’ig .2 9 ) .
n ir-, n cl.nnri i i c c t  ion nrn those ofThe cr ite r ia  ju ;- - ox o icn .i lj.,.....

fohde ( I X .  5 ) .  ••ocorM.r: to hin. real s ta n d  is  lo  bo measured

in terms r,L ,1,111V -  » n  i -^ a o i t , In survive nnd multiply
i i *• n nlnnt In ĥ<?1 r

and not alwnya d l r o c  .1.; i -
on noant odo control also

report  ( Anon, 19 6 *0 ) tin co-n-iUee
, renroduction be detemlnod while

rscon^endel that t i e  ra o t ■
M „  0t al. (195p). »“ <"> nsVoral

aasensing ro a la to n c e .   ---------  . . — .nina.
4 , ,, 9lmiUa f i rat by se lect ive  screening.

oitrus plants agnin. . I -A — - -  f £  lnfaotion ln soil tan*,

subjecting the candidate a®’ ^  ability of
were later t eaten 

Those showing leea damn, and ffsintnin
•4 n fl rOOtif I ® y

n*«* todnn to p« natr» 1 !l



115

populations. The screening in th«
"6  in tha present studies was done

using rooted cuttings and not se»dHn„= „
ae-alings. Genetic uniformity

was therefora maintained. Bay aid Sar-r h o c n
^  u9rr U951) used an index-

lng method based on the nunber and size of legions on walnut 

roots against r r atylonchus yulnus. GUch a set hod was impracti- 

cable in tne present s tu d ies .  This i 3 dua to the fact that 

pepper roots i n f e c t e d  with . sinilia changed to dar> brown and 

turned b l a c ’- in c o lo u r .  In such condition tha lesions could 

not be d is t in g u is h e d  c l e a r ly ,  f in e  a the hone of pepper is 

India (Abraha~, 1 59) and several wild species of  ̂ ioar ara

Vnown to occur  in  the h i l l  region of  the sub continent (Anon,

1959b) f u r t h e r  screening has to be done to find no^o suitable 

resistant m a t e r ia l .  Moreover information on the decree of in

fection and da-nun l i ’ -eJy to  bn caused by populations from 

other hosts n n  to  ho observed and studied.

  nan l yoi oi. . .s imilio
... j r • I rl [ IlfJl f.'U Of. O l i o  C U I l b J L W J .  J.------- ---------------------iljQ exi/j rl r* 1

Tunoulj-otld >n at high
indicated twit nldicaxw u

QC. JV0 i „  c orn;j 1 o ta a l i e n a t i o n  of root
dosage La velc  wan , i r tn3p)

. „  ,iant g r o w t h  ( f i g s .33 and 35 to 3P) .
infection and lm^rovonon ..lfotldon,

, • , ntra lv .  o l d i c ^ b  fluii0n° ’ - 113,Jlr0Ud0n’Ion. ox the material-. ■ ^  ^  hlgh doena tried

f  „ „ n .  . « . * » -  - »
to tho papper c u t t i n g s -  thro* doeago

warn oonaiotnnt
■ulfone nnd fanaulfothi Q p , nimii ar

a to noom cova « d 
levels tried 00 compflro Colstons ■avctt.ana in-

%mine aldlour^ —
raaulfce ware obtain# 1
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f . e t e d  w ith  E . s i n i l i a  (neungen3f „  }

,1th ? ratjrlenchua spp. (Davids and c ^  lni’a3te<1avid9 and Coaedla, 1972). Aldioarb
iUl fo n e  la  a su l fon e  der iva t ive  o f  ..

icarb and this wa3  the

w . ,  r «  c « t „ !  «  b„ an> b>

various authors (Looa and L0 0 3 . i 9 6 0 . v-m a , 1* ±JbU> Vilardebo and Robin, 1 9 6 9 ;
Zaetch, 1973) the present  results  wore not encouraging. D B C P 

penetration  use i n s u f f i c i e n t  f o r  complete ld.ll o f  this nematode

in banana ('JlaT-3 , 1 9 6 1 ). i t  fa i led  to control Pratylenchua
/

penetrans in  antirrhiurn and chryganthemun and in reducing root 

and n o i l  o0 ou ln t ion 3  ( f  run fiber g, 1971). been cale waa nracti-  

ca l ly  ineJXgct ivG .

Too p v3 J —i 1 >cu L •ti^n uivj.. '-»!'• ill t u J cqXl*

wog fouri  ̂ ’ Ti j o r i " i  1i j j .fj ^iv!— 1  h0c j  Lq c r j i i t  iiJUbU* . iii£$

was co m ls t - in M  . >•' n i. fAc t i  i n f l u j n c i r . c  tin improvomont of
- , - , . t • n , (j ,• «-j?• ,qj, ] «n 11. t ao olanls, tinplant grow ’; '- .  -nly in t  ̂ c 3 ^  -1 * ,u

) 1/010 four. * rupoiior.  (do
p r e —l n o o w l  a l i o  r ■ ’ n -a \ - x l  •

nn-» • n Ynoii vo aj t iioiapouxontfi,
a  h o w s  t h n  t  t  h - '  r . - v r i . c  •»  w o  ? 1  n  r  .

. ,.„r, in l ir> ’pl.oder nnd aluo possibly
i n a c t i v a t i n g  and ' " 1 1 1 "* n6 f>

• nM on T eddy end -enlmdri ( 1 9 7 1 )  ro^Qr e 
preventing fu r t h e r  .

, of nldionrb treatment ngninrt li-iaa2fr
the anm<a phonomanon in cna ? f , n t

,  1 a ] d i o n r b  a u U ’ o n o  l a  o  n o n - x i i o i g a n t

flita o n  t o m a t o .  ' ’ h e  c ' :° r ' c f l  + /  f )  c a n  n e t

, 1 only i n t « ^  * " t0 PJrnt ayDt0 '
■ y e t e m l c  r a t i c i d e  a m  •/ i n a c t i v n t i n g  o r  H l U n a  t h e m .

u p o n  t h e  n . m e t o d . a  w h i l *  f e e d  n e  . e l u t i o n  I n h i b i t e d
1 + i « t  nldicarb in w*

Nalmea (1970) observed the
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joco iotion  in  case o f  i arvae
+ X x ~  r d<>ra. roatochlanal opost-plant treatment g iV8n in

. x control K. aimilla
failed (Cohn, 1972) apparently because

ecause o f  poor s o i l  penatra-
t ion  and d i f f u s i o n  o f  fujni^an+Q +u

fumigants through aub-aoil and the deep 
rooted nature o f  c i t r u s  t r e e s ,  which aided in aurvival of  
nematode3 in  r o e t - l e t s  ln  d99por layer8 0,  3Qil> ^

was e f f e c t i v e l y  c o n tro l le d  in c itrue  seedlings in closed eon- 

tainera when s o i l  was treated  with aqueous solutions of D 13 C p, 

fe n a u lfo th io n  (d a a ^ n it ' ,  and oldicnrb (temi1-) (duit, 1965). 

ie n su l fo th io n  (da3 - r . i t )  was us-d in granular f o n  which night 

have a cco u n ts '1 Jo-? i t s  low e f f i c a c y ,  whan con .are d to  r.ldicarb 

aulfon i w'nica '.an a a 1 1. 1 r iusou'j solution and dronchoJ around

the p la n t s .

The i n v e s t i g a t i o n s  c a n  iod out no re rovoalod that . sin iU  

had w ideaoreal  occur ienco  nnd c lose  association with the slow

wilt d i s e a s e  o f  popoer ,  Vi.e „n Lhogonodty experimental results
. , , -i frr.n i m ‘ 1 ho alow u i l  t diooaao.proved that  f i .a im i l in  was the in c i tant  ox the oio.

t 11 r̂ n nt' 1 ha four isolates  ironi poppor,The o t03 9 i n a c t i v i t y  s tudies  or tha lour
nn 1 indicated the presence of four 

banana, coconut and aroonn ■
n more favoured host for  those 

'host t y p o s ' ,  and banana wan
r, n(l1nf,o have significant rolovnnco 

four ^  7 ’ l 8 p l ^ , d  so a subsidiary crop

eropoing pattern where hens tl0M „ f  paps.r,

in t h ,  i n i t i a l  phase o f  raining ^  ^  i n f e c t e d  by a l l
«, Moreover, P Hcoconut or «r«cwnut. -i^ri vhilo introauo-

h*« to be
tha I s o la t e s . Hence ceutio araoanut, which

„  . lonR with coconut or
4ng pepper as mixed or

s
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already infected with l .a im ii ie .  

Cultivara and wild species of
" Pepper screened for their

resistance against F.aimilie showed that a few „ ,
w have leae suscep

t ib i l i t y  • ocrsening a l l  ava-n
a n  available germ plasm is therefore

necessary which could aerv* ««, n nn„
as a 30urce of resistance or tole

rance fo r  e v o lv in g  sidtar-le tvoee Th= e, , ,uyoea. i he chemical control re
sults have shown that a ld icarb  qni f nna f « n  ~ j „rD 9Uiione ,  xollowed by fensulfothioi
(Dasanit) at ei  - rt a . i  . par hectare prsvented in fect ion  of 

E.8iiTill_3 on wee o r .  'hesa m n ot ic id es  could now be tried under

f i e l d  c o n d i t i o n s  t o  e x i lo re  the p o s s i b i l i t i e s  of control l ing  this

nematode and e ’ er-' t e  spread ob the diabase.

Thus the i ieoant i  nvea l . i g ' ti  ona havi opened a new thinking 

on t to a lov  w i l t  din or* c 3 o rob ion and in 013  lacunao exist in our 

VnovledP’e on vnri  oup 8 3 jecin ox thin nonifltodG and i t s  host plant, 

the pepper v in e .  It La not whether a l l  the con, on standard

used f o r  t r a i l i n ' -  ..on. or vl non pto nl.no l n f o c t d  by tide nomatod,

Studies on these  naooeto would ho vnlnablo to advocate e f f o c t iv e
nn i-iio b < 0] 0gv of tho noma— Control p r a c t i c e s ,  , 'urthor research on the gy

involved tn the host-parasite re-
tod« f biochem i cn l  mechanisms lnvoi  ,

1 i rnrtOTfl raBponalblo for  tho 
la t ionoh ioe  and the ecol .ogic

•,ttr would be qiiito rewarding to 
wscurmincef e-nread end envoi <U 

on black pappnr. 
control th is  no mat ode problem
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V I . SUHMABT

**r ' " “ e  J l s i u s  ), in . , l0>
* i l t "  disease of blacv papier Pin»„

PP r nigrum L., prevalent in
ninataka and Kerala. 5he sail »nt p<_j.n* ne sa l ien t  findings of these inveati-
m

gationa ars ausrsarised below.

A aurVQy waa conducted in  Karanataka and Kerala in the 

pepper growing areas where slow w i l t  disease is  prevalent. A

to ta l  o f  28 .5  and 29.^ hectares were covered by the survey in 

iaranatal-ra and Kerala r o s a o c t i v e l y . The oorcentaces of disease 

inc idence  in the surveyed arens - are 12.50 nnd 11.51 in 

▲arnataka and Kerala r e s p e c t iv e ly .

f.ajnalea i ron  41 l o c a t io n s  collector! from both the states, 

revealed the nresenco of  T . o i - . i l i s  in 1* healthy csnd in 25

disease ausaoctod v i n e s .

Tho nopu lnt ion  o f  ^ n i n i l i o  ran3ed from 3 to 49 in

, » . « *  3 . .  <" » ”  W ’  - 1 “ l l  " 0U" 4

Thn M  “  “

kMltlgr o « , » r . . l  to « to 3 *  »  « — •* ’ 1” "

i m a j s a a .  0011 m [ ] o a  „

. , r ,  r n q m n t w  _    M  s a s mTylencho*

•urvoysd locn tiona . ^  ^  r900rd9(1. L u ll-

rhrnohua spi. nnd UoalolSiffiL- n(| root or*?1®8 only
. d both in fl0lA

l inohua app • was ob.arvao

from Siddtp ut (iwarnaint* )•
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infected pepper and banana but not *
j h  4 -t . rQcanut. Population of

g . i i n i l i a  isolated from arecanut in fe c ts
. . infected pepper and banana

but not coconut. Thee**
-findings indicated that the four 

isolates are different "host types".

The f o u r  popu lat ions  iso la ted  from p9Ppor, ban3na, cooonut

and a re can 'Jt d id  not d i f f e r  s ig n i f i c a n t ly  m  their  morphologic 
dinenaiong and ?rODOrtion3 or anatomical foaturaa. 

Eightean c u l t i v a t e ,  four  Piper species,  and f ive  wild 

c o l l e c t i o n s  Ox f l o o r , screened against I. . air,ilia did not reveal 

any immunity or xes istar .co .  nut wild co l lect ion  (V it ta l )  

No.430, g . hymenoohyHum, and lj .attonuatum recorded less than 

33 per  cent root reduction and 1.5 time3 of nematodo reproduction, 

showing le s s  3 u e c e o t i b i l i t y . 

Am on / tr.e tnruo nor.iit i c i d o s  namely aldicarb oul-iono, 

X snsu l fo t f t ion nnd 0  b C f  and noom cai-o tostad f o r  control or 

L .S im u la  on nop .or ,  - Id io n rb  oulfono was found to bo the boot

. +  a • n y-a a I d o t  hectare preventing root infectionat b dosage oi fl g Q •* • 
4 ni- n 1 ont growth, (loflf production, •nd r e s u l t i n g  ln improvement or plan g

i.-ntIrion was next hast ln th is  res- 
• hoot and r o o t  growth) ,  r'onsul

psct f o l l o w s d  by u II C f  .
tiaom cn>B was inafractlvo

thod. tostad, poat-inoculfd-i°n appli- 
riatwoon tho two mo . aun9rlor ovar tha pre-

Frtnnd to bo sup on
ottion of tin chemicals wnS 

inoculation mot hod of



The survey ravoaled that rod la te r lt ic  so il  t y p . .  owv.

tained more P.ulmilla This nematode was not ot.served In

tic  clay or clay loamy soils

1, . sim ilis uaa fourid frequent ly  In araab where pepper vti

interoroyped with areoanut, followed by coconut and banana. But

tlila nematode was not encountered wlori pepper wts Interoroyped

with coiioj or gi rigor.

091 ox' the corn on c u l t iv a r J  ox' poppor grown in  Iiarnetakt

and Ha rale wore obcrrve'i t o  ha in fe c t e d  with i. . o i z l l i B  in  the

Dlanta ti  ona.

h . a i milis invadod popper f o o d o r  r o o t s  proferlng the root

tip reg ion ,  above the e longat ion  zone.  Lo3ions were formed

witliin 72 houra o i  nematode inoculation to the roots.

The neraaxodos v.'ero observed to xeod c o r t i c a l  parenchyma 

c e l l s .  The c e l l s  at i n f e c t i o n  s i t e  were turned brown and finally

to black in colour. Stelar portion of root wa3 not affected. {

E. si mill a effected 93.8 and 79.2 and 94.97 and 81.6 per

cent reductions in shoot length and weight in 55 days old papp*1 

rooted cuttings when inoculated with 1000 and 10000 nematode* 

respectively, at the end of 150 days coaoared to the check pUBt*.

'4

When check- plants produced an average o f  7.5 n«d)er 
leaves per plant, the plants inoculated with 1000 and lOOOOna***1

todes per pot containing 1500 ml e o i l  produoed only 1-5 * * *  1,4 
leaves re sp e c t iv e ly  1
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Visual pym.jto 3 on Alnoa in t'no lord on 
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survey op p..
m * m  (SLOW WILT) OF PEPPER 

  lULLPQTI OR/SETgDI RG CP SOIL/ROOT SAMPLES
The 'Slow wilt*  Qi /

"pepper ye l lows"  ie bubopc^ 8* £lS£H) al B0 known as
tode (Radouholus B i m i n i  SLto ??  CEused by the burrowing nema- 
4nfnrmati nn on t v , ? ! \  f ' ihe object of  this survey is  to gather
nematode in the ne-nopr ° f  diBtril:)u‘fcion and prevalence of this 

c a i ° e  o f  thP Showing areas in our state end i t s  role on
th l  o ° f , th ! / iSe?Ee- pl a*t nematodes are primarily s o i l  organi as in je c t in g  roots ,  hence s o i l  and r o o t E  snmnles are re 
quired f o r  laboratory  examination.

APPEKDIX II

while
xhe fo l low  ng do in ts may please be s t r i c t ly  adhered to 
taking and sending the s o i l  and root samples.

l o  not t r‘ke samples Iron spots of completely died out vines.
i.emove 3-5  cm surface s o i l ,  co l lect  s o i l  upto 55 cm depth 
'round feeder root zor.es of nnnr.pr v ires .
boo l  3-4 such crmr.ler and trke a represent-tive sample_ ~ o r* —

1.
2 .

A
•4 •

o f  250 c  

e 20-30 .f oi feeder roots jrom same vines (Plants) .
7r cf 1 ' t '■ly -ut the r o i l  ’  r.d root sernales together in 
p o lv t her e hags, put onr la.cl* insit e with given code 
nu.T er • I . '  t i e  the teg with p rubber band to make a ir  

ti ..uj. • i / rppc n' t i or In hie cute inc.  i ol^thcne bags 
</ l : ‘belB " err ' ..rovldrd - l or  :r vl th this for th~t purnore.

"f' irp two scroll jle:
x. J; eaneri vi net-
\ ~  A. TU -  -  . -3 ,  I QJL II Vj 1 k ‘ U.

r-m/Loc from (1) ne.-lthy vinos, (21 
, vjiicrn di sc - to  r p r c  d is suspected;
}Q !  1 i t  i o n .

7 .

9.

10.

11

12

ifl iifil •

M U  In t h -  d e t n i l i  in the d o t -  s h e e t  or, the s p o t  o f  

B' ' " r l ' T ,r " lP „ npp t -  ran e r  In hot  p l n c e e
1 . 0  r ' . t  nT n o r -  th f , . t. V. 1 U  k i l l  t h e  l icn.ntodea.
p p f\ TV J TU' O* SOIL

, . j n r P t, h o l e s  e t c .  a r  i t  v i l l  r e -
ho not nnow th- h' f pnil drylnr of ro l l  -nd rooto.
su i t  in mol nt'ir- -nr n

i op the same day as f a r  an 
j - r n n r -  t o  I t n o l f  o f  t - X i n p  enmple

poro lh ln  or nt. in
without i ' l l .  u  n„ fcl(f,fl m cloth bnpn or
ii-nd the enmnlen hy ° p’ lBtered rout nrcel,  to th
en rd hoerd tovenbJ <r (1 2 ) .
eddreen * l v o n » " ,lor „ cholPr> liepeitment of Plunt
b r l  T ... . ^ ^ ‘ i ture i  College. " . K h .  Hehhnl,


