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Pulses are the p r in c ip a l grain  crops o f  legume fa m ily . 

They have an im portant p lace in  the d ie t  o f  people o f  many 

develop ing cou n tries  in clu d in g  In d ia , as a high p ro te in  fo o d  

o f  le s s e r  c o s t ,  in  In d ia , pu lses oooupy n early  21 m illio n  

hoc tares w ith  an average y ie ld  o f  about 517 kilogram s per 

h ecta re . In K era la , oowpea ( Vigaa uneuioulata (!*•) W alp), 

i s  probab ly , the most w id e ly  c u lt iv a te d  pulse c r o p . I t  i s  

grown in  uplands throughout the year and in  fallows during the 

th ird  crop season. However, the presen t y ie ld  o f  cowpea in  

the s ta te  i s  on ly about 400 kilogram s per h ectare . iM o  

comparative low y ie ld  i s  die to  sev era l fa c to r s  l ik e  n eg lected  

production  tech nology , uncertain  w eather, p osts  and diseases*

2iB a sso c ia t io n  o f  roo t-k n ot nematodes w ith  cu lt iv a te d  

crop s  I s  reported  by many w orkers. 2be fo u r  im portant 

Maloidogyne opp . which account f o r  n ea rly  95 per. ce n t  o f  a l l  

nematode In fe s ta t io n s  and oause an average orop la s s  o f about 

5 per cent on a w orld  wide b a s is  are M.inoogn lta  (K ofo id  and 

White) Chitwood, M.,1avanioa (Ereub) Chitwood, M.hapla 

qhitw ood^M .arenaria  (Heal) Chitwood (S asser e t  a l .  1983).

In K erala , m ainly two a ceo lea ■ M .in co g n ita  and FU.Iavanloa 

are seen and between them, M.in cog n ita  i s  found to  be the 

more destructive one (Venkoteoan 1984)* I t  In fe s ts  various
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crop p la n ts  l ik e  cowpea, b r in ja X , tom ato, b h in d i, 

amaranthus, turm eric,  g inger and cucumber* .

Gcwpea in fe s te d  w ith M . in cog n ita  shews a  stun tod  growth 

w ith  p oor  v ig ou r  and y ie ld .  I t s  a otu a l e f f e c t  on nodn laticn  

and n itrogen  f ix a t io n  by Rfatgobiun i e  y e t  t o  be understood 

w ell*  K herefore, the prosent in veati*pt±on  was c a r d e d  out* 

Shreo separate p ot cu ltu re  experiments were conducted in  order 

to  study tiie h ost v a r ie t a l  v a r ia t io n s  in  cowpea to  in fe s ta t io n  

by H .In cog n ita  and to  understand the e f f e c t  o f  in o cu la t io n  

w ith d i f fe r e n t  le v e ls  o f  th is  nematode end age o f  h ost p la n t 

on n odu lation ,  gaH  form ation  and oth er p la n t characters in  

cowpea. F ollow ing observation s on nodule number, nodule

fre s h  w eigh t, g a l l  number, g a l l  fr e s h  w eigh t, fresh  and d ry
* • * ■

weight o f  sh oo t, percentage n itrogen  con ten t o f  sh oot and 

the nematode popu lation  in  in fe s te d  r o o t  and s o i l  were taken 

f o r  th is  purpose*
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She symptoms o f  ro o t-k n o t  form ation were f i r s t  d escr ibed  

by B erkeley  in  1© 5 who observed g a l l  form ation  in  in fe s te d  

ro o ts  o f  cucumbers in  England* However, the f i r s t  specifies 

rep ort o f  a roo t-k n ot nematode was th at o f  Cornu (1879 ).

He d escribed  APfiuillula m arionl e  Maloidofff/ne m arionl as 

the cau sa l agent o f  g a l ls  in  Qnobrychis s a t ly a .

ta lk e r  (1957) reported  that in  llando p e a ,' invasion  o f  

b a c te r ia l  nodules by M elo td oon e  spp. suppressed p la n t growth 

and that the presence o f  nematode w ithin  the nodule prevented 

Ehigobium from supplying the h ost p la n t w ith  f ix e d  n itro g e n . 

M asefie ld  (1958) was o f  the opinion th at re dilation in  

nodulation  as a r e s u lt  o f  nematode in fe s ta t io n  in  pu lses was 

due to  a n u tr ien t d e f ic ie n c y  canoed by the nematode i t s e l f .  

Chapman (1960) found that in  red  a lo v e r ,, the top dry w eight 

was reduced by H.in cog n ita  and H .haplsv.  But the redu ction  

was more rap id  and pronounced w ith  It . in c o g n ita . Epps* and 

Chambers (1962) observed that in  soybean ( G lycine max ( £ . )  Herr 

HolQidogyae spp’. in h ib ite d  nodulation  besides reducing the 

n itrogen  f ix in g  ca p a c ity  o f  rh is o b ia . Hadakal (1963) v/as 

the f i r s t  to  r e p o r t  the in ciden ce  o f  H . in cog n ita  in  Kerala 

in  Bhaseolus m u lt iflo ru e .  faha and R&ski (1969) found th at 

in  white c lo v e r  ( g r lfo liu m  repeae) and soybean
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( G lycine max ( l . )  Merr in ocu la ted  w ith  M eloidogyno s p . 

severe n itrogen  d e fic ie n c y  a lon g  w ith  reduction  in  nodulation 

occu rred . Many g ian t c e l l s  were form ed w ithout d isru ptin g  

the nodular t i s s u e .  2?hey suggested that the decrease in  

nodu lation  was due to  an overall, redu ction  in  r o o t  system .

Ilamen (1973) reported  the occurrence o f  in fe s ta t io n  by 

H .In cogn ita  in  K erala in  a number o f  cu ltiv a ted  crops such 

as amaranthus, g in g er , b r in ja l ,  bh ind i,, popper, tomatoes and 

oov/pea. Barker and Hussey (1976) observed th at Heloldogynp spp* 

developed more r e a d ily  w ithin nodules o f soybean than other 

legam es• Further, M.in cog n ita  was found in s id e  v a scu la r
t

bundles o f  soybean nodules w ithout a lte r in g  th e ir  s tru ctu ra l 

in t e g r i t y .  However, the ba oteriod es did n ot develop ad jacen t 

t o  nematoda invatted t is s u e . 2he in fe s te d  nodules a ls o  

d eter iora ted  much r a p id ly . Singh (1976) a lso  found th at in  

soybean v a r ie ty  J u p ite r , M.in cog n ita  produced s ig n i f ic a n t  

reduction  in  top and r o o t  dry weight a ft e r ,t e n  veeks o f  

in o cu la t io n .

Tea tea e t  a l 4 (1977) reported th at in  grlfoH um  renons ■ 

root-lsnot nematocte in fe s ta t io n  reduced the n itrogen  f ix in g  

ca p a c ity  o f  IM sob iu a  and the herbage dry m atter y ie ld .

C a s t i l lo  e t  a l .(1 9 7 8 )  found that in  oung bean (Plmqeolus 

aureus Roxb. ) in fe s ta t io n  by M.in co g n ita  G prlta , re su lte d  in
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o h lo r o t io  le a v e s , stunted  growth and s e v e re ly  reduced and 

g a lle d  r o o t  system, some o f  the p la n ts  wane a ls o  k i l l e d  

prem aturely. B esid es , the nematode popu lation  in creased  

by 24 .4  tim es in  p ots  and caused an y ie ld  lo s s  o f  about 

20 p or  ce n t  under f i e l d  co n d it io n s , sham a e t  a l . (1 9 7 8 ) ,  ■ 

a ls o  found th at groundnut (Arachia hypogaea), p la n ts  

in fe s te d  w ith  Meloidogyne spp, e s p e c ia l ly  H .aran arla . showed 

severe ye llow in g , reduced v igou r and stunted growth w ith hard, 

sm all to  medium s is e  g a lls  on r o o t  system .

Gasser ©t £1 ,(1983 ) reported  that fo u r  M eloidogyne s p e c ie s , 

I-i . in co g n ita .  H .iavan lca .  M.aron a ila  and l-l.hapla were 

respon sib le  f o r  95 per cen t o f  a l l  nematode in fe s ta t io n s  and 

caused, an average crop  loan  o f  about 5 per ce n t  on a w orld  v/ida 

b a s is . VenTceteoan (1984) found that out o f  the two M oloidogyne 

spp,, M« in co g n ita  and M.ja v a n ica .  commonly occu rr in g  in  K erala , „ 

14. in cog n ita  was more severe and w idely  d is tr ib u te d .

la  cowpea, Gcswami e t  u l.(1 9 7 5 ) observed th at in ocu la tion  

o f  H .in cogn ita  re su lte d  in  stunted r o o t  and shoot growth.

Sliaana and Sz fh i  (1976) reported  reduced p la n t growth, 

nodulation  and shoot n itrogen  con ten t in  cowpea in fe s te d  w ith 

th is  ncsuatode. A s im ila r  rep ort was a lso  made by A l l  

e t  a l ,  (1981) who observed an in h ib it io n  o f  n itrogen  f ix a t io n  by
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about 65 p er  cen t in  nodular t i e  m e . 2he p lan ts in ocu la ted  

with I~Uin cog n ita  and rh iso b ia  showed more severe n itrogen  

d e f ic ie n c y  and retarded growth than p la n ts  in ocu la ted  w ith  

nematode alone o r  unin caudate d plan to*  Further# the in fe s te d  

nodules contained d if fe r e n t  developmental atagoo o f  the 

nematode without a lte r in g  th e ir  stru ctu re*  However# the 

nematode was found to prevent rh isob ia  from supplying the host 

p lants w ith  f ix e d  n itrogen*

Screening o f  pu lses f o r  r e a l stance to  FSeloldogyno sp e c ie s

saaser and Saylor (1952) reported  th a t although se v e ra l 

soybean v a r ie t ie s  appeared to  have a high degree o f  res ista n ce  

o r  to lera n ce  to  Keloidoigyne gpp.t immunity from roo t-h n ot 

in fe s ta t io n  was ra th er  r a re . F i f t y  v a r ie t ie s  o f  soybean were 

te s ted  in  Delaware f o r  re s is ta n ce  to  M.in co g n ita  var a o r ita  b j 

Crittenden (1955) and oat o f  these# 10 v a r ie t ie s  shewed high 

res ista n ce  to  th is  nematode* However# when 5 o f  these 

v a r ie t ie s  were fu r th e r  tested  a g a in st K*hat>Ia* a l l  the 5 were 

found su scep tib le*  In 1955 Reynolds screened 10 v a r ie t ie s  

o f  a l f a l f a  (Medicago oa tlva  L .)  c o n s is t in g  o f  both  northen 

(hardy) and southern (non-hardy) s e le c t io n s  a g a in st K«javanioe 

and M.in oop n ita  a o r ita * He observed that M* .javanica was more; 

damaging t o  m ost o f  the v a r ie t ie s *  Douglas (1958) tested  13
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~ w hite and 48 rad  c lo v e r  in trod u ction s  f o r  re s is ta n ce  to  

EUin o o ia ife ie H . in cog n ita  a o r i t a . H.axenaria and . ,1avonlca 

and found th at v/ith certa in  excep tion s  both  rad  and white 

c lo v e rs  were m oderately to  s e v e re ly  in fe s te d  by. a l l  the fo u r  

sp ecies  o f  nomatode. Stanford e t  a l , (1958) f i r s t  reported  

the tra n sfer  o f  re s is ta n ce  to  roo t-k n ot nematode in  young 

seed lin gs o f  a l f a l f a .  Hartmann (1971) explained th at 

inheritance  o f  res ista n ce  to  roo t-k n o t nematode# M.in cogn ita  

in  beano was due to  a t le a s t  three p a irs  o f  genea which were 

a l l  equal in  th e ir  action *

v/iHiams e t  a l  ,(1973) found that out o f  42 soybean 

v a r ie t ie s  screened aga in st a new race o f  M . in c o g n ita .  on ly  

F63-40Q0 and F66-1080 had a low er roo t-k n ot index than Bragg. 

Oalinga and B allon  (1974) found th a t 17 out o f  21 soybean 

v a r ie t ie s  screened aga in st 11 . in co g n ita  showed moderate to  high 

r e s is ta n ce . Baldwin s i  a l ‘ (1975) rep orted  that in  soybean 

c u lt lv a r o  l ik e  Lee and Forrest# a f t e r  50 and 135 days o f  

in o cu la t io n  w ith  15000 eggs o f  M.in co g n ita  p er  p la n t and 

Hhisobiutn. lancBicun. nomatodo population  was 11 and 35 tim es 

more in  iteo and F orrest r e s p e c t iv e ly .

Hinton and Hammons (1975) found that 512 cu ltiv a rs#  

breed ing  l in e s  and p la n t in trod u ction s  o f  peanut were 

su sce p tib le  to  H.a ren a r la . A ccording to  Singh (1975) among the
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throQ  c u lt iv a r s  o f  Galana a ca.ian, the U n iversity  o f  Wool; Ind ies 

swarf v a r ie ty  supported the la r g e s t  popu lation  o f  frl, in c  o03f t a ■> 

limit e t  a l  .(1978) found th at lucerne germ plasm W&12-9 was 

reE istan t t o  K ,hapi&,  Ijopea (19&?) observed that v/hen 

d if fe r e n t  ou lily a ra  o f  Phaaeolua v u lg a rla  i>* were In ocu la ted  

v;ith ii« in co g n ita ,  there v/aro s ig n i f ic a n t  d iffe re n ce s  among 

them in  fresh  weight o f  r o o t ,  shoot and pods and in  ro o t-k n o t  

in d c s . Versa ©t a l . (1981) reported  th a t out o f  34 v a r ie t ie s  

o f  c lu s te r  bean screened f o r  res ista n ce  to  K ,in cog n ita  none 

were itnx.oine o r  ra s ls ta n t . Hasan (1983) observed that out o f  

94 gpra plasm a ccession s  o f  ch io k  pea ( a ic o r  arletinum ) 

screened , 38 v »re  ioiunne, 20 r e s is ta n t  and 15 m oderately 

ro s io ta n t  t o  K ,in oon p ita , Sultan e t  © 1.(1984) found that ■

on ly  7 ca t o f  40 nung bean c u lt iv a r s  screen ed , showed see® 

resistance to H.incognita.

Hare (1959) rated Iron cowpea and four breeding H u e s  
such as B-235* M-435* K-755 and 1*1—£355 as resistant to 
roor-kaot nematodes, H.inco/aiita, H, incognita aorita,
II..jayanioa and Il.areuaria, Oat of 72 oultivars and lines 
of cowpea tested for their susceptibility to .Incognita 
by Anosu (1974)* 36 lines and cultivura were found resistant, 
‘fhc remaining cultivars and lines were moderately to highly 
susceptible. Ho fur tier sugga steel that resistance to
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root-lm ot nematode in  cowpea was co n tro lle d  by  a singpn 

dominant gene designated as Ilk. Singh e t  a l  .(1975) reported  th a t 

VH24~3 a t r o p ic a l  stra in  o f  V .unguioulata s e le c te d  from the 

in trod u ction  VU5 from Kenya, had res is ta n ce  to  H .in co g n ita . 

CcVcneaa (1975)• found that 48 c u lt iv a r s  o f  cowpea shdtfed a 

mi^ad response to  H . in cog n ita  which in d ica ted  the exiatoneg o f  

h etorogen ity  w ithin  ocsvpea lin e a  f o r  rea ista n ce  to  th is  nematode* 

Shuiraa end Sethi (1976) screened 30 v a r ie t ie s  and lin e s  o f  

cowpea aga in st in fe s ta t io n  by H.incofS iita  and found that 18 

we as h igh ly  r e s is t a n t . P a te l e t  a l„(1 9 7 7 ) found that cowpea 

v a r ie t y  0 1 5 2  was h ig h ly  a ss is ta n t to  M.in co g n ita . Obuji (1978) 

te s te d  103 c u lt iv a r s  o f  Y.unaaicu lata f o r  res is ta n ce  to  

H. in co g n ita  and found th at w hile 41 c u lt iv a r s  were r e s is ta n t ,

25 wore c o n s is te n t ly  cuaooptibl©  and 37 In con s is ten t in  th e ir  

re a c tio n  t o  yi.ln o o m it a B

Haj and P a te l (1978) reported  that re s is ta n ce  t o  ro o t-h n o t 

nematode in  cowpea was assoo ia ted  w ith  one dominant or  one 

re ce ss iv e  gene depending on the sou rce . 2hey a ls o  founa th at 

re s is ta n ce  in  the c u lt iv a r ,  I r o n , was re ce ss iv e  ra th er than 

dcoinent* Shaker and Pq'ggI  (1983) r  op or tod that cowpea v a r ie ty  

V-16 was a ls o  r e s is ta n t  to  M . in c o g n ita .
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E ffe c t  o f  in o cu la t io n  w ith  d if fe r e n t  ie v e la  o f  M .in co g ilta  ana

ago of h ost p la n t on nodulation  and g a l l  form ation in pulses

Bergeraon (1968) suggested that expression  o f  res ista n ce  

03? to leran ce  t o  H.in co g n ita  v/ae in flu en ced  by hoat age . 

Balasubramanlan (1971) reported  that in  □ oybean, in ocu la ted  

w ith  10 , 100 and 1000 larvae o f  I*l*.1avanica per p la n t , 100 and 

1000 larvae caused maximum reduction  in  n odu lation . She 

reduction  in  nodu lation  was found e ith e r  due to  the nematode 

in t e r fe r in g  d ir e c t ly  w ith  the esta b lis im en t o f  n itrogen  

f i x in g  b a cte r ia  o r  due to  the rendering o f  in fe s te d  ro o ts  

p h y s io lo g ic a l ly  incom patible to  Hhigohium in fe c t io n *

C atibog and C a s t i l lo  (1975) observed that seed lin gs o f  

Phaseolus aareug in ocu la ted  with 5 ,  15,. 25 and 50 eggs o f  

H .rlavonlca d ied  one month a f t e r  in fe c t io n  and th at the exten t 

o f  r o o t  g a llin g  was increased  w ith  h igh er  nematode le v e l*

Chora was a lso  a redu ction  in  top  w eight and y ie ld  a lon g  w ith  

an Increase in  the i n i t i a l  inoculum* ifiaseaini and 

Sechadri (1975) reported  that nung bean whan in oou la ted  w ith 

M.in co g n ita  a t  v a r iou s  le v e ls  such so  1000, 2000, 3000 and 

4000 larvae p e r  p la n t , sep a ra te ly , sim ultaneously, o r  in  

sequence w ith  Rhlgobluia the as was s ig n i f ic a n t  redu ction  in  

p la n t h eigh t, fr e s h  and dry weight o f  sh oot and r o o t  and the
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nitrogen  con ten t o £ ahoot and r o o t  a t  a l l  inoculum l e v e l s • 

Srivaoiava o t  a l ,. (1975)observed a continuous redu ction  in  

length  and weight c£ r o o t  and ahoot in  ch ick  pea in ocu la ted  

w ith  an in crea s in g  le v e l  o f  y i..1avanlca from 10 to  10#000 per 

500 g s o i l .

Jamal (1976) found th at in  G losr arietinura. . in cog n ita  

p re ferred  tlie s o f t  a p ica l m eristem atio t is su e s  o f  ro o ts  f o r  

i t s  c o lo n is a t io n . Singh e t  a l  ,(1977) reported  th at in  

Phaseolus aureus. Hoxb w ith an in crea se  in  the l e v e l  o f  

H .in cog n ita  from 100 to  10,000 larvae per p la n t , there was a 

corresponding decrease in  ch lo ro p h y ll con ten t, nodule number 

and n itrogen  con ten t o f  sh oot, ffihey suggested th a t  tia 
decrease in  ch lo ro p h y ll content v/ae due to  an a lte r a t io n  in  

host n u tr it io n  and ph ysio logy  and that the redu ction  in  n itrogen  

f ix a t io n  was the r e s u lt  o f  the nematode s e c re t in g  certa in  

h y d ro ly tic  o r  ox id a tiv e  ensymes or  growth regu la tors  which 

played a detrim ental r o le  in  nodule development and fu n c t io n .

'lownshend and P o tte r  (1978) observed th at in  

ffrifo llu m  nratense and a .renena in ocu la tion  w ith  H .In cogn ita  

a t  0 , 4000 and 24>000 larvae per kg s o i l  a f fe c te d  se e d lin g  

establishm ent to  the exten t o f  50 p er  cen t o f  the c o n t r o l .

2ho dry weight was reduced in  p rop ortion  to  in cre a s in g  

inoculum d en s ity . She p lant heigh t was a lso  le s s  in  in fe s te d
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ffrifo linm  pratonoa. In oliiok  pea , Gaur e t  a l «(1979) found that 

1000 and 10,000 larvae o f  w . 1 noo& iita p er  kg s o i l  was 

pathogenic in  throe v a r ie t ie s #  Nath et, a l  * (1979) reported  

th at in  Bengpl gram, an increase  in  the inoculum le v e l  o f  

H. in cog n ita  re su lte d  in  a p rop ortion a l decrease in  nodu lation , 

sh oot len g th , fr e s h  weight o f  sh o o t , r o o t  length  and seed 

p rod u ction . F urther, an inoculum o f  100 larvae p er  500 g 

s o i l  was found t o  bo the damaging th resh old  l e v e l .  Plants- 

in ocu la ted  w ith  1000 and 10,000 larvae per 500 g s o i l  were 

stunted in  growth.

flaat (1980) observed a s ig n i f ic a n t  redu ction  in  p lan t 

h o ig iit , fre sh  weight o f  shoot and r o o t  length in  mung bean 

in ocu la ted  w ith  1000 larvae o f  H .In cogn ita  j e r  p la n t . A 

s im ila r  observation  was a ls o  made by  iiaut and Sot h i (1980) 

in  soybean in ocu la ted  v/ith 10 , 100, 1000 and 10,000 larvae 

o f  H.in cog n ita  per p la n t . S ig n ifica n t  redu ction  in  top 

grewth, r o o t  length  and b a c t e r ia l  n odu lation  wqs observed 

with an i n i t i a l  inoculum le v e l  o f  1000 larvae p er  p la n t 

which was considered  to  b© the damaging threshold  le v e l  f o r  

th is  c ro p . .

Phru3 and Vaiehnav (1981) found th at in  groundnut 

v a r ie ty  GAUG-10, an inoculum le v e l  o f  100 o r  mors larvae
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o f  M.in co g n ita  p er  p la n t was tlia damaging threshold  l e v e l •;

©asre v/ao s ig n i f ic a n t  redu ction  la  a l l  p la n t characters 

stud ied  a t  t h is  inoculum le v e l*  B esid es , p la n ts  in ocu la ted  

w ith 1000 and 10,000 larvae showed varying degrees o f  c h lo r o s is  

and stu n ting  w ith  a reduction  in  le a f  s iz e  * G all number and 

nematode population  increased  w ith  an inoreas© in  inoculum 

le v e l*  In b la ck  gram (VIana m n g o ) ,  Mishra and Gaur (1991) 

observed a s ig a if io a n t  red u ction  in  p la n t h e ig h t, fre sh  w eight 

o f  sh o o t , pod .formation ,  r o o t  length  and nodu lation  in  p lan ts 

in ocu la ted  w ith 1000 and 10,000 larvae • In moth bean 

( 71 pp.a a c o a l t l fo l iu g  J a cq * ), a l s o ,  l-liohra and Gaur (1981) 

observed#, a s ig n i f ic a n t  c o rre la tio n  between inoculum le v e ls  

o f  il . in co g n ita , and p la n t growth* She re was s ig n i f ic a n t  

redu ction  in  shoot length  w ith 10,000 la rv a e . Sfhe r o o t  length  

was a ls o  reduced as aga in st an in crea se  in  fre sh  w eight dna 

to  g a l l  form ation*

Gh&sasa (1982) found that seed lings- o f  Phagtaolus v u lg a r is  L* 

whon in ocu la ted  w ith 10, 100, 100Q and 10,000 eggs o f  

K« ,1a van le a  there was s i g i i f i c a n t  redu ction  in  dry w eight 

w ith an inoculum le v e l  o f  1000 o r  more eggs* In ch ick  pea , 

Dhongar and Gupta (1933) reported  that an i n i t i a l  inoculum 

o f  1000 larvae o f  H*.1avanioa per p la n t in  sm aller p ots  o f
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15 cm s lse  ana 1000 ana 10,000 larvae per p la n t in  l o r  gar 

p o ts  o f  25 cm s iz e  were pathogenic a f t e r  two ana f i v e  months 

r e s p e c t iv e ly . A decrease in  shoot length  was a ls o  observed a t  

IQOOagd 10,000 larvae  per p la n t . G-rewal e t  a l .(1 9 8 4 )  found 

that in  groundnut in ocu la ted  w ith  10 , 100, 1000, 10,000 larvae 

o f  M . aronarla there was reduction  in  p lant growth, e s p e c ia l ly  

w ith  the h igh est inoculum le v e l .  Haul and Sethi (1984) a lso  

observed a p rog ress ive  reduction  in  p la n t growth in  ohioh pea 

as tbs inoculum le v e l  o f  H . in co g n ita  was increased* However, 

nodulation  was a d verse ly  a f fe c te d  a t  a l l  nematode inoculum 

le v e l s .

In cowpea, v a r ie ty  Puea B a rsa li ,  shanaa and Seth i (1975) 

reported  th at the minimum th resh old  l e v e l  o f  M.in cog n ita  

requ ired  to  produce any s ig a if ia a n t  e f f e c t  on p la n t growth 

was 100 larvae p er  500 g s o i l .  However Gupta (1979) found' 

that in  ccwpea, CV HFO 4 2 -1 , 1000 o r  10,000 larvae o f  

FI»lavanioa p er  p la n t were.' requ ired  f o r  any s ig n i f ic a n t  

reduction  in  p la n t height and fre s h  weight o f  sh oot and r o o t .

C on trol o f  root-laaot nematodes in  ra is e s

, Hinton e t  a l .  (1978) found that a p p lica tio n  o f  1 ,2 ,  

dibrom o-3-chloropropane (HJCP) and su b so ilin g  under the  ̂

row in  E lf ton sandy loam s o i l  in fe s te d  with H.in co g n ita
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in creased  the y ie ld  o f  fo u r  soybean c u lt iv a r s .  Kankau (1980) 

suggested th at B a c illu s  nenotrams cou ld  he s u cc e s s fu lly  used 

f o r  the b io lo g ic a l  c o n tro l  o f  H.in c o g n ita .

Sharma e t  a l .  (1980) observed that a crop  ro ta tion  w ith  

groundnut and wheat gave maximum y ie ld  f o r  a subsequent 

cron o f  nematode su soop tib le  mung bean in  an in fe s te d  s o i l .

She la r v a l  population  o f  K .in cog n ita  was a ls o  reduced 

con oiderab ly  under groundnut-mustard r o t a t io n . Jain and 

Hasan (1984) reported  that the aqueous e x tr a c t  o f  the l e a f ,  

seed and pod s h a ll  o f  S u -babool, (Leucaena leuoocephalB, • I» ) 

k i l le d  II.in co g n ita  to  a grea t ex ten t. However, the 'seed  

e x tra ct  was found more e f f e c t iv e  in  causing im m obility  to  , 

the nematode. F urther, the x>eroentaga m o rta lity  o f  tbs 

larvae in  d i f fe r e n t  e x tra c ts  a ls o  in crea sed  w ith an increase! 

in  the exposure tim e, w ith a raaxlrmn a f t e r  24 hours, iioddy (1984) 

reported  th a t  in  cowpea, fren ch  bean and pea in fe s te d  w ith

H.In co g n ita . few iaiphos a t  one per cent con cen tra tion , 

gave the le a s t  roo t-k n ot in dex  in  a l l  the crop s  stud ied  

fo llow ed  by a ld ioarb  su lfon e  and carbofuran a t  10 par oen t 

con cen tra tion .



MATERIALS AND M ETHODS



KASKiiULS AITD HUHHMJS

She p re s e n t  im re o t ig iit lo o  on the e f f e c t  o f  r o o t -k n o t  

n c o a to d e , reeloldogyge in c o g n ita  on n o fiu la v lo a  i n  cowpea was
\ho.

coa ducted a t  C o lle g e  o f  A g r ic u l t u r e ,  Y e l la y a n l ,  d r iv e n  d n a ,  

daglng ?982~1935. In  a l l ,  th re e  p o t  c u lt u r e  e x p e risw a ts  were 

conducted to  s tu d y  th e  e f f e c t  o f  h o s t v a r i e t y ,  in o c u lu s  l e v e l  

and age o f  h o s t  p la n t  oa in f e s t a t io n  b y  re .in c o g n ita  i n  oowpoa.

*• <• g s g j^ M s .

h pure cu ltu re  o f  M.in co g n ita  obtained f r o o  the K em tology  

s e c t io n  o f  B cp arden t o f  sa ton o logy , c o l le g e  o f  A g r icu ltu re , 

Y eH uyuni, ttriv&xidriw, »a o  used f o r  the p resen t in v estig a tion *  

STue nematode was id e n t i f ie d  oo tiie h ee ls  o f  i t s  perdn:e:al 

pattern  by  the oethod described  lay Rise aback e t  a j  in  1981* 

Prooh r o o to  o f  co lon s  ( d o le?a  b lu a s l) in fe c te d  by  M . in cog n ita  

vq3& used f o r  th is  purpose* a he so were washed i n i t i a l l y  in  

tup w ater t o  remove the adhering 3 (rill p a r t ic le s  mid then 

f ia o d  In  b o i l in g  co tton  b lue lao ioph en ol f o r  3 minutes*

^attag_bige__lB ctogtspol

P henol -  20 g

L u etic  a c id  -  20 g

G lycerine • 40 ml

Je tto n  b lu e  -  _s ml

.(1 % equeo.tis solubion)
Distil Jed w ater .2.0 ml ,
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/ i f  t o r  f la & ticn , the excess  p£ sta in  Was removed by 

washing in  tap w ater and tbs r o o t  b i t s  were tra n sferred  to  

fr e s h  laotop b en ol f o r  d ise a tin g  a i t  the nematode* Efae 

p o s te r io r  p a rt o f  eaoh nematode was c a r e fu l ly  cu t and separated 

f o r  observing i t s  p er j:n .ea l pattern  under a s te reo  m icroscope *

1*2* Maintenance o f  ftUin oogn ita

A puro cu ltu re  o f  M .inoogoite  was maintained in  co leu s  

(Colons blumei) p lants ra ise d  in  p ots  con ta in in g  s t e r i l i z e d  

s o i l*  2ho a v a i la b i l i t y  o f  o u f f io ie n t  number o f larvae f o r  

v a r io u s  experiments was ensured by m aintaining s u f f i c ie n t  

number o f  those p la n ts .

I o .  Preparation o f  nematode inoculum

2ho nematode inoculum was prepared by c o l le c t in g  egg 

masses from in fe s te d  r o o ts  o f  co leu s  and a llow in g  them to  

hatch in  d is t i l l e d  water* In order to  ensure good v ig o u r  

o f  the inoculum , on ly  those larvae hatched w ithin 24 hours o f  

c o l le c t in g  the egg masses wore used* (The number o f  larvae 

presen t in  the inoculum was determined w ith the help o f  a 

storeom icroscope and a hand t a l l y  cou n ter . Shis suspension 

was then d ilu ted  with fresh  d is t i l l e d  w ater i f  n ecessary , 

f o r  preparing  the d i f fe r e n t  le v e ls  o f  inoculum used during 

th is  in v e s t ig a t io n . P lan t in ocu la tion  was done by p ip e t t in g
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10 n i  o f  such a suspension in to  fo u r  h o les  punched near the 

r o o t  aono o f the h ost p lant* C ontrol p la n ts  weas in ocu la ted  

wiith 10 ml o f  d i s t i l l e d  w ater alone*

2*1 * ghs hhlzobium
*

A s p e c i f  io  s tra in  o f  Khigobium* f o r  cowpea, KAir-11 

developed by the M icrob io log y  se c t io n  o f  Department o f  P lant 

P athology , c o lla g e  o f  A g r icu ltu re , V e lla y a n i, was used f o r  

seed in ocu la tion *  2h is  cu ltu re  was maintained a s e p t ic a l ly  

on yea st e x tr a c t  m annitol agar medium o f  fo llo w in g  com position .

Yeant e x tra c t  mannitol. agar (A lle n , 1953)

H an oito l 10.0 g

K2m o 4 o .5  g

MgdO^.TKgO 0*2 g

HaiGL 0*1 g

GaCo~ 2 .0  g

Yeast ISrfcraot 1*0 g

Con©) Hed (1 ft aqueous so lu t io n ) 2 .5  ml

Agpr 15*0 g

D is t i l le d  w ater 1000 ml

pH 7

seeds o f  cewpea were i n i t i a l l y  surface s t e r i l ig o d  

w ith  0 .1  per cent m ercuric ch lor id e  so lu t io n  and washed



repea ted ly  in  s t e r i l i s e d  tap water b e fo re  in o cu la tio n  w ith  

Khisoblum culture; by  hnctfn standard procedures* Shis 

in o cu la t io n  was done uniform ly f o r  a l l  the th ree  experiments 

conducted during th is  in v estig a tion *

3 *1 ,. Host v a r ie t a l  v a r ia t io n s  in  cowpea to  In fe s ta t io n  by 

M*in oofm ita

A p o t cu ltu re  experiment Was conducted using  s t e r i l i s e d  

s o i l  f o r  screen in g  d if fe r e n t  v a r ie t ie s  o f  cowpea f o r  resistan ce  

to  in fe s ta t io n  by H .in co g n ita * She experiment was la id  down 

in  com pletely  randomised design  usin g  the fo llo w in g  ten 

v a r ie t ie s  o f  cowpea.

go« V ariety Source

1 Hqw Em Department o f  Agronomy, (Jollega o f  
A g r icu ltu re , Y e lla y a n i.

2 Pa thine ttumaniyasz (i

3 IIU-22 n

4 PSS-1 ■ ft .

3 PIE3-2 ft

6 0-152 ft

7 Sundart ft

8 V-16 Department o f  p la n t B reeding, C o lle y  
o f  A g r icu ltu re , V ellayani*

9 V-57 ft
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2he p o tt in g  mixture con s is ted  o f  s o i l ,  sand and cowdang 

in  the r a t io  o f  2 :1 :1  and th is  was steam s t e r i l i z e d  in  an 

autoolava a t  121°0 f o r  2 hcura. KPK f e r t i l i s e r s  were added 

u n ifo m ly  p r io r  to  sowing a t  the ra te  o f  20 : 30 :10  kg/ha .

Ehroe r e p lic a t io n s  were maintained f o r  each v a r ie ty  w ith  a 

s in g le  p la n t in  every  pot* Eheae were in ocu la ted  w ith  1000 

second stags larvae o f  H.ln oogn ita  on 14th day hy the method 

described  e a r l ie r .  Observations on g a l l  number, g a ll  fresh  

w eigh t, nodule number, nodule fre s h  w eigh t, l e a f  number, p la n t 

height,, r o o t  le n g th , fre sh  and dry weight o f  shoot, nematode 

popu lation  in  in fe s te d  r o o t  and s o i l  were taken on 50th day 

o f  p la n t growth by routine standard procedures.
t

She ga ll, and nodule numbers were determined a f t e r  

c a r e fu l ly  removing each p la n t w ith  i t s  in ta c t  r o o t  system 

from the p ots  and clean ing  them thoroughly in  running tap 

w ater. She number o f  g i l l s  formed in  eaoh r o o t l e t  were counted. 

She so were then c a r e fu l ly  c u t  out f o r  determ ining i t s  fre s h  

w eight. Ehe nodule number was a ls o  counted a f t e r  c a r e fu l ly  

separatin g  them from  the ro o t  ays te a . Ehe f r e s h  w eight was ■ 

determined by using a chem ical ba la n ce , i'ho p la n t h eigh t and 

r o o t  length  were measured from  the base o f  the sh oot system 

to  the maximum growing t ip  by u sin g  a meter s c a le .  She fresh  

. and dry weight o f  sh oot f o r  each v a r ie t y  were determined
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im m ediately a f t e r  harvest; and a f t e r  drying the samples to  

a  constant w eight a t  6Q°G re g p e o tiv e iy .

3 .2 .  Estimation o f  nematode popu lation  in  in fe s te d  r o o t

One gram o f  in fe s ts d  ro o t  was cu t in to  sm all p iooos  

and p laced  ever a co tton  wool f i l t e r  supported on a m e ta llic  

a ie v o . Shis in  turn was tran sferred  t o  an e x tra ctio n  d isc  

w ith enough water to  immerse the r o o t  h i t s .  A fte r  2 days, the 

f i l t e r  w ith  the s ieve  was removed and the number o f  nematode 

in  the suspension was determined w ith the help  o f  a 

o to  re omic rose ope a f t e r  making i t s  volume to  a constant l e v e l .  

1-ho presence o f nematode in  in fe s te d  nodule was a ls o  determined 

in  a s im ila r  manner. However no q u a n tita tiv e  estim ation  o f  

larvae present in  r o o t  nodules was done during th is  

in v e s t ig a tio n .. .

3 o ». Estimation o f  nematode population  in  in fe s te d  a o i l

She population  o f  the nematode In in fe s te d  s o i l  

was determined by the m odified  Baermann Funnel technique 

o f  C h ristie  and F erry  (1951 ). For th is  100 g o f  the 

in ocu la ted  a o i l  was c o lle c te d  from  each p ot a f t e r  m ixing 

i t s  contents through ly , 2he reprea o n ta t  iv c  samxjlo was 

tran sferred  t o  a p la s t i c  basin and raised w ith w ater. 2t© 

coarse p a r t io le s  and fo re ig n  m ateria ls  were allow ed  to  B ettle
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and tho supernatant was passed through a 60 moeli s ieves 

Eho f  l i t e r a t e  was than allow ed to  stan d  f o r  few minutes 

b e fore  i t  was decanted and passed s e r ia l l y  through 200 and 

325 mosh s ieves*  She fin© s i l t  and nematodes c o l le c t e d  in  

those s iev es  were washed in t o  a bealier w ith  minimum quantity  

o f  water* She nematode suspension thus obtained was poured 

gen tly  in to  a t is su e  paper kept in  a Baermann funnel 

supported ever a p ie ce  o f  wire guase* 2he fu nn el was f i l l e d  

w ith  water upto the le v e l  o f  the t issu e  paper and kept 

undisturbed f o r  24 hours* 2en ml o f  water from th is  was drawn 

out in t o  a specimen tube through a  pinchcook. 'fh© nematodes 

presen t in  the sample were allow ed to  s e t t le  and the volume 

o f  the suspension wa3 reduced t o  5 cc  by p ip e t t in g  the 

e zees a o f  w ater from  tho top* F ive ml o f  b o i l in g  10-S 

form alin  was added to  t ills  to  k i l l  the nematodes be fore  

estim atin g  th e ir  number with the help o f  a steraoiaicrosoope*

4* if f  f e e t  o f  in o c u la tion  w ith  d i f fe r e n t  le v e ls  o f  M . in cog n ita  

on n o d u la t io n js a l l  form ation and other ch aracters  in  oownea.

A p o t  cu ltu re  osperLmeiit u sin g  s t e r i l i z e d  s o i l  was 

con due fed  to  stu d y  the e f f e c t  o f  in ocu la tion  w ith  d if fe r e n t  

le v e l  a o f  H .in oo fm ita  on v a riou s  characters in  cov/pea.

How Era, a su scep tib le  v a r ie ty  o f  cowpea to  TA.iu oop n ita  was
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use d to  conduct th is  experiment which Was la id  out in  

com pletely  randomised d es ig i w ith  s ix  r e p lic a t io n s  each .

IiPK f e r t i l i s e r s  wore added u n iform ly  p r io r  to  sewing a t  

the rate o f  20*30:10  kg /ha . She d if fe r e n t  treatm ents were 

in o cu la t io n  w ith  0 ( c o n t r o l ) , 10 , 100, 1000 and 10,000 

second staaa larvae o f  re.ln ooan lta  p er  p lan t on 15th day o f  

p la n t growth by the method d escribed  e a r l ie r .  F ollow ing  

observations on nodule number, nodule fre s h  w eigh t, g a l l  

number* g a ll  fr e s h  w eight, le a f  number, p la n t h e ig h t, r o o t  

length/ fre sh  and dry weight o f  sh oot and nematode population  

p er  gram fre sh  weight o f  r o o t  and 100 g o f  in ocu la ted  s o i l  

were taken on 50th day o f  p lan t growth by the methods 

described  e a r l ie r .

iho percentage n itrogen  con ten t o f shoot was estim ated 

by the m odified  micro*-k;]eldahl method o f  Jackson, 1967. 

Hundred m illigram  o f  powdered p la n t sample a long  w ith  10 g 

o f  the d igestion  mixture c o n s is t in g  o f  Potassium su lph ate , 

Cupric sulphate and selenium m etal powder in  the r a t io  o f  

10-! 1 ;0*1 were taken in  a 100 ml k je ld a h l d ig e s t io n  f la s k  . 

Shxee ml o f  concentrated  aulphurio a c id  o f  s p e c i f i c  g ra v ity

1 .84 v/as added s low ly  to  the above mixture and heated f o r  

5 hro t i l l  t te  m ateria l w^s com pletely  d igested* fEho f la s k s
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wer© allowed t o  c o o l  down to  roan temperature be fo ra  adding 

23 ml o f  d i s t i l l e d  water t o  each fla s k *  A fte r  c o o lin g *  the 

con tents were tran sferred  to  100 ml volum etric f la s k  and the 

volume was mads tip w ith  d is t i l l e d  water* 5ten ml o f  th is  

sample from each f la s k  waa then added to  a k je ld a h l f la s k  

a lon g  w ith  10 ml o f  ,50 per cen t sodium hydroxide so lu tion  

and a team d is t i l l e d  t i l l  afccsit 100 ml o f  the d i s t i l l a t e  was 

c o lls o te d  in  the r e c e iv e r  f la s k  con ta in in g  i n i t i a l l y  10 ml 

o f  2 p or  cen t b o r ic  a c id  so lu tion  w ith  a drop o f  mixed 

in d ic a to r .  $he ammoniacal n itrogen  content o f  the d i s t i l l a t e  

was determined by t i t r a t io n  a ga in st O.Oi N h y d roch loric  a c id  

ana fra n  the t i t r e  value* the percentage fl was determined by 

the fo llo w in g  equation*

v2 * t f

Where V «  l i t r e  value -  the blank

Vj »  l o t s !  volume o f  p lan t sample made up 

? 2 a volume o f  p lan t sample d i s t i l l e d  

1] *  N orm ality o f  KOI

V/ -  Weight o f  pcwdared sample used f o r  d ig e s t io n
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5* E ffe c t  o f  age o f  hoat p la n t ana in fe s ta t io n  fry M . In cogn ita  

on modulation « g a l l  form ation and oth er ch a ra cters  In  gov/do a

A p ot cu ltu re  experiment was con duo ted u sin g  s t e r i l i z e d

s o i l  to  study the e f f e c t  o f  age o f  p la n t and in fe s ta t io n  

fry ii» inaopnlta  on v a r iou s  p la n t characters in  cowpea* Hew

gra , a su scep tib le  v a r ie ty  o f  cowpea t o  N . in oog n ita  was used 

t o  conduct th is  experimont which was la id  out in  com pletely  

ran demised desiga w ith f iv e  r e p l ic a t io n s  each* -U P K 

f e r t i l i s e r s  were added uniform ly p r io r  to  sowing a t  the 

ra te  o f  20*50:10 k g /t o .  She d if fe r e n t  treatments were 

in o cu la tio n  w ith  1000 second stags larvae o f  H+in oofip lta  

a t  tho time o f  sowing and on tho 7 th , 14th , 21st and 28th 

day o f 2'l^ h t  growth fry the method described  e a r l ie r *  C ontrol 

p la n ts  were maintained w ithout any nematode in o cu la t io n  e 

P oU cw log  observations on nodule number, nodule fre s h  

w eigh t, g a l l  number, g a l l  f r e s h  weigfrt, perccntagD n itrogen  

con ten t o f  sh oo t, l e a f  number, p la n t h e igh t, r o o t  length , 

fr e s h  and dry w eight o f shoot and nematode population  p er  

gram fre s h  weight o f  r o o t  and 100 g o f  in ocu la ted  s o i l  were 

taken on 55th day o f  p lan t growth fry the methods described  

e a r lie r *



6 . s t a t i s t i c a l  a n a ly s is  '

Bata cm v a r iou s  observations was analysed s t a t i s t ! s a l l y  

by the nsJtbods d escrib ed  by Snedeeor and Oochraa 196? foa? 

tbs an a lys is  o f  varianoe o f  o o a p le to ly  randomised dasi£?2*



RESULTS
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aesuitSL's

1* ffhQ nematode

£li© nematode wag id e n t i f ie d  as H elo ldogm e in cog n ita  on 

tbs b a s is  o f  i t s  p er in ea l p a tte rn . A pur© cu ltu re  o f  the same 

was pain tain© d in  co leu s  (Coleus blumei) p la n ts  ra ise d  in  

s t e r i l i s e d  s o i l*  She l i f e  c y c le  o f  K . in co g n ita  a lon g  w ith an 

I l lu s t r a t io n  o f  i t s  ty p ic a l  p er in ea l pattern  i s  shewn in  

P i g . ! .

2* Host v a r ie t a l  v a r ia t io n s  in  cowpea t o  in fe s ta t io n  by

She re s u lts  o f  the p o t cu ltu re  experiment t o  study h ost 

v a r ie t a l  v a r ia tio n s  in  cowpea to  in fe s ta t io n  by El . in co g n ita  are 

presented  in  SCables 1 t o  4 ,  Figare 2 and P la tes  I  to  V* Ehe 

a n a ly s is  o f  variance f o r  the same are given in  Appendices 1 (a ) 

and 1 ( h ) »

Among tho ton v a r ie t ie s  o f  cowpea screened f o r  res ista n ce  

to  M.in c o g n ita * two v a r ie t ie s ,  Hew Era and FEB-2 wore found 

su sce p tib le  t o  th is  nematode* In  these v a r ie t ie s ,  141*33 and 

64*33 g a l ls  v/ero form ed p er  p la n t (Sable 11 and P lata IV ).

However* in  the remaining e igh t v a r ie t ie s  such as Pa th ine ttuoaniyan , 

Ii£r*°22, PSB-1, G-152* Sundari,v -16 , v-37 and V-240 there were 

no g a l l  form ation ( fa b le  1 and P la tes  X , I I ,  I I I  and V ).
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wW

Sable 1 . E ffo e t  o f in oiualatlon w ith M eloi d oR v m in a o ffilta  
on g a l l  form ation ana nodulation  in  d if fe r e n t  
cov/pea v a r ie t ie s *

Govjpea
v a r ie ty

G an
number

G all
fr e s h
weight

(g )

Hoduls
number

Nodule £i 
w eight

(g )

Hew Era 141.33* 1*41*
(11 .79 )

i9.<?r*
(4 .3 9 )

&
0 .2 6

Pa thine ttamani yan 0
(D

— 64*33
(6 -53 )

1.15

110*22 . 0
(1 )

— 60.67
(7*77)

1.37
/'

P233-1 * 0
(1 )

— 5 5 .3 3 v
(7*40)

1.15

P233-2 64*33*
(6 .0 7 )

0 .2 2 24.33*
(4*79)

*
0 .40

0-152 » 0
(1 )

— 72.00
(8 .4 5 )

1.49

Sundari 0
(1 )

— 44.33
(6*63)

1.28

V-16 0
(1)

— 61.67
(7 .0 4 )

1 .34

V-37 . 0
(1 )

— 90.00
(9 .4 8 )

1.83

V-240 . 0
(1 )

58.33
(7 .5 9 )

1.15

^wpptm—■̂amiuw wniniittu,

1.24 0 .29 0.45 0.61

if* Mean o f  3 r e p lica t io n s *

P i r e s  in  parenthesis  are J x  *> 1 and/x~ tra n s fo r 
mation values f o r  g a l l  number ana nodule number 
re sp e ctiv e ly *



Comparative e f f e c t  o f  nematode in fe s ta t io n  in  d i f fe r e n t  
v a r ie t ie s  o f  cowpea — l.H ew  £ra ‘
2 ,  Pafchinettumaniyan*

P la te  I  .

P l a t e .  1 3

com parative e f f e c t  o f  nematode in fe s ta t io n  In d i f fe r e n t  
v a r ie t ie s  o f  cowpea — 1. Hew Era. 3.123-22.





P la t*  12Z

cenparaclve itfect of nenatodi inf <?c tat ton la dlffnront 
varieties of cowpea -  1. N«w j a  4.PTB»1.

1

Plata XV

compar itlve effect of ncnotor1* Inf station in differ nt 
varieties of coupes -  1 .Mew* Bra 5..TS-2*





Plate V

comparative effect of nematode Infestation in different 
varieties of covpea -  l.Ret ■ ra
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#«
Eable 2* E f fe c t  o f  in ocu la tion  w ith  Noloidogyne InQojgilta 

on va riou s p la n t oharaaters in  d i f fe r e n t  ocwpea 
v a r ie t ie s *

Cowpea
v a r ie t y

L eaf P lant Hoot
number h eigh t length

Fresh Dry 
w eight weight o f  
o f  shoot

(om) (om) I l f (g )

New Era 4.00*
(1-95)

12.70* 1 1 .07* 10.50* 0.71*

pa thine ttumaniyan 11*53
(3*33)

37 .00 21.23 23-73 1*79

IIG-22 11.67
(3 .4 1 )

50.47 16.73 32.05 1.82

PEB-1 1 1 . 6?
(3 .4 0 )

62*47 15*53 23*23 1.99

P2B-2, 4.67*
(2*16)

13*50 15-13 . 12.31* 1 . 1 1

0 1 5 2 10*33
( 3*2 1)

28*70 17.37 22.90 1.52

Sundari 11.33
(3*35)

29*67 24.67 18.74 1.71

V-16 12*44
(3 -4 6 )

30*47 31.70 21.39 1 .6 6

V-37 1 2 -CT
(3 .5 5 )

32*47 19.50 21*68 1 .6 1

V-240 12.00
(3*46)

30*97 21.47 19.11 1.58

O.D.(5?i) 0*58 14*18 4*16 6.13 0.20

** Moan o f  3 r e p l ic a t io n s

P i gum s in  paranthosis are J x  transform ation 
va lu es  f o r  l e a f  number
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She f r o  oh weight o f  g a l ls  was in  p rop ortion  to  th e ir  number 

in  su scep tib le  v a r ie t ie s  w ith  a  maximum o f  1*41 8 ih  How Era.. 

Further $ in  these v a r ie t ie s  there was a s ig n i f ic a n t  negative 

c o r r e la t io n  between g a l l  form ation end nodule number (Sable 4 

and P ig .2 ) .  In Hew Era and P2B-2, on ly  19.67 and 24.33 nodules 

wore form ed. sehia was s ig n i f ic a n t ly  le s s e r  than the number o f  

nodules in  r e s is ta n t  v a r ie t ie s  where a ’ maximum o f  90 nodules 

were form sd in  the v a r ie ty  V-37 fo llow ed  by C-152 (S able  1 ) .  

Further^ the no ru les in  New Era and PfB-2 were in fe s te d  by 

nematodes. Ehdse were s o f t  and darte brown, in  co lo u r  when . 

compared to  the hard and f le s h  co lou red  nodules, o f  r e s is ta n t  

v a r ie t ie s .  She fr e s h  w eight o f  nodules was a ls o  s ig n i f ic a n t ly , 

.low  in  su sce p tib le  v a r ie t ie s .  Shese were on ly  0 .26  and 0 .4 0  g 

r e s p e c t iv e ly  f o r  Hew Era and PS3-2 in  comparison t o  1.83 g 

f o r  the r e s is ta n t  v a r ie ty  V-37 (Sable 1 ) .

She number o f  leaves formed per p la n t , p lan t h e ig h t, 

fre s h  and dry w eight o f  shoot were s ig n i f ic a n t ly  low in  Hew 

Era and l'E3-2 (Sable 2 )*  She number o f  leaves formed in  these: 

v a r ie t ie s  wore on ly  4 and 4*67 r e s p e c t iv e ly , s im ila r ly , the 

p la n t h eigh t was s ig n i f ic a n t ly  reduced in  Hew Bra and ESB-2 
to  tho ex ten t o f  12.70 and 13*50 cm r e s p e c t iv e ly  (Sable 2) .  

However, a s im ila r  s ig n i f ic a n t  redu ction  in  r o o t  length  was 

not observed . She r o o t  len gth  o f  15*13 cm in  P553-2 was
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Sable 3* Nematode number in  in fe s te d  r o o t  and s o i l  o f  
d i f fe r e n t  cdfeJpea v a r ie t ie s

Govmea v a r ie ty  Nematode number 
“ . p e r  gcan o f

in fe s te d  r o o t

Nematode number 
in  100 g  o f  s a i l

* * « » * » * *

ITqvj s ra 342.30®
(2 .5 3 )

203.77*
(2 .3 1 )

pa thine t  tumani ;yan 2.33
(0 - © )

2.00
(0 . 26)

H6-22 3.33
(0 .4 9 )

2.67
(0.3.6)

1

PE3-1 7 .67
( 0 . 88)

2.00
(0 . 26)

P2B-2 147*33*
(2 .1 7 )

89.67* 
( 1 .95)

0-153 2.67
(0 .4 0 )

2 . 6?
(0 . 42)

Sundari 7 .3 3 ,
(0 .8 1 )

3 .67
( 0 . 48)

W 6 4-00
( 0 . 58)

3.00
(Q .36P

7-37 5*53 v . 
(0 .6 2 )

4.33
(0 .5 9 )

7-240 4*67
(0 . 62)

2 .33 .
(0 .36 )

0 -1) .  <5g) 0 .32 0.40

«* Mean o f 3 replications
Pittses in paranthesis or© logX  tran of dona
tion valusa £02? nematode number per gram of 
infested root and 100 g o f soil*
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Sable 4 , C orre la tion  between the number o f  nematodes in  
in fe s te d  r o o t  and s o i l  and nodule number and 
g a l l  form ation  in  d if fe x e n t  oowpea v a r ie t ie s

G all
number

ITematode 
number per 
gram o f  
root*

Hematode 
number in  
100Pg o f  
s o i l

nodule
number

G all
number

-0 .57716 -0.58353* -0 .57319*

+0 . 92126*  -*0.93471*

lematocfc number 
p e r  gram o f  
in fe s te d  r o o t

+0.99195
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s t a t i s t i c a l l y  on par w ith  that o f  r e s is ta n t  v a r ie t ie s  such 

as HG-22* P2D-1 ana 0 1 5 2 *  5Ehe fr e s h  and dry w eight o f  shoot 

were a ls o  s ig n i f ic a n t ly  low in  both  the su sce p tib le  v a r ie t ie s *  

2hese were on ly  10 .50  and 12.31g  and 0.71 and 1.11 g 

r e s p e c t iv e ly  f o r  Now Era and Pi’B-2 (liable 2 ) .

IEHq nematode number per gram fre s h  weight o f  in fe s te d  r o o t  

and 100 g o f  in ocu la ted  s o i l  were more in  the case  o f  

su scep tib le  v a r ie t ie s  such as New Era and P'jB3-2. Iheae were 

342.50 and 147.33 and 203.77 and 89.67 r e s p e c t iv e ly  and wore 

s ig n i f ic a n t ly  h igh er than the population  in  r e s is ta n t  v a r ie t ie s  

( fa b le  3 ) .  She low est number o f  nematodes In in fe s te d  r o o t  

and s o i l  was seen in  the case o f  the r e s is ta n t  v a r ie ty *  

PatMnattumaniyan. Ihere was a ls o  s ig n i f ic a n t  p o s it iv e  

co rre la t io n  between nematode number in  one gram fr e s h  weight 

o f  in fe s te d  r o o t  and 100 g o f  in ocu la ted  s o i l  and the number 

o f  g a lls  formed in  su scep tib le  v a r ie t ie s  ( fa b le  4 ) .  a  

p o s it iv e  c o r r e la t io n  a lso  e x is te d  between nematode number in  

the in fe s te d  r o o t  and s o i l .  ■

3* E f fe c t  o f in o cu la tio n  w ith  d i f fe r e n t  le v e ls  o f  H . in cog n ita  or 
n odu lation . g a l l  form ation and other ch a ra cters  in  oowpea

She r e s u lts  o f  the p o t  cu ltu re  experiment to  study the 

e f f e c t  o f  In ocu la tion  \*ith d if fe r e n t  le v e ls  o f  14 . in cog n ita  

on n emulation* g a l l  form ation and oth er p la n t ch aracters in
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2able 5 . E f fe c t  o f  in ocu la tion  w ith  d i f fe r e n t  l e v e ls  o f  
Moloidofgrno in con n ita  on nodulation  and s a i l
form ation  in  cowpea. .

— — — — u m * m m *

Nematode,
number

Nodule
number

Nodule
fre s h
weight

(£)

G a ll
number

Gall
fre s h
weight

(g )

Percentage; 
n itrogen  
content o f  
sh oot

0 209*33
(14*47)

5*43 0 , 
( 1 )

0 3 .3 4

10 183.50
(13*58)

4.83 41*33*
(6 .4 2 )

0 .55* 3.30

i
100 161.00*

(12 .69)
4.03* 135.67*

(11 .64 )
1.53 3.15

1000 115.33*
(10 .74 )

2.87* 222. 00*
(14.90)

2.15* 2.60*

10,000
** f

63.33
(7 .9 6 )

2.46* 290.67*
(17 .04 )

3.37* 2 .37*

C.D.(5£> 1 .1 2 *0 .9 6 ~ U53 0 .49 0 .3 4 *"

«*  Mean o f  6 r e p lica t io n s  ,

Pigurea in  parenthesis are -Jx~ and Tx+1 tran sfor
mation va lu es f o r  nodule number and g a l l  number 
r e s p e c t iv e ly . ,



F1<3-<3. tF T E C T  O V  INOCULATION WITH D I F F E R E N T  L .E V E L 5  OF”

tzrtyji-foidogyKti LHeogn/tii on h o d u la tio h  S A l l  -

FORMATION IN COWPEA.
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cowpea are presented  in  Sables 5 to  8 and Figures; 3 to  5*

She an a lysis  o f variance f o r  the same are given in  

Appendices 11(a) and 1 1 (h ).

. A maximum reduction  in  nodule number v/as observed in  

p la n ts  in ocu lated  w ith  10,000 nematodes. Here on ly  63.33 

nodules were formed in  comparison to  209.33 nodules o f  

uninoculated c o n tro l  p lan ts (Table 5 ) .  In ocu la tion  w ith  100. 

and 1000 nematodes a ls o  s ig n i f ic a n t ly  reduced 1he nodule . 

number (F ig .3 ) .  She nodule fre sh  weight was more or le s s  in  

p roportion  to  t h e ir  number and was s ig n i f ic a n t ly  low in  

treatm ents in v o lv in g  100, 1000 and 10,000 nematodes. The, 

fr e s h  weight v/as on ly  2 . 4.6 g in  p lan ts  in ocu la ted  w ith . 10,000 

nematodes were as in  c o n tro l  p lan ts th is  was as high as 5.43  g 

(Sable 5)* However, in ocu la ilon  w ith  10 nematodes d id  n ot 

have any s ig n if ic a n t  e f f e c t  on nodule number and f r e s h  weight 

(Table 5 ) .  F urther, nodules in  a l l  the treatm ents, excep t the 

c o n tro l  were in fe s te d  w ith the nematode.

There was s ig n if ic a n t  in crease  in  g a l l  number and ga ll, 

fr e s h  weight in  variou s treatments excep t the c o n t r o l .  The 

maximum increase v/as observed in  p la n ts  in ocu la ted  v /ith  10,000 

nematodes. Here 290,67 g a lls  w ith  a fre s h  weight o f  3 .37 g 

were fo m e d  (Table 3 a n d F ig .3 ) .  However, there; was no 

g a l l  form ation in  uninooulated c o n t r o l  p la n ts . The number o f
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**
Table 6. Effect of inoculation with different levels of 

Meloidoqyne incognita on various plant characters in cowpea. "

Kematode
number

Leafnumber
Plantheight
(cm)

ROOtlength
(cm)

Fresh Dry weight
weight of of shoot

(g)

o

10

100

1000

10, 000

1 4 .1 7
( 3 . 7 6 )

1 3 .6 7  
( 3 . 6 9 )

1 2 .6 7  
( 3 . 5 5 )

*
8 .3 3

(2. 88)

5 . 5 0 *
( 2 . 3 4 )

1 1 8 .1 5

1 1 9 .1 2

1 1 3 .9 0

6 2 ,3 0

6 1 .1 3

5 5 . 5 8

8 1 .1 7

7 7 .5 5

7 5 .5 7

7 8 . 5 5 *  4 6 . 0 3 *  6 3 .0 5 *

4 9 . 6 3 *  3 5 . 4 7 *  4 6 . 7 2 *

7 .5 7  

6 .8  6

6 .0 5

3 .9 7

2 . 2 6 '

*

*

C .D .  (5 % ) 0 .2 7 1 3 .4 3 2 .6 3 7 .9 9 1 .6 9

** Kean of 6 replications
Figures in parenthesis are Jx transformation 
values for leaf number.
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g a lls  formed and th e ir  fr e s h  weight cfeie to  in o cu la t io n  w ith  

10 ,  tOO and 1000 nematodes was a ls o  h igh er to  the ex ten t o f  

41*35* 135.67* and 222 and 0*55* 1-53 and 2.15 g  r e s p e c t iv e ly  

( !Tahlo 5 ) • Shore was a ls o  s ig n if ic a n t  negative  c o r r e la t io n  

be toe on g a l l  form ation and no&tle number in  d i f fe r e n t  nematode
i * •

in ocu la ted  treatments ( ‘fa b le  8 and F ig .3  and 5 )*

A o ig i i f i c a n t  redu ction  in  percentage n itrogen  con ten t o f  

shoot was observed as a r e s u lt  o f  in ocu la tion  w ith  1000 and 

10*000 nematodes. She percentage n itrogen  content o f  p lan ts 

in  these treatments were on ly  2.60  and 2.37  r e s p e c t iv e ly  in  

comparison to  3*34 p er  cen t o f  c o n tro l  p la n ts  ((Tabid 5 and 

F ig*4) • But there was no s ig n if ic a n t  redu ction  in  the 

n itrogen  content o f  p la n ts  inocu lated  w ith  10 and 100 nematodes 

(Eafcle 5 ) .  A s ig i i f l e a n t  p o s it iv e  c o r r e la t io n  between 

nodule number and percentage n itrogen  con ten t o f  shoot v/aa 

observed ( (Table 8 and F ig .5 )  • However* the c o rre la t io n  

between g a l l  number and p e r c e n ts ^  n itrogen  content o f  sh oot 

was s ig n i f ic a n t ly  negative •

Sfho number o f  leaves formed per p lant* p la n t height* r o o t  

length  and fresh  and dry weight o f  shoot were a lso  .

s ig n i f ic a n t ly  low due to  nematode in o cu la t io n  e s p e c ia l ly  w ith  

1000 and 10*000 larvae p er  p la n t . She maxima* d e le te r io u s



SCable 7* E ffe c t  o f  in o cu la tio n  w ith  d i f f e r e n t  le v e ls  o f  
H eloidoggne in co g n ita  on nematode number in  
ih f e s t e d r b o t  ana s o i l  o f  cowpea

Nematode Nematode number Nematode number
number p er  gram o f  in fe  in  100 g  o f  s o i l

s te d  r o o t

0 0 0
(0) (0)

10 49.67* 18.17 *
(1 .7 0 ) (1 .2 7 )

100 113*33* 56.67*
(2 .15 ) (1 .7 5 )

1000 228.00* 120.83*
(2 .3 7 ) (2 .08 )

10000 290.50* 284-67*
(2 .46 ) (2 .4 5 )

0 .19 0.15

** Mean o f  6 r e p lica tio n s .

P igures in  puranthoaia are l o g -  x+1 tra ila f or- 
n ation  values f o r  nematode number p er  gram o f  
in fe s te d  r o o t  and 100 g o f  s o i l*



39

G?ablo 8* C orre la tion  between the number o f  nematodes in  
in fo o te d  r o o t  and s o i l  and nodule number, g a l l  
form ation and percentage n itrogen  content o f  
shoot in  covjpea

G all Percentage Nematode
number n itrogen  number per

content o f  ^rora o f  
shoot* r o o t

in fe s te d

Nematode 
number in  
100 g  o f  
s o i l

Nodule
number

Gall
number

-.86265 .74782* -.8 9 2 6 6*

,79369* .94150*

-.8 5 7 6 6

►08179

P ercents g3 
nitrogan  
content c f 
sh oot.

-.63409 -.79370

NematodD 
number por 
gram ot  
in fe s te d  
root*

.38242
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e f f e c t s  v/ere observed, as a ran u lt o f  in o cu la t io n  v/ith 10,000 

la rva e . Shore were on ly 5*>50 leaves in  those p la n ts  in  

comparison to  14*17 o f  c o n t r o l  p la n ts  (Sable 6) .  s im ila r ly , the 

p la n t h e igh t and r o o t  len gth  were on ly  49.65 and 35*47 cm 

r e s p e c t iv e ly ,, in  th is  treatm ent. ©ra £?esh and dry w eight o f  

shoot v/ere 4 6.72  and 2*26 g r e s p e c t iv e ly  when compared to  

• 81.17 and 7»57 g  f o r  iiriinooulated p la n ts  (Sable 6) .  However,

in o cu la tio n  w ith  10 and 100 nematodes d id  not have any s i ^ i i -  

f le a n t  o f f e o t  on those p la n t ch a ra cte rs .

A s ig n if ic a n t  in crea se  in  nematode number in  one gram 

fre s h  w olght o f  in fe s te d  r o o t  and 100 g in ocu la ted  s o i l  was 

observed . Shis in crea se  was maximum in  p la n ts  in ocu la ted  

v/ith  10,000 la rva e . Shore wore 290.50 and 284*67 nematodes 

r e s p e c t iv e ly  in  in fe s te d  r o o t  and s o i l  o f  th is  treatm ent. She 

in crea se  in  nematode number was a ls o  h igher in  p la n ts  in ocu la ted  

v/ith  100 and 1000 nematodes (UJable 7 )* ©rare was a s ig n i f ic a n t  

p o s it iv e  co rre la t io n  between nematode number in  one gram 

fre s h  w eight o f in fe s t e d  r o o t  and 100 g  o f  in ocu la ted  s o i l  

and the number o f  g a l ls  formed in  d i f fe r e n t  treatm ents 

(liable 8) .  A p o s it iv e  c o rr e la t io n  a ls o  e x is te d  between nematode 

number in  in fe s te d  r o o t  and s o i l .
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4 . a f f e c t  o f  a©} o f h ost p la n t and in fe s ta t io n  by H .in cog n ita  

on no d ila t io n . g a l l  form ation and other characters in  oowpea

The r e s u lts  o f  the p o t  cu ltu re  experiment to  study the 

e f f e c t  o f  age o f h ost p la n t and in fe s ta t io n  by frUin a o& iita  

on nodalat±cn f g a l l  £ cassation and o th er  p la n t ch a ra cters  in  

cov/pea are presented in  Sables 9 to  1 2 # F igures 6 to  8 and 

P la tes  VI to  XXI* The a n a ly s is  o f  variance f o r  the same are 

given In Appendices I I I  (a ) and I I I  (b ) •

The‘ su scep tib le  v a r ie ty  o f cowpea, Hew !?ra# was in ocu la ted  

w ith  1000 second stage larvae o f  M.in ooen ita  a t  the time o f  

sowing and on 7 th , 14th* 21st and 28th day o f  p la n t growth. 

There was s ig n if ic a n t  reduction  in  nodule number and fre s h  

w e ig h t,in  d if fe r e n t  treatm ents when compared to  c o n t r o l .  The 

maximum reduction  was observed on 14th day. The number of. 

nodules formed and th e ir  fresh  weight in  th is  treatment were 

on ly  23.SO and 0 .43  g r e s p e c t iv e ly  in  comparison t o  234 and 

5*31 g f o r  co n tro l p la n ts  ( l ’abte 9* P ig .  6 and P la tesX III and 

X IV ). The nodule number and fr e s h  w eight due to  in o cu la t io n  

a t  the time o f  sowing and on the 7 th  day o f  p la n t growth wore 

a ls o  low to  the ex ten t o f  46,80 and 37-60 and 1 .7 3  and 1 .3 1  g 

r e s p e c t iv e ly  (Table 9 and P la tes  VII* V I I I , X & XI ) .  A 

s im ila r  reduction  was seen as a r e s u lt  o f  nematode in o cu la t io n



rj?ablo

Day o f  
in o c ’j."

0
46. 60*
(6 .7 7 ) i

1.73

7 57.60*
( 6 . 00)

-1.31*

14 23.80*
(4 .8 5 )

0*43^

21
76.40*
(8 .7 5 )

2 .3 8 ’

28 94.80*
(9 .7 3 )

2.89

Control 234.00
(15 .26 )

5.31

G all G all Percents.,
number fresh n itrogen

w eight

(g )

con ten t
sh oot

-TUI------+*■<**

115.BO*
*

2.04 2 . 7G
(10 .78 )

116.20*
. * 

2 .1 2 2.54
( 10 . 81)

127.00 2 .2 6
T*

2.34
(11 .17 )

*
87.20 1.43 2.69*
(9 .3 7 )

77.20* 1.19* 3.02*
( 8 . 83)

0 0 3.47
( 1 )

1*52 0.50 0.16G .P .(5 r̂ ) 1 .00 0 .77

9 . F ffo c t^ o f  a ®  o f boat; p la n t ana nematode la fea ta - 
t io n  on n od a la tn a  and (m il form ation in  cctfpoe

iiodale liodula 
number fresh  

weight

(g)

*# Mean o f  5 r e p lic a t io n s

F igures in  paranthesis are and v/x+1 tra n s fo r 
mation values f o r  nodale numbe-  and g a l l  number 
r e s p e c t iv e ly .
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F IG .6. e f f e c t  o f  a g E  OF t h e  PLAN T AND INFESTATION B y  
«=y^e to c e to jtjr te  c itco jn /ta  on m odulation a n d  g a l l -

FORMATION IN COWPEA,



P late  VI

E ffe c t  o f  nematode in ocu la tion  a t  tho tisae o f  sowing cn 
p la n t h eigh t and le a f  number o f  New Era

c -c o n tr o l
1 • nem atode in o c u la t io n  a t  th o  tim e o f  sow ing





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

C • control
1 * aanatoda inoculation at tho tine of aowlng

P la t#  V l l

Plate VZXZ

«.ffict Of nanatoda inoculation at Via tine of •oving an 
modulation and gall fornatlon In Mew t n  (enlarged n « ) i

C • control

1 * oonatod< I n o c u la t io n  a t  t  t i n e  o f  aowing*





Jiff wet o f M M tode la o c u l txon on 7th  day o f  p i  m i growth 
on p la n t holg i t  and lo a f  number o f Near Era*

C* control

Plate JX

2* nem atode in o c u la t io n  on 7 th  day o f  p la n t  growth.





Plate  X

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

C. control

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

Plate XI •

f l e e t  o f  n e m a to d e  I n o c u l a t i o n  o n  7 t t  d a y  o f  p l a n t  g r o w th  
o n  n o d u l a t i a n  an d  g a l l  f o r m a t i o n  I n  Hew *-ra  ( e n l a r g e d  v i e w ) *

C. c o n t r o l

2* nem atode in o c u la t io n  an 7 th  day o f  p la n t  grow th



Plato-XI



Plate XXX

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

C. control

)•  neouitoda in o c u la t io n  on 14 th  day o f  p le n t  grow th*





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

c, control

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

Plate XXXX

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

C. control*

3* ner t to d e  in o c u la t io n  on 14th day o f  p la n t  growth
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P la te

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

c. control

4 .  nem atode I n o c u la t io n  on 2 1 r t  day o f  p la n t  g row th .





P la ta  XVZ

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

c. control

4* nsmatoda ino ulatlon on 21st day I f  plant growth*

Plate XVZX

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

c. control

4. naamtode Inoculation on 2lat day ef plant growth





P late x v ix i

Effect of nomatodc Inoculation an 28th day of pi'll t trouth 
on plant hoi fit and loaf number of Mow Ira.
C. control

5 .  nem atodo in o c u la t io n  an 28 th  day o f  p la n t  g row th .





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

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

Plate I B

Plate AX
/

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

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





Plate XXX
E f f e c t  o f  n a B f t o d e  i n f e s t a t i o n  o f  c o w p e a  r o o t  n o d u l e *  

1 .  h e a l t h y  n o d u l e  

2 • n e m a to d e  i n f e s t e d  n o d u le *
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PIG 7 e f f e c t  OF" AGE OF" THE Rl-ANT AND INFESTATION BY
<srUsfotJoqt/#* C»<r0g»/t<z on percemtage h i t s o ^ n

C O N T E N T  OF" -SHOOT I N  C O W  F̂ ETAv -

F f R C t N T A G C  N lTRO ^KM

content of shoot



F"l<3 Q  C O R R E U A T l O W  B E T W E E N  N O D U L E  N U M B E R  ( G i/M -U  N U M B E R  
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on 21~t and 28th day as w e ll  (SJabl® 9 and P la tes  XVI, XVII,

XIX & xx ) .  F urther, the no dales in  a l l  the treatm ents, excep t 

the c o n t r o l  were in fe s te d  with the nematode (Elate: XXI)*

Share was s ig n i f ic a n t  in crease  in  g a l l  number and th e ir
j

fr e s h  w eight in  a l l  the treatments excep t the con tro l*  She- 

m axim a in crease  was observed on 14th day. Here, 127 ga lls- 

w ith  a fr e s h  w eight o f  2*26 g were fa m e d  ( [Table 9 P ig .6 and 

P la tes  X III and XIV) • However, there was no g a ll  form ation in  

uninocu lated  c o n tr o l  p la n ts . UJhe number o f  g a lls  formed and 

t h e ir  fre s h  ifeight due to  nematode in o cu la t io n  a t  tha time o f  

sowing and on 7th  day were a ls o  h igh er to  the ex ten t o f  . 

115*80 and 116.20 and 2*04 and 2*12 g r e s p e c t iv e ly  (la h lo  9 

and P la tes  V II , V I I I , X and XI)* A s im ila r  in crease  was seen 

as a r e s u lt  o f  nematode in o cu la tio n  on 2 1 st and 28th day as 

w e ll  (P la tes  XVI, XVII, XIX and XX)« Ehes© was a ls o  s ig n i f ic a n t  

negative c o rre la t io n  between g a l l  form ation  and nodule number 

in  d if fe r e n t  nematode in ocu la ted  treatm ents (Sable 12 and P ig .6 

and 8)* •

A s ig n i f ic a n t  redu ction  in  percentage n itrogen  a on tan t  o f  

shoot wag observed due to  nematode in o cu la t io n  a t  d i f fe r e n t  

s t>2 {pa o f  plan t  growth, 2ho maximum redu ction  was soon on 

14th day, Ih e , peroen taga n itrogen  content o f  p la n ts  In 

th is  treatm ent was on ly  2*54 in  comparison to  3 .47  p er  ce n t



fa b le  10* E ffe c t  o f  ago o f  h ost p lan t arid nematode 
In fe s ta t io n  on variou s p la n t ch ara cters  
in  cowpea

Day o f  
inocu
la t io n

l e a f
number

Plant
height

(cm)

Hoot
length

(cm) .

Fresh w eight Dry w eight 
o f  sh oot o f  sh oot

Is) ( 6)

7 .20
( 2. 66)

■»4.60
(2. 12)

46.74

29.14«■

18.66 * 24.06* 2.47 *

1 1 .6 2  *  16 .2 6  * 1.97*

14

21

4.00  *  
(1 .98 )

7 .8 0
(2 .79)

15.10*

46.14
*

7.94* 10.93* 0.90*

1 9 .62*  20.82* 2.45*

28

C ontrol

8.00
(2 .8 2 )

15.00 
(3 .8 7 )

53.30

141.02

27.72* 26 . 86*  3-63*

43.34 47.74 6.37

O.D,(5tf) 9*39 14.78 6.36 7 .57

## Mean o f  5 r e p lic a t io n s

1.42

F igures in  parenthesis are J x  transform ation  
va lu es f o r  le a f  number '
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f o r  c o n tro l  p la n ts  (25able 9 and F ig*7)* She n itrogen  content 

o f  shoot was a ls o  low due to  nematode in o cu la t io n  a t  tha time o f  

sowing ana on 7 th and 21s t  day o f  p la n t growth. A a ig n ifioa n  

p o s it iv e  co r re la t io n  between nodule number and percentage n it :  

content o f  shoot was observed ('jkb le  12 and F ig .8) .  However, 

the co r re la t io n  between g a l l  number and percentage n itrogen  

content o f  the sh oot was s ig n i f ic a n t ly  n eg a tiv e .

2he number o f  leaves formed per p la n t , p la n t h e igh t, r o o t  

len gth , fr e s h  and dry weight o f  shoot were a ls o  s ig n i f ic a n t ly  

low duo to  nematode in o cu la t io n . 2he naximum d e le teriou s  

o f f e c t 3 were observed on 14th day o f  pliant growth fo llo w e d , 

by in ocu la tion  a t  the time o f  sowing and on 7 th , 21s t  and 

28th day o f  p la n t growth (Sable 10, P la tes  X II , V I, IX , XV 

and XVXXI). 'Ihere were on ly  4 leaves in  p la n ts  in ocu la ted  on 

14th day in  comparison to  15 leaves in  c o n t r o l  p la n ts  (Sable 10 

and Plate X II) • S im ila r ly , the p la n t heigh t and r o o t  length  

wore on ly  15*10 and 7*94 0® r e s p e c t iv e ly  in  t h is  treatment 

(p la te s  XII and X I I I ) .  2ho f r e s h  and dry w eight o f  sh oot were 

10.95 and 0 .9 0  g r e s p e c t iv e ly  when compared to  47 .74 and 

6.37 g f o r  uninooulGted c o n tr o l  p la n ts  (Sable 10 ) .  S2»

in ocu la tion  w ith  the nematode a t  other stages o f  p lan t growth 

a lg o  had a s ig n i f ic a n t  e f f e c t  on these p la n t characters 

e s p e c ia l ly  w ith in ocu la tion  a t  the time o f  sowing and on 7 th 

and 21s t  day o f  p la n t growth.
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2ablc 11. E f fe c t  o f  age o f  p la n t cm nematode number 
In I n f  dated r o o t  and a o i l  o f  ocwpea.

Day o f  
inocu
la t io n

Nematode numbor 
p er  jgram o f  
In fe s te d  r o o t .

Nematode number 
in  100 g  o f  
s o i l

0

7

i4

21

304.80
(2 ,4 8 )

544*00*
(2 .53 )

377.00*
(2.58)

307.00*
(2 .4 7 )

157.00
(2 .1 9 )

175.80*
(2 .2 5 )

191.80*
(2 .2 8 )

153.40*
(2 .1 9 )

*
28

C ontrol

242.00
(2 -3 8 )

0
(0)

94.20
(1 .9 7 )

0(0)
O.E. (5j5) 0 .07 0 .0 9

* * Hean o f  5 r e p lica t io n s

F igures in  paranthesis are lo g  x  + 1 
transform ation  va lu es fbr nematode 
number p er  g  fre s h  weight o f  in fe s te d  
r o o t  and 100 g o f  s o i l  r e s p e c t iv e ly
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JEable 12* C orre la tion  between the number o f  nematodes in  
In fe s te d  r o o t  and s o i l  and nodule number, g a l l  
form ation  and peroenta jp  n itrogen  con ten t o f  
sh oot In cowpea.

Gal l
number

Peroentaga; 
n itcogan  
o on te n t o f  
sh oot

3e&&t,tod& 
number 
p er  gram 
o f  In fe s 
ted  r o o t

Nematode 
number in  
100 g o f  
s o i l

Nodule
number

Gall
number

-.83 34 4 .91179

-*83018

•*92587* -.94014*

.85054 .82005

Percentage 
n itrogen  
con ten t o f  
sh oot

■•S7180* — 92462*

Nematode 
number p e r  
erm  o f  
in fe s te d  
r o o t

.89358
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A s ig n if ic a n t  increase) in  nematode numb o r  in  one gram 

fre s h  weight o f  in fe s te d  r o o t  and 100 g  o f  in ocu la ted  s o i l  

was observed. This increase was maximum in  p lan te  in ocu la ted  

on 14th day. There were 577 and 191*80 nematodes r e s p e c t iv e ly  

in  the in fe s te d  ro o t  and s o i l  o f  th is  treatm ent (Table 1 1 )*  , 

She increase in  nematode number wqs a ls o  h igher in  plants 

in ocu lated  a t  the time o f  sewing and on 7 th  a n d ,21s t  day 

o f  p lan t 'growth. There was a s ig n i f ic a n t  p o s it iv e  c o rre la t io n  

between nematode number in  one gram fre s h  w eight o f  in fe s te d  

r o o t  and 100 g o f  in ocu la ted  s o i l  and the number o f  g a lls  , 

formed in  d if fe r e n t  treatm ents (Table 1 2 ). a  p o s it iv e  

c o rre la t io n  a ls o  e x is te d  between the nematode, number in  

in fe s te d  r o o t  and s o i l .



DISCUSSION



itoot-lcnot nematodes i n f e s t  a large number o f  crop  p la n ts  

e s p e c ia l ly  f r u i t s ,  vegeta b les  and c e r e a ls .  More than 50 

Heloiflosvna spp„ are cu rre n tly  described* 2hey account f o r  

n early  95 p e r  cen t o f  a l l  nematode in fe s t a t io n  and cause an 

average crop  lo s s  o f  about 5 p e r  cent on a v/orld wide b a sis  

(S asser e t  a l,1 9 Q 3 ). In K erala , m ainly two s p e c ie s  o f  

M eloidogvne. M . in cog n ita  and Malayan le a  are seen . Out o f  these 

two s p e c ie s , El . in co g n ita  i s  w id e ly  d is tr ib u te d  in  the state 

causing considerable  econcede lo s s  f o r  a largp  number o f  

cu lt iv a te d  crops in c lu d in g  sev era l pu lses and vegetab les  

(Yenlcetesan 1984)- Among the p u lses  grown in  K erala , oowpea 

( Vlgna u n m icu lata  (L .)  v/alp) i a  cu lt iv a te d  both  f o r  vegetab le  

and grain purpose. In fe s ta t io n  o f  th is  crop  by M.in cogn ita  in  

Kerala was f i r s t  reported  by Hammett (1 9 D ) .  However, a 

d eta iled  study on the e f f e c t  o f  th is  nematode in fe s ta t io n  on 

nodulation  by  ifclgobiuia i s  yet to  be done. I t  was under th is  

circum stance, the presen t in v e s t ig a tio n  was c a r r ie d  cu t . Shree 

separate p o t cu ltu re  experim ents were conducted t o  f in d  out
t .

the e f f e c t  o f  h ost v a r ie ty , inoculum le v e l  and age o f  h ost 

p la n t on In fe s ta t io n  by M . in co g n ita  in  cowpea* -

fi!he occurrence o f  r e s is ta n t  v a r ie t ie s  a ga in st a p a r t icu la r  

pathogen i s  a w e ll  documented phenomenon among a la rge  number

DISCUSSION
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o f  cu lt iv a te d  c ro p s • ffiherefore, in  the f  i r a t  p a rt  o f  th is  

in v estig a tion  10 oov/pea v a r ie t ie s  , How E ra, Pathinetlximaniyan , 

HG-22S PEB-1, P3JB-2, 0 -152 , Sundari, V -16 , V-37 and V-240 were 

screened fo r  res is ta n ce  t o  in fe s ta t io n  "by H -tn oop p lta . In th is  

study,, 8 v a r ie t ie s  namely Pathinettumaniyan, HG-22, PHB-1, 0 -152 , 

Sundari, V -16, V-37 and V-240 wore found r e s is ta n t  t o  th is  

nematode* In these v a r ie t ie s  there was no g a l l  formation by 

in ocu la tion  w ith  1000 second stage larvae o f  n * in ooga ita  on 

14th day o f  p la n t gcowth (2a b le—1 and P la tes  I ,  I I ,  I H  and 

y) * However, in  the rem aining two v a r ie t ie s .  New Era and P2B-2 

there was g a l l  form ation*' In these su scep tib le  v a r ie t ie s ,

141-33  and 64-33 g a lls  wore form ed per p lan t w ith  a maximum 

fre s h  w eight o f  1*41 g in  New Era ( 2ab lo  1 and P late  IV)*

Oowpea v a r ie t ie s  re s is ta n t  to  M.ln oogn lta  were rep orted  e a r l ie r  

by a number o f  oth er workers such as Haro (1959) Amoeu (1974) 

Singh o t  a l ,(1 9 7 5 )  and sham a and Sethi (1 9 7 6 ). In f a c t ,  

two o f  the v a r ie t ie s  0-152 and V-16 found r e s is ta n t  to  

14-in cog n ita  during th is  in v e stig a tio n  ware a ls o  reported  e a r l ie r  

to  be r e s is ta n t  to  th is  nematode by  P a te l e t  a l ,  (1977) and 

Shakar and P a te l (1993) resp ectiv e ly *

She form ation o f  r o o t -k n o ts . o r  g a lls  in  the su scep tib le  

v a r ie t ie s  o f  cowpea had a s i  gp i f  le a n t  e f f e c t  on noclulation 

and oth er p la n t characters* Slier© was s ig n if ica n t  negative
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c o rr e la t io n  boi^een g a l l  form ation and n otu la tion  in  both

Now Era and P1EB-2 (Sable 4)* in  these v a r ie t ie s  19*67 and 24*33 

nodules were on ly fo r c e d  whan compared t o  a maximum o f  90 

nodules formed in  the re s is ta n t  v a r ie t y ,  V-37 (Sable 1)*

However, the fr e s h  weight o f  nodules in  a l l  the v a r ie t ie s  was. 

in  p rop ortion  t o  t h e ir  number* Shore was a ls o  s ig n if ic a n t  

redu ction  in  le a f  number, p lan t h e ig h t and fresh  and dry weight 

o f  shoot-, in  both  the su sce p tib le  v a r ie t ie s  ( Sable 2)* Such 

i l l .  e f f e c t s  due to  nematode in fe s ta t io n  i s  reported  e a r l ie r  

by Epps and Chambers (1962) in  soybean, srivastava  ei; a l«(1 97 5 ) 

in  ch ick  pea , C a s t i l lo  e t  a l .  (1978) in  mung bean and shaana 

e t  al>(1978) in  groundnut.

An in te r e s t in g  observation  made during th is  in v e s t ig a tio n  

was a p r e fe r e n t ia l  c o lo n is a t io n  by  M .in co g n ito  in  the 

rhisosphere c£ the su scep tib le  v a r ie t ie s  o f  cowpea. A s ig n i

f i c a n t  in crea se  in  nematode number was observed in  the in fe s te d  

r o o t  and s o i l  o f  both New Era and P2B-2, when compared to  

o th er  r e s is ta n t  v a r ie t ie s  (ffiable 3 ) .  £h is  increase  in  nematode, 

number had a s ig n if ic a n t  e f f e c t  on both nodu lation  and g a l l  

form ation . Slhus in  New Era and PEB-2, there was s ig a if ie a n t  

p o s it iv o  c o r r e la t io n  between nematode number in  in fe s te d  r o o t  

and s o i l  and the number o f  g u lls  form ed. However, the 

c o r re la t io n  be tv/eon nematode number and nodu lation  was
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s ig n i f ic a n t ly  negative f o r  thesei v a r ie t ie s  (Table 4 ) .  In 

Hew Era and PT3-2, there was a ls o  a decrease In  nodule number 

w ith  an in crea se  in  the number o f  g a l ls  form ed. The probable 

reason f o r  such a  reduction ' in  nodulation  as a r e s u lt  o f  

nematode in fe s ta t io n  i s  d iscu s  sod la te r  in  th is  chapter.

The presence o f  r e s is ta n t  genes in  ccwpea preventing 

in fe s ta t io n  by  M.in oocn ita  were reported  by iunosu (1974) and 

hater by Iia3 and P a te l (1 9 7 8 ). However, the a c tu a l mechanism 

o f  p rov id in g  re s is ta n ce  to  In fe s ta t io n  by Meloido^yne spp, 

by these genes i s  n ot yet, c le a r .  The presence o f  certa in  

in h ib ito ry  substances in  the r o o t  exudates o f  r e s is ta n t  

v a r ie t ie s  as a prc&uait o f  these re s is ta n t  genes cannot be 

ru led  out* This appears to  be true to  a ce r ta in  exten t 

because a s ig n i f ic a n t  in crease  in  nematode number in  in fe s te d  

r o o t  and s o i l  during th is  In v estig a tion  v/ao observed on ly  

in  the case o f  the su scep tib le  v a r ie t ie s *  How sra  and PTB-2, 

even though both  the r e s is ta n t  and su scep tib le  v a r ie t ie s  were 

Inocu lated  v/ith  an Id e n t ica l  number o f  1000 second stags 

larvae on 14th day o f  p la n t growth ( Bible 3 ) .  T herefore , i t  

w i l l  be worthwhile to  conduct fu r th e r  in v e s t ig a t io n  on th is  

lin e  under con t r o l le d  con d ition s  in  order to  id e n t i fy  the 

exact nature o f  the r e s is ta n t  fa c to r  p resen t in  the r o o t  

exudates o f  the r e s is ta n t  v a r ie t ie s .
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ffiho id e n t i f ic a t io n  j o f  cowpea v a r ie t ie s  r e s is ta n t  to  

M . in cog n ita  i s  im portant from another p o in t  o f  v iew , in  th a t 

i t  w i l l  fee p o ss ib le  to  c u lt iv a te  such v a r ie t ie s  throughout the 

sta te  even in  areas lenown to  have an endemic population* 

o f  H . in c o g n ita .  2hia v ; i l l  avo id  an unnecessary h iom agnifi- 

oation  o f  th is  neiaatode in  areas suspected t o  have an 

sub optim al population  in  the s o i l .  Shis w i l l  a lso  he b e n e f ic ia l  

to  the farm er because i t  w i l l  enable him t o  ra ise  s u cce s s fu lly  

a. succeeding orop su scep tib le  t o  th is  nematode which w i l l  n o t  

have been p o s s ib le  oth erw ise ,  i f  a su sce p tib le  v a r ie ty  o f  

cov/poa was cu lt iv a te d  in  th is , area e a r l i e r .  Some o f  the 

r e s is ta n t  v a r ie t ie s  id e n t i f ie d  during th is  in v e s t ig a tio n  

namely Pa thine ttumaniyan „ P'iS-1 and C-152 are in  f a c t  v e ry  

popular among tha farm ers o f  the ;sta ta . th e re fo re  a l l  attem pts 

should be made to  popu larise  these v a r ie t ie s  f o r  c u lt iv a t io n  

in  areas found to  have an on domic o r  m arginal population  

o f  II.in co g n ita .

In  the second p a rt o f  the presen t in v e s t ig a t io n ,  a 

p o t  oa ltu re  experiment was conducted t o  f in d  out tha ra in in g  

number o f nematode requ ired  to  produce a s ig n i f ic a n t  e f f e c t  

on n od u la tion , g a l l  form ation and oth er growth characters in  

ccwpoa. For t h i s ,  one o f  the susceptib le  v a r ie t ie s  o f  cowpea 

id e n t i f ie d  e a r l ie r ,  New Bra was used . F ive d if fe r e n t  inoculum
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l e v e l s ,  0 ,  10 ,  100,  1000 ana 10,000 second stage larva© p e r  

p la n t were used f o r  in o cu la tio n  on 15th day o f  p lis it  growth.

A s ig n i f ic a n t  reduction  in  nodulation  Was observed in  a l l  

p la n ts  in ocu la ted  w ith 100 ,  1000 and 10,000 larvae w ith a 

maximum redu ction  in  p la n t3 in ocu lated  w ith  10,000 nematodes. 

Here, on ly  63.35 nodules were forced  in  comparison t o  209.35 

nodules formed in  the un inocu lated  c o n tro l  p la n ts  (Sable 5 ) • 

She fr e s h  w eight o f  nodules was in  p rop ortion  to  the number 

in  a l l  the treatm ents. However, there was no s ig n if ic a n t  

reduction  f o r  these ch aracters  in  p la n ts  in ocu la ted  w ith  on ly  

10  nematodes, fh e ro fo re , i t  appears th at a  minimum o f  100 

nematodes p er  p lant i s  requ ired  to  produce any s ig n i f i  oant 

e f f e c t  on nodulation  in  cowpea. Balasubramanian (1 9 7 1 ),

Singh e t  a l .  (1977) and Hath e t  a l» (1 9 7 9 ) have a l l  rep orted  a 

minimum threshold  le v e l  o f  100 nematodes per p lant to  produce, 

any s ig n i f ic a n t  e f f e c t  on nodu lation  and oth er characters in  

soybean,  mung bean and oh iok  pea r e s p e c t iv e ly .

She redu ction  in  nodu lation  by ffhisobium when a 

minimum threshold  le v e l  o f  nematode i s  p resen t in  the 

s o i l  i s  b e lie v e d  to  be due to  the larvae in te r fe r in g  

d ir e c t ly  w ith  the establishm ent o f  iftiigoblma on r o o t  . 

su r fa ce . F urther, as rep orted  by Balasubramoni^m. (1 9 7 1 ), 

the nematode in fe s ta t io n  may a ls o  a l t e r  the a f f in i t y  o f  the
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h oot p la n t towards the microsyrafciont* She p o s s ib i l i t y  o f  

nematods feed in g  on flhizobium as such or the s o f t  nodule 

prim ordia ean be another reason f o r  the observed reduction  

in  nodulation* Ehis i s  because whenever there was an . 

in crease  in  nematode popu lation  in  in fe s te d  r o o t  and s o i l#  

there was a ls o  a s ig n i f ic a n t  reduction  in  nodule number 

( Sable 8 )*  Apart from these fa c t o r s ,  the o v e r a ll  redu ction  in  

r o o t  system re s u lt in g  from g a l l  form ation can a ls o  g re a tly  reduce: 

the a v a ila b le  r o o t  su rface  area f o r  the Hhlaoblujn to  en ter  and 

in i t ia t e  nodule form ation* I t  i s  in  th is  con tests  the .

com petition  between Jtihigbblun and nematode f o r  e a r ly  r o o t  

c o lo n is a t io n  and hoot n u trien ts  as suggested by M asefie ld  (1958) 

becomes important* However, i t  i s  d i f f i c u l t  t o  a rr iv e  a t  a 

d e fin ite  con clu sion  by the present in v e s t !g a t io n  whether there; 

was an a c tu a l com potition  between the macro and the m icro 

organism f o r  ro o t  c o lo n is a t io n , s in ce  tbs v i s ib le  e f f e c t s  o f  

r o o t  in fe s ta t io n  by both  were seen more o r  le s s  sim ultaneously 

by the th ird  we oh o f  in ocu la tion *

£here was a p rogressive  in crease  in  g a l l  number and 

fre sh  w eight a3 the inoculum le v e l  increased  from 10 to  1 0 ,000* 

She maximum number o f  g a l ls  were formed in  p la n ts  in ocu la ted  

w ith  10,000 nematodes. Here, 290.67 g a lls  w ith a  fre s h  w eight 

o f  3*37 g  were formed (SJable 5 and F ig*3 ) «  2he number o f
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fpiTa £03330& were a ls o  h igher p lants in ocu la ted  w ith 100 

and 1000 nematodes p er  p lant* 2hey were 135*67 and 222 

re sp e c tiv e ly *  Shis in crea se  in  g a l l  number as the inoculum 

le v e l  o f  nematode increased  was in  accordance w ith  the 

expected  behaviour o f  the pathogen in  the presence o f  a 

su scep tib le  host* I t  is ; a ls o  apparent th a t the number o f
V ■

g a l ls  formed as a r e s u lt  o f  in ocu la tion  w ith  1000 and 1Q,00C 

larvae are much h igher than the number o f  g a l ls  foamed by 

in o cu la t in g  w ith on ly  10 nematodes per p la n t (Sable 5 and 

E ig * 3 ).

She o f  f o o t  o f  p rog ress ive  in crease  in  g a l l  form ation by 

an in crea s in g  l e v e l  o f  the nematode inoculum a ls o  r e s u lt in g  

in  a consequentia l decrease in  n odu la tios  was seen in  the 

percentage' n itrogen  content o f  shoot in  opwpea. A s ig n i f ic a n t

decrease in  the n itrogen  con ten t o f  sh oot wa3 observed in
/

a l l  p la n ts  in ocu la ted  w ith  1000 and 10,000 nematodes in  

comparison t o  other tre e  tee nte (Sable 5 and F ig* 4) • She 

n itrogen  con ten t o f  p la n ts  in  these treatm ents were on ly  

2*60 and 2*37 p er  cen t r e s p e c t iv e ly  when o© p a red  to  3*34 

p er  cen t f o r  the uninocnlated c o n tro l  p la n ts*  I t  i s  a ls o  

in te re s t in g  t o  note th at there was no s ig n i f ic a n t  redu ction  

in  n itrogen  content a f t e r  in o cu la t io n  w ith  10 and 100
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nematodes (S a tie  5 ) s in ce  p la n t n itrogen  content i s  e c  

in d ica tio n  o f  i t s  o v e ra ll  growth and seed production  ca p a c ity , 

the above observation  th a t a  s ig n if ic a n t  redu ction  in  the. 

percentage n itrogen  con ten t o f  shoot was obtained on ly  w ith 

the in o cu la t io n  o f  1000 and 10,000 nematodes i s  im portant 

because i t  in d ica ted  th a t the minimum th resh old  le v e l  o f  

n . in cog n ita  required  to  produce any adverse e f f e c t  on p la n t 

growth in  cowpea i s  1000 larvae p er  p la n t .

What can be tha reason f o r  the redu ction  in  n itrogen  

content o f  p la n ts?  She ex ten t o f  g a l l  form ation  and I t s  

consequent e f f e c t  on r o o t  growth, no d ila t io n  and n u trien t 

uptake by te c  hoot p la n t ap tear: to  be the main reason, f o r  

the redu ction  in  n itrogen  con ten t o f  p la n ts  e s p e c ia l ly  . 

due t o  in ocu la tion  v/ith  1000 and 10,000 nematodes. Ehia 

reduction  in  n itrogen  con ten t in  a l l  treatm ents except the 

c o n tro l  even when NPK f e r t i l i z e r s  were added uniform ly supports 

th is  h ypoth esis . An a c tu a l in fe s ta t io n  o f  r o o t  nodules by 

U. in cog n ita  was a ls o  observed during the in v e s t ig a t io n .

Such nodules were s o f t  and dark in  co lo u r  in  comparison t o  the 

hard o i l  g h tly  pink contred  nodules o f  un in ocu la te  a c o n tro l  

p la n ts . Sheso nodules a ls o  deteriora ted  much ra p id ly  

tlian the normal healthy n odu les . Shi a can in fa c t  lead  to  

a d ep letion  in  the amount o f  f ix e d  n itrogen  a v a ila b le  to
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hoot p lant* 2wo oth er reasons reported  e a r l ie r  to  a f f e o t  the 

e f f i c i e n c y  o f  n itrogen  f ix a t io n  toy Hhlzobium in  nematode 

in fe s te d  p la n ts  were the fin d in g s  th a t  the nematode cehld 

in te r fe r e  w ith  the n itrogen  f ix in g  p rocess  o f  Khizobium toy 

producing ce rta in  hormones whioh oouil a f f e c t  the M etabolic 

a c t iv i t y  o f  the microsymtoiont (Singh e t  al*1977) • Secondly* 

the nematode w.boLd a c tu a lly  in h ib it  the tran sfer  o f  f ix e d  

n itrogen  toy Hhigotoium to  h ost p la n t toy some unknown mechanism 

(V/alker 1957 and A l l  e t  a l .1 9 8 l ) .  However* these hypotheses 

were n ot te s te d  during th is  in v e s t ig a tio n  sin ce  a more 

fundamental study o f  the nematode and Rhisotoium in te ra ct io n  

w i l l  toe requ ired  to  understand the r e a l  e f f e c t  o f  nematode 

on the p h y s io lo g ic a l a c t i v i t y  o f  the d ia sotrop h .

She atoove e f f e c t s  o f  increased  g a l l  form ation  and reduced 

nodulation  and n itrogen  f ix a t io n  due to  an in crea s in g  l e v e l  

o f  the pathogen were a ls o  observed in  o th er  p la n t ch a ra cters  

studied  during th is  in v e s t ig a t io n . She number o f  lea v es  form ed 

p er  plant* p la n t height* r o o t  length* fr e s h  and dry w eight 

o f  shoot were a l l  l e s s  w ith  an in crea s in g  l e v e l  o f nematode. 

However* a s ig n if ic a n t  redu ction  was obtained  on ly  w ith  the 

in ocu la tion  o f  1000 and 10*000 larvae p er  p la n t (Sable 6 ) .

Shese observations fu r th e r  support the con clu sion  a rr iv ed  

e a r l ie r  based on p la n t n itrogen  content* th a t 1000 nematodes
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p e r  p la n t  i s  the minimum th reshold  l e v e l  requ ired  t o  produce 

any s ig n if ic a n t  e f f e c t  on growth o f  ccwpoa.

IShere was n oth in g  unusual in  the res id u a l nematode 

population  o f  in fe s te d  r o o t  and o d l  in  d if fe r e n t  treatm ents.

Sfhe number o f  nematode a in  both  the cases inareased w ith , an 

in crea se  in  the i n i t i a l  inoculum le v e l  fra n  10 t o  10 *000.

She e f f e c t  o f  the continuous presence o f  a h igher nematode 

population  in  p la n t rh isosphere was a ls o  seen in  the s ig n if ic a n t  

p o s it iv e  c o rre la t io n  th at e x is te d  between nematode number 

and g a l l  form ation and the s ig n i f ic a n t ly  negative c o rre la tio n  

between nematode number and nodu lation  and percentage n itrogen  

con ten t o f  shoot in  cowpea.

In the la s t  p a rt o f  the presen t in v estig a tion *  the 

a c tu a l e f f e c t  o f  ago o f  h ost p la n t on in fe s ta t io n  by M . IncQgat te
t

was in vestiga ted *  Sills experiment waa a ls o  done in  p ots  

by  in o cu la t in g  the su scep tib le  v a r ie ty *  New Bra* w ith , 1000 

nematodes from the date o f  sowing to  28 days o f  p la n t grmtfth.
*■ : r

O bservations on nodulation* g a l l  form ation* percentage 

n itrogen  con ten t o f  shoot and nematode popu lation  in  in fe s te d  

r o o t  and s o i l  ware taloen on 55th day o f  p la n t growth. I t  

appears from the l ite ra tu r e  reviewed that* n o t  much work 

i s  done to  understand the e f f e c t  o f  h ost age and in fe s ta t io n  

to? H .in co g n ita  in  pulses* e s p e c ia l ly  in  cowpea. th erefore*
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the presen t study was o a rr lo d  out v/ith the hops that seme 

u se fu l in form ation  w i l l  be a v a ila b le  w ith regard to  the 

r e la t iv e  s u s c e p t ib i l i t y  o f  coupe a  a t  d i f fe r e n t  stages o f  p la n t 

growth t o  in fe s ta t io n  by th is  nematode.

In gen era l, the p la n ts  were found more su scep tib le  to  

nematode during the e a r ly  stages o f  growth upto 21 days. 

Fourteen day o ld  p la n ts  were found moat su scep tib le  to  th is  

nematode in fe s t a t io n , sfous, the redu ction  in  n odu lation , 

nodule fr e s h  weight and percentage n itrogen  content o f  sh oot 

were maximum in  th is  treatm ent. fha number o f  nodules formed 

and th e ir  fr e s h  weight wore on ly  23.80 and 0 .43  g  r e s p e c t iv e ly  

in  comparison to  234*0 and 5.31 g f o r  c o n tr o l  p lan ts  ( fa b le  9 , 

F ig*6 , P la tes  X III and XIV). fhe percentage n itrogen  con ten t 

o f  ahoot was on ly 2*34 when ocmpared to  3 .4 7  p er  cent f o r  the 

uninoculated co n tro l p lan ts ( fa b le  9 and F ig .7 ) * 2he n itrogen  

0 on tou t was a ls o  lev/ due to  nematode in o cu la t io n  a t  the time 

o f  sowing and on 7th  and 21 a t  day o f  p lan t growth.

fiiera v/ao s ig n if ic a n t  in crease  in  g a l l  number ana th e ir  

fre s h  w eight in  a l l  treatm ents excep t the c o n t r o l .  She 

maximum in crea se  was however, in  p lants in ocu la ted  on 

14th day. H ere, 127 g a lls  w ith  a fre sh  weight o f  2 .2 6  g  

wens foim od (suable 9 ) .  She number o f  leaves formed p er  p la n t , 

p la n t height,; r o o t  len g th , fr e s h  and dry Weight o f  shoot were
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n il s ig n i f ic a n t ly  low due to  nematode in o cu la t io n  a t  d i f fe r e n t  

stage a o f  p la n t growth. However, these e f f e c t s  were again 

maximum in  p la n ts  treated  v/ith  M . in cog n ita  on 14th day 

fo llow ed  “by in oou la tion  a t  the time o f  sowing and on 7 th , 21st 

and 28th day o f  p lan t grov/th (Sable 1 0 ).

She above study thus in d ica ted  th a t  there was a progressive  

increase  in  the s u s c e p t ib i l i t y  o f  oowpea to  in fe s ta t io n  by 

frUin co p s ita  from tho time o f  seed germ ination . I t  reaohed 

a peak around 14th day a f t e r  which there Was a d eclin e  in  the 

extent o f  s u s c e p t ib i l i t y  t o  th is  nematode. She ea r ly  in crease  

in  the s u s c e p t ib i l i t y  o f  oowpea to  H.In cogn ita  may be da© 

to  the presence o f  oerta in  fa c to r s  in  the h ost r o o t  exudates 

which a ttra c te d  'the pathogen towards i t s  r o o t  system. I t  i s  

a w ell e s ta b lish e d  fa c t  that there i s  con sid era b le  

d iffe re n ce  in  ilia nature and com position o f  r o o t  exudates; 

during the e a r ly  and la t t e r  stages o f  p la n t growth. fhusi 

in  a su scep tib le  v a r ie ty  o f  oowpea, there should be some 

fa c t o r  p resen t in  adequate qu a n tity  in  the r o o t  exudates 

during the e a r ly  stages which increased  the a f f i n i t y  o f  

the nematode t o  i t s  host p la n t . Shis rhiBoaphore fa c t o r  

may gat m od ified  or  become le s s  a v a ila b le  during subsequent . 

stages o f  p la n t growth. Shis i s  a ls o  ev id en t from the gradual
i

d eclin e  in  the nematode population  in  in fe s te d  r o o t  and
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s o i l  samples o f  p lants in ocu la ted  on 21st and 28th day* I t  

i g  th erefore  e s s e n t ia l  to  conduct a d e ta ile d  study on the 

nata ie and com position  o f  r o o t  exudates o f  tooth susoeptihl®  

and r e s is ta n t  v a r ie t ie s  in  order to  id e n t i fy  such fa c to r s  

which favou r the growth mid m u ltip lica tio n  o f  tho pathogen 

in  the rh lsosphero o f  a  su sce p tib le  v a r ie ty  o r  in h ib it  i t s  

growth in  the rhizosphere o f  a r e s is ta n t  v a r ie ty *  Another 

reason f o r  the e a r ly  in crease  in  the in fe s ta t io n  o f  cowpea by

H .in o o m lta  ca y  toe the p referen ce  o f  the nematode f o r  tbs 

s o f t  m oiistem atle r o o t  t is s u e s  f o r  i t s  c o lo n isa tio n *  A 

3 ln ila r  r e s u lt  teas reported  e a r l ie r  toy Jamal (1976) in 'th e  

case o f  ch ick  pea* '

Based on the present in v e s t ig a tio n  fo l lo w in g  im portant 

otosoovations are made w ith regard t o  in fe s ta t io n  by 

li.ln con n ita  in  oowpea.

I .  Shore i s  a  v a r ie t a l  v a r ia tio n  in  ceswpea to  in fe s ta t io n  

toy H . in co g n ita * fwo o f  tho v a r ie t ie s #  New Era and
t

P2B-2 cu lt iv a te d  a t  presen t in  the state are h ig h ly  

su scep tib le  to  th is  nematode w h ile  three other popu lar 

v a r ie t ie s  such as Pa th ine ttumaniyan# P2B-1 and 0 1 5 2  

are r e s is t a n t ,  th erefore* a l l ' attem pts should be made 

to  popu larise  these v a r ie t ie s  f o r  c u lt iv a t io n  by th» 

farm er throughout the state e s p e c ia l ly  in  areas 

. suspected t o  have an endemic o r  m arginal population  

o f  H . in co g n ita .
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A minimum inoculum le v e l  o f  1000 second stage 

larvae o f  H . in co g n ita  i s  requ ired  t o  pro dues an 

uniform 3i g i i f i o a n t  e f f e c t  on variou s p la n t 

characters a mi died e s p e c ia l ly  on n od u la tion , 

g i l l  form ation  and percentage n itrogpn  con ten t o f  

sh oo t.

Oowpea i s  most su sce p tib le  to  in fe s ta t io n  by 

M . in co g n ita  during the e a r ly  s t a ^ s ,  e s p e c ia l ly  

around 14th day o f  p la n t growth.



SUM M ARY



m  in v e s t ig a tio n  was ca rr ie d  out a t  c o lle g e  o f  . 

A g r icu ltu re ,  V e lla y a n i, Kerala during 1982-85 to  study the 

e f f e c t  o f  in fe s ta t io n  v/ith  the ro o t-k n o t  nematode K .lnco/aiifra 

on nodulation  in  coupea, Shree separate p o t cu ltu re  experiments, 

wore conducted using s t e r i l i s e d  s o i l  to  study the in flu en ce  o f  

h03t  v a r ie t y , inoculum le v e l  and age o f  host p la n t on 

In fe s ta t io n  by H.in oop n ita  in  oof/pea*

Sen varie1rf.es o f  oowpea namely, Hew Era, Pa th ine ttunaniyan 

HG-22, r2B -1,  P2B-2, C-152* Sundari,  V -16, V-37 and V-240 were 

screened f o r  re s is ta n ce  to  H .in c o g n ita .  she experim ent wqs 

la id  down in  com pletely  randomised design w ith  3 r e p lic a t io n s  

each . i'he seed lin gs  were in ocu lated  v/ith  1000 numbers o f  

second stage larvae o f  the nematode on 14th  day o f  p la n t growth. 

F ollow ing observations on g a l l  number, g a l l  fr e s h  w eigh t, 

nodule number, nodule fr e s h  w eigh t, l e a f  number, p la n t 

h e ig h t, r o o t  len g th , fresh  and dry w eight o f  sh oot and 

nematode population  in  in fe s te d  r o o t  and s o i l  were taken on 

30th day o f  p la n t growth.

Among the 10 v a r ie t ie s  o f  oowpea screened f o r  res ista n ce  

to  the nematode, two v a r ie t ie s .  Hew Era and PSB-2 wero found 

s u s ce p t ib le . In these v a r ie t ie s  141.33 and 64.33 © a lls  were
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formed pea? p le a t • However, in  the remaining e ig h t  v a r ie t ie s  

each go ?ath ine ttumaniyan » 1IG—22 , P2B-1 ,  G-152, Sundari f 

V -16, V-27 and V-240 there were no g a l l  form ation . She 

fr e s h  weight o f  g a l ls  was in  p rop ortion  to  th e ir  a under in  

su scep tib le  v a r ie t ie s  w ith  a  maximum o f  1*41 g  in  Hew s r a . In 

these v a r ie t ie s  there was a s ig n i f ic a n t  negative co rre la t io n  

between g a l l  form ation  and nodule number, in  New Era and 

P5S-2* on ly  19-67 and 24-33 nodules were formed* 'ib is  was 

s ig n i f ic a n t ly  le s s e r  than the number o f  nodules in  r e s is ta n t  

v a r ie t ie s  where a maximum o f  90 nodules were formed in  the 

v a r ie ty  V-37 fo llo w e d  by C-152- 5Pha nodules in  Now Era and 

PB3-2 were in fe s te d  by  the nematode and were s o f t  and dark 

brown in  co lo u r  when compared t o  the hard and f le s h  colou red  

nodules o f  r e s is ta n t  v a r ie t ie s -  She nodule fr e s h  weight was 

a ls o  s ig n i f ic a n t ly  low in  su sce p tib le  v a r ie t ie s .

2he number o f  leaves forsB d per p la n t , p la n t h eight and 

fre s h  and dry  w eight o f  sh oot were s ig n i f ic a n t ly  low  in  New 

Era and PEB-2* However, a s im ila r  s ig n i f ic a n t  redu ction  in  

r o o t  length  was n ot observed in  P2B-2- She nematode number 

p er  gram fre s h  w eight o f  in fe s te d  r o o t  and 100 g o f  

in ocu la ted  s o i l  were more in  su sce p tib le  v a r ie t ie s  such as- 

New lira and P2B-2- She low est number o f  nematodes in  

in fe s te d  r o o t  and v e i l  was in  v a r ie t y  Pathinettumaniyan.
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However, there was s ig n if ic a n t  p o s it iv e  c o r r e la t io n  between 

tho nematode number per gram fr e s h  weight o f  in fe s te d  r o o t  

and 100 g o f  in ocu la ted  s o i l  and the number o f  g a l ls  formsd 

in  su scep tib le  v a r ie t ie s *  such a p o s it iv e  c o r r e la t io n  a lso  . 

e x is te d  between nematode number in  the in fe s te d  r o o t  and s o i l*

In the second p a rt o f  the p resen t in v e s t ig a t io n , a p o t 

cu ltu re  experiment was conducted t o  f in d  out the minimum 

number o f  nematodes requ ired  to  produce a s ig n i f ic a n t  e f f e c t  on 

n od u la tion , g a l l  form ation and oth er growth ch a ra cters  o f  , 

cowpea* For th is  one o f  the su sce p tib le  v a r ie t ie s  o f  cowpea 

id e n t i f ie d  e a r l i e r ,  Hew Era, was used* She experim ent was 

la id  down in  com p lete ly  randomised design w ith 6 r e p lic a t io n s  

each* F ive d i f fe r e n t  inoculum le v e ls  0 ,  10 , 100, 1000 and

10,000 second sta g e  larvae per p la n t vjere used f o r  in ocu la tion  

on 15th day o f  p la n t growth* O bservations on nodule number, 

nodule fre s h  w eigh t, g a ll  number, g a l l  fr e s h  w eigh t, percentsg j 

n itrogen  content o f  sh oo t, l e a f  num ber,plant h e ig h t , r o o t  length  

fr e s h  and dry w eight o f  shoot and nematode popu lation  i n . in fe s te d  

r o o t  and s o i l  were taken on the 50th day o f  p lan t growth.

A s ig n i f ic a n t  redu ction  in  nodu lation  was observed in  a l l  

p la n ts  in ocu la ted  w ith  100, 1000 and 10,000 larvae w ith  a 

maximum redu ction  in  p le a ts  in ocu la ted  w ith 10,000 nematodes*

Here on ly  63*55 nodules were form ed in  comparison to  209*55 

nodules formed in  the uninoculated c o n tr o l  p la n ts , ffihe nodule
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fr e s h  weight was more o r  le s s  in  p roportion  t o  t h e ir  number 

and was s ig n i f ic a n t ly  low in  trea toen ts  in v o lv in g  100 ,  1000 and

10.000 nematodes. 2he fre sh  w eight o f  nodules was on ly  2.46  g 

in  p la n ts  in ocu la ted  w ith  10,000 nematodes whore as in  co n tro l 

p la n ts  th is  was as high as 5 .4 3  g .  Further, nodules in  a l l  

treatm ents excep t the co n tro l were in fe s te d  w ith the nematode •

Shore wqs sign  i f  loan  t  in crease  in  g a l l  number and g a l l  

fr e s h  weight in  a l l  treatments excep t the c o n t r o l .  She 

maximum increase  was observed in  p la n ts  in ocu la ted  w ith  10,000 

nematodes. Here 290.6? g a lls  w ith  a fre s h  w eight o f  3*37 g wero 

form ed. However, there was ho g a l l  form ation  in  uninaoulatod 

c o n tr o l  p la n ts . F urther, there was a s ig n i f ic a n t  negative 

c o r re la t io n  between g a l l  form ation and nodule number in  

d i f fe r e n t  nematode in ocu la ted  treatm ents.
' ' ■ i ,

A s ig n if ic a n t  redu ction  in  percentage n itrogen  content o f  

shoot was observed as a r e s u lt  o f  In ocu la tion  w ith  1000 and
\ < i

10.000 nematodes. 2he percentage n itrogen  con ten t o f  p lants 

in  these treatanents was on ly  2 .60  and 2 .3 7  r e s p e c t iv e ly  in  

comparison to  3 .3 4  p e r  cent f o r  c o n tr o l  p la n ts . A s ig n i f ic a n t  

p o s it iv e  c o r r e la t io n  between nodule number and percentage 

n itrogen  content o f  shoot was observed . B ut, the c o rre la t io n  

between g i l l  number and p e r c e n t a l  n itrogen  content o f  shoot 

was s ig n i f ic a n t ly  n eg a tiv e . *
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SDhe number o f  leave a fanned p er  p lant* p la n t height* r o o t  

len gth  and fre s h  end dry v/eight o f  sh oot were a ls o  s ig n i f ic a n t ly  

low  due to  nematode in ocu la tion  e s p e c ia l ly  w ith  1000 and 10*000 

larvae p er  plant* She maximum d e le te r io u s  e f f e o t s  v/ere observed 

as a r e s u lt  o f  in o cu la tio n  w ith  10*000 la rva e . However, 

in o cu la tio n  w ith  10 end 100 nematodes d id  not have any s ig n if ic a n t  

e f f e c t  on these p la n t ch a ra cters .

A o ig p if io a n t  in crease  in  nematode number p er  gram fre s h  

w eight o f  in fe s te d  r o o t  and 100 g  o f  in ocu la ted  s o i l  was 

observed w ith  10 * 100* 1000 and 10,000 nematodes. Shi3 in crease  

was maximum in  p la n ts  in ocu la ted  w ith  10,000 la rv a e . Shore was; 

a s ig n i f ic a n t  p o s it iv e  c o r re la t io n  between 1iie nematode number 

p e r  gram fre s h  w eight of in fe s te d  r o o t  and 100 g o f  in ocu la ted  

s o i l  and the number o f  g a lls  form ed in  d i f fe r e n t  treatm ents.

Suchep03i t iv e  c o r r e la t io n  a ls o  e x is te d  between the nematode 

number in  in fe s te d  r o o t  arid s o i l .

In the la s t  p a rt o f  the presen t in v e s t ig a t io n , the a ctu a l 

e f f e c t  o f  age o f  h ost p la n t on in fe s ta t io n  by  H.in co g n ita  was: 

in v e s t ig a te d . £hio experiment was a ls o  done in  p ots  by '

in o cu la t in g  the su sce p tib le  v a r ie t y  o f  cowpea, New Era, w ith 

1GG0 nematodes from the date o f  sowing to  28 days o f  p lan t 

growth. She experim ent was la id  down in  com pletely  ran demised 

desi^a with 5 r e p l ic a t io n s  each . O bservations were taken on
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nodule number* nodule fresh  w eight, g a l l  number, g a l l  fre s h  

weight* percentage n itrogen  con ten t o f  sh oot, l e a f  number, 

p la n t h e igh t, r o o t  len g th , fce sh  and dry w eight o f  shoot 

and nematode population  in  in fe s te d  r o o t  and s o i l  were taken cm 

55th day o f  p la n t growth.

Ehere was s ig n i f ic a n t  reduction  in  nodule number arid fre s h  

w eight in  d if fe r e n t  treatment when compared to  c o n t r o l .  Ehe 

maximum reduction  was observed on 14th day. 2he number o f  ' 

nodules formed and i t s  fre s h  w eight wore on ly 23.80 and 0 .43 Q 

r e s p e c t iv e ly  in  comparison t o  2 .34  and 5-31 g f o r  c o n tro l  

p la n ts . Further* nodules in  a l l  treatm ents excep t the c o n tro l  

were in fe s te d  w ith the nematodes.

Shore was s ig n i f ic a n t  in crea se  in  g a l l  number and th e ir  

fr e s h  weight in  a l l  the treatments ex cep t the c o n t r o l .  Ehe 

maximum in crea se  was observed on 14th day. Here, 127 g a lls  

w ith  a fre sh  w eight o f  2 .26 g were form ed. However, there was no 

g a l l  form ation in  uninooulated c o n tr o l  p la n ts . F u rther, there , 

was s ig n i f ic a n t  negative c o r r e la t io n  between g a l l  form ation 

and nodule number in  d if fe r e n t  nematode inoou latnd  treatm ents.

A s ig n i f ic a n t  redu ction  in  percentage n itrogen  content o f  

sh oot Was observed due to  nematode in ocu la tion  a t  d if fe r e n t  

sta ges  o f  p la n t grow th. She maximum reduction  wqs seen on 

14th to y . 2he p e r c e n t a l  n itrogen  content o f  p la n ts  in  th is
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tra a fe o n t was on ly  2 .34  in  comparison to  3*47 por  cen t f o r  

c o n t r o l  p la n ts . I t  wag a lg o  low  in  p lants inoou latad  a t  the 

time o f  sowing and on the 7th  and 21st day o f  p la n t growth• 

F u rther, there was a s ig n i f ic a n t  p o s it iv e  c o r r e la t io n  between 

nodal© number and percentage n itrogen  con ten t o f  sh o o t . B ut, 

the co rre la t io n  between g a l l  number and percentage n it r o ^ n  

con ten t o f  shoot was s ig n i f ic a n t ly  n o ^ t i v e .

She number o f  lea v es  formed p er  p la n t , p la n t h e ig h t, r o o t  

length* fre sh  and d ry  weight o f  sh oot were a ls o  s ig n i f ic a n t ly  

low due to  nematode in ocu la tion  a t  d if fe r e n t  stages o f  p lan t 

growth ocmpared to  c o n tr o l  p la n ts . However, the maximum dele

te r io u s  e f f e c t s  were observed on 14th day o f  p la n t growth 

follow ed, by in o cu la t io n  a t  the time o f  sowing and on the 7 th , 

21 st and 28th day o f  p lan t growth. *

A s ig i i f l e a n t  in crea se  in  nematode number p er  grem fresh  

w eight o f  in fe s te d  r o o t  and 100 g o f  in ocu la ted  s o i l  was1 

observed . Shis in crea se  was maximum in  p lan ts in ocu la ted  on 

14th day* She in cre a se  in  nematode number wag a la o  h igh er in  

p la n ts  Inocu lated  a t  the time o f  sowing and on the 7th  and 

21st day o f  p la n t growth. Shere was a s ig n i f ic a n t  p o s it iv e  

c o rre la t io n  between nematode number p er  gram fr e s h  w eight of
in fe s te d  ro o t  and 100 g o f  the in ocu la ted  s o i l  and the number 
o f  g a lls  formed in  d if fe r e n t  treatm ents* Such a p o s it iv e  co rre la 

tion  a ls o  e x is te d  between the nematode number in  in fe s te d  

r o o t  and s o i l .
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S o u rc e

. APPENDIX -  I  (a )

H o s t  v a r i e t a l  v a r i a t i o n s  i n  oow pea t o  i n f e s t a t i o n  
b y  lA e io id o g V P e  l n a o a n i t a

A n alysis  o f  varian ce  ta b le  

Mean squared f
G a l l
n u m b e r

G a l l
f r e s h
w e ig h t

(£>

N o d u le
n u m b e r

N o d u le  
f r e s h  , 
w e ig h t

(* >

1
2 o t a l 29 a a • ft * A • ft

SSjseatssst 9 4 4 . © * 0 - 59* 3 . 27* 0 . 7 0 '

R2 -VC2 20 0 . 5 1 0 . 0 3 0 . 0 7 0 . 1 3

* s i ^ i i f i c e n t  a t  5 p s r  c e n t  l e v e l  
o f  s i g a i f i o a n e e  .



Host v a r ie t a l  v a r ia t io n s  in  cowpea t o  in fe s ta t io n  toy K eloiaogvne In cog n ita
A n alysis  o f  v a ria n ce  ta b le

APPENDIX -  I  (to)

Source Of
Kean square'

Leaf Plant Soot Fresh Dry
number height length weight weight

.o f o f
shoot shoot

cm cm g - g

2o t e l  29 . .
j

Ereatment 9 0 .9 9

E rror  20 0 .1 2

073*96* 99 .01*

69.32 5 .9 8

115.0?

12.97

0.41

0 .0 6

Nematode Hem t  ode.
popu lation  popu lation
p e r  gram p e r  100 g
fr e s h  s o i l ,
w eight o f  
r o o t

1 .74

0 .03

1.67

0 .0 6

* S ig n if ic a n t  a t  5 p er  ce n t  l e v e l  o f  s ig n if ic a n ce

9 9



Effect of inoculation vdth different levels o f
Heloidogyne incognita on nodulation and gall formation

Analysis of variance table

APPSKDIX -  II (a)

Source df
Mean square

Nodule Nodule Gall
number fresh number

weight
Gall Percentage 
fresh nitrogen 
weight content of 

shoot

Eotal
treatment

Error

29

4

25

40.30

0 .3 3

«•
9.51

0 .66

256.7? 10.60*

1.65 0 .17

0 .9 2

0 .0 3

* Significant at 5 per cent level of
significance*



E ffe c t  c f  in o c u la t io n  w ith  d i f f e r e n t  le v e ls  o f  KoXoiaonsns in co g n ita  
on neEatoOe p op u la tion  and d i f f e r e n t  p la n t c liaraotsra  in  ccwpea "

A n a lysis  o f  varian ce  ta b le

&PP25T3KX -  11(b)

Source Of

20-fcal

ffreatneht

STEOJ?

29

4
25

He&atocJe; 
popu lation  
p e r  gram
£s:esh 
w eight o f  
r o o t

c . i a

0 .0 3

Hematodfr 
p op u la - 
t lo n  p e r  
100 g 
s o i l

5 .4 0
0.02

Heon equal*

L eaf

2 .2 6

0 .0 5

P la n t
h e igh t

Hoot
len g th

prash
w eight
o f
ch oot

Pry
w eigh t
o f
sh oo t

(cm) (cm) (g ) (g )

. . • # • «
f699.55* 768*40* 1193.41* 28.72 *
127.45 ' 65*52 45-11 2 .0 2

* -Significant at 5 per cent level of significance



E ffe a t  o f  ago o f  p la n t and in fo  s ta t io n  by  M elolflogyno in co g n ita  
on nodulation  and g a l l  fcarnation in  cowpea

- A n a lysis  o f  varia n ce  ta b le

APPENDIX -  III (a)

Souro© d f
Nodule
number

Hodule
fr e s h
w eight

(g )

Mean square:

G a ll
number

G all
fr e s h
w eigh t

(e )

P eroen ta ^  
n itrogen  con ten t 
o f  shoot

f e t a l  29

freatm ent 3 

E rror  24

69.29

0 .5 9

14.22

0 .35

73 .93

1.03

3 .6 0

0 .1 5

0 .8 0

0.02

* Significant at 5 per cent level of
significance



appezjux- x ii <b)
Effect of ago o f plant and in fo station by KeXoidogyne incognita on nematode 
population and different plant .characters in cowpea

A n a lysis  o f  variance ta b le

Source d f
Mean square'

Nematode 
p op u la tion  
p e r  gram 
fr e s h  w eight 
o f  r o o t

Nematode, 
p op u la tion  
p e r  100 g  
s o i l

Leaf.
num
b e r

P la n t
h eigh t

(cm)

Koat
len g th

(am)

Fresh
w eight
o f
shoot

<g)

Dry
w eigh t 
o f  sh oot

(g )

ICotal 29 ft* • ♦ * • * • •  • • • ft
Sreatment 5 5*19* 3 .9 6* 2.23* 49047.31* 767.85* 972.86* 13.67*
E rror 24 0 .0 03 0 .0 0 4 0 .0 9 9309.46 23*72 33.60 1*19

* S ig n if ic a n t  a t  5 p er  c e n t  l e v e l
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ABSimCE

An -investigation was carried out a t  Golloga o f Agriculture # 

Vellayani # Korala, to study the e ffect o f Infeatation w ith

Moloidoro/ne in c o fn ita  cm nodulation  and ^ 1 1  form ation  in
i

cowpea. Sen v a r ie t ie s  o f  ccwpea# Net/ Era# Patlihettumaniyan# 

IIG-22# PfB-1* P2B-2# 0-152# Sundarl# V-16, V-37 ana V-240 

were i n i t i a l l y  screened f o r  re s is ta n ce  to  th is  nematode. She 

p isn te  were in ocu la ted  w ith 1000 second stage la rva e  o f

H .in cogn ita  on 14th day and v a r iou s  observations on g ^ ll  . 

number# g a l l  fr e s h  weight# nodule number# nodule fre s h  weight# 

l e a f  number# p la n t h o ig h t, r o o t  length# fre s h  and dry  w eight 

o f  shoot and nematode population  in  in fe s te d  r o o t  and s o i l  

were talien on 50th day o f  p la n t growth. E igh t v a r ie t ie s  

namely Pa th ine ttumani yah# IIG-22# PSB-1# 0 1 52 #  Sundari# V-16# 

V-37 and V-240 were found r e s is ta n t  w hile  two v a r ie t ie s  Hew Era 

and FiS-2 were h ig h ly  su sce p tib le  to  th is  nematode.

S*he e f f e c t  o f  in o cu la tio n  w ith d if fe r e n t  l e v e ls  o f  

13.in cogn ita  cm nodulation  and g a l l  form ation was a ls o  studied .; 

F or th is#  the cowpea v a r ie ty  found most ou soop tib le  t o  th is  

nematode* New Era* and f iv e  d i f fe r e n t  l e v e ls  o f  nematode such 

a s  0* 10# 100# 1000 and 10 #000 were used, a  p rogressiva  

reduction  in  variou s p la a t ch a ra cters  studied  was observed w ith  

an increase in  the l e v e l  o f  nematode inoculum . She number o f



nodules formed p er  p lant and t h e ir  fr e s h  weight were reduced 

s i g i i f i c a n t l y  w ith  100f 1000 and 10,000 nematodes par p la n ts  

However, the number o f  ^ l l s  formed and th e ir  fr e s h  weight 

in crea sed  w ith  an in crease  in  nematode number* 2he percentage  ̂

n itrogen  content o f  shoot was reduced s ig n i f ic a n t ly  as a 

r e s u lt  o f  in o cu la tio n  w ith 1000 and 10,000 nematodes* A 

s ig n i f ic a n t  redu ction  in  le a f  number, p la n t h e ig h t, r o o t  

len gth  and fre s h  and dry w eight o f  sh oot was a ls o  observed w ith  

1000 and 10,000 nematodes* F urther,, the nematode population  

in  in fe s te d  r o o t  and s o i l  in crea sed  w ith  an in crea se  in  the 

nematode inoculum* .

An experiment, to  study the e f f e c t  o f  age o f  h ost p lan t 

and in fe s ta t io n  by  in co g n ita  on nodulation  and g a l l  

form ation  v/q s  a ls o  conducted* In th is  experiment oowpea was 

in ocu la ted  w ith  1000 second stage larvae  a t  the time o f  sowing 

and on 7 th , 14th , 21st and 28th day o f  p la n t growth* Various 

observations were taltnn on 55th day* Sfhe low est number o f 

nodules were formed in  p lants in ocu la ted  on 14th day fo llow ed  

by 0 ,  7 th , 21st and 28th day o f  p la n t growth* $he f r e s h  

w eight o f  nodules was correspon d in g ly  low in  d i f fe r e n t  

treatments* Maximum number o f  g a l l s  were formed in  p lants 

trea ted  v/ith M .incogn ita  on 14th  day* SJlie number o f  g a lls  

form ed on 0  and 7th  day o f  p la n t growth were a lso  high* She



■ i r
f r o  all Weight o f  g a l ls  was in  proportion  t o  the number in

d if fe r e n t  treatm ents. She percentage n itrogen  content o f

shoot was s ig n i f io a n t ly  lev in  d if fe r e n t  treatments excep t

the c o n tr o l .  A maximum redu ction  was seen in  p lan ts in ocu la ted

on 14th day. A s ig n if ic a n t  reduction  in  o th er  p la n t characters

studied* such as l e a f  number* p la n t height* r o o t  length and

fresh  and dry w eight o f  shoot was a lso  observed .

Based on the present in v e stig a tio n  fo llo w in g  im portant 

observations ere  made w ith  regard to  in fe s ta t io n  by M.in cog n ita  

in  cewpea. .

1.- Shere i s  a v a r ie ta l  v a r ia t io n  in  cowpea to  in fe s ta t io n  

by 2-2. in c o g n ita .  In fa c t*  two o f  the v a r ie t ie s  New gra 

and P2B-2 a t  present cu lt iv a te d  in  the State are h ig h ly  

su scep tib le*  w h ile  three oth er popular v a r ie t ie s  such 

as Pathinettumaniyan* P2B-1 and C-152 are r e s is ta n t  to  

th is  nematode.

2* A minimum inoculum le v e l  o f  1000 second stage larvae o f  

n . lncQ /aiita l a  requ ired  to  produce, an uniform s ig n i f ic a n t  

e f f e c t  on various p la n t characters stu d ied  e s p e c ia l ly  on 

nodulation* g a l l  form ation  and percentage n itrogen  

content o f  sh oot. =



Cowpea is  moat susceptible to infestation by 
incognita daring the early stages especially around 

14th day of plant growth*


