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CHAPTER I 

INTRODIJGTION

The P o r tu g u e s e  b rough t  Capsicum t o  I n d i a  from B r a z i l  

p r i o r  to 1585» I t  beoame an i m p o r t a n t  orop in  I n d i a  grown 

fo r  f r u i t s  which a re  used as cond im ent  both  when green and 

r i p e  d r i e d .  Among the  s e v e r a l  s p e c i e s ,  Capsicum annuumL i n n . . 

and C . f r u t e s c e n s  L in n . ,  a re  c u l t i v a t e d .  Most of  the  v a r i e ­

t i e s  b o th  pungent and sw ee t  peppers  c u l t i v a t e d  in  I n d i a  

o r i g i n a t e d  from C .annuum.

The c h i l l i  i s  known f o r  i t s  f l a v o u r  end pungency.

Both r i p e  and green c h i l l i  i s  used  for  i m p a r t i n g  pungency.  

Sweet peppe rs  a re  used as s a l a d ,  s t u f f e d  with  meat or as 

v e g e t a b l e .  In I n d i a ,  u n r i p e  c h i l l i e s  a re  consumed as a 

b i t e  w ith  m ea ls ,  used for making p i c k l e s ,  c h u tn ey s ,  f r y i n g  

e t c .  The pungency i s  due to  an a c t iv e  p r i n c i p l e ,  c a p s i c in ,  

con ta ined  in  the p e r i c a r p  and p l a c e n t a .  I t  i s  a l so  a 

source  of V itam ins  A and B t o  some e x t e n t .  The Ju ice  i s  

claimed to  be a s u r e  cure  fo r  to o th a c h e  and d i g e s t i v e  d i s ­

tu rb a n c e s .

Th is  i s  an im p o r ta n t  cash  crop  o f  I n d i a  and i s  grown 

bo th  f o r  home m arke t  and e x p o r t .  Im p o r ta n t  f o r e i g n  m arkets  

f o r  Ind ian  c h i l l i  a r e  S r i  Lanka, Kuwait ,  I r a n  and th e  United 

Kingdom. I t  i s  m ostly  e x p o r te d  in  the form of cu rry  powder 

and c u r r y  p a s t e .  Prom inent  e x p o r t in g  c o u n t r i e s  b e s id e s  I n d i a  

a r e  Spa in ,  Japan and T h a i l a n d .



C h i l l i  crop i s  r a i s e d  over 1 .72  m i l l i o n  h e c t a r e s  in  

t h e  world bo th  f o r  green and r i p e  dry  c h i l l i ,  p ro d u c in g  

about  1 .2  m i l l i o n  to n n es .  iMajor c h i l l i  growing c o u n t r i e s  

in  the world a r e  I n d i a ,  China ,  Korea and P a k i s t a n .  H ighest  

p ro d u c t io n  per u n i t  a reab in  J ap an ,  fo l low ed by I t a l y  and 

Egypt.  In I n d i a ,  i t  i s  grown t h r o u ^ o u t  th e  co u n t ry  in 

a lm o s t  a l l  th e  s t a t e s ,  oyer an a r e a  of  0 .8  m i l l i o n  h e c t a r e s  

With a p ro d u c t io n  of 0 .6 4  m i l l i o n  to n n es  o f  dry c h i l l i ,  

i i e a r ly  70 per c en t  of the  t o t a l  c u l t i v a t e d  a rea  l i e s  i n  

Deccan P l a t e a u .  Andhra P radesh  to p s  in  the  p ro d u c t io n  o f  

ary c h i l l i .  The p ro d u c t io n  per u n i t  a r e a  i s  h ig h e r  in  

iaidhra P radesh ,  Tamil Nadu and O r i s s a  b e c a u se ,  th e  crop  

i s  grown under i r r i g a t e d  c o n d i t i o n .  The major c h i l l i  grow­

in g  d i s t r i c t s  in  I n d i a  a re  Dharwad, Ramanathpur,  T i r u n e l -  

v e l i ,  Nagpur, T i r u c h i n a p a l l i , Nanded and Guntur (Anonymous, 

1979).

K arna taka  occup ies  t h i r d  p o s i t i o n  in  a r e a  under 

c h i l l i  ( 1 ,3 8 ,6 5 5  h a ;  and i s  one o f  the fou r  s t a t e s  in  p ro ­

ducing maximum quantity ' o f  dry  c h i l l i  (43»816 to n n es )  

(Anonymous, 1979).  In a r e a  and p ro d u c t io n ,  among the

19 d i s t r i c t s  in  K arna taka ,  Dharwad o ccu p ie s  f i r s t  (53»957 

ha and 12,896 to n n e s )  fo l lo w e d  by Belgaum (14,196 ha  and 

6,417 t o n n e s ; ,  Shimoga (12 ,376  ha  and 4 ,926  to n n e s ) ,  

G h i t r a d u rg a  (9 ,626  ha  and 3 i215  tonnes ) ,  Mysore (8,217 ha 

and 3 ,780  t o n n e s )  and Gulbarga (6 ,069  ha  and 1 ,135  to n n e s ) .
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I r r i g a t e d  a r e a  under c h i l l i  in  the  S t a t e  i s  about  24,850 ha. 

Major i r r i g a t e d  a r e a  in  K arna taka  i s  found in  the  d i s t r i c t s  

of Belgaum (4 ,2 8 0  ha )  fo l low ed  by B i jap u r  (3 ,488 h a ) ,  Gul- 

b a rg a  (2,273 h a )  and Dakshina Kannada (2,625 h a ) .

Though the a r e a  under c h i l l i  i n  Karnataka i s  more,  i t s  

p r o d u c t io n  i s  very low as  compared to  o t h e r  s t a t e s .  Among 

the  v a r i o u s  b i o t i c  and a b i o t i c  f a c t o r s  which a f f e c t  th e  pro ­

d u c t i o n ,  v i r u s  d i s e a s e s  can be c o n s id e re d  to  be v e ry  im port ­

a n t .  A mosaic d i s e a s e  of c h i l l i  was f i r s t  r e p o r t e d  by 

iMcRae (li^i:3) and K u lk a rn i  (19k:4) i n  t h e  e r s t w h i l e  Bombay 

P ro v in c e  in  I n d i a .  L a t e r ,  n in e  v i r u s e s  caus ing  mosaic 

d i s e a s e  on c h i l l i  have been r e p o r t e d  by s e v e r a l  w o rk e rs .  

The most  f r e q u e n t  symptoms produced by th e s e  v i r u s e s  on 

c h i l l i  a re  s l i g h t  to se v e re  mosaic ,  m o t t l i n g ,  v e in  c l e a r i n g ,  

ve in  band ing ,  c u r l i n g  and m arg ina l  r o l l i n g  of l e a v e s ,  r a t  

t a i l i n g ,  small  and f i l i f o r m  l e a v e s ,  tiome v i r u s e s  c au se  

c h l o r o t i c  to  n e c r o t i c  l e s i o n s ,  shedd ing  o f  l e a v e s ,  reduced  

number of f lo w ers  and f r u i t s ,  and d e a t h  o f  p l a i t s .  Farmers 

c a l l  some syniptomes due to  v i r u s e s  e t c .  by d i f f e r e n t  names 

as Ghurda-murda, or Ghandiroga in  K a rn a tak a ,  where l e a f  

d i s t o r t i o n  and l e a f  r e d u c t io n  a r e  p rom inen t .

C o n s id e r in g  the  s u s c e p t i b l e  n a t u r e  o f  th e  p i  snt t o  a 

l a rg e  number o f  v i r u s e s  on a r t i f i c i a l  i n o c u l a t i o n  many more 

can be expec ted  to be p r e s e n t  in n a t u r e .  F u r t h e r ,  the 

symptom p i c t u r e  d i f f e r s  w i th  v a r i e t i e s ,  c l im a t i c  f a c t o r s



and the  v i r u s e s  i n v o l v e d .  I t  i s  n e c e s s a r y  to  f i n d  ou t  a 

d i a g n o s t i c  key f o r  a l a r g e  number o f  c h i l l i  v i r u s e s .  There 

a r e  some keys developed  by e a r l i e r  workers w i th  l i m i t e d  

number o f  v i r u s e s .  T h e re fo re ,  s t u d i e s  on t h e  c h i l l i  v i r u s e s  

i n  major c h i l l i  growing a re a s  in  the  s t a t e  have been taken 

up w i th  the f o l l o w in g  o b j e c t i v e s :

1 ,  A sy s tem a t ic  su rvey  fo r  the  i n c id e n c e  of mosaic 

in  major c h i l l i  growing d i s t r i c t s  l i k e  Dharwad, 

Belgaum, Shimoga, Mysore and Gulbarga.

2. To i d e n t i f y  and group the  d i f f e r e n t  v i r u s e s  i n ­

vo lved  in  c a u s in g  mosaic.

5 . To develop a d i a g n o s t i c  key based  on the r e ­

a c t i o n s  of d i f f e r e n t i a l  h o s t s  in comparison 

w i th  p a r t i c l e  morphology, s e r o lo g y  and t r a n s ­

m iss ion  .

4 . To know the  d i s t r i b u t i o n  of d i f f e r e n t  v i r u s e s  

i n v o lv e d ,  in d i f f e r e n t  a r e a s ,  c u l t i v a r s  and 

in  crops w i th  d i f f e r e n t  c u l t i v a t i o n  p r a c t i c e s

5 . To s tu d y  the  e f f e c t  o f  the  most p r e v a l e n t  and 

s e v e r e  v i r u s  i s o l a t e s  in  Karnataka on d i f f e r e n t  

c h i l l i  c u l t i v a r s .

6 . To s tudy  t h e  epidemiology of the  v i r u s e s  in 

r e l a t i o n  to v e c t o r s  and m e te o r o lo g ic a l  f a c t o r s .
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7 .  To s tudy  t h e  n a t u r e  o f  spread  of  an im p o r tan t  

v i r u s  caus ing  mosaic d i s e a s e  in  f i e l d .

8 .  To f i n d  ou t  the  e t i o l o g i c a l  ag e n ts  invo lved  

in  Murda s^'ndrome.
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The c h i l l i  p l a n t  i s  s u b j e c t  to  the a t t a c k  by a 

l a r g e  number o f  v i r u s e s  in  n a t u r e  b e s i d e s  b e in g  s u s c e p t i b l e  

to  a r t i f i c i a l  i n f e c t i o n  by many o t h e r s .  Scann ing  through 

the  l i t e r a t u r e  one could n o t i c e  a s  many as 42 v i r u s e s  mecha­

n i c a l l y  or o th e r w i s e  t r a n a n i t t e d  to  Capsicum spp .  Twenty two 

o f  them are found to  occur n a t u r a l l y  and twenty v i r u s e s  can 

i n f e c t  on a r t i f i c i a l  i n o c u l a t i o n .  I f  one t a k e s  v i r u s  s t r a i n s  

a l so  i n t o  c o n s i d e r a t i o n  th e  number w i l l  be much more.

Ramakrishnan (li^59 and 1361)  d e s c r ib e d  18 d i f f e r e n t  

v i r u s e s  r e p o r t e d  from a l l  over the world  to  occur n a t u r a l l y  

on c h i l l i  v i z .  a l f a l f a  mosaic v i rv is ,  a s t e j / r i n g  s p o t  v i r u s ,  

b e e t  c u r l y  top v i r u s ,  c ra n b e r ry  f a l s e  blossom v i r u s ,  cucum­

ber mosaic  v i r u s ,  I n d i a n  c h i l l i  mosaic  v i r u s ,  I t a l i a n  pepper 

m osaic  v i r u s ,  pepper ve in  banding  v i r u s ,  pepper ye l low  l e a f  

v i r u s ,  p o ta to  v i r u s  Y, Puer to  Rican pepper  mosaic v i r u s ,  

T r in id a d  pepper v e in  band ing  v i r u s ,  tobacco l e a f  c u r l  v i r u s ,  

tobacco  e t c h  v i r u s ,  tobacco  mosaic v i r u s ,  tomato s p o t t e d  

w i l t  v i r u s ,  T r in id a d  pepper mosaic v i r u s  and p o ta to  v i r u s - X .  

L a t e r ,  four  o th e r  v i r u s e s  v i z . ,  pepper  v e i n a l  m o t t l e  v i r u s  

(B run t  and Kenten, 1971) ,  tobacco r a t t l e  v i r u s  (Semancik, 

1966) ,  tobacco s t r e a k  v i r u s  (G rac ia  and Feldman, 1974) and 

to b acco  r i n g  s p t  v i r u s  (Prasad  Rao, 1976) have been r e ­

p o r t e d  .



There are  20 v i r u s e s  which are  only  a r t i f i c i a l l y  

t r a n s m i t t e d  to c h i l l i .  Ramakrishnan (1961) l i s t e d  16 

v i r u s e s  which are a r t i f i c i a l l y  t r a n a c i t t e d  to  c h i l l i .

These a r e  T r in id a d  tomato t w i s t e d - l e a f  v i r u s ,  T r in idad  

tomato b ronze  l e a f  v i r u s ,  T r in id a d  egg p l a n t  mosaic v i r u s ,  

tomato yellow mosaic v i r u s ,  tomato n e c r o s i s  v i r u s ,  tomato 

bushy s t u n t  v i r u s ,  tomato r i n g  spot  v i r u s ,  p o t a to  aucuba 

mosaic v i r u s ,  p o ta to  l e a f  r o l l  v i r u s ,  p o t a t o  s t u n t  v i r u s ,  

sweet p o t a to  mosaic v i r u s ,  r a d i s h  s t u n t  v i r u s ,  c a r r o t  m otley  

dwarf v i r u s ,  su n f lo w er  mosaic v i r u s ,  ;yam mosaic v i r u s  and 

b road  bean v a s c u l a r  w i l t  v i r u s .  In  a d d i t i o n ,  fo u r  o th e r  

v i r u s e s  v i z .  pe la rgonium  v i r u s  ( R e i n b e r t  ^  , 1960) ,

s t r a w b e r r y  v i r u s  (Reed and F e l i x ,  1961),  coconut w i l t  v i r u s  

(S han ta  and Menon, 1961) and p o t a to  s p in d le  tube r  v i r u s  

(FSTV) (O'Brien and Raymer, 1964),  have been r e p o r t e d .  How­

e v e r ,  PST7 i s  now e s t a b l i s h e d  a s  a v i r o i d  and th e  n a t u r e  of 

cooonut  w i l t  v i r u s  i s  n o t  c o n f i r m a t i v e ly  e s t a b l i s h e d .

A m osaic  d i s e a s e  o f  c h i l l i  was f i r s t  r e p o r t e d  i n  I n d i a  

by McHae (1924) and K u lk a rn i  (1924) from Bombay P ro v in c e .  

L a te r  s e v e r a l  v i ru s e s  c a u s in g  mosaic on c h i l l i  have been 

r e p o r t e d  by a number o f  w orkers  from t im e to  t ime ( J h a  and 

R aychaudhur i , 1956; Ramakrishnan,  1961; Kandaswany e t  a l . ,  

1963; Anjaneyaulu and Appa Rao, 1967; J e y a r a j a n  and Rama- 

k r i s h n a n ,  1969; and P ra s a d  Rao, 1976).  Among the 22 v i r u s e s  

r e p o r t e a  t o  occur n a t u r a l l y  on c h i l l i  th ro u g h o u t  t h e  w or ld .
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only n in e  have been r e p o r t e d  from I n a i a  v i z . ,  cucumber 

mosaic v i r u s  (Angeneyulu and Appa Rao, 1967 ), tobacco l e a f  

c u r l  v i r u s  (Husain,  1932; and Vasudeva, 1954) ,  Ind ian  c h i l l i  

m osa ic  v i r u s  (McRae, 1924; and Jha  and R ayachaudhur i , 1956) ,  

Irotato v i r u s  Y ( J e y a ra ja n  and Ramakrishn a i , 1961 and 1969; 

and J o s h i  and Bhargava,  1962) ,  P o ta to  v i r u s  X (Ramakrishnan, 

1959; and Rao e ^  , 1970) and tobacco mosaic v i r u s  (Kanda- 

swamy ^  al_. , 1963; Mathur , e t  a l . ,  1966) .  P ra sada  Rao (1976) 

r e p o r t e d  tobacco r i n g  s p o t  v i r u s ,  pepper v e i n a l  m o t t l e  v i r u s  

and pepper  ve in  b a n d in g  v i r u s ,  n a t u r a l l y  o c c u r r in g  on c h i l l i .  

Shukla  and Shri  Ram (1977 ) r e p o r t e d  the  mosaic due to complex 

o f  CMV+TMV on C . f r u t e s c e n s  and PW on G . annuum from R a j a s ­

than .

A rev iew  of a l l  the  v i r u s e s  which induce  mosaic symp­

toms on c h i l l i  in I n d i a  was made b u t  l i t e r a t u r e  on e i g h t  sap 

t r a n s m i s s i b l e  v i r u s e s  and o t h e r  r e p o r t s  p e r t a i n i n g  t o  the  

p r e s e n t  s tu d y  i s  rev iewed h e r e .

1) Po ta to  v i r u s  Y (pyY)

David and Stormer (1941) d e s c r ib e d  the  symptoms o f  PVY 

on c h i l l i  and s t a t e d  t h a t  i t  produced i n d e f i n i t e  number of  

f l e c k s  on the l e a v e s  and a s l i g h t  s w e l l i n g  of t h e  v e i n s  on 

th e  l a r g e r  expanded young l e a v e s .  L a te r  e n t i r e  l e a f  deve­

loped a dark g reen  m o t t l i n g  w ith  wavy m argin .  J e y a r a j a n  and 

Ramakrishnan (1969) r e p o r t e d  PVY on c h i l l i  which produced
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ve in  c l e a r i n g ,  mosaic m o t t l i n g  and re d u c t io n  in  l e a f  s i z e ,  

s t u n t i n g  and r e d u c t io n  in  number of  f lower buds and f r u i t s .  

Ran ^  ( i y ? l )  observed a v e i n a l  n e c r o s i s  s t r a i n  of PVY 

on pepper c h a r a c t e r i z e d  by e x t e n s iv e  n e c r o s i s  of l e a f  ve ins  

and a x i a l  o rg a n s ,  accompanied by pimply,  t h ic k e n e a  and 

b r i t t l e  l e a v e s  w i th  mosaic p a t t e r n s  of v a r y i n g  i n t e n s i t y .  

Mariappan ^  (1:^73 J d e s c r ib e d  a mosaic d i s e a s e  on c h i l l i

caused  by a s t r a i n  o f  PVY c h a r a c t e r i z e d  by severe  l e a f  m osaic  

and b l i s t e r i n g .  Lockhart  and F i s c h e r  (1974) r e p o r t e d  t h a t  

PVY in  pepper caused  severe  sy s te m ic  m o t t l i n g  o f  le a v e s  and 

f r u i t  d e fo rm a t io n ,  s t u n t i n g  and e p i n a s ty  o f  t h e  p l a i t  w i th  

reduced f r u i t   ̂ s e t t i n g .  Osaki e t  a l .  (1975) r e p o r t e d  t h a t  

the  PVY i s o l a t e d  from Capsicum c u l t i v a r s  showed symptoms o f  

g reen  ve in  b an d in g ,  i n t e r v e i n a l  c h l o r o s i s  or m o t t l i n g  on the  

l e a v e s  and c h l o r o t i c  s t r i p e s  on th e  l e a v e s ,  s tem s  and f r u i t s ,  

i r a s a d a  Rao (1976) d e sc r ib e d  the  symptoms o f  PVY on c h i l l i  

a s  s l i g h t  ve in  c l e a r i n g  of  the  expanding l e a v e s  seven to  ten 

days  a f t e r  i n o c u l a t i o n  fo l low ed  by mosaic m o t t l i n g .  L a te r ,  

t h e  leaves  deve loped  an i r r e g u l a r  and d i s c o n t i n u o u s  green 

ve in  banding symptoms. The m id r i b  and v e i n s  became wavy, 

r e s u l t i n g  in  upward c u r l i n g  and c r i n k l i n g .  The p l a n t s  were 

s t u n te d  and f lo w e r  form at ion  was much reduced .

Costa and Alves (195^) r e p o r t e d  t h a t  PVY on c h i l l i  

was t r a n s m i t t e d  b^ Myzus p e r s i c a e  (S u L z . ) ,  Macrosiphom 

s o l a n i f o l i i  (Ashm.; and two o th e r  u n i d e n t i f i e d  a p h id s .
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Simons (1959) r e p o r t e d  t h a t  M.p e r s i c a e  t r a n s m i t t e d  PVY in  

p eppe r .  L a i r d  and Dickson (1963 ) found t h a t  p o t a to  v i r u s  Y 

was t r a n a n i t t e d  from pepper by M.p e g i c a e , Aphis g o s s y p i i  G l o v . , 

M.s o l a n i f o l i , Macrosiphom p i  s i  K a l t .  and Aphis s p i r a e o o l a  

P a tc h .  J e y a r a j a n  and Ramakrishnan (1969) r e p o r t e d  t h a t  only 

A.g o s s y p i i  t r a n s m i t t e d  PVY on c h i l l i .  Brunt  and Kenten (1971) 

r e p o r t e d  t h a t  PVY on C. annuum and C.f r u t e s c e n s . in Ghana was 

t r a n s m i t t e d  Iqy M.p e r s i c a e  and A.g o s s y p i i . Giorda and Nome 

(1975 ) found tht^t PVY on G . annuum was t r a n s m i t t e d  by M»p e r s i -  

c a e . Mariappan e t  (1973) r e p o r t e d  t h a t  PVY on G .annuum 

was t r a n a a i t t e d  by A.g o s s y p i i # Aphis c r a c o i y o r a  Koch, Aphis 

n e r i i  B .d .F  and M.p e r s i c a e . Lockhart  and F i s c h e r  (1974) r e ­

p o r t e d  t h a t  PVl on G.annuum was t r a n s m i t t e d  most f r e q u e n t l y  

by M.p e r s i c a e . I r a s a d  Kao (1976) r e p o r t e d  t h a t  A.g o s s y p i i  

and M.p e r s i c a e  were unablts to t r a n s m i t  PVY i n  c h i l l i .

Kahn and B a r t e l s  (l':^68) opined t h a t  ^-6 p o t a t o ^ Solanum 

demissum L. «ySolaium tuberosum L.,)  ac ted  as  an i n d i c a t o r  

p l a a t  and D a tu ra  stramonium L. as  immune to  PVY. Je y a ra ja n  

and Ramakrishnan (1969) r e p o r t e d  t h a t  PVY on pepper  had a 

very  l i m i t e d  h o s t  range .  I t  produced symptoms on ly  on 

G l y r i c i d i a  m ac u la ta  L, I^ icot i  ana t a b  acum L. and N ic o t ia n  a 

M'lutinosa L. I t  did n o t  i n f e c t  G . c h i n e n s i s , L, Capsicum 

chocoense , Capsicum pubescens  and Chenopodium am aran t ico lo r
r

Goste and Reyn'. P ra sad  Rao (1976) r e p o r t e d  t h a t  PVY on c h i l l i  

p roauced sy s tem ic  symptoms on D a tu ra  m e ta l  L. f P h y s a l i s
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f l o r i d a n  a Rydbf P h y s a l i  s  p e ru v ia n a  L . , P e t u n ia  hyTjrida Vilm, 

I^ icandra  ph.ysaloides G ea r tn ,  Solanum nigrum L . ,  S . tuberosum t 

M . tobacum cv» "White B u r l e y " ,  "Xanthi"  and " Sam sun i  c o t i  aia 

r u  s t io  a L . , N i c o t i a i  a  s o l a n i f o l i a  Walpers ,  N ic o t i a n a  s im ulaas  

BurBidge,  N i c o t i a n a  s y l v e s t r i s  Speg. & Comes aid H ic o t i a n a  

Q c o id e n t a l i s  Wheeler ,  and l o c a l  l e s i o n s  on -G.a m a r a n t l c o l a r * 

Chenopodium quinoa W i l l d . ,  Chenopedium album L . ,  N.debneyi  

Domin and de tached  l e a v e s  o f  'Ag '  p o t a t o .

Sakimura t l 9 5 5 )  obse rved  k t h a t  TTi  on pepper had a  t h e r ­

mal i n a c t i v a t i o n  p o i n t  from 53 to  56®C, d i l u t i o n  end p o i n t  from 

I 15OO t o  1x1000 and l o n g e v i t y  i n  v i t r o  f o r  48 to  72 h r s  a t  25 to 

29“ C and 66 t o  82 days a t  0 to  5“C. J e y a r a j a n  s id  Ramakrishnan 

(1969) found t i ia t  PVY on c h i l l i  had a the rm a l  i n a c t i v a t i o n  p o i n t  

from 50 t o  55®C, d i l u t i o n  end p o i n t  from ItlOOO and was a c t i v e  

in  v i t r o  f o r  two d a y s  a t  room tem p era tu re  aid a l s o  a t  4®C. 

Mariappan ^  (1973) r e p o r t e d  t h a t  the  PVY on c h i l l i  had

a  thermal  i n a c t i v a t i o n  p o i n t  of  55° d i l u t i o n  end p o i n t  from 

1 :1000  t o  1 :2 0 0 0  and was a c t i v e  in  v i t r o  fo r  f i v e  to e i g h t  

hours  between 23 and 2B°G* Lockhar t  and F i s c h e r  (1974) found 

t h a t  PVY from pepper had a th e r raa l  i n a c t i v a t i o n  p o in t  between

55 aid 60®C. P rasada  Rao (1976) r e p o r t e d  t h a t  PVY on c h i l l i  

had a th e rm a l  i n a c t i v a t i o n  p o i n t  from 55 to  6 0 °C, d i l u t i o n  end 

p o i n t  between l s 500 and 1 :1 0 0 0 ,  l o n g e v i t y  ^  v i t r o  fo r  16 h r s  

a t  room temp er a tur  e .

L a i rd  e t  (1964)  r e p o r t e d  t h a t  PVY c o n s i s t e d  of  

f l e x u o u s  t  rod shaped p a r t i c l e s  m easu r in g  694 nm whereas 

P u r c i f u l l  e_t (1970) observed f l e x u o u s  ro d s  o f  PVY mea­

s u r in g  about 730  nm in l e n g t h .  Nelson and Wheeler (1972) 

however,  r e p o r t e d  t h a t  th e  i ir izona pepper  v i r u s ,  a s t r a i n
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of PVY, co n s i s ted  o f  f l e x u o u s r o d  shaped p a r t i c l e s  measur­

i n g  72^: + 2 2  nm in  l e n g t h .  P ra sad a  Rao (1976) r e p o r t e d  the 

p re s e n c e  of  f lex u o u s  rod  shaped p a r t i c l e s  of PVY meas’jir ing 

776 nm x 15 nm.

2. irepi.er vein banding v i r u s  (PVBY)

Simons (1:^56) r e p o r t e d  t h a t  PV13V i n f e c t i n g  c h i l l i  

produced the  i n i t i a l  symptoms in  seven t o  ten days a f t e r  

i n o c u l a t i o n  which were o f  v e in  c l e a r i n g ,  fo l lo w ed  by a 

c h a r a c t e r i s t i c  ve in  band ing  on young l e a v e s .  Subsequen t ly ,  

p l a n t s  showed v a r io u s  t^pes  of mosaic m o t t l i n g  and deforma­

t ion  of t h e  l e a v e s .  L o p ezca rd e t  and Blanco (1972) r e p o r t e d  

t h a t  PVBV on G.annuum showed s tu n te d  grov-th, deformed l e a v e s  

w ith  c h l o r o t i c  s t r e a k s ,  mosaic  and dark  green bands .  F r u i t s  

were a n a l l  and malformed. P rasad  Rao (1:^76) r e p o r t e d  P7BV 

on c h i l l i  which produced f a i n t  ve in  c l e a r i n g  on the young 

l e a v e s ,  e i g h t  t o  ten d a y s  a f t e r  i n o c u l a t i o n ,  fo l lowed by 

dark  g re e n  con t inuous  ve in  b and ing ,  a c h a r a c t e r i s t i c  symptom 

of  t h i s  v i r u s .  The p l a n t s  were m odera te ly  s t u n t e d .  Flower 

xonnat ion  and f r u i t  s e t t i n g  were d e la y e d .  The f r u i t s  formed 

by such p l a n t s  were d i s t o r t e d .

Simons (1956;  and Pxasau Rao (1976) found t h a t  

M.p e r s i c a e  aid A.g c s s ^ p i i  were e f f i c i a n t  in t r a n s m i t t i n g  

t h i  s v i r u s .
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Simons (1956; r e p o r t e d  t h a t  PVBT frorc pepper produced 

sys tem ij  symptoms on Solanum A’r a o i l e  L . ,  Z in n i a  elegans» Jacq . t 

Ly coper s icon  e scu len  turn Mi 1 1 . ,  N. ^ lu  t i n  os at N.. tabacum v a r . 

T u rk i s h  and 1 . p e r u v i a n a . P rasad  Rao (1^76) r e p o r t e d  t h a t  

PVBV on c h i l l i  produced s y s t e m i c  syTaptoms on D.m e te l ,

P »f  l o r i d a n a , P . Peruvian  a, S .n ig rum « M. tabacum v a r .  ’ V/hite 

B’i r l e y '  and ’ Samsun' , N.r u s t i c a  and j}'.s o l a n l f o l i a .

S icons  ) r e p o r t e d  t h a t  FVB7 on pepper had the

a i i u t i o n  end p o i n t  between 1 :1 ,0 0 0  and 1 :20 ,000 ,  the rm al  i n ­

a c t i v a t i o n  p o in t  o f  60'^G and l o n g e v i t y  i £  y i t r o  o f  10 to  15 

c a y s  a t  2 ^ 0 ,  L o pezca rde t  e t  £d. (1972) r e p o r t e d  t h a t  t h e  

FViiV on pepper had t h e  thermal  i n a c t i v a t i o n  p o i n t  from 72 to  

7]i“C, d i l u t i o n  end p o i n t  of  1 : 1 ,1 0 0  and l o n g e v i ty  in v i t r o  

f o r  75 h r s .  P ra s a d a  Rao (1976) obse rved  t h a t  the P\TBV on 

c h i l l i  hav ing  t h e  d i l u t i o n  end p o i n t  f ron  1 :5 ,0 0 0  t o  1 :10 ,000 ,  

th e rm a l  i n a j t i v a t i o n  p o in t  between 55 and 60“C and l o n g e v i ty  

in  v i t r o  o f  e i g h t  h ou rs  a t  21 to  28‘'C.

Pr asaa Rao (.1^75) r e p o r t e d  t h a t  e l e c t r o n  m icrograph  of  

p u r i f i e Q  p r e r a r a t i o n s  of FVBV c o n s i s t e d  of  f lexuous  ro d s  mea­

s u r i n g  759 nm x 13 nm in  s i z e .

5.  i epper  Veinal  L o t t i e  7 i r u s  (PYtiV)

— Lana e t  al_. (1975 > r e p o r t e d  t h a t  PVtlV on G . annuum p ro -  

auced i n t e r  ve in  al ye l low ing ,  m o t t l i n g  which o c c a s i o n a l l y  

developed i n t o  ve in  band ing .  Leaves o f t e n  developed  dark 

green s p o t s .  F r u i t i n g  in  i n f e c t e d  p l a n t s  were reduced w ith
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e v i d e n t  d i s t o r t i o n ^  x ra s a d  Kao (1^76 j d e sc r ib e d  PTl-lV on 

c h i l l i  which produceU ve in  c l e a r i n g  and mosaic m o t t l i n g  a f t e r  

i n o c u l a t i o n ,  l a t e r ,  dark green p a t c h e s  developed on the  

l e a f  l am in a  in  an i r r e g u l a r  f a s h io n  and subsequen t  l e a v e s  

were d i s t o r t e d .  I h e  o i i a r a c t e r i s t i c  symptoms of t h i s  d i s e ^ e  

Wc.L c x t r e a e  narrow in of th e  lc.J^ l am ina  as i f  only th e  

niidri l;  was p r e s e n t .  The ^ n te rn o d a l  l e n g th  of t h e  p l a n t  

WiuS d ra s t ic c* l ly  reauv-eci ^ivin^,  th e  p l a n t  compact bushy 

a i - p e a r  a iH j e . I r u i t s  w e r e  s ^ a l l  unci d i s t o r t e d .

^ = ^ ' i j i s  (1973 > r e p o r t e a  t h a t  t h i s  v i r u s  was t r a r j s E i t t e d  

by 'xoxoptera  c i t r i c i d u s  (/wir^caldy), A.g o s s y p i i  and A.s p i r a e -  

c o l a . ^  cil. ^197^> showed thc.t  was tjraii anit  ted  by

. . . c r a c c i y o r a  -jaa / . .R o s s y c i i . IS i t t c r  (1973) showed t h a t  the

was t r a n s s d t t e d  by >1 . p e r s i c a e  whereas Ix a sad  hao (1976) 

founa t - ia t  . . . p e r s i c a e  and A.MOss^pii were ab le  to  t r a n s m i t  

IVhV.

^ i j i E  (197j5> fouiid t h a t  t h e  was f i r s t  t r a n s m i t t e d

from G . f r u t e s c e n s to I . f l o r i d a u a  by aph ids  and subsequen t ly  

m ain ta ined  bi mechanical  st,p i n o c u l a t i o n  on I . f l o r i d a n a  and 

Ij .m eg a lo s ip h an . The h o s t s  were mainly solar jaceous p l a n t s ,  

i r a s a d  Hao ^1976} r e p o r t e d  t h a t  PVi'i'/ had urj ex t rem e ly  l im i t e d  

h o s t  range i n f e c t i n g  only i^.h y b r i c a ,  S.ni^jrum aud N ic o t ia n  a 

c l e y e l a n d i i  Gray be long ing  to  s o lu n a c e a e .  I t  i s  sys temic 

in  I . h y c r id u , i; . r u s t i - a , h . fe i lu t inosa . .m eaalosiphan . 

M.p h y s a lo id a S t 1 . f l o r i d a n a . b u t  L . stramonium , i^.e soulen turn ,
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Solanum melongena L. and S . tuberosum were n o t  i n f e c t e d  by 

m echanica l  i n o c u l a t i o n  (B run t  aad Kenten, 1971) .

Lana e t  (1975) observed  t h a t  PVMV had thermal  i n -  

a c t i v a t i o a  p o i n t  o f  62°C, d i l u t i o n  end p o in t  from 1 :1 ,0 0 0  to  

1:1U,000 and l o n g e v i ty  in the  exp ressed  sap  was t h r e e  days 

a t  20 to  25°C. P ra s a d a  Rao (1976) r e p o r t e d  t h a t  the th e rm a l  

i n a c t i v a t i o n  p o in t  o f  t h i s  v i r u s  was between 60 and 65°C, the 

d i l u t i o n  end p o in t  was between 1 :5 ,0 0 0  and 1 :10 ,000  and lo n ­

g e v i ty  in. v i t r o  was 24 h r s  a t  21 to 28°G.

P resen ce  of f lex u o u s  ro d s  m easuring  735 nm x 14 nm of  

I V M  was observed  under e l e c t r o n  m icroscope  by Lana e^

(1975)• P ra s a d  Rao (1976) r e p o r t e d  t h a t  the  p u r i f i e d  p r e ­

p a r a t i o n  o f  P/MV c o n s i s t e d  of f l e x u o u s  rod shaped p a r t i c l e s  

measuring 776 nm x 15 nm.

4- Tobacco Etch \ f i ru s  (TEy)

Tobacco e t c h  v i r u s  has been r e p o r t e d  to  cause  a s e r io u s  

d i s e a s e  of pepper i n  Georg ia  and A labam aJ jG reen lea f , 1953 anfi 

1:,56)» and in  Gentrc*l F l o r i d a ,  USA,_X^nderson and C o r b e t t ,  

1 9 5 7 ; .  The d i s e a s e  i s  c a l l e d  'Vein  band ing  C r i n k l e '  in  C e n t r a l  

FloriQE and i s  s a i d  t o  be the  most w idespread  d i s e a s e  of 

pepper  i n  t h a t  s t a t e .

In Alabama s e v e r a l  Tabasco v a r i e t y  pepper p l a n t s  w i l t e d  

in the  f i e l d  because of  t h i s  d i s e a s e  (O re e n le a f ,  1953 )* The 

f i r s t  v i s i b l e  symptom fo l lo w in g  i n f e c t i o n ,  in Tabasco pepper

UNlVtfiSITY O' AGR". ■ ’ SCIfcHCfeS’*
u:‘-i?vKRS' ■ .

•KVK Jl.' \G--L ■ >.85.



16

was f a i n t  yellow f le o K in g  on th e  young l e a v e s  and ve in  c l e a r ­

i n g  in 4-21 days a f t e r  i n o c u l a t i o n  accompanied by w i l t i n g  of 

t h e  p l a n t s  w i th in  a few days .  W i l t in g  was u s u a l l y  fo l low ed 

by d e a th  bu t  a few young p l a n t s  showed p a r t i a l  r e c o v e r y .  Su di 

s e e d l i n g s  became s e v e re ly  d e f o l i a t e d  t u t  m a in ta in e d  an a p ic a l  

t u f t  of le a v e s  ano j roduced  new shoo t  growth b e a r i n g  a few 

f r u i t s .  Ih e se  p l a n t s  rex tdned  s e v e r e l y  s t u n t e d .  Many addi ­

t i o n a l  symptoms on pepxer produced by TL7 have been desc r ibed  

by jieiifcen ( i y 5 4 ; -  Three or four  days a f t e r  i n o c u l a t i o n  ch lo -  

r o t i c  spo ts  a p p e a re d ,  which beoame rugose .  The f i r s t  e v i -  

aence  of a s y s te m ic  i n v a s io n  by th e  v i r u s  was p rom inen t  ve in  

c l e t . r in g  of the  younges t  l e a v e s ,  s ix  to  e i g h t  days  a f t e r  i n ­

o c u l a t i o n .  The leave s became m i l d ly  c h l o r o t i c  and showed p ro ­

minent to moderate  cupping.  Two or t h r e e  weeks a f t e r  inocu­

l a t i o n  the youne; l e a v e s  showed p rom inen t  b road ,  d a rk  green 

bands along the  v e i n s  p a r t i c u l a r l y  a t  the base  of  t h e  l e a v e s .  

Sometimes t h e r e  was a lamin a l  na r row ing  and m a rg in a l  waviness .  

wu>jh f l a g g i n g  of o ld e r  le a v e s  on i n f e c t e d  p l a n t s  was n o t i c e d .

I.here was severe  r o o t  n e c r o s i s  in  ^ounger p l a n t s  and w i l t i n g  

on ho t  da^s .  I n f e c t e d  p l a n t s  sOLetimes showed s t u n t i n g  and 

bushy growth. On p l a n t s  b e a r i n g  f r r ; i t s  a t  the t i c e  of inocu ­

l a t i o n ,  c h a r a c t e r i s t i c  f r u i t  symptoms of r i n g  and l i n e  p a t t e r n  

deve loped .  On g reen  f r u i t s ,  c h l o r o t i c  s h r i v e l l e d  a reas  were 

found more on th e  s i d e  exposed t o  b r i g h t  sun. On r i p e  or 

r i p e n i n g  f r u i t s  v a r i o u s  g reen ,  o range  or brownish co lours
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were found .  Some p l a n t s ,  w i th  prolonged i n f e c t i o n ,  were 

dwarfed o r  developed mishappen f r u i t s .  Weinbaum and M il-  

b r a t h d e s c r i b e d  symptoms as mild  m osa ic ,  sev e re  

f r u i t  d i s t o r t i o n  and f r u i t  d i s c o l o r a t i o n  in  commercial 

Capsicum c ro p s .  Seve ra l  s t r a i n s  of TOiV were r e p o r te d  to 

occur ir. O n ta r io .  A ll  the  s t r a i n s  -Droauced c ry s t - a l l in e  

i n t r a n u c l e a r  i n c l u s i o n s  (McKeen, 1954).

Ihe V irus  was e a s i l y  sap t r a n s m i s s i b l e .  In Ontar io  

M.p e r s i c a e  i s  b e l i e v e a  to  be t n e  p r i n c i p a l  f i e l d  vec to r  

iwCiv-ten, li?54>. /<Laira ana i/ickson (1963 ) r e p o r t e d  th e  

t r  arjSEiission o f  v i r u s  by r t .p e r s i c a e , A.g o s s y p i i , M . so Ian i -  

f o l i i , h . p i s i  ano ^i.s p i r a e c o l a . A.c r a c c i v o r a  t r a n s m i t t e d  

t h e  v i r u s  in c* p e r s i s t a n t  manner _ ^as s£ in iE ,  1944; and 

h e r o l d ,  1970; .

^^ohnson (1930; r e p o r t e a  t h a t  i n f e c t e d  C . f r u t e s c e n s  

P . h ^ b r i d a  aid L. e s c u l e n tu m . h o l m e s  (1946) r e p o r t e d  83 p l a n t  

s p e c i e s  among 310 t e s t e d  as  s u s c e p t i b l e  to  T ^ .  I t  produced 

yellow sp o ts  su r rounded  by s in g le  or doub le  e tched r i n g s  and 

Gomphrena g-lobosa L. remained s y m p to m le s s , ( G re e n le a f , 1953 )* 

The v i r u s  was r e x o r t e u  to  occur on Solanum c a r o l i n e n s e  L . ,  

Oirs ium vulfiare  L . ,  and C. album in  n a t u r e  in t h e  f i e l d  

^WeinbauiJi aid n i l b r a t h ,  li:^76;. I t  induced a s e v e re  mosaic  

and l e a l  d i s t o r t i o n  symptoms on i ; . s t ramonium. C a s s i a  t o r a  I . ,  

arid Z . ele.^ans w^s^not s u s c e p t i b l e .  i3ut th ese  p l a n t s  were



18

r e p o r t e d  a s  h o s t s  fo r  TEV by, nolmes (1946).  I t  has been 

r e p o r t e d  from I n d i a  on b r i n j a l  ^Yerma and L a i ,  1964).

-<£itter (1972) confirmed d i f f e r e n t  n a t u r a l l y  o c c u r r in g  

s t r a i n s  on tiie b a s i s  of r e a c t i o n  on D»stramonium. TEV 

Caused severfc le<af d i s t o r t i o n  and UiOsaic p a t t e r n  on 

i / . stramotiium ( V i l i a l a n ,  lb/75/•

Verma and Lai  (1954^) worked out  p h y s i c a l  p r o p e r t i e s  

ox t h i s  v i r u s  in b r i n j a l  i . e . ,  TIP=54-58°C, EEI=1j1,000 to  

1 ;5 ,000  ana Ll/=8 da^s .  ,i>awden and K a s s a n i s ^ (1 9 4 1 ) r e -  

portfcQ t h a t  the  severe e t c h  v i r u s  haa a L i i  around 1 :5 ,0 0 0 ,  

Til  o f  58‘'C, ana LIV of 13 day s ,  i-ierola (1970) r e p o r te d  TIP 

of ThV as of

l ierold (1^70) rep o r teo  th e  l e n g th  of  TEV p a r t i c l e s  

as  754 nm. Weinbaum arjd M i lb r a th  (1976) c a r r i e d  o u t  the 

pur i f  i  Cut ion ana e l e c t r o n  microscopy of t h e  v i r u s .  A p a r ­

t i a l l y  p u r i f i e d  p r e p a r a t i o n  of Tj-V was o b ta in ed  by combin­

i n g  i o l j e t h ^ l e n e  Glycol  p r e c i p i t a t i o n  o f  the v i r u s  follov;ed 

bj/ e q u i l ib r iu m  d e n s i t y  g r a d i e n t  c e n t r i f u g a t i o n .  ivJegatively 

s t a i n e o  v i r u s  p r e p a r a t i o n s  o b t a in e d  from i n f e c t e d  pepper 

l e a v e s  con ta ined  f l e x u o u s  ro d s  app rox im ate ly  7'30 nm in 

l e n g t h .  V i l l a l o n  ^1975/ a l s o  r e p o r t e d  the  s i z e  of  t h e  

v i r u s  p a r t i c l e s  of Ti.V as 730 nm. ^ r a n d e s  and Wetter (1959) 

c l a s s i f i e d  TKV in the group showing f l e x u o u s  ro d s  measnring
ir poiO f m , - C,;-,.! i. -

I I' 'f< r. t p'Y''
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730 nm in  l e n g t h .  P u r c i f u l l  (1966) found model l e n g th  as 

750  nm in  p u r i f i e d  p r e p a r a t i o n .

5. Tobacco mosclc v i r u s  (TMYj

As e a r ly  as in  1925, Palm r e p o r t e d  the  t r a n a n i s s i o n  

01 tobaoco mosaic v i r u s  to Z . annuum snd J . f r u t e s c e n s  in  

In d o n e s ia  and Palm and Joachems (1924) r e p o r t e d  t h i s  v i r u s  

on pepper from the  sane co u n t ry .

±our k inds  of symptoms on d i f f e r e n t  v a r i e t i e s  of 

pepper i n f e c t e a  w ith  Ti'-iV were r e p o r t e d  by HoLiies in 1937. 

These were sys tem ic  c h l o r o s i s ,  l o c a l  l e s i o n s  on leaves  and 

t h e i r  consequen t  shedding-, a dala^ ' td n e c r o s i s  combined w i th  

a si  s teuiic  mos td c m o t t l i n g  and sys temic  n e c ro s i i j  w ith  stem 

s t r e a k i n g ,  which unoer c e r t a i n  c o n d i t i o n s  r e s u l t e d  in  the 

dea th  of  t h e  p l a i t ,  in i n o c u l a t i o n  t e s t s  on young seed ­

l i n g s ,  t h e  Til/ i s o l a t e s  caused d e f o l i a t i o n  and n e c r o s i s .  

j!<akata ana Takimoto (1940) r e p o r t e d  a r i n g  s t r a i n  of TMV on 

pepper wnich produced b r i g h t  yel low m o t t l i n g  on the l e a v e s .  

Kovachevsky d e s c r ib e d  a c u te  and ch ro n ic  types  of

symptoms aue to TMV i n f e c t i o n  on pepper .  I n f e c t e d  leaves  

showed y e l lo w in g  a lon^ th e  v e i n s  s ix  to  seven days a f t e r  

i n o c u la t i o n  and in  some c a se s  shedding of l e a v e s  and dea th  

of young p l a n t s  o c c u r r e d ,  Ghtjnberlain (1947 ) r e p o r t e d  t h a t  

a s t r a i n  of tomato s t r e a k  v i r u s  i n f e c t e d  pepper p l a n t s  

caus ing  mott l in j^  and s t u n t i n g .  Murakishi  (1960)  r e p o r t e d  a
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new s t r a i n  of  tobacco  mosaic on H angar ia i  sweet pepper 

which caused a s l i g h t l y  r a i s e d  r e d a i s h  brown s t r e a k s  on 

t h e  f r u i t ,  i ’l e t c h e r  (1963) obse rved  t h e  synjptoms of  

main ve in  n e c r o s i s  of leaves  fo l low ed  q u ic k ly  by l e a f  

l o s s  of Capsicum f r u t e s c e n s  i n f e c t e d  with  tobacco  mosaic 

v i r u s ,  o r e e n l e a f  e t  (1964) r e p o r t e d  a s t r a i n  o f  TWV 

from Capsicum in xilabama and F l o r i d a  which induced severe  

sy s tem ic  l e a f  m o t t l i n g  £nd c r i n k l i n g  symptoms i n  e i g h t  to  

t h i r t e e n  days a f t e r  i n o c u l a t i o n  accompanied by p r im ary  and 

secondary n e c r o t i c  p a t t e r n s  and v a r i o u s  d eg ree s  of n e c r o s i s  

o f  upper s tem. F a r r a y  and Ramakrishnan \,1969) r e p o r t e d  

Ti'lV on c h i l l i ,  which ctiusea c h l o r o s i s  of  l e a v e s .  Adsu ar 

e t  (1971) r e p o r t e d  a s t r a i n  o f  T.IV, t e n t a t i v e l y  named 

as  v i r u s  p ro d u c in g  l o c a l  l e s i o u s  on tobacco c a u s i n g  m o t t l ­

i n g ,  c h l o r o s i s ,  l e a f  w r in k l in g  and r e t a r d e d  growth in  

C «annuum. Ragozzino e;t (1972) r e p o r t e d  two s t r a i n  s of 

I M  on pep p e r .  The tomato s t r a i n  o f  to b a jco  mos-dc v i r u s ,  

t h e  more w idesp read  of t h e  two s t r a i n s  caused b r i g h t  yellow 

mos-dc,  r e d u c t i o n  in  s iz e  of l e a v e s ,  stem n e c r o s i s ,  d e f o l i a ­

t i o n ,  s t u n t i n g ,  de fo ra ta t ion  and yel low s p o t s  on f r u i t s  and 

the  tobacco s t r a i n  induced s i m i l a r  symptoms, w ith  a l i g h t  

i n t e r v e i n a i  m osaic .  Kui-amra and Dubey (1975) i s o l a t e d  a s t r a i n  

of Ti4V from c h i l l i  which produced t y p i c a l  mosaic m o t t l i n g ,  

p u c k e r in g ,  b l i s t e r i n g  and s m a i l in g  of l e a v e s .  P ra sad  Rao 

(197b ;  observea t h a t  a s t r a i n  of TrlV proouc ing  n e c r o t i c
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l e s i o n s  on t h e  i n o c u l a t e d  l e a v e s  of c h i l l i  two to t h r e e  

days a f t e r  i n o c u l a t i o n .  The d s t r e a k  which appeared  on 

the  stem extended f u r t h e r ,  k i l l i n g  th e  p l a n t .  The p l a n t s  t h a t  

s u r v iv e d  were p a l e  w i th  y e l lo w ish  i r r e g u l a r  p a t c h e s  on l e a v e s ,  

f l o w e r in g  was del^yeQ and f r u i t  s e t t i n g  was c o n s id e r a b ly  

r e d u c e d ,  'jhe f r u i t s  produced Igy such  p l a n t s  were d i s ­

t o r t e d  aid m o t t l e d .  On i n o c u l a t i o n  to  young s e e d l i n g s ,  

the  i s o l a t e s  cau£«d d e f o l i a t i o n  and n e c r o s i s  ( S u t i c  

e t  1978 J.

T ransm iss ion  of  a number of s t r a i n s  of TiiV by mecha­

n i c a l  s a p  i n o c u l a t i o n  from c h i l l i  was r e p o r t e d  by s e v e r a l  

woricers (Palm, ly25;  holmes,  1937; Nakata  and Takimoto,

1940; D o o l i t t l e  and i3eecher,  1942; Kovachevsky, 1942; Kohler 

and P a n ja n ,  1944; (Jhiamber l a i n ,  1947; Zabala  and B e l l e c o s t a ,  

1947; McKinney, 1952; ?\lewton, 1953; M i l l e r  and Thornberry ,  

1^58; i ' iu rak ish i ,  196u; F l e t c h e r ,  1963; G re e n le a f ,  e t  a l . ,  

li?64; 3 s k a ro u s ,  l^Yly d s u a r  £ t  , 1971; ieldffl-ji and 

Oremianer,  1972; and Ra^ozzino e t  , 1 972 ; .  McKinney 

(1952/ r e p o r t e d  a seed bo rne  s t r a i n  o f  TMV on a pepper 

var i e  .0 .40252.

G reen lea f  e t  a^ .  (lb^64J r e p o r t e d  t h a t  Samsun l a t e n t  

TrtV prouuced l o c a l  l e s i o n s  on iM. t  abacus v a r .  samsun sn d 

x a n t h i ,  u »r u s t i  c a , I>iicotiana r epanda Willdrow, k «s ^ l v e s t r i  St
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N.g l u t i n o s a i D. stramonium aiid Q »an ia ra n t ic o lo r  while  

L»esouIentuffi remained u n a f f e c t e d .  In 1979»K«^amra sn d 

Lubey re i^orted symptoms on ti.tajoacum, . g l u t i n o s a  and 

i'4.r u s t i c  a and lo j  a l  l e s i o n s  on E«m e t e l t I h a s e o lu s  v u l g a r i  s I .  

and G. amaran t i c o l o r  . i r a s a d a  Rao (lSi'76) r e p o r t e d  a s t r a i n  

o f  T¥xV oij c h i l l i  which produced c h l o r o t i c  l o c a l  l e s i o n s  on 

U.g lo 'bosa , 0 . aii icjanti  c o l o r , G .q u in o a , C . albui! and K ic o t i  an a 

l o n ^ b i d o r f f i i  wtiunrui^jr.. ,  n e c r o t i c  l e s i o n s  on F . -\rj l/?aris var . 

p i i i to ,  Li .m e t e l t i v straiioul'jiflt r l .^Ldutinosa, M.r u s t i o a  and 

I'j«r e p e n d a  and the o e c r o t i c  l e s i o n s  fo l lo w ed  by sys tem ic  

s^mptoiis in i\i. tabacum 'Xejrj th i '-nc , . s o l  a n i f o l i a , M . s i m u l a n s .

i j . s y l v e s t r i  s and r: ♦ debneyi and only  sys teo i ic  symptoios were 

obse rved  on j  . f  l o r  idan  a , P .Peruvian  a > L. escu len tum , N»physa-  

l o i d e s , Solvinum nodiflorui:!  J a c q . ,  I'wtabacuin yar« ’V/hite 

Ju r le i '*  und ’ J a m s u r . i ! . c l e v  elan d i i  and N . o c c i d e n t a l i  s 

Whii'^ler.

w akata  and Takimoto r e p o r t e d  t h a t  r i n g  s p o t

s t r a i n  of Ivi/ had a therm al  i n a c t i v a t i o n  p o i n t  of 90®C and 

d i l u t i o n  end p o i n t  of l : 1 0 , 0 u , 0 0 0 .  Zabala  and D e l l e c o s ta  

(1^47^ d e s c r ib e d  s ix  s t r a i n s  o f  TMV on peppe r ,  fo u r  s t r a i n s  

remained a c t i v e  even a f t e r  exposi:ire to  a tem p e ra tu re  o f  80°C 

fo r  ten m in u te s  w hile  the  o th e r  two were i n a c t i v a t e d .  In 

195C, M i l l e r  and Thornberry r e p o r t e d  tomato a t y p i c a l  mosaic 

v i ru S f  a s t r a i n  of TMV h a v in g  d i l u t i o n  end p o i n t  of 

1 : 1 0 ,0 0 ,0 0 ,0 0 0  and thermal  i n a c t i v a t i o n  p o i n t  o f  72®C
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whereas ,  in  G reen leaf  e t  d e sc r ib e d  a Samsun l a t e n t

TMV which had a thermal  i n a c t i v a t i o n  p o i n t  between 85 and 90®C 

and d i l u t i o n  end p o in t  froui 1 0 ,00 ,000  to 1 , 0 0 ,0 0 , 0 0 0 .  Eskorous 

( i y ? l )  d e s c r ib e d  a l e a f  c u r l i n g  s t r a i n  of TMV o f  pepper which 

was i n a c t i v a t e d  a t  94®C and had a d i l u t i o n  end p o i n t f  more 

than 10 ,00 ,000  and was i n f e c t i o u s  fo r  50-55  days  a t  23 to  

28®C on ly ,  l e p r e r  unusual  s t r a i n  of  T/iV had a the rm a l  i n ­

a c t i v a t i o n  p o i n t  from 35 to  iJO°u, d i l u t i o n  end p o in t  from 

10 ,00 ,000  to  3 0 , 0 0 ,0 0 0  and l o n g e v i t y  i n - v i t r o  o f  f i v e  y ea rs  

a t  room t e m p e ra tu re  (Peldrjan cXid Oremianer,  1 9 7 2 ) ,  A s t r a i n  

oi IViV on c h i l l i  had a d i l u t i o n  end j)Oint from 1 :1 ,0 0 ,0 0 0  to  

l s 2 ,0 0 , 0 0 0 ,  t h e r m a l  i n a c t i v a t i o n  p o i n t  o f  85°C and lo n g e v i ty  

i n - v i t r o  of  more thia:i two weeks ^Kamra and Dubey, 1975).  

i r a s a d a  Kao (1976 ;  r e p o r t e d  a s t r a i n  of TMV on c h i l l i  having 

a d i l u t i o n  end p o i n t  from 1 : 1 ,0 0 ,0 0 0  to 1 : 5 ,0 0 , 0 0 0 ,  thermal  

i n a c t i v a t i o n  p o i n t  between 90 and 95“ C and l o n g e v i t y  i n - v i t r o  

o f  t h i r t e e n  weeks a t  21-28“ C. Sandhu and Chohan (1978) r e ­

p o r ted  an ew  s t r a i n  of TMV which d i f f e r e d  in  i t s  p h y s i c a l  

p r o p e r t i e s  from th e  o t h e r  s t r a i n s  r e p o r t e d  in I n d i a ,

M i l l e r  and Thornberry  U 953)  r e p o r t e d  t h a t  t h e  tomato 

a t y p i c a l  mosaic v i r u s ,  a s t r a i n  o f  TMV, c o n s i s te d  of rod  

shaped p a r t i c l e s  m easu r in g  300 nm x 15 nm, Kairtwua and Dubey 

(1975 ;  s t a t e a  t h a t  t h e  p u r i f i e a  p r e p a r a t i o n  of a s t r a i n  of 

TMV from c h i l l i  c o n s i s t e d  of r i g i d  ro d im e a s u r in g  230 nm x

17 nm. P rasada  Rao (l3i76) r e p o r t e d  t h a t  the e l e c t r o n
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m icrograph  of a s t r a i n  of TMV from c h i l l i  showed rod  

shaped p a r t i c l e s  m easur ing  5OO nm x 15

6 . iJucumbtr mosaic y i r n s  (CMV;

AS e a r l y  a s  1921 L o o l i t t l e  showea t h a t  the cucumber 

mosaic v i r u s  could i n f e c t  c h i l l i  p l a n t s .  U o o l i t t l e  and 

Walker (1925 and 1921?; d e s c r ib e d  the s&'mptoms 00 n a t u r a l l y  

i n f e c t e a  c h i l l i .

i.4any w orkers  have d e s c r ib e d  the symptoms on c h i l l i  

produced ty d i f f e r e n t  s t r a i n s  of CMV t h a t  occur n a t u r a l l y .  

The d e s c r i p t i o n  of i^mptoms t h a t  were r e p o r t e d  to  be pro ­

duced ty a s i n g l e  vxrus  or i t s  s t r a i n s  on the  same h o s t  

d i f f e r e d  w ith  d i f f e r e n t  workers  s in c e  severa l  b i o t i c  and 

a b i o t i c  f a c t o r s  might have i n f l u e n c e d  symptom p r o d u c t io n .

The young l e a v e s  o f  in fe c te d  c h i l l i  p l a n t s  diowed 

downward c u r l i n g  along the  m idrib  w i th  the  b a s a l  p o r t i o n  

o f  th e  l e a v e s  showing l i g h t e r  fxeen co lo u r  than t h a t  a t  

t h e  t o p ,  l e a d in g  to m o t t l i n g  w i th ^ in  a s h o r t  p e r io d .  L e a f -  

s i z e  and i n t e r n o d a l  l e n g th  were reduced and the  le a v e s  

were atnorE:iallj narrowed and drawn o u t  i n t o  f i l i f o r m  

f a s h i o n .  In a few o a s e s ,  t h e  f r u i t s  showed warty^ dark 

g reen  outgrowth  ( D o o l i t t l e  and Walker,  1923 and 1925).
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Wellman (1934a) ,  i d e n t i f i e d  sou thern  c e l e r y  mosaic 

v i r  js ,  a s t r a i n  of GMV, o c c n r r i n g  n a t u r a l l y  on C«annuum« 

c au s in g  s tun ted  growth of the p l a n t s  w i th  g r e y i s h  d u l l  

co lour  markings on l e a f  lam ina .  Flowers dropped o f f  and 

p l a i t s  showed s ta rv ed  ap p e a ra n c e .  I f  t h e  f r u i t s  s e t  be­

f o r e  i n f e c t i o r i ,  they wero malformed.

iCovachevsky ( l i /40 ana lji42} descriloea a " r o s e t t e  

d i s e a s e "  o t  pepper o c c u i r i n g  in B u l g a r i a ,  the  symptoms be­

ing  s i i i i i i a r  to t h o s i  d e sc r ib e u  by J o o l i t t l e  and \7alker 

{1^2^ j . Kovachev:^ki , however, observed  c e r t a i n  a d d i t i o n a l  

symptoms such a s ,  d i s t o r t i o n  of  the  l e a v e s  which became 

a s y m e t r i c a i  aid t h e  ui>pearance of n e o r o t i c  pa tches  on the  

jfoung stems oi a f f e c t e d  ^ j lan ts .  Those n e c r o t i c  p a t c h e s  on 

ycuiig stems appeared  as wore or l e s s  e longa ted  and l i n e a r l y  

.jrruriged, wnile  on the  o ld e r  s tems,  th e  n e c r o s i s  was s u p e r ­

f i c i a l  ^ id  corky,  . ' ihe f r u i t  s e t t i n g  was sh a rp ly  reduced  

and a few t h u t  were s e t  be ing  badly deformed diowLng n e c ro ­

t i c  s t r e a k s .

D o o l i t t l e  .uid Zauiieirer vl95^^53) d e s c r ib e d  a r i n g s r o t  

d i s e a s e  o f  peppe r ,  caused by a s t r - . in  o f  CMV. Large c h l o -  

r o t i c  r i n g s  and oak l e a f  p a t t e r n  cm o lde r  l e a v e s  and con­

c e n t r i c  y e l low  r i n g s  on the  f r u i t s  were t h e  s t r i k i n g  symp­

toms on p e p p e r .  S y s t e m ic a l ly  i n f e c t e d  l e a v e s  developed p a l e  

g reen ,  c o n c e n t r i c a l l y  r i n g e d  spo ts  m easuring  two t o  th r e e  mm
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in  d i a m e te r .  These s p o t s  c o a le sced  and produced an i n t r i ­

c a t e ly  m o t t l e d  p a t t e r n .  In l a t e r  s t a g e s  th e  leaves  were 

f a i n t l y  m o t t l e d  w ith  l i g h t  green  f l e c k s  and were s l i g h t l y  

r*ii3.shai aa and more p o i n t e d .

In 1:^67* ikjjaneyulu and Api a Rao d e s c r i t e d  a mosaic 

d i s e a s e  of c h i l l i  from I n d i a  showing mosaic m o t t l i n g  and 

v a r i o u s  types  of l e a f  d i s t o r t i o n  and f i l i f o r m  t i p .  The in ­

f e c t e d  p l a n t s  showed marked s t u n t i n g  and sev e re  r e d u c t io n  in 

s i z e  o f  l e a v e s  aid warty  s w e l l i n g s  on f r u i t s .

In 1976, Jrxasada Hao d esc r ib ed  a s t r a i n  of GMV on

c h i l l i  where the symptoms produced r e s  embled tho  a; produced  

by an i s o l a t e  d e s c r ib e d  hj’ D o o l i t t l e  and Walker (1925) .

D o o l i t t l e  and Walker (1923 ) t r a n s m i t t e d  from 

pepper to  pepper by mechcmical sap i n o j u l a t i o n .  S i m i l a r l y ,  

i ; o o l i t t l t  and Zaumeyer Cl:;^53) re j jo r ted  a r i n g  spo t  s t r a i n  

of OMV which was mechanj.c aj ly  sap  t r a n s m i t t e d .  However, 

Kovachevskj (.1940) was unsucces is f” 11 in  t r a n s ^ i i t t b y  

sap i n o c u l a t i o n .  S ev e ra l  aph id  sp e c ie s  have been r e p o r t e d  

to t r a n s m i t  t h i s  vj-rus. lovachevskj,  (1940) r e p o r t e d  t h a t  

M.p e r s i c a e , could t r a n s u i t  the v i r u s .  Simons (1955) observed

t h a t  A.g o s s y p i i , M.p e r s i c a e  and /^phi s r u m ic i s  L ih n . ,  a s  the

v e c t o r s  o f  ChV in  pepper .  I r a n s ra i s s io n  o f  t h i s  v i r u s  

throug^i i4. p e r s i c a e , Aphi s n a s t ’: ! r t i i  Kal ten  back and A.cr a c c i -  

vo ra ,  was r e p o r t e d  by Szalay Marzso and Solymossy (1963 ) and
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only t h ro u g h  A.g o s s y p i i  by Anjaneyulu and Appa Rao (1967) .  

t r a s a d a  Rao (1976) r e p o r t e d  A.g o s s y p i i  and M«p e r s i c a e  as  

v e c t o r s  in  c h i l l i .

Wellmai (1954a) r e p o r t e d  t h a t  sou thern  c e l e r y  mosaic,  

a s t r a i n  o f  i s o l a t e  from pep p e r ,  i n f e c t e o  Gommelina 

n u d i f l o r a  L . , Goifliuelina conimunis L . ,  Z in n ia  sp» and Vigna 

s i n e n s i s  ( l o n g e r )  oav i .  Jha  and R a ja c h a id h u r i  (1956) s t a te d  

t h a t  the v i r u s  was sap t r a n s a i s  s i h l t  and produced systemic 

symptoms on N. tabacum, K »A l u t i n o s a > Solanurn nigrum L .,  

j.- . h y b r i d a , Gucumis melo L . ,  v a r . U t i l i s s i m u s , Saff  low er ,

i ) . stramonium and p o t a t o .  :jTijaneyYlu and Appa Rao ^1967 )
V

r e p o r t e d  t h a t  the n a t u r a l l y  o c c u r r in g  GKV on c h i l l i  produced 

sys tem ic  symptoms on K«tabacum. xM . ,3 ; lu t inosa , S.ni£ruffi, 

. f l o r i d u n a , Gucumis s a t i v u s  i , . ,  G.m e lo , l u f f a  acu tang ta la  ( L . )  

i ioxb.,  ' i . r iohoaanthes  an^u ina  L . ,  anti Z . e l e ^ a n s . However, i t  

^roaucfcu n e c r o t i c  l e s i o n s  on '/ . a i n e n s i  s und 0 . am ar a n t i  co lo r  

and c h i o r o t i c  l e s io i i s  on B eta  v u l g a r i s  L. L o c h a r t  and I l s c h e r  

^1976; r e c u rd e a  B r a s s i c a  n i g r a , / jnaranthus r e t r o f l e x u s  L. 

and aoiiie common weeds as th e  p r i n c i p a l  r e s e r v o i r s  of Cf-lV.

I r a s a d a  Rao (1976) r e p o r t e d  a s t r a i n  o f  GMV p roduc ing  

c h i o r o t i c  loc tJ. l e s i o n s  on G . agaran t i c o l o r  a id  n e c r o t i c  l o c a l  

l e s i o n s  cai V.s inen  s i s  v a r .  "Black Eye".  I t  produced systemic 

symptoms on G.s a t i v u s , . p h y sa lo i  d e s , 7 inca  r o s e a  1.  ,1 . f l o r i -  

dan -i, S.nigrum, I . . e scu len tum , 1*1 »tsibacuB v a r .  "V’h i t e  Burley" 

and "bsmsun", . g l u t i n o s a  and D . s t ram onium .
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Wellicai (1935a) r e p o r t e d  t h a t  sou thern  c e l e r y  mosaic 

had a the rm a l  i n a c t i v a t i o n  p o in t  o f  a id  a d i l u t i o n  end

p o i n t  of  1 :10 ,000  and was a c t i v e  i n - v i t r o  fo r  six to  e i g h t  

days a t  room t e m p e ra tu re .  D o o l i t t l e  and Zaumeyer (1952) 

r e p o r t e a  t h a t  the  rin^i s p o t  s t r a i n  had a thermal  i n a c t i v a ­

t i o n  p o i n t  o f  7 0 -7 2°G^ d i l u t i o n  end p o i n t  of 1 :10 ,000  

ano the v i r u s  rcuiaj-ned a c t i v e  i n - v i t r o  fo r  four days  a t  18°C. 

Jha  etiu i^ayachauQhuri ) s t a t e a  t h a t  t h e  v i r u s  was a c t i v e

upto  a te iapera tu re  of  55°G and s t a n d a rd  samples remained i n ­

f e c t i v e  even a f t e r  f i f t e e n  aays  i n - v i t r o  a t  15 to 32“C. CMV 

on c h i l l i  r e p o r t e d  by Anjaneyulu and Appa Rao (1967) had a 

thermal  d e a th  p o in t  o f  55 to  60°G, d i l u t i o n  end p o i n t  between 

1 :250  arid 1 :5 0 0  and was a c t i v e  fo r  twelve to  e igh teen  h o u rs  

a t  21 to  28°C and 36 hours3 a t  10®C. P r a s a d a  Rao (1976) r e ­

p o r t e d  t h a t  CMV on c h i l l i  had a therm al  i n a j t i v a t i o n  p o i n t  

o f  65 t o  70“ G, d i l u t i o n  end p o in t  of  1 :1 0 ,0 0 0  to  1 : 50,000 

and lo n g e v i t y  i n - v i t r o  of  43 hours  a t  21 to  28®C.

P ra s a d a  Hao (1976j  r e p o r t e d  t h a t  the  p u r i f i e d  p r e ­

p a r a t i o n  o f  a s t r a i n  o f  GwV on c h i l l i  had s p h e r i c a l  p a r t i ­

c l e s  m easu r ing  28 nm in dieuneter.

7 .  Tobacco Ringspot  7 i r u s  (TRSVj

Prasada  Rao U 9 7 6 ;  r e p o r t e d  fo r  the f i r s t  time in  

I n d i a ,  tobacco r i n g  ^ o t  v i r u s  on Capsicum spp .  producing 

vein  c l e a r i n g  on leaves  o f  peppe r ,  g iv in g  a n e t  p a t t e r n
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fo l low ed  by c h l o r o t i c  r i n g s ,  l a t e r  showing mosaic m o t t l i n g  

c.nd narrowing ol  l e a v e s .

There a re  s e v e r a l  r e p o r t s  about the t r a n s m is s io n  of 

tobacco r i n g  s p o t  v i r u s  by -Nematode; Xiphinema americana 

(c;obb; ( i u l t o n ,  1962, 1967; Sauer ,  1966);  Aphids;  M.p e r s i c a e  

^ • /'iOss.vT'ii (vihyama nani  1969),  M.p e r s i c a e  (Smith,

1951; cir.ith and 3 r i e r l y ,  1955 b u t  the  v i ru s  s t u d i e d  by them 

was d i f f e r e n t .  I t  was no t  t r a n s E i t t e d  by any o f  t h e  aphid 

S]:eciiis t r i e d  by irasad;^. Rao ( l y 7 6 ) .

ixccording to x r a s a d a  Rao (1976) t h e  v i r u s  had a wide 

h o e t  r a n g t  of p l a n t  s p e c i c s  be long ing  to t h e  f a m i l i e s  Gheno- 

iOdiuceue,  voisposi tae ,  J u c u r b i t a c e a e ,  Lsguminosae and S o la -  

n a c e a e .  I t  produced l o c a l  l e s i o n s  on le a v e s  of C . amr:^ranti-  

c o l o r , G. quinoa  and V . s in e n  s i s ; sys tem ic  m o t t l e  on Z .eleA’a n s , 

G . s a t iv u  St C . m elo , Cucurb i t  a maxima Duch, C ass ia  o c c i d e n ta -  

l i b  ii. ,  f  l o r  idana ,  P .p e ru v i  anat S. jelonj^:ena, 1 . e scu len tum .

A . tabacum c v r . "Xanthi" and "bamsun" and n . r u s t i c a  aret and 

c h l o r o t i c  r i n g s  on . t  aba cum c v r .  "White Burley"  and 

L. s t r  aiLOnium.

ihe  V iru s  hi^o a therm al  i n a c t i v a t i o n  p o i n t  between 60 

and 65“0 ,  d i l u t i o n  eiid p o i n t  between 1:1G,G00 and 1:50,000 

and lo n g e v i ty  in vi  t ro  of  4b hours  a t  21-26° C ( i r a s a d a  Rao, 

1976 >. T h i s  r e sem b le s  in some o f  i t s  p r o p e r t i e s  such as  h o s t  

r a n g e ,  moae o f  t r a n s m is s io n  and p h y s i c a l  p r o p e r t i e s  of To­

bacco r i n g  spot  i s o l a t e d  from Solanum capg icas trum  L . ,  (Smith,
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1:^31 )r Anemone c o ro n a r i a  L. ( b o i l i n g s ,  1965),  G lad io lu s  

(Randles and i r a n c k i ,  ly6p J and those  r e p o r t e d  by Shyama- 

r a n i  e t  , ( i y 6 9 ) ,  Gilmer ^  (1970),  McDaniel ^  a l .

(1971).

lobacco riii;a spot  v i r u s  frooi A .c o ro n a r ia ,  G lad io lus  

and b r i l l j a l  p i a u t s  has  been p u r i f i e d  a id  observed  under 

the eifactron  microscope by s e v e r a l  workers  ( R o l l i n g s ,  1965; 

i\aiidles arid xiranoici, 1^6'j; J a s t r y ,  1974>. b u t  th e r e  a r e  no 

r e p o r t s  01 such puri i iCc*txon iaiid i s o x a t i o n  of TRSif from 

Capsicum spp.  so f  ar . j. rasadt* xtao <lji76) also did no t  

succeed iu  p u r i f i c a t i o n  of / i r j s  f r o a  c h i l l i  fo r  e l e c t r o n -  

m ic ro s c o p y .

8 .  l 0aj>L0 3x0t ted  \ i i t  v i r u s  {.TSVV)

AcRae ( 1 9 5 2 ; r e p o r to d  i t  f o r  t h e  f i r s t  t i n e  on tomato 

in  I n d i a .  r t i f - ' C i a l  transiEisEion of t h i s  v i r u s  t o  pepper 

has  b-en r e p o r t e d  by Smith (1932, 1936) and van Sc hr even (1935 ) 

The la t t t= r  obs^^’rved t h a t  ( epr er p l a n t s  stopp ed £TCwth t h r e e  

weeks a f t e r  i n o c u l a t i o n  v;ith t h i s  v i r u s .

The Virus h a s  been r e p o r t e d  to  ooour n a t u r a l l y  on 

p eppe rs  in  Mexico U i o p c r ,  194o) ,  and U.S.A. (Jhupt'., 1937 5 

KendriCiC, ^  » 1951)* Th is  d i s e a s e  caused m oderate  to

heavy l o s s e s  (iilendrick e t  a l . ,  1 9 5 1 ^  P i rone  (1935) re -  

p o r te u  ti iat  peppoi p l a n t s  a f f e c t e d  by t h i s  v i r u s  developed 

l a r g e  r i n g  s p o t s  on f r u i t s  and l e a v e s  e s p e c i a l l y  on the



31

G a l i f o r n i  a Wonder v a r i e t y .  The r i n g  s p o t s  on pepper 

c lo s e ly  resem bled  those  p roduce(^n  tomato by th e  same 

v i r u s .  U eed le  p r i c k  i n o c u l a t i o n s  on pepper pi a i t s  pro­

duced aarK.ed dwarfing t o g e t h e r  with  c o n s i d e r a b l e  m o t t l ­

in g  and s l i g h t  de lo rm a t ion  o f  the  l e a v e s .  Chupp (1937) 

r e p o r t e d  thc . t  i n  C a l i f o r n i a  t h e r e  was a lOO;* i n f e c t i o n  by 

t h i s  V irus  in  1936. However, i n  1937 when the  v/eather was 

u n u sua l ly  wet ana warm d u r i n g  August t h e r e  was no i n c i ­

dence o f  th e  d i s e a s e .

Sakimura ^1940} r e p o r t e d  TSW on b e l l  pepper which 

was t r a n s f l i t t e d  by i h r i p s  t a b a c i  L ind .  I t  produced con­

c e n t r i c  z o n a t io n s  on o lder  l e a v e s  o f  b e l l  pepper and mosaic 

m o t t l i n g  on t e r m i n a l  youn^ l e a v e s  w i th  dense o o a le s c e n s e  of 

sm a l l  r i n g d ,  ^ o t s  and c o n c e n t r i c  r i n g s .  I t  was n o t  found 

to  be seed b o rn e .  In wariaer v a l l e y s  the  e a r l i e r  n e c r o t i c  

sympt0 i.s a re  fo l low ed  by s t u n t i n g ,  mott l ine .  £ind l e a f  d i s ­

t o r t i o n ,  while  in co o le r  r e g i o n s  th e  n e c r o s i s  niay k i l l  the  

p l a n t s  (Gardner ana Whipple, 1934).

i ri t tman vl927 ), Samuel e t  (1930) and Bald and

Samuel (1931^ dem ons tra ted  t h a t  t h i s  v i r u s  in  tornato was 

t r a n s m i t  tea by T. t a b a c i  and Pr an Klin i  e l l  a l y c o p e r s i c i  ;jnd., 

axso by rubbing  mtthou of mechanical  i n o c u l a t i o n  w i th  ex­

p re s s e d  p l a n t  j u i c e .  Bes t  (1937) r e p o r t e d  the  t r a n sm is s io n

o i  th iS  v i r u s  th rough  T . t a b a c i , . fc ' rank l in ie l la  i n s u l a r i s . 

I ' r a n i^ l in x e l l a  o c o i u e n t i a l x s  Perg  and F . moultoni  Hood. A
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d i s e a s e  o f  peppers  caused by t h i s  v i r u s  i s  c a l l e d  "F es te  

blanca'* in Mexico. P loper  (1948} r e p o r t e d  t h e  t r a n s m is s io n  

and sp read  by f . p a u c i s p in o s a  and found t h a t  a d u l t s  were unable  

to  becoiae i n f e c t i v e ,  xjater i t  was r e p o r t e d  to  be t r a n a n i t t e d  

by T . t a b a c i  in  tom^ato (Todu ^  , 1975), by F r a n k l i n i e l l a

s c h u l t z e i  Iribom. ana G cir to th r i io s  d o r s a l i s  Hood, in  tomato 

(Ohanek«r ^  f and by S . d o r s a l i s  in g roundnut

( i r a s a d a  Rao £ t  , l:^dO;.

i t  i s  n o t  found to be seed t r a n s m i t t e d  in tomato,  pepper 

ana L ia tu ra . i ŷ rucciu^- i t  was t r a i jS E i t t e d  to  tomato ,  D a tu r a , 

Po ta to ,  e g g - p l a n t ,  I -hysa l i  s , N ic a n d ra . K »^lutinos;> ,N . r u s t i c  a , 

tobacco ,  p e t u n i a ,  l u p in e ,  broad bean, d a h l i a ,  a s t e r ,  z i n n i a ,  

chrysantheuiura, c i n e r r i a a n d  l e t t u c e  (Gardner and Whipple, 1954) .  

Sakimura (1940 > t r a n a n . i t t o d  T3V/V to sp in a c h ,  broad b e a n , c e l e r y ,  

potato,  e^^g p l a n t ,  b e l l  p ep p e r ,  tomato,  t o b a c c o ,  . g l u t i n o s a ,

■D»stram onium , P e t u n i a , c h x jo ry ,  end ive ,  l e t t u c e ,  p i n e a p p l e , p e a ,  

and - j n i l i a  from Japsioura.  3akimura y l940)  concluded "that bo th  

p in e a p p le  yel low sp o t  and tomato s p o t te d  w i l t  were caused by 

TSW\ .̂

Accorain^ to  Le (1964) T3WV had a TBF of  42-45“C, DICE 

of 1 :10 ,000 ,  aid LI'/ of 5 h r s  a t  20‘' J .  F ra sada  Rao e t  a l«
V

U 9 8 0 )  r e p o r t e d  t h . t  TSW? on to  a to  had DEP o f  10” ^ ,  TIP of  

45_50'"G, and Lx'/ of 1-2  h r s  a t  room tem pera tu re  (10-28®C).

Le ^1964; r e p o r t e d  t h a t  TSWV c o n s i s t e d  of  s p h e r i c a l  

shaped p a r t i c L ^ s  of abou t  70 nm in  d i a m e te r ,  van Kammen e^



33

(1966) observed t r ia t  some p a r t i c l e s  o f  TSWV have t a i l s  

s u g g e s t iv e  o f  those  l i k e  b a c t e r i o p h a g e s .  I r a s a d a  Rao 

e t  a l . (1980) woiKed on e l e c t r o n  microscopy of TSW7 on 

tomato atJQ founc t h a t  the d iam eter  was 70-90 nm whose 

morpholo^^ r t s e a b l e Q  with  th o se  r e p o r t e d  by Milne (1970) 

and i a l i w a l  (1 9 7 4 ; .

9 * Attempts in  i d e n t i f y i n g  p la r i t  v i r u s e s  and v i r u s  
s t r a i n s

rtinsworth (19:>5; i d e n t i f i e c  t h r e e  v i r u s e s  of  cucuniber 

by u s i n g  C . sa t iyn^ ; , C i t r u l l u s  v^ilgar i s  Schrad .  and Cticurbi t a  

pepo B.C. He a l s o  used t ra n sn . i s s io n  and p h y s i c a l  p r o p e r t i e s  

in  i d e n t i f y i n g  the v i r u s e s .

i-iercfc o i f f t r e n t i a t e d  seven v i r u s e s  of legtimes

by u s i n g  ten d i f f e r e n t i a l  h o s t  p l a n t s .  ' i n s w o r th  (1935/ 

d i f f e r e n t !  atec seven p l a n t  v i r u s e s  u s in g  seven d i f f e r e n t i a l  

ho stc . C e r t a in  p h y s i c o j h e n i c a l  p r o p e r t i e s  of v i r u s  were 

a lao  employed in iden t i fy ,  i n , j  these  v i r u s e s .

On the bo,sis ol p h y s i j u l  p r o p e r t i e s  and i n s e c t  t r a n s ­

m iss ion  and e l e c t r o n  m i j ro sco p y ,  v i r u s e s  i n f e c t i n g  c?jcuir.bits 

were div ided  i n t o  two g roups  (L indberg  e_t , 1956) .  On the 

b a s i s  of d i f f e r e n t i a l  r e a o t i o n s  of ten h o s t s ,  e i g h t  v i r u s e s  

were i d e n t i f i e a  in  squash group and s ix  i n  melon group.

Cohen and x u tz a n y  i,1963 > d i f f e r e n t i a t e d  v i r u s e s  

a f f e c t i n g  c u c u r b i t s  in  I s r a e l  on the  b a s i s  of  d i f f e r e n t i a l
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r e a c t i o n s ,  i n s e c t  t r a n s m is s io n  and p h y s i c a l  p r o p e r t i e s .

Horvath (1969) developed a key f o r  the  d i f f e r e n t i a ­

t i o n  o f  Vi.ruses p a th o g e n ic  to  tobacco  baaed on t r a n s m i ­

s s io n  and d i f f e r e n t i a l  h o s t  r e a c t i o n s .

K ry lov  (1969) recommended l y c o p e r s i j  on p i m p i n e l l l -  

foliuni L. and hybr id  A6 p o ta to  a s  i n d i c a t o r  p l a n t s  fo r  

p o t a to  v i ru s -A ,  Solanum r o s t r a tu m  I . ,  f o r  p o ta to  v i r v s - S ,  

N .d e b n e y i , G.g lobosa  and y . s i n e n s i s  f o r  p o ta to  Virus M and 

JJ»g l u t i n o s a » C.annuum and Solanum miniatum fo r  p o t a to  

V irus  F.

Seneviwtne cJ '^C |^7o)ident if ied  plum d e c l in e  v i r u s ,  

plum l i n e  p a t t e r n  v i r u s  and r i n g  s p o t  v i r u s  ftom plum- 

t r e e s  based on symptoms produced on d i f f e r e n t i a l  h o s t s .  

Smitli <197^) r e p o r t e d  f i v e  s t r a i n s  o f  ThY on Capsicum 

based  oa th e  r e a c t i o n  o f  pepper c u l t i v a r s .

i 4 i l b r a th  (1971) d i f f e r e n t i a t e d  and i d e n t i f i e d  f i v e  

v i r ’j s e s  on pepper ,  o c c u r r i n g  in Hawaii ,  based on r e a d t i o n s  

on e i g h t  s e l e c t e d  i n d i c a t o r  p l a n t s .

Z i t t e r  (1972) i d e n t i f i e d  PVY and TKV, f r om pepper ,  

by t h e i r  r e a c t i o n  on D.stramonium end Tabasco P ep p e r .  TE7 

i n f e c t e d  . stramonium whereas PVi d id  n o t .  TEV caused w i l t  

in  Tabasco, whereas IVY caused mosaic m o t t l e s .  He d i f f e -
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r e n t i a t e c i  s t r a i n s  of PVY (P\TY-G and PVY-S), and TE7 (TS7-D, 

lEV-ivi and TLV-S) mainly based on the r e a c t i o n  o f  pepper 

c u l t i v a r s . F u r t h e r  s t u d i e s  r e v e a l e d  t h a t  tobacco  e tch  

Virus C| tobacco  e tc h  V irus  A, p o t a to  V iru s  C and pepper 

m o t t le  v i r u s  were the comiaon v i r u s e s  i n f e c t i n g  pepper in 

J f lo r ida  ( i i . i t t e r i  1973 /* These v i r u s e s  or s t r a i n s  were 

i d e n t i f i e d  by t h e i r  r e a c t i o n s  on s e le c te d  p e p p t r  c u l t i v a r s .

Makkouk aiid Gumpf (1974) i d e n t i f i e d  s i x  v i r u s e s  s in g ly  

or i n  combination i n f e c t i n g  pepper in  C a l i f o r n i a  by u s i n g  

n in e  d i f f e r e n t i c . l s . S t r t i i n a l  d i f f e r e n t i a t i o n  of TEV was 

based  on r e s i s t a n t  o r  s u s c e p t i b l  3 r  e a c t i o n s  on pepper c u l t i ­

v a r s .  S t r a i n a l  d i f f e r e n t i a t i o n  of  PVY was baseu on r e a c t -  

iony  on c u l t i v a r s  l i k e  J h i l l i  l o l o  Y, Casco-Dura,  A v e la r , 

gronomico 8 -76 ,  i jaba to ,  i I -342947  and PI 264281. In  ad d i ­

t i o n  t o  h o s t  d i f f e r e n t i a l  r e a c t i o n s ,  se ro logy  was a lso  

employea in i d e n t i f y i n g  the v i r u s e s  and t h ^ i r  s t r a i n  s.

Gonti  and ^ asen g a  (1977) i d e n t i f i e d  d i f f e r e n t  c h i l l i  

v i r u s e s  in n o r thw es t  I t a l y .  They o b ta in e d  the m u l t ip l e  v i r u s  

i n f e c t i o n s  t h r e e  to f o u r  t im es  more f r e q u e n t  in  market  and 

Kitchen g a rd e n s  than in  commercial  e i t h e r  p r o t e c t e d  or 

outdoor f i e l d s .  The f r e q u e n t  components o f  m u l t i p l e  i n ­

f e c t i o n  were CMV aid PVY.

i-rasada Rao and la j rgun ta iah  (1979) i d e n t i f i e d  TRSV, 

PVBV, PVMN, TMV, CMV and PVY v i r u s e s  from Capsicum p l a n t s
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in  s o u th  I n d i a .  They deve loped  a dichotomous key u s in g  

f i v e  h o s t s  to d i f f e r e n t i a t e  the above v i r u s e s .

10. R eac t ion  of  C a i ^ ^um genotypes  a g a i n s t  v i r u s e s

The m a j o r i t y  o f  garden pepper  (C .f r u t e s c e n s ) v a r i e ­

t i e s  t e s t e d  showed m o t t l i n g  to  the  t y p i c a l  TMV. A few 

v a r i e t i e s  ( C. f r u t e s c e n  s v a r .  Tabasca and Capsicijim minimum L . )  

res j .onaed with l o c t l i z e d  n e c r o s i s  and th e se  v a r i e t i e s  were 

immune to  the  s e v e r e  sys tem ic  e f f e c t s  of TMV i n f e c t i o n  

Uiolmes, 1954» 1937 / .  Kovachevaky (1940) observed  t h a t  the  

t o p i c a l  sj/mttoms o f  " r o s e t t e "  d i s e a s e  were observed  on the 

pepper  v a r i e t a l  group known as ’ S c i p k i ’ (with  s m a l l  po in ted  

f r u i t ) .  In o th e r  v a r i e t i e s ,  the  crowding o f  b ra n c h e s  and 

l e a v e s  and the  abnormal development of le a v e s  were p ro ­

nounced.

Jh a  ( 1 9 5 3 r e p o r t e d  t h a t  c h i l l i  v a r i e t i e s ,  NP 20 and 

KI 23 were more r e s i s t a n t  to  c h i l l i  m osaic  v i r u s  amohg th e

52 v a r i e t i e s  t e s t e d  by him. In Alabaaa ,  G reenleaf  (1953 ) 

found t l i a t  two v a r i e t i e s  of Capsicum pendulum V/ild. , P . I .  

152234 (Orange co loured  f r u i t ) a n d  P . 1 . 152235 (Red c o lo u re d  

f r u i t s ) ,  pepper v a r i e t i e s  P . 1 . 152217 and P . 1 . 152221 from 

Peru and the commerci al v a r i e t y  Serrano  were t o l e r a n t  t o  TE7. 

The pepper  v a r i e t i e s  P . 1 .152222 from Peru and P . 1 . 152453 

from B r a z i l ,  San tanaka ,  Red c h i l l i ,  Mexican c h i l l i  and
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B u r l in g to n  were more s e v e r e ly  a f f e c t e d .  Capsicum m icro ­

car  pum Gav* from /vrgent ina  was a lso  s e v e r e l y  a f f e c t e d  by

l E y .

McKeen C1954; in O n ta r io  c l a s s i f i e d  th e  pepper 

v a r i e t i e s  he s tu o ied  as m ild  symptom v a r i e t i e s  a id  se v e re  

syraptOK v a r i e t i e s  a g a i n s t  c h i l l i  v i r u s  TEV. Cook and 

/\nderson {,133^) r e p o r t e d  a s t r a i n  o f  C.annuum i . e . ,  P. 11 

showing m u l t i p l e  v i r u s  r e s i s t a n c e  t o  THV, TKV and PVY., 

while  th e  v a r i e t i e s  C a l i f o r n i a  Wonder, F l o r i d a  G iant ,

Improved i ;orld Beater  and i o lo  Wander were s u s c e p t i b l e .  

ij:iand (1961; have sc reened  132 v a r i e t i e s  of c h i l l i

te lon fc ing  to sxx a i f i e r f c n t  s p e c i e s .  V a r i t l i e s  l u r i  Red, 

l u r i  o range ,  Kotioi ^rerum, Gg and a l o - a l  v a r i e t y  have been 

r e p o r t e d  to  be r e s i s t a n t  a g a i n s t  c h i l l i  mosaic v i r u s .  

C u i t i v i ^ s ,  l u r i  Ked, l u r i  o ran g e ,  G-2 and Kondi^verum are  

known to be r e s i s t a n t  to mosi^io b^ a r t i f i c i t . 1  i n o c u l a t i o n  

<.jnand e t  , l ibol;  Singh, 1 9 7 i j .  Saccardo (1973 ) found 

t h a t  e i g h t  l i n e s  ou t  of 53 o f  C.annuum, ten l i n e s  ou t  of

12 C . f r u te s c e n  s and one l i n e  of C«pendulum, C .microcarpum. 

and C . ch inense  were r e s i s t a n t  to  CMV and 13 l i n e s  o f  C .annuum 

showed t o l e r a n c e .  Ramanujam ^  (1965) s t u d i e d  the  i n ­

h e r i t a n c e  of  r e s i i i t a n c e  in c h i l l i .  Ihey r e p o r t e d  t h a t  "puri 

f^ed as r e s i s t a n t  to l e a f  m osa ic .

i ' l e t c h e r  (1963 ;  t e s t - d  pepper v a r i e t i e s  a g a i n s t  Ti-V 

and r e p o r t e d  t iiat  Yolo Wonder and l i n e  Tl-ee had some re s i& -
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t a n c e .  i!io r e s i s t a n c e  to Samsun l a t e n t  s t r a i n  o f  TMV was 

found i n  124 fo r e ig n  C . a c c e s s i o u s  and in  17 commercial 

v a r i e t i e s  C^reen leaf  e t  al^.» 1964)* Cook (1966 ) repo r ted  

t h a t  i o lo  Y, a t e l l  pepper  d e r iv ed  from Yolo Wonder,showed

a h igh  degree  of r e s i s t a n c e  to  IVY and TI-IV- J e y a r a j a i  and 

Ramakrishnan (1969 j r e p o r t e d  t h a t ,  out  of 22 v a r i e t i e s  

t e s t e d  15 showed r e s i s t a n c e  a g a i n s t  PVY.

M i l b r a t h  and Cook (1971)  r e p o r t e d  t h a t  in  Hawaii 

p l a n t s  of 57 cv of pepper were s u s c e p t i b l e  t o  th r e e  i s o -  

l a t t i s  of s p o t t e d  w i l t  v i r u s .  No r e s i s t a n c e  t o  sp o t ted  w i l t  

v i r u s  was found .  i*agai (1971) r e p o r t e d  tlie r e s i s t a n c e  of 

new v a r i e t i e s ,  iigronomlco 9 and 10 to PVY, ob ta in ed  by 

m u l t ip l e  c r o s s i n g  between t h e  C . annuum v a r i e t i e s ,  CaSCO 

JDura, Mogi Das Cruzes,  l u e r t o  Rico Wonder, Moura, Ikedo,

Yolo Wonder, î0 d e s t 0 eind 1 . 11.

Some p e r e n n i a l  t ^ p e s  w i th  s m a l l  pungent f r u i t s  in  

Xarai  reg ion  of U t t a r  I r a d e s h  were found to  be immune t o  

v i r u s e s .  S t^ lec t ion  s f  rom c r o s s e s  between t h i s  p e r e n n i a l  

l o c a l  t^pe and I4P-46A have been r e l e a s e d  under the  names 

i a n t  C - l ,  £«d P a n t  G-2 which were known to  be r e s i s t a n t  to  

l e a f  c u r l  v i r u s  (Mathai ^  1971) .  Singh (1973) sc reen ed

105 d i f f e r e n t  v a r i e t i e s  and f i v e  s p e c i e s  of c h i l l i  a g a i n s t  

c h i l l i  mosaj-c under f i e l d  c o n d i t i o n s .  The r e s u l t s  i n d i c a ­

ted  t h a t  th e  v a r i e t i e s  P u r i  Red, P u r i  Orange,  G-2, Kondi-  

verum and Suryamukhi were r e s i s t a n t .
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NP-45A, a w e l l  known commercial  v a r i e t y  bred a t  

lARI, Hew D e lh i ,  i s  mosaic r e s i s t a n t .  S e l e c t i o n  made from 

JiP-46A X l u r i  Red i s  known to  be  mosaic r e s i s t a n t  and has 

been r e l e a s e a  as  ’Jw a la '  i n  1973 (Tewari aid Ramanujam,

1974; Tewari and Anand, 1977^.

■ ̂ ngs e t  (1977) screened  5O p l a n t  i n t r o d u c t i o n s

a g a i n s t  b e e t  cu r l i '  top  v i r u s  o u t  of which fo u r  showed 

a p p a re n t  r e s i s t a n c e  b u t  none appeared  r e s i s t a n t .  Cook e t  a l . 

( I y 7 7 )  r e p o r t e d  t h a t  Detray B e l l  cv • of  G . annuum was found 

to  be r e s i s t a n t  t o  pepper m o t t l e  v i r u s ,  TEV and PVY. Gahukar 

and w a r ian i  ^1960) sc reened  c h i l l i  p l a n t s  a g a i n s t  s t r a i n s  

of GMV. Ihey found t h a t  a l o c a l  u n i d e n t i f i e d  v a r i e t y  hav­

i n g  sm all  f r u i t s  o f  1.8 cm to  2 .5  cm le n g th  and 0 .8  cm d ia ­

m e te r ,  iari^ht r e d  in colour  and compact  was found to  be 

immune to  a l l  the  t h r e e  s t r a i n s  of i\nd X-196 of

Gapsicum sp.  and LC 51ii>2 were found to  be t o l e r a n t  to  a l l  

t h e  threi; s t r ^ d n s o f  t h e  v i r u s .  Singh and Th-kur (1980) 

r e p o r t e d  t h a t  o u t  o f  96 t^onotypes 17 were found to  be 

r e s i s t - . . n t  to Gi-iV.

11. i^ffect  oi v i r u s e s  on growth of  Capsicum c u l t i v a r s

G enera l ly  s t u n t i n g  i s  a common syndron.e in many 

v i r u s  a f f e c t e d  p l a n t s .  There are  s e v e r a l  r e p o r t s  on the  

r e d u c t io n  of ^ o w th  in  p l a n t s  due to  v i r u s  i n f e c t i o n  

( J e y a r a j a n  snd Ramkri shn an, 1961).
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A il laud  (1971) r e p o r t e d  t h a t  C . annuum p l a n t s  inocu­

l a t e d  w ith  GMV developed abnormal f lo w e r s  in  a d d i t i o n  to 

e lass iCci l  symptoms.

Villi:ilon s tu d ie d  t h e  e f f e c t  of tobacco e tc h

v i r u s  on growch and y i e l d  of  b e l l  pepper C . annunia *Yolo- 

Woiiuer K* in o c u la t e u  w i th  Th/ a t  weekly i n t e r v a l s  fo r  f i v e  

weeKs bfegiwunti w i th  fo u r  weeks a f t e r  s e e d l in g .  T o ta l  y i e l d  

r e u u o t io n  ranged from 6-55  per cent^ f r u i t s  of i n o c u la t e d  

p l a n t s  were n o t  m a rk e ta b le  and p l a n t s  were not  v i g o r o u s .

Imoto (1975) r e p o r t e d  t h a t  the  t o t a l  j i i e ld  was seve­

r e l y  reduced whoa the crop was i n f e c t e d  d u r i n g  p s r l y  growth 

or i f  symptorns were seen a t  h a r v e s t .

Jo s h i  and Lubey ^1976) n o t i c e d  more n ira ter  o f  s tomata  

per  u n i t  a r e a  in i n f e c t e a  c h i l l i  p l a n t s  a s  compared to  h e a l ­

thy ones ,  t h u s  a l l o w i n g  more w ate r  to  pass  out  in  d isea sed  

p l a n t s .  They have a l s o  r e p o r t e d  t h a t  t h e  growth o f  Capsicum 

p l a n t s  was a f f e c t e a  a d v e r s e ly  by a roild and a s e v e r e  s t r a i n  

of  GMV, p a r t i c u l a r l y  by the l a t t e r .  Less m o is tu re  and oore 

dry  m a t t e r  c o n t e n t s  were found in d i sea sed  p l a n t s  as com­

pared  to n e a l th y  p l a n t s  (.Joshi and Dubey, 1977).

i.alitic« ana l e w a r i  (1:^77) s tu d ie d  t h e  e f f e c t  of GMV 

on th e  p r o d u c t i v i t y  of C .annuuta caid r e p o r t e d  tliat the  g r o s s  

p r d u c t io n  r a t e  arjd severxt, ;  of  i n f e c t i o n  were i n v e r s e l y
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p r o p o r t i o n a l .  The g r o s s  p roduc t ion  r a t e  in i n f e c t e d  l e a v e s  

was reduced  by both  m ild  and se v e re  s t r a i n s .

Marsh e t  (1977 ; s t u d ie d  the e f f e c t  of  on

Gaps i  cum and quoted r e p o r t  o f  Lamptey and Bon s i  t h a t  

Capsicum p l a n t s  in o c u la t e d  w ith  PiTiiV upto  8 weeks a f t e r  

t r a n s p l a n t i n g  were s t u n t e d ,  s p a r s e ly  branched arjd w ith  

l e a v e s  g r e a t l y  reduced in s i z e .  P l a n t s  i n o c u la t e d  e i g h t  

w.eks a f t e r  t r a n s p l a n t i n g  developed t i p  b l i g h t  bu t  l a t e r  

recove red  temporar i ly- .  Leaves produced a f t e r  rc^covery were 

reduced un d showeu s t r o n g  v e i n a l  mosaic symptoms. The time 

taken f o r  si^stemic symitoras to  appear i n c r e a s e d  w ith  age 

o f  t h e  p l a n t  at th e  time of i n o c u l a t i o n .  In o c u la te d  p l a n t s  

proQ uceQ  more f lo w ers  than  u n in o c u la t e d ,  t u t  f lower and 

f r u i t  a b s c i s s i o n  in  i n f e c t e d  pl£«nts were h i g h e r ,  r e s u l t i n g  

in lower f r u i t  ^ ro a u c t io i j . F r u i t s  produced by in o c u la te d  

p l a n t s  were s m a l l e r ,  lie!:it  r i n  w e igh t ,  d i s t o r t e d  and un­

evenly r i p e n e d .  I h i s  v i r u s  caused l o s s e s  of 46-90  per cent  

depending upon thv: ti^.e  of i n o c u l a t i o n  (Marsh £ t  , 1977).

i r a s a d a  Rao (1976) r e p o r t e d  t h a t  when Capsicum p l a n t s  

ware i n o c u la t e a  w i th  J'lY a t  v a r y i n g  i n t e r v a l s  of 15-90  days 

a f t e r  sowing, the  maximum e f f e c t  was ob ta ined  w i th  the  

younges t  p l a n t s  which were s e v e r e l y  s tunted  and produced no 

y i e l d ,  i l a r . t t  i n o c u l a t e d  a t  90 days  showed, no e f f e c t .
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i'iost of the  c u l t i v a t e d  v a r i e t i e s  of c h i l l i  (Gapsicum 

spiJ. ) i n  I n d i a  a re  s u s c e p t i b l e  t o  c h i l l i  mosaic v i m s  and 

Tobacco l e a f  c u r l  v i r u s .  The h i g h ly  r e s i s t a n t  Jwala (NP46-A 

X P u r i  Red;  gave s i g n i f i c a n t l y  h ighe r  y i e l d  o f  dry f r u i t s  

than  NP 46a in  i n f e c t e d  p l o t s  (Tewari and iuiand, 1^77) .

Deol and Ratau l  (1978) r e p o r t e d  t h a t  SP 46-A showed t h a t  

p l a n t  age a t  i n o c u l a t i o n  was c o r r e l a t e d  w ith  y i e l d  l o s s .

This ranged  from 100 per cent  in  p l a n t s  in o c u la t e d  a t  10-20 

days to 1.1 per cen t  in tho a; i n o c u l a t e d  a t  120 d i y s .  Singh 

and Thakur ^1930; r e p o r t e d  t h a t  ou t  of 96 genotypes of 

G . aanuum onl^ 17 were iou.id to  be r e s i s t -Jit to  CIIV.

Chauhan ano ^ r i v a s t a v a  (1961) r e p o r t e d  p o l l e n  s t e r i ­

l i t y ,  d e h i s c e n t  and n o n - d e h i s c e n t  a n t h e r s  in  p l a n t s  inocu -  

Icited With G-i/ a t  d i f f e r e n t  growth s t a g e s  o f  G.annuum.

1 2 . Lpidemi0 i 0 ;&:., of p l c « t  v i r u s e s

According to kenneaj/ e t  (1962) out  of the  247 

p l a n t  v i r u s  d i s e a s e s  on ly  159 were s t a t e d  to  b e  t r a n s m i t t e d  

by a p h id s  . j t longing  to 180 s p e c i e s .  The r e a l  number o f  

p o t e n t i a l  v e c to r '  was expected to be  much l a r g e r ,  s i h c e  

o n l j  9 per cer t  o f  t h e  e s t lE a t e u  t o t a l  a .h id  f a u n a  has  so 

f  iT been t e s t e d  v i t h  any v i r u s  (Kennedy a t  1962).

h a r r i s  and Harumoroach (1:^77) d i s c u s s e d  in  d e t a i l  abou t  

a p h id s  as v i r u s  v e c t o r s .  According to  them at^hids a r e  known 

t o  t r a n s m i t  164 v i r u s e s .  Aphids form the l a r g e s t  group of
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i n s e c t  v e c t o r s  bo th  because  of t h e  l a rg e  number of  s p e c i e s  

(abou t  3 ^^^) in v o lv e d  ancJ t h e  l a r g e  number o f  v i r u s e s  (about  

2 0 0 ; t h a t  they  co u ld  t r a n s m i t .  M»p e r s i c a e  a lo n e  i s  e s t i ­

mated totransiTii t  about  100 v i r u s e s  w h i le  tnaiy o t h e r s  t r an  s- 

ai it  more than 3^ v i r u s e s  each .  Some of the a p h id s ,  on the  

c o n t r a r y ,  ctn t r a n s m i t  only one v i r u s  each (MandsJiar, 1978).  

Ji'or i n s t a a c e  22 o f  the 62 known v i r u s 8s of s o la n a c e a e  are  

t r a n s m i t t e d  by a p h id s .  Toxoptera  a u r a n t i i  B .d . F ,  Aphis fabae  

Scop . ,  A.f iossypii  arid M.p e r s i c a e  a r e  more p o ly p h agus(H arr i s  

and riaramorosch, 1977 ).

V/e have l i t t l e  d e t a i l e d  u n ae rs t .x jd in g  of s t a b i l i t y  

ano chaige in f i e l d  p o p u la t i o n s  of  aph ids  b u t  o n ly  c e r t a i n  

f e a t u r e s  of aph id  popu i i . t ion  dynamics have been r e v e a l e d  

^Dixon, 1977 ;* i^x t rao rd ina ry  we£.ther c o n d i t i o n e ,  p a r t i c u ­

l a r l y  t em p e ra tu re s  can have a marked e f f e c t  on aphid  numbers 

than  has p r e v io u s ly  teen  a p p r e c i a t e d ,  ( q u a l i t a t i v e  changes 

i n  apiiics induced by crowding a p p t ; ^ s  to  be th e  most  p ro ­

bab le  r e y i l a t i n ^  f a c t o r ,  .n a tu ra l  enemies caii i n f l u e n c e  the 

ra t . -  c f  b u i i c  up of  axhida aiid b^ i n t e r a c t i n g  with  o th e r  

f a c t o r s  can shape the  dynamics o f  c e r t a i n  aphid s p e c i e s  

^i>ixon, 1^77 ; .

i ' a c to r s  a f f e o t i r g  movement of v e c t o r s  a re  a complex 

01 b i o t i c  arju p h y s i c a l  f a c t o r s ,  i’or t h e  ap h id s ,  i iav ies  

(I i3i3 5 ; demonstrateu viitJri c o n t r o l l e d  l a b o r a t o r y  ex p e r im e n ts ,
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t n a t  h ign  h u m id i t i e s  i n h i b i t e d  f l i g h t  of  M»p e r s i c a e  and 

t e m p e r a tu r e s  irom 7 0 “ t o  were the most  f a v o u r a b le .

C a r t e r  (1961; s tu d ied  in  d e t a i l  e c o l o g i c a l  a s p e c t s  of  

a p h i d s .  I n c r e a s e  in  r e l a t i v e  humiditi^ r e t a r d e d  th e  f l i g h t  

a c t i v i t y ,  and chang;,s to a lower l e v e l  i n j r e a s e d  the  a c t i ­

v i t y ,  bu t  aphids  a d j u s t e d  to  h u m i c i t i e s  between 50 and 80 

per  c e n t  ;ano f lew r e a d i l y  a t  t h e se  h u m i d i t i e s  w i th  tempe­

r a t u r e  o f  aO'^i'. n ig h  hum id i ty  and h igh  tem p e ra tu re  (90®F) 

some t im es  i n n i b i t e d  f l i g h t .  Lig^it i n t e n s i t y  between 100 

and l , 0o0 f t . c .  made l i t t l e  d i f f e r e n c e  in  f l i g h t ,  b u t  below 

t h a t  f t . c  f l i g h t  a c t i v i t ; y  d e c l in e d  r a p i d l y .  For ty  t h r e e ,  

twenty and eleven t ake  o f f  per minute of Brey icoryne  b r a s s i -  

cae ( i . )  were observed with f u l l  s u n s h in e ,  th in  c lo u d s  ana 

dense dotCds r e s p e c t i v e l y  (G a r te r ,  1961) .  The low es t  tempe­

r a t u r e  a t  which any aphid  was observed to  take o f f  was 15.5°C 

(Swenson, 1968).

F l y i n g  a p h id s  w i l l  land on any a v a i l a b l e  p l a n t  r e g a r d -  

1-S£, of s p e c i  s .  Many a p h id s  a r e  a t t r a c t e d  by yel low or 

y e l lo w i i i i  green colour  (Moericke,  1950j and M u l le r ,  1964).  

Aphids a re  unable  to d i s t i n g u i s h  h o s t  p l a n t s  from n o n -h o s t s  

bfefort l a n d in g  (Muller ,  1 9 6 2 ; .  h o s t  s e l e c t i o n  occurs  a f t e r  

a r r i v i n g  on p l a n t  s u r f a c e s  (Swenson, 1968) .  The enormous 

r e p r o d u c t i v e  p o t e n t i a l  aid the b e h a v io u ra l  p a t t e r n s  of  aph ids  

endur t  t h , i r  wide d i s p e r s a l  among p o p u l a t i o n s  o f  v i r u s  h o s t  

p l a n t s .  The numbers arid d i s t r i b u t i o n  of p l a n t s  i n f e c t e d  w i th
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aphid bo rne  v i r u s e s  r e f l e c t  t h e  numbers and a c t i v i t y  o f  

aphid v e c t o r s  (Swenson, 1968 ).  The i n t e n s e l y  d i s p e r s i v e  

type of h o s t  f i n d i n g  b ehav iou r  in  K.p e r s i c a e » A. f  ab ae an d 

i3«b r a s s i o a e  may be common among r^ h id id a e .  I t  seems i d e a l  

fo r  th e  d i s s e m in a t io n  of  n o n - p e r s i s t e n t  p l a n t  v i r u s e s ,  more 

p a r t i c u l a r l y  among the  l e s s  favoured  h o s t  p l a n t s  of each 

aph id .  Aphids r e p e a t e d ly  a l i g h t i n g ,  b r i e f  p ro b in g  and r e ­

take  o f f  from h o s t s  a id  n o n - h o s t s  i s  a common p a t t e r n  among 

m ig ran t  a p h id id a e .  Such an i n t e n s e l y  d i s p e r s i v e  p a t t e r n  of 

h o s t  f i n d i n g  i s  p l a i n l y  w as te fu l  o f  i n d i v i d u a l  s mo st  o f  which 

d i e  c u r in g  the  p r o c e s s .  But g iven  enough i n d i v i d u a l s  t h i s  

c rude  behaviour  a c h i e v e s  a coverage  of the a v a i l a b l e  h o s t  

p l a n t s  t h a t  i  s n o t o r i o u s l y  e f f i c i e n t .  I t  i s  a performance  

t y p i c a l  of p a r a s i t e s ;  and aphids  a r e  p a r a s i t i c .  This  f i t s  

a p h id s  fo r  the  g e n e r a l  d i s se m in a t io n  of  n o n - p e r s i s t e n t  p l a i t  

v i r u s e s  ^.Kenneay ^  ^ . ,  1959J* io ly p h ag o u s  aphids  a re  

b e t t e r  f i t t e d  than o l igophagous  a p h id s  fo r  the f i e l d  sp read

ol  many d i f f e r e n t  n o n - p e r s i s t ^ n t  v i r u s e s ,  becauL e th e  f o r ­

mer have many m odera te  and border l i n e  h o s t s  on which they 

p robe  j u s t  enough f o r  t r a n s m is s io n  (Kennedy ^  t 1959) .

i>.f abae and h . br a s s i  cae occurred  i n  l a r g e  p ro p o r t i o n  

in  s im u l ta n e o u s  c o l i e c  Lions of a l l  aph id s  a l i g h t i n g  and p r o ­

b ing  on and t a k in g  o f f  from a h o s t  p l a n t  and a  n o n -h o s t  and 

behawed s i m i l a r l y  when app ro ach in g  and l e a v i n g  them in t h e
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same c o n d i t i o n .  Most a l i g h t s  took o f f  again  from l e a f  of 

bo th  k in d s  w i th in  a few m in u te s  (Kennedy e t  , 1950)*

Soffifc wingea ap h ids  may a t  l e a s t  probe b e f o r e  t h e i r  f i r s t  

f l i _ h t  and t h a t  s p e c i e s  may d i f f e r  in t h i s  behaviour  

(Swenson, 1 9 6 8 ; .

The e f f e c t i v e n e s s  of p e s t i c i d e  a p p l i c a t i o n  depends 

on the  s u c c e s s  o f  p r e d i c t i n g  the  p e s t  numbers in  d e f i n in g  

an economic i n j u r y  th r e s h o ld  and in t im in g  t h e  n e c e s s a ry  

c o n t r o l  measure .  Rothamstea s u c t io n  t r a p s  have been used 

to  ffiori.tor t h e  t iiue oi a l a t e  aph id  f l i g h t  and t h e  t o t a l  

numbt^r of  v a r io u s  ^ h i d s  ^ Z i t t e r  ana bimoos, lytsGj.

In th e  f i e l d ,  a p h id s  avoid v i s i t i n g  the  i n f e c t e d  

p l a i t s  because  of  t h e i r  s t u n t i n g  caused by v i r u s  i n f e c t i o n  

(Bald e t  » 1946; .  The spread o f  bee t  ye l lows ap p e a rs  

to  depend l a r g e ly  on the  number of a p h id s  which move from 

p l a n t  to  p l c o t  w i th in  the  c rop ,  so t h a t  A.fabae which moves 

i n f r e q u e n t l y  from p l a n t  to  p l a n t ,  sp reads  y e l low s  a l i t t l e .  

Spread o f  b e e t  mosaic v i r u s  on t h e  o th e r  hand depends on 

movement of v e c t o r s  from a nea rby  i n f e c t e d  s o u r c e ,  movement 

from p l a n t  to  p l a n t  cannot  a f f e c t  i t  because  t h e  feed ing  

p e r io d s  a re  u s ’j u l l y  too lo n g .  T h e re fo re ,  in  sp re a d in g  

b e e t  mosaic A.fa b a e  i s  as  e f f e c t i v e  as h .  per  s i c  a e . With 

m osaic  the  most  importan t  f  a c t o r  i s  p robably  t h e  number of 

a p h id s  from th e  i n f e c t e d  so u rce  and A.fabae  which o f ten



47

b re e d s  in s u f f i c i e n t  numbers to  damage th e  seed crop gains  

a num er ica l  advan tage  which ou tw eighs  i t s  i n f e r i o r i t y  as a 

v e c t o r  (Watson and Mealy, 1953 )* Aphid s p e c i e s  rc ig ra t ing  

to  a n c  co lo r j iz ing  l e t t u c e  p l a n t i n g s  were sampled to a s s e s s  

t h t i r  im portance  in  f i e l d  sp read  o f  l e t t u c e  mosaic v i rus  

under conaxtxons e x i s t i n g  in  wew i o r k  S t a t e .  Large number 

of l e t t u c e  mosaic i n f e o t e a  p i  rjQts were d e t e c te d  only i n  l a t e  

A u g u s t  and September and t h i s  co r re sponded  c l o s e l y  w i th  peak 

number of a l a t e  aphid  p o p u l a t i o n s  cap tu red  in Moericke t r a p s .  

ix c l o s e  c o r r e l a t i o n  was found between i n c id e n c e  of d i seased  

p l a i t s  and peak number o f  a l a t e s  o f  green peach ar)hid,

M»p e r s i c a e . I n f e c t e d  p l a n t s  appeared  in  an a p p a re n t  random 

p a t t e r n .  I t  i s  ind ica ted  t h a t  t h i s  d i s e a s e  was spread  

c h i : f l y  by the  a l a t e  aph id s  (Gonzalez and R aw l in s ,  1969) .

Z i t t e r  (1971) r e p o r t e d  a v i r u s  d i s e a s e  of pepper in  

s o u th  i ' ' l o r id a  cau aed by PVI aid TLV. Epidemic sp read  of  

v i r u s  d i s e a s e  in  1970-71 fo l lowed e a r l y  w i th  massive  i n ­

c r e a s e  i n  aphid p o p u l a t i o n ,  mainly  M.p e r s i c a e »

The r a t e  at which a v i r u s  sp reads  between p l a n t s  

v a r i e s  w idely  according to the  type of v i r u s ,  c r o p ,  en v i ro n ­

ment aiiu lijoue of  t r a n s m i s s i o n .  In extreiue i n s t a n c e s ,  l a r g e  

plcd'itings becoflie aluiO st t o t a l l y  i n f e c t e d  w i th in  a few weeks,  

iiy c o n t r a s t ,  the  spread of many v i r u s e s ,  among woody p l s n t f l
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i s  r e l a t i v e l y  slow. Some v i r u s e s  sp read  s o l e l y  from so u rces  

o u t s i  ce c rop ,  t h e r e  b e in g  no p l a n t  to  p l a n t  sp read  w i th in  t h e  

c ro p ,  a t  l e a s t  diaring the f i r s t  y e a r .  Other v i r u s e s  sp read  

b o th  i n t o  and w i th in  crops  and newly i n f e c t e d  p l a n t s  soon 

become f o c i  fo r  secondary  spread  (T h resh ,  1974a/ .  He d i s ­

cussed  in  d e t a i l  on tem pora l  p a t t e r n  of v i r u s  sp r e a d .  The 

cantsiloup p l a n t i n g s  wer-  a lmost  t o t a l l y  i n f e c t e d  w i t h ‘Water 

Melotj mosaic / i r u 3 2 b^ aii e a r ly  and hejtvy i n f l u x  of a p h id s  

froia u naarcy sou rce .  By c o n t r a s t  t h e r e  was l i t t l e  secondary  

sp read  of l e a f  r o l l  of  p o t a t o e s  when aph id  i n f e s t a t i o n s  

o c c u r r e d  l a t e  in  the  sea so n .  T h e re fo re  most v i r u s e s  sp read  

i n t o  and w ith in  c ro p s  and cause d i  g ta ses  of  th e  compound in ­

t e r e s t  t y p e .  However, such d i s e a s e s  seldom spread f o r  long 

in a manner c lo s e ly  an idogous w i th  t h e  lo g a r i t l im ic  i n c r e a s e  

of c a p i t a l  a t  compound r a t e a  of i n t e r e s t .  V/ith v i r u s  d i s e a s e s  

the  K t o t a l  a/nount of i n f e c t i o n  (X) UEuall;^'' i n c r e a s e s  i n  a 

s igmoid manxier w ith  t i i i e  ( t )  (Tnresh ,  1974a) .  Thresh (1974b) 

r e p o r t e a  t h a t  t iu  e a r l j  a p p e a ra i c e  and r a p id  sp read  o f  non- 

p e r s i s t e n t  v i r u s e s  dapenaed upon the  o ccu r ren ce  o f  l o c a l  

s o u r c e s  of  i n f e c t i o n  w i th in  tiie crop  or nearby d i s t r i b u t i o n  

of such j^riaary i n f e c t i o n  determined the p a t t e r n  o f  s p r e a d .  

' P o o l s ’ of i n i e c t e u  plari t s  develop around f o c i  w i th in  c ro p s  

whereas t h e r e  are s t e e p  g rad io r i t s  of i n f e c t i o n  from o u t s id e  

s o u r c e s .
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i n i t i a l  phase of s p re a d  i s  t r u e l y  l o g a r i t h m ic  in  

v i r u s  d i s e a s e  wiaen th e  number o f n ew i n f e c t i o n s  t h a t  appear 

i s  d i r e c t l y  p r o p o r t i o n a l  to  the  t o t a l  i n f e c t i o n  a l r e a d y  

p r e s e n t .  Values of ’ r ’ i . e .  r a t e  of s p re a d ,  a r e  u s u a l ly  

g r e a t e s t  d u r i n g  e a r l y  sp read  when th e r e  i s  a p r o g r e s s i v e l y  

i n c r e a s i n g  number of  i n f c c t e d  p l a n t s  from which f u r t h e r  

spread  can occur and a co r re sp o n d in g  d e c re a s e  in the  im p o r t ­

ance o f  o u t s i d e  source .  Spread  i s  f a c i l i t a t e d  e s p e c i a l l y  

in  annua ls  by i n c r e a s e  i n  p l a n t  s ize  and also t h e  number 

and a c t i v i t i '  o f  v e c t o r s  ^Thresh,  iy '74a).

Adlerz (1 J7 8 )  rep o r ted  t h a t  t h e  aph ids  t r a n s m i t t i n g  

watermelon m osa ic  v i r u s  2 w i th in  t h e  f i e l d  were d e t e c t e d  

when i n f e c t i o n  i n  water  melon reached  4 per  c e n t .  F in a l  

m osaic  i n c id e n c e  was 99 per c e n t .  Of a l l  the  a ^ i d s  trapped 

w i t h in  the watermelon p l a n t i n g ,  87 pe r  cent were /\Duraphis 

m id d le to n i  . a con s i  sten t  n a t u r a l  v e c t o r ,  i . e .  secondary  

sp read  of  v i r u s .

Deol and R a tau l  ( 1 9 7 8 ) r e p o r t e d  t h a t  in f i e l d  t e s t s  

in I n d i a  su r ro u n d in g  p l o t s  of t r a n s p l a n t e d  Jap s i  cum w i th  

su n f lo w er ,  sesam e,  sorghum or Pennisetum americanum ( L i n n . )  

K.Scham., c rops  reduced GiiV in c id e n c e  and in c re a se d  y i e l d .  

Wellman (1955) s tu d ie d  t h e  c e l e r y  mosaic  v i r u s  on squash ,  

pepper and c e l e r ^ .  Oomaelina n u d i f l o r a  L . , growing on th e
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edge of the  v e g e t a b le  f i e l d  was the  p r i n c i p a l  weed h o s t  

and M»p e r s i o a e  the  im p o r t a n t  v e c t o r .  The di  sease appeared 

i n i t i a l l y  on the  edge o f  t h e  pepper f i e l d  n e a r  an i n f e c t e d  

weed p a t c h .  A fter  i n t r o d u c t i o n  i n to  the f i e l d  the  d i s e a s e  

s j r e a d s  inw ard ly  bu t  did n o t  n e c e s s a r i l y  ex tend  to  make a 

fenshaped  p a t t e r n ,  n e i t h e r  was t h e r e  a f r o n t i e r  border  nor 

spread p r o g r e s s i n g  in an unbroken l i n e  as wave would sp read  

(welliiiari, 1935)* -iaions (1957 /  t e s t e d  the e f f e c t  o f  phy­

s i c a l  b a r r i e r s  on f i e l d  sp re a d  of vein b a n d in g  v i r u s  on 

pepper .  lUghtshade  ( ;iolafl^jm ^r a c i l e ) was t h e  primary s o u rc e  

of th^  v i r u s  in  ti.v. f i - i l d .  I t  was observed t h a t  a d i s t a n j e  

of 150 f e e t  between p l i -n t s  could  e f f e c t i v e l y  l i m i t  the spi?ad 

of the v i r u s .  The e f f e c t  of  p l a c in g  a v e r t i c a l  phy sic e1 

b a r r i e r  between the  so u rce  of  inoculum and the  crop was 

s t u d i e a .  Use of tunflow^ir as a b a r r i e r  p l a n t  r e s u l t e d  i n  a 

s i g n i f i c a n t  oec rease  in  v i r u s  spread (Simons, 1957).  Imoto 

(1975) r e p o r t e d  thcct e a r l i e r  t h e  t r a n s p l a n t i n £ ,  th e  g r e a t e r  

was the  t o t a l  j ifcld s ine  - th e  h a r v e s t  p e r i o d  was then lo n g e r ,  

T o ta l  y i e l d  was reduced when th e  crop was i n f e c t e d  d u r in g  

e a r l y  growth or i f  symptoms were seen a t  h a r v e s t .  There­

fo r e  aph id s  on Jai:sicum from ^U-60 d ays  a f t e r  p l a n t i n g  in 

th e  e t r l y  and from 3 G-4O days a f t e r  in the  l a t e r  t r a n s p l a n t ­

i n g  p l o t s ,  diould be  c o n t r o l l e d .
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Ong e t  (1^79/ s t u d i e d  the spread of c h i l l i  v e i n a l  

m o t t l e  v i r u s  in  P e n i n s u l a r  M a lays ia .  The d i s e a s e  c a t s e d  by 

tn e  c h i l l i  v e i n a l  m o t t l e  v i r u s  i s  endemic and p re v a l e n t  in  

cill c u l t i v a r s  of G .annuum and C . f r u t e s c e n c e  grown in  P en in ­

s u l a r  iHalaysia.  S tu d ie s  t h e r e ,  showed t h a t  in o r d e r  of  

d e c re a s in g  e f f i c i e n c y  of t r a n  a c i s s i o n , t h e  v e c t o r s  were  

A.c r a c e I v o r a , T . c i t r i c i d u s t  A . c i t r i c o l a  v . d . Goot ( S p i ra e c o la  

p a t c h ). A.gossyp i i t  i« y e r s i c a e , Rhopalosiphum m a id i s  ( F i t c h )  

an d  s t e r o n e u r a  s e t a r i a e  (Thomas). The a l a t e s  o f  th e se  

s p e c i e s  were c h i e f l y  r e s p o n s i b l e  for thfc f i e l d  sp read  of the 

v i r u s ,  i n f e c t e o  p l a n t s  were most f r e q u e n t l y  found in rows 

n e a r e s t  to  t h e  p r e v io u s ly  i n f e c t e d  d r i i l l i  p l a n t s .  L i c i t e d  

d a t a  a l s o  i n d i e  . t y d  a d i r e c t  c o r r e l a t i o n  between the  numbers 

o f  a l a t e s  t r ap p ed  ana t h e  f i e l d  in c id e n c e  o f  t h e  v i r u s  (Ong 

^  yi-» i y ? 9 ) .

DeffiSJl (1:?79) s t u d i e d  t h e  epidera io log;  of TEV of  

Cai s i  cum. lie r e p o r t e d  t h a t  an epidemic  of ThV in  Capsicum 

developed  more r a p i d l y  i f  the  v i r j i s  so u rce  was Capsicum than 

i f  i t  was C ass ia  o b t u s i f o i i a , a weed n e a r  t h e  f i e l d .  I t  seems 

t h a t  t h i s  weea i s  a seconuary  h o s t  to  TlV i . e .  the v i  r j  s moved 

p r i m a r i l y  from Capsicum tc  C .o b t u s i f o l i a  r a t h e r  than th e  l a t t e r  

s e r v i n g  a s  a v i n ’s so u rce  CCemsici, 1979) .

jaaird and Liokson (1963 ) r e p o r t e d  t h a t  TEV and PVT 

froiii sou the rn  C a l i f o r n i a  were t r a n a n i t t e d  by K.p e r s i c a e .
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A.^ o s s y p i i , M.s o l a n i f o l i i , M«p i s i  and A.s p i r a e c o l a . The 

r a p i d i t y  of  t h e  v i r u s e s '  p r im ary  spread  was n o t  dependent 

on v e c t o r  num te rs ,  v i r u s  r e s e r v o i r  numbers or n ea rn es s  to  

f i e l d s ,  but a p p a re n t ly  on c e r t a i n  i n t r i n s i c  v e c t o r  h a t i t s .  

Seoonuary s p r e a d  was c o r r e l a t e d  w i th  M»p e r s l c a e  popu la t ion  

on p ep p e rs  30  d a y s  p r e v i o u s  to t h e  m ed ia l  d a t e  of maximum 

d i s e a s e  i n c r e a s e .  M.p e r s i c a e  i s  the  im p o r tan t  v e c to r  in  

bo th  pr ia tary  and secondary s p r e a d  (L a i rd  and Dickson,  1963 ).

O s s i a n n i l s s o n  (1966) r e p o r t e d  t h a t  a f t e r  p rob ing  or 

a f t e r  b r i e f  f  eeding  a t t e m p ts  most  r e c e n t l y  emerged a l a t e s  

take  o f f  a g a in  from b o t h  h o s t  and non-ho s t  p l a n t s  and a f t e r  

a s h o r t  f l i g h t  a l i ^ t  somewhere e l s e  on the same or  ano ther  

p l a i t ,  a behav iour  which w i l l  c l e a r l y  f a c i l i t a t e  the  ^ r e a d  

of s t y l e t  bo rne  v i r u s e s .  The o o c u r r e n je  and deve lopnen t  o f  

i n s e c t  t r a n s m i t t e d  v i r u  * s  in  f i e l d  depends on th e  appea­

rance  and t h e  b u i ld  up o f  t h e  v e c to r  pop?j la t ion  i n  n a tu re  

(Danko a:id I r a s l i c k a ,  1969; Uonzalez and R aw lins ,  1969; 

S r i v a s t a v a  e t  , 1971; and Z i t t e r ,  1971) .  Gonzalez and 

Rawlins (1969) observed t h e  r e l a t i o n  of  a p h id  p o p u la t io n  to  

thfc f i e l d  sp read  o f  l e t t u c e  mo^jaic v i r u s  in  New York. 

Macrosiphum euphorb iae  E s s i g . , was fbund to  be predominant 

sp e c ie s  c o l o n i z i n g  l e t t u c e .  Larger number of  i n f e c t e d  p l a n t s  

were d e t e c t e d  c*ily in  l a t e r  August and September,  the t ime 

a t  which the g r e a t e s t  number o f  a l a t e s  were c a p tu re d  in  

yel low Moericke water  pan t r a p s .  Danko and P r a s l i c k a ( l 9 6 9 )
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s t u d i e d  th e  o ccu r rence  of a p h i d s  p a r t i c u l a r l y ,  M.p e r s i c a e  

and A.n a s t u r t i i  and t h e i r  im por tance  as v e c t o r s  of CMV on 

Capsicum and r e p o r t e d  p o s i t i v e  c o r r e l a t i o n  between f l i g h t  

o f  winged aph ids  observed b e f o r e  f lo w e r in g  of Capsicum 

and the i n c i d e n c e  of  CMV. Mariappan e t  (1973) r e p o r t e d  

t h a t  a l l  the  four spec ies  v i z . ,  A.^ o s s ^ p i i , A .c r a c c i y o r a . 

A.n e r i  aid M.pe r s i c a e  were fo u n d  to t r a n s m i t  PVY, b u t  

A.fiOss;ypii was found to be  most  e f f i c i e n t .

Kemp and I ro u p  (1^78) s t u d i e d  the  epidemiology of 

aph id  t r a n s m i t t e d  v i r u s  d i s e a s e  of  pepper in  N i a g a r a  Penin ­

s u l a .  ' Ihe/reporteci  t h a t  th e  i n c i d e n j e  of n o n - p e r s i s t e n t  

v i r u s e s  of capsicum a t  the  end o f  August was c l o s e ly  c o r r e ­

l a t e d  Wxth accumulcited deg ree -d ay s  p lu s  t o t a l  b r i g h t  sun­

s h i n e  hours in  A p r i l .  7 i r u s  d i s e a s e  i n c id e n c e  agreed 

c l o s e l y  w i th  p r e d i c t i o n s  from a s im ple  r e g r e s s i o n  equa t ion  

based  on t h e s e  w ea the r  f a c t o r s  fo r  1970-77. R isk  y e a r s  f o r  

t h e s e  d i s e a s e s  can be foreoafcted a c c u r a t e l y  f o r  t h i s  reg ion  

in  advtnce of s p r i n g  p l a n t i n g  (Kemp» aad I ro u p ,  1978) .

A s i g n i f i c a n t  c o r r e l a t i o n  j an u s u a l l y  be dem ons t ra ted  

between the number of winged a p h id s  t r a p p e d  and per cen t  of 

v i r u s  i n f e c t i o n  f o r  va r ie t i^  o f  c ro p s  and v i r u s e s  (H e a th c o te ,  

1^74; C ew i js ,  1^74; and Watson and H ea ly ,  1953 ). Other 

workers  found t h a t  aphid numbers a lone do n o t  i n d i c a t e  t h e  

l i k e l y  incidvance o f  a p a r t i c u l a r  v i r u s .  Plumb (1976) found
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t h a t  never more than  1 1 .5  pe r  cent of t h e  annual  c a t c h  

of any s p e c ie s  t r a n s m i t t e d  BYDV and t h e  produjction f l u c ­

t u a t e d  from week to  week and between seasons  in  d i f f e r e n t  

y e a r s .  The p a r t i c u l a r  s p e c ie s  o f  a p h id s  t r a p p e d  r a t h e r  

than  t o t a l  numbers may al 3D be a s i g n i f i c  aat f a c t o r  (Dickson 

and L a i r d ,  1959? and Broadbent ,  ^  , 1951).  O ther  f a c t o r s

c o n s id e re d  im p o r ta n t  a r e  the h igh  p o t e n t i a l  and e a r l y  migra­

t i o n  a s s o c i  sted w i th  a j h id  v e c t o r s  ( G i l l ,  1970),  t h e  d i r e c ­

t i o n  of aphid m ig r a t io n  (A.dlerz, 1 9 7 8 ) ,  and the long d i s t a n c e  

f l i j g h t s  of v i r u l i f e r o u s  aphids  (W al l in  and loonan ,  1971) .

Many workers have s i g h te d  aphid a c t i v i t y  o r  f l i g h t  

h e b i t s  a s  r e p l a c i n g  ^ h i d  numbers as t h e  most  im p o r t a n t  

i a c t o r .  Thi s was e x p re s sed  by Kennedy in  1950, an d w as 

f e l t  to  be im p o r ta n t  i n  t h e  sp read  of papaya  r i n g  s p o t  

v i r u s  ( I s h i i ,  197^^;. h . p e r s i c a e  i s  w id e ly  a s soc ia ted  w i th  

v i r u s  sp read  aue to  v e c t o r  a c t i v i t y .  The al ate of green 

peach aphid  i s  a ver^ n e rv o u s  i n s e c t ,  seldom rem ain ing  on 

even a p r e f e r r e d  h o s t  a l t e r  i t s  i n i t i a l  f l i g h t .  'Xhis r e ­

s t l e s s  n a t u r e  was c i t e d  as  c o n t r i b u t i n g  to  the  spread  of 

b e e t  y e l lo w s  v i r u s  in  s u g a r b e e t  f i e l d s  and to the  s p re a d  

of l e t t u c e  mosaic v i r u s  (Di-kson and L a i r d ,  1959).  The 

e f f e c t i v e n e s s  of h . i^e rs icae  as a v e c to r  was c i t e d  as the 

l i k e l y  e x p la n a t io n  f o r  th e  sp read  of c a r r o t  t h in  l e a f  

v i r u s  ( Z i t t e r
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van Hoof (1977) s t u d i e d  t h e  i n f e c t i o n  p r e s s u r e  o f  

Np o ta to  v i r u s  -  Y in  a crop of ware p o t a t o e s  in  the c e n t r e  

o f  t h e  N e th e r  Ian ds .  The f i r s t  i n f e c t e d  tobacco p l a n t s

were found in mid May. The course  of i n f e c t i o n  of the  t o ­

bacco p l a n t s  was n o t  c o r r e l a t e d  w ith  t h e  f l i g h t  of M»p e r s i c a e , 

which s t a r t e d  towards t h e  end o f  June .  Aphid sp e c ie s  o t h e r  

than M_. per s i c  a e presumably were r e s p o n s ib l e  fo r  t h e  i n f e c ­

t i o n  observed e a r l y .  R .pad i  (L. ) and Acyrthos iphon p i  sum 

( H a r r i s )  f lew  much e a r l i e r  than  M.p e r s i c a e  and were v e c t o r s  

o f  (van Hoof, 1977).  Beemster (1954) emphasized the

importance  of  aph ids  t h a t  s t a r t  f l y i n g  in May and  June long 

be fo re  m ature  p l a n t  r e s i s t a n c e  to  v i r u s e s  devvlop .  The i n ­

f e c t i o n  p r e s s u r e  of t h i s  n o n - p e r s i s t e n t l y  t r a n s m i t t e d  a p h id -  

borne v i r u s  i.fc. P/Y n o t  onli '  depends on the  type  and p r e ­

v a lence  o f  i t s  so u rce s  of i n f e c t i o n ,  b u t  alsD on i t s  spread  

from t h e s e  s o u r c e s .  In l o l a n d ,  G a b r ie l  (1961) found

A.n a s t u r t i i  to  be a much more im p o r ta n t  v e c t o r  o f  PVY th  ai 

i-i.p e r s i c a e . In c o n t r a s t ,  Rasocha (1966) in  (Szechoslovakia 

no ted  a c o r r e l a t i o n  between tlie occurrence  of p o t a to  v i r u s  Y 

in  tobacco b a i t  p l a n t s  and th e  f l i g h t  of I^.p e r s i c a e  b u t  no t  

t h a t  of A.n a s t u r t i i  d u r in g  1962-64 in  p o ta to  p l o t s ,  van Hoof 

(1979) s t u d ie d  th e  i n f e c t i o n  p r e s s u r e  of P7Y in  p l o t s  w i th  

b e e t ,  wheat and seed p o t a t o e s .  No d i f f e r e n c e s  were found 

e i t h e r  between IVY^ i n f e c t i o n  i n  t h e  bo rd e r  and l l ia t  in  the  

middle  of  a f i e l d  p lan ted  w i th  ware p o t a t o e s ,  a l th o u g h  i n ­
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f e c t i o n  p r e s s u r e  was c l e a r l y  h ig h e r  h e r e  than in  the p l o t  

w i th  seed p o t a t o e s .  A b a r r i e r  crop o f  10 rows of w hea t  did 

n o t  d e o re a s e  t h e  i n f e c t i o n  p re s s u re  o f  the  v i r u s .  In  1976 

and in  1977 v i r u s  spread  was d e t e c te d  be fo re  th e  f l i g h t  of 

t i .p e r s i c a e  ae de te rm ined  w ith  yellow Moericke t r a p s .  I n ­

f e c t i o n  p r e s s u r e  of PVl can be measured more e f f i c i  a a t l y  by 

th e  tobacco  t e s t  than by aphid t r a p p i n g  (van Koof, 1 9 7 9 ) .

1 5 . .atioio^:.v o f  *Kurda* complex of  c h i l l i

mong the  s e v e r a l  p e s t s  snd d i s e a s e s  t h a t  occur  on 

c h i l l i  'i'iurda* i s  one of t h e  s e r i o u s  m a lad ie s  t h a t  hampers 

t h e  c u l t i v a t i o n  Cy re d u c in g  t h e  y i e l d  c o n s i d e r a b l y .  Kul-  

k a r n i  as back as in  1922 r e p o r t e d  i t s  p re v a le n c e  i n  most 

p a r t s  of e r s tw h i l e  Bombay P r e s id e n c y ,  complete f a i l u r e  of 

t h e  crop in  itarcunati Valley ,  B i j a p u r ,  Gokak, K o l l a p u r ,  Khed, 

v'jialsand and iinaid.

*xMurda’ d i s e a s e  i s  c a l l a d  by s e v e r a l  names in d i f f e ­

r e n t  r e g i o n s  o f  I n d i a  a s  Murda, Gaja ,  Macoda, and Mirya in  

Deccan; Chandiroga ,  M u i ta g i ro g a  or Murda in K arnataka;  

Kakdva in  G u ja ra t  and Mudath or Korovi (Bunt f a g g e t )  in 

T e la n g a i a .  The u l t i m a t e  c h i e f  syKptoms of  th e  malady is  

c u r l i n g  o f  l e a v e s ,  the l i t ; ; ; ;eral  meaning of t h e  word *Murda’ 

( P u t t a r u d r a i a h ,  1959).
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drome com pris ing  of m i te s ,  t h r i p S f  aid v i r u s e s .  In  Sri  

Lanka, l e a f  m a lfo rm a t ions  was due to f e e d i n g  o f  t h r i p s  and 

m i te s  (Park and Fernando,  1958; J o h n p u l l e ,  1939) .

Leaf c u r l  c o n s i a t e d  of s e v e r a l  ty p e s  of m a n i f e s t a ­

t i o n s  v i z . ,  dark  g reen  m o t t l i n g  and c r i n k l i n g  a s  observed  

in  Spa in ;  mosaic l i k e  as  seen in  B u l g a r i a  and Malaya; 

m o t t l i n g ,  s tunt ing;  and malformation o f  f r u i t s  as encoun­

t e r e d  in Puer to  R ico ;  c h l o r o s i s  along edges o f  a p i c d .  l e a v e s ,  

r e d u c t i o n  to boat  shaped as  n o t ic e d  i n  p a r t s  of R u s s ia ;  

c u r l i n g  of l e a f  margin w i th o u t  roughened lamina,  g r e a t  

r e d a c t i o n  of l e a f  s i z e ,  ve in  c l e a r i n g  as  observed in  I n d i a ,  

i i r i  Lanka, sou thern  / i f r i c a ,  USA and B r a z i l  ( P u t t a r u d r a i a h ,  

1955 and 1959).

Involvem ent  of t h r i p s  and m i tes  in  most  c a s e s ,  v i r u s e s  

in r a r e  c a s e s  i s  the cause  o f  t h i s  malady in K a rn a tak a  as 

r e p o r t e d  by P u t t a r u d r a i a h  (1959 )• Though more than 9 v i r u s e s  

have been rep o r ted  to occur  on c h i l l i  in  n a t u r e  from I n d i a  

th e  r e l a t i o n s h i p  o f  t h e s e  v i r u s e s  to  *murda’ syndrome was 

n o t  w e l l  e s t a b l i s h e d  ex: ;ept  w h i t e f l y  t r a n s m i t t e d  l e a f  c u r l  

v i r u s  r e p o r t e d  by Hussain (1932) ,  Vasudeva (1954)t  Mishra  

e t  U 9 6 3 ) ,  Capoor (1967 ) and Dhanraj e i  al_. (1968).
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Moghe (1971) i n v e s t i g a t e d  th e  causes  of Churda Murda 

(m a l fo rm a t io n )  d i s e a s e .  Symptoms on  C.annuum i n c l u d e  c u r l ­

i n g ,  c r in k l in g ^  m o t t l i n g  and p u c k e r in g  of l e a v e s .  He opined 

t h a t  in  a d d i t i o n  to  t h r i p s  and m i t e s  i n f e s t a t i o n ,  sometimes 

i n f e c t i o n  was accompanied by a v i r u s  s e r o l o g i c a l l y  r e l a t e d  

t o  CMV.

Recently  Amin (1979)  concluded t h a t  c h i l l i  l e a f  c u r l  

s^mptoiBS i . e .  ' c h u rd a  murda* syndrome were  produced by f e e d ­

in g  of  t h r i p s  and m i t e s  and no t  by an i n f e c t i o u s  a g e n t .

M ishra  ^  a l .  (1963 ) observed t  r e s i s t a n c e  in Fur l  

Red and i u r i  Orange to t h e i r  i s o l a t e  of l e a f  c u r l  v i r u s .  

Carjoor (1967) a l s o  observed t h a t  no v a r i e t y  was r e s i s t a n t  

to  l e a f  c u r l  v i r u s .

14.  P r e s e r v a t i o n  and S to rage  of l l a n t  V iru ses

B es t  and G a i l u s  (1953 ) s u c c e s s f u l l y  p r e s e rv e d  TSWV 

f o r  36 days by qu ick  f r e e z i n g  o f  i n f e c t e d  t i s s u e s .  B es t  

(1961)  leng thened  th e  s to ra g e  p e r i o d  of  t h i s  v i r u s  by f r e e ­

z i n g  and storin.i^ th e  i n f e c t e d  t i s s u e  a t  -69® C. Here th e  

c o n t a i n e r s  of l e a f  b i t s  were d ipped i n t o  melted wax t o  s e a l  

t h e i r  tops  and immediately  t r a n s f e r r e d  to  a Dry I c e  S torage  

Box. This  method s u r p a s s e s  a l l  o t h e r s  fo r  p r e s e r v a t i o n  of 

T3V/V (Hci-Cinntf^ and  S i l b e r ,  1968).  Dewijs and Bachman n (1979) 

p r e s e r v e d  PVI from re d  peppers  f o r  2 - 4  y e a r s  deep f r o z e n  

a t  -IS^^C. Deep f r o z e n  i n o c u ia  a t  -IS^'C showed in g e n e ra l
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a l o s s  of i n f e o t i v i t y  w ith in  a month of s t o r a g e  compared 

to  f r e s h  sap.

L y o p h i l i z a t i o n  o r  r a p i d  f r e e z e  d ry in g  i n  vacuum r e ­

ce ived  i t s  g r e a t e s t  impetus from demands o f  World War I I ,  

t u t  i t  s t i l l  has  n o t  been w ide ly  used fo r  t h e  p r e s e r v a t i o n  

of p l a n t  v x r u s e s .  D ^ks t ra  and DuBug (1942) found p o ta to  

ve in  band ing  mosaic v i r u s  and p o ta to  Canada s t r e a k  v i r u s  

h igh ly  a c t i v e  for  a t  l e a s t  4 months, when p l a n t  j u i c e s  were 

e x t r a c t e d  in  an atmosphere  of c a r b o n - d i o x i d e , l y o p h i l i z e d  

and s t o r e d  in  s e a l e o  g l a s s  t u b e s  h e ld  a t  room t e m p e ra tu re .  

Hidaka and Tomaru ^1 9 6 0 ; r e p o r t e d  good r e t e n t i o n  o f  a c t i ­

v i t y  o f  QhV i n  l y o p h i l i z e d  i n f e c t e d  tobacco  t i s s u e  even -  

a l t e r  14 months s to r a g e  a t  0-^"C.  Timian and Klosterman 

U 9 6 2 ; r e p o r t e a  t h e  s to ra g e  of  b a r l e y  s t r i p e  mosaic v i r u s  

a t  - 15“C in l y o p h i l i z e d  expressed  sap w i th o u t  l o s s  of i n -  

f e c t i v i t y  f o r  12 months. T o le r  and  H eber t  (1964) r e p o r te d  

t h a t  l y o p h i l i z e a  e x t r a c t s  o f  o a t  mosaic v i r u s  s to red  a t  

-20^ C were a c t i v e  even a l t e r  254 days .  H o l l i n g s  and 

L e l l i o t t  ( I 9 6 0 ;  usea the c e n t r i f u g a l  f r e e z e  d ry in g  method 

to  p r e s e r v e  46 i s o l a t e s  of  39 v i r u s e s .  All c u l t u r e s  excep t  

p o t a to  v i r u s  A were a c t i v e  even a f t e r  4-11  months s t o r a g e .

r o l l i n g s  and Stone (1970) r e p o r t e d  t h a t  o u t  o f  75 

only 57 v i r u s e s  su rv ived  a t  l e a s t  1 yea r  and 19 of them 

over 10 y e a r s  by l y o p h i l i z a t i o h .  S e r o l o g i c a l  a c t i v i t y  of
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15 p l a n t  v i r u s e s  were r e t a i n e d  f o r  e x te n d e d  p e r i o d s  i n  

f r e e z e  d r i e d  crude e x t r a c t s  from i n f e c t e d  p l a n t  leav es  

( t u r c i f u l l  e t  i 1975 )• Richow ^  a l .  U 9 7 6 )  r e p o r t e d  

no l o s s  of i n f e c t i v i t y  of two b a r l e y  ye l low  dwarf I so ­

l a t e s  d u r in g  fo u r  y e a r s  s to rag e  o f  v i r u s  ccmic e n t r a t i o n  

l y o p h i l i z e d  and s t o r e d  a t  4» -70  or -196®C. H o l l ings  a n d  

Stone (1970) r e p o r t e d  t h a t  f r e e z e  d r i e d  sap of N.g l u t l n o  sa 

t h a t  c o n ta in e d  a c t iv e  PVY a f t e r  more than 10 y ea rs  of 

s to ra g e  a t  4®C. According to  Dewijs and Baohirann (1979) 

f r e e z e  d r y in g  i s  s u p e r io r  t h a i  deep f r e e z i n g  in  PVY 

which remained a c t i v e  fo r  fou r  y e a r s  a t  4°C.

A simple b u t  e f f e c t i v e  means of p r e s e r v i n g  many 

p l a i t  v i r u s e s ' i s  by d e h ^ a r a t i n g  the  i n f e c t e d  t i s s t j e  chemi­

c a l l y  near  1®C (McKinney, 1953; McKinney, e t  , 1965).  

McKinney ( 1 9 5 5 d e se rv e s  c r e d i t  f o r  having developed  a 

s im ple  method to  r e t a i n  the i n f e c t i v i t y  of  sap t r a n s m i ­

s s i b l e  v i r t j s e s  a f t e r  r e l a t i v e l y  r a p i d  d e s i c c a t i o n  o f  

f i n e l y  x k  chopped p i e c e s  o f  i n f e c t e d  l e a v e s  over  CaCl^ and 

s t o r e d  near f r e e z i n g  t e m p e ra tu re .  Chemical d e h y d ra t io n  

of v i r u s  c o n t a i n i n g  p l a n t  t i s s u e ,  a v i r u s  p r e s e r v a t i o n  

method developed by McKinney ejt (1965) proved to be 

as  good or even b e t t e r  fo r  t h e  long  terra p r e s e r v a t i o n  of 

PVY and s e v e r a l  o t h e r  v i r u s e s  ( i ios ,  1969) than f r e e z e  

u ry in g  of c l a r i f i e a  sap t u t  a d e c r e a s e  in  i n f e c t i v i t y  

s t i l l  occu rred  w i th  PVY and o t h e r  v i r u s e s .  Bos (1969)
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pu b l i sh ed  some s u c e s s f u l  r e s u l t s  ob ta ined  in  N e th e r lan d s  

w ith  a  c o l l e c t i o n  of 21 p l a n t  v i r u s e s  in  l e a f  m a t e r i a l  

d r i e d  and s t o r e d  over CaCl2 * According to  McKinney (1953 ) 

t h e  weight  o f  CaCl^ diould be doub le  t h e  w e igh t  of water 

in  t h e  l e a f  t i s s u e  to  be d r i e d .

R ecen t ly  Bos and B e n e t t i  (1979) r e p o r t in g  the  s t o r a g e  

of p l a n t  v i r u s e s  in  l e a f  m a t e r i a l  d r i e d  and s t o r e d  over  

CaGl^ sugges ted  the  u se  o f  t h e  m a t e r i a l  d i r e c t l y  fo r  

e l e c t r o n  miorosv-opy and s e r o lo g y .  They observed th t i t  

most  o f  the  43 v i r u s e s  s to r e d  t h i s  way could e a s i l y  to  

be d e t e c t e d  d i r e c t l y  i n  53 pu t  of 66 l e a f  samples fo r  

v a r y i n g  p e r io d s  up to  20-| y e a r s .

H a g e t t i  e t  ( 1 9 7 3 showed t h a t  d i r e c t  i n o c u la t i o n  

with  powdered d ry  m a t e r i a l  from leav es  a f f e c t e d  with  ten 

d i f f e r e n t  v i r u s e s  r e s u l t e d  in  h igh  i n f e c t i o u s  r a t e s .



CHAPTER I I I  

MATERIAL AMD METHODS

R a is in g  s e e d l i n g s

C h i l l i  cv« C a l i f o r n i a  Wonder p l a n t s  were used in  

a l l  t h e  exper im ents  u n l e s s  m entioned ,  which i s  h e r e a f t e r  

r e f e r r e d  to as pepper or C a l i f o r n i a  Wonder. The seed ­

l i n g s  were r a i s e d  from the  seeds  in  t h e  seed pan end 

t r a n s p l a n t e d  a t  t h r e e  to  four  l e a f  s t a g e  in  p o l y e t h y l e n e  

bags  f i l l e d  w ith  m ix tu re  of  s a i l  and manure.

T ransm iss ion  S tu d ie s

a> Sap i n o c u l a t i o n

i )  P r e p a r a t i o n  o f  inocu lum ;  Young l e a v e s  o f  pepper 

showing t y p i c a l  good symptoms were c o l l e c t e d ,  washed 

tho rough ly  i n  ru n n in g  t a p  w ater  and d r i e d  between th e  

f o l d s  o f  b l o t t i n g  p ap e r .  They were then m acera ted  u s ing  

s t e r i l i z e d  m or ta r  and p e s t l e  u s i n g  1 ml o f  b u f f e r  per gram 

of l e a f  t i s s u e .  The b u f f e r  c o n s i s t e d  of 0 .067 M mono and 

d ib a s ic  sodium phospha tes  w i t h  pH 7 c o n t a i n i n g  O.5  p e r  cgn t  

sodium s u l p h i t e .  The r e s u l t a n t  pu lp  was squeezed th rough  

double l a y e r s  of muslin c l o t h  and used as s t a n d a r d  inoculum 

f o r  a l l  i n o c u l a t i o n s  and a l s o  f o r  s t u d y in g  th e  p r o p e r t i e s  

of the  v i r u s e s .
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i i ; Method o f  i n o c u l a t i o n : C e l i t e  (600 mesh) was 

added to  the  inoculum a t  0 .025 g/ml as  an a b r a s i v e .  Hands 

were washed t h o r o u ^ l y  with l i q u i d  o a r t o l i c  soap .  A small  

p i e c e  of s t e r i l i z e d  a t s o r t e n t  c o t to n  wool soaked in  the 

e x t r a c t  was gentl i?  rubbed on the upper s u r f a c e  of t h e  

l e a v e s .  The i n o c u l a t e d  le av es  were washed im m edia te ly  

w i th  a j e t  of d i s t i l l e d  water u s i n g  a squeeze b o t t l e  to 

remo-\^^ t h e  e x c e s s  of sap and th e  p l a n t s  were k e p t  under 

o b s e r v a t i o n .

b j I n s e c t  t r a n s m is s io n

F i v e  aphid s p e c i e s  v i z . ,  M. per  s i  c a e , A.g o s s y p i i  

Glov*, A. c r a c c i y o r a  Koch« Rhopalosiphum m a id i s  F i t c h  and 

H ys te ro n eu ra  s e t c i r i a e  Thomas were used fo r  t r a n a c i s s i o n  

s t u d i e s .  The h e a l th y  ( v i r u s  f r e e )  c o l o n i e s  of aphid 

s p e c i e s  were f i r s t  r a i s e d  on t h e i r  r e s p e c t i v e  h e a l th y  

h o s t  p l a n t  sp e c ie s  from which they were c o l l e c t e d  i n i t i a l l y  

(A«g o s s y p i i  on Solanum n igrum , A.c r a c c i y o r a  on cowpea, 

M.p e r s i c a e  on cabbage} R .m a id i s  on maize and H.s e t a r i a e  on 

r a g i ) .  Apterous aph ids  from t h e s e  c o lo n ie s  were c o l l e c t e d  

s e p a r a t e l y  i n  p e t r i  p l a t e s  and were allowed to  s t a r v e  for 

90  m in u t t s  and then they were l i b e r a t e d  on v i r u s  i n f e c t e d  

p l a n t s  fo r  twenty m inutes  to  a c q u i r e  the v i r u s .  These 

ap h ids  were t r a n s f e r r e d  to h e a l t h y  t e s t  p l a n t s  to  feed  fo r  

24 h o u rs .  They were then k i l l e d  by s p r a y in g  0 . 2  per c e n t
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Dimefhoate and the p l a n t s  were k e p t  under o b s e r v a t io n  in  

th e  g l a s s  house  fo r  60 days .  Two s p e c i e s  of t h r i p s  v i z .  

Thr ips  t a b a c i  from j to b acco  and on ion ,  and S c i r t o t h r i p s  

d o r s a l i s  from c h i l l i  were a l s o  used fo r  t r a n s m is s io n  s t u d i e s .  

Ihe  t h r i p s  in c lu d e d  both  a d u l t s  and nymphs s e l e c t e d  from 

the h e a l th y  c o lo n ie s  and r e a r e d  on t h e i r  re spec t iT ;e  h o s t s .  

I h e s e  were a l low ed to feed  on young l e a v e s  showing th e  

s^mptoiiis f o r  a c q u i s i t i o n  C S dtt'yis). For each i n o c u l a t i o n ,  

nymphs pe r  p l a n t  were a l lowed in each cage f o r  10 days 

aiid k i l l e d  w i t h  an i n s e c t i c i d e .

c ; Seed t r a n s m is s io n

Seeds were c o l l e c t e d  from the f r u i t s  o f  v i r u s  i n ­

f e c t e d  C a l i f o r n i a  Wonder p l a n t s ,  showing t j^pica l  symptoms, 

and sown i n  seed parjs a t  th e  r a t e  o f  50 s e e d s  po: pan,  under  

i n s e c t  p roo f  c o n d i t i o n s .  The t o t a l  number o f  s e e d s  ge rm i ­

na ted  was reco rded  ana t h e  p l a n t s  were k e p t  under o b s e r v a ­

t i o n  f o r  two months. . t  t h e  sttne t ime l e a f  samples a t  fo u r  

a i f i e r e n t  s t a g e s ,  from t h e s e  a t  two ttnd s i x  to  e i g h t  l e a f ,  

f l o w e r in g  and a f t e r  f r u i t  fo rm at ion  were taken and were used 

fo r  inocu la t io n  to t h e  i n d i c a t o r  p l a n t s  t o  d e t e c t  the  p r e ­

sence 01 virusw

P h y s i c a l  P r o p e r t i e s

a) D i l u t i o n  end ;^oint (PEP)

In o r a e r  to  deterjiiine the  d i l u t i o n  end p o i n t  of the
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r e p r e s e n t a t i v e  i s o l a t e s  o f  each v i r u s  g ro u p s ,  a s e r i e s  of 

d i l u t i o n s  o i  th e  s t a n d a rd  e x t r a c t  were p re p a re d  by add­

ing  c a l c u l a t e d  volume of  d i s t i l l e d  w a te r .  The uniforni and 

v ig o ro u s ly  growing young C a l i f o r n i a  Wonder s e e d l i n g s  were 

i n o c u l a t e d ,  s t a r t i n g  from th e  h i g h e s t  d i l u t i o n  to the  un­

d i l u t e d  s t a n d a r o  e x t r a c t .

b )  Thermal I n a c t i v a t i o n  p o i n t  CTIP)

The s t a n d a rd  e x t r a c t  of  t h e  r e p r e s e n t a t i v e  i s o l a t e  

o f  ea_’h v i r u s  group  was p rep a red  s e p a r a t e l y .  Two ml o f  

t h e  e x t r a c t  was t r a n s f e r r e d  i n to  t h i n  w alled  t e s t  t u b es  

(1 cm d iam e te r )  of  uniform s i z e  w i th  a s t e r i l e  2 ml p i p e t t e  

takin^i  p r e c a u t io n  to  avoid  the c o n t a c t  of th e  sap w i th  t h e  

i n t j e r  wall  o f  th e  t u b e s ,  iilach t e s t  tube  w i th  t h e  e x t r a c t  

was he ld  in  a w a te r  b a th  m a in ta ined  a t  a p a r t i c w l u r  tempe­

r a t u r e  f o r  10 m in u te s ,  ta lc ing c a re  to  see t h a t  the p o r t io n  

of t h e  tube c o n t a in i n g  th e  e x t r a c t  v,as com ple te ly  immersed 

in  t h e  water b a t h .  ImtLedi atelj^ a f t e r  removing from t h e  

w ater  b a th ,  the t u b e s  were cooled by h o l d i n g  them i n  a 

b e a r e r  c o n t a in i n g  i c e  coid w a t e r .  The t r e a t e d  e x t r a c t  a t  

d i f f e r e n t  t e m p e ra tu re s  were i n o c u l a t e d  to  e s e t  of t e s t  

p l a n t s  a f t e r  a d d in g  c e l i t e  a lo n g  w i th  an u n t r e a t e d  e x t r a c t  

a s  c o n t r o l .
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g ) Longevity  in  v i t r o  (LIV)

The s t an d a rd  e x t r a c t  o f  t h e  r e p r e s e n t a t i v e  i s o l a t e  

of  each v i r u s  groui. was t r a n s f e r r e d  s e p a r a t e l y  i n t o  sm al l  

t e s t  tubes  and were s to ppe red  to  p r e v e n t  e v a p o ra t io n  o f  

m o i s t u r e  aiid s t o r e d  a t  room t e m p e ra tu re  (21-26“C ) .  Inocu­

l a t i o n s  were made on a s e r i e s  of  t e s t  p l a n t s  w i th  the  

s t o r e d  e x t r a c t  i a a e d l a t e l y  a f t e r  p r e p a r a t i o n  and subse ­

q u e n t l y  a t  d i f f e r e n t  i n t e r v a l s  o f  1/ 2 , 2 , 4 , 8 , 16 ,  2 4*

48, 72 hrii ,  4 and 5 da^s .  Those sam ples  which exceeded 

the  maximum l i m i t  of  t ime were s t o r e a  f u r t h e r  and inocu ­

l a t e d  a t  an i n t e r v a l  of seven days .

l u r i f i c a t i o n  b:y po l^e th^ ' lene  gl.v-col 
p r e c i p i t a t i o n  method

I t  i s  a ffiodifitni method adopted by i ' i s c h e r  and 

L ockhar t  (1976 a , b ) ,  Lima and i .e lson (1975) a îd h o l l i n g s  

e t  a l . ,  (1963) .  Twtxitjffive to t h i r t y  grams of i n f e c t e d  

l e a v e s  were mixed in  an e q u a l  volume of  phosphate  b u f f e r  

(ph 7 . 2 , 0 .5  M) c o n t a i n i n g  0 .2  per c e n t  2- M e rc a p to e th a n o l .  

The homogenate was squeezed  th rough a double  l e e r e d  m usl in  

d o  til and 8 . 5  per cen t  n - b u t a n o l  added to  the  f i n a l  volume. 

Then, t h i s  m ix tu re  was k e p t  over n i g h t  a t  4°C aid  then sub ­

j e c t e d  to c e n t r i f u g a t i o n  a t  3 ,OuO rpm f o r  40 min. The r e ­

s u l t a n t  p e l l e t  was Qiscctrdod. Four to  e i^^ i t  per cen t  PEG 

(6 ,0 0 0  m olecu la r  w e ig h t )  and fo u r  p e r  c e n t  sodium c h l o r i d e
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were added to  the  r e s u l t a n t  s u p e r n a t a n t  w hi le  s t i r r i n g  

c o n s t a n t l y  in  co ld  f o r  30 to 40 m in . Then t h i s  m ix tu re  

was c e n t r i f u g e d  a t  15»000 rpm f o r  40 jnin. The r e s u l t ­

i n g  p e l l e t  was d i s s o l v e d  in  2 ml of 0 .1  M phosphate  b u f f e r  

c o n t a i n i n g  O.5  p e r  c e n t  sodiuui s u l p h i t e .  This  suspens ion  

vms c e n t r i f u g e o  a t  5OOO rpm for 15 min.and th e  r e s u l t a n t  

s u p e r n a t a n t  c o n t a i n i n g  v i r u s  was used  f o r  e l e c t r o n  m ic fo s -  

GOfy aid se ro logy .

ii^leo t ro n  microscopy 

a ;  i - u n t i e d  p r e p a r a t i o n

The p u r i f i e d  p r e p a r a t i o n  of both  h e a l t h y  and d i sea sed  

l e a v e s  of G a l i f o m i a  Wonder p l a n t s  were sp rayed  "by means o f  

a n e b u l i z e r  on the copper g r i d s  p r e v i o u s l y  coated  w i th  'tliin 

co l lo d io n  f i l m .  ITie g r i d s  when d r i e d  were shadow c a s t e d  

w ith  v a p o r i s e d  p a l lad ium  on the specimen under  vacuum. The 

specimen g r i d s  were then observed w ith  the  H i t a c h i  HU-1 IE 

e l e c t r o n  microscope  a t  v a r i o u s  m a g n i f i c a t i o n s .  The p h o to -  

g r j^ h s  of t h e  v i r u s  p a r t i c l e s  were talcen and s i z e  of  t h e  

p a r t i c l e s  was c a l c u l a t e d  by the  fo l lo w in g  fo rm u la :

Size  o f  the  p a r t i c l e  in  the
Actual s ize  of a “  e l e c t r o n  microfrrar-h________
p a r t i - i e  i n  ^  M a g n i f i c a t i o n
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b ) Di p  p r e p a r a t i o n

Tvo per c e n t  p h o s p h o tu n g s t ic  acid was p re p a r e d  

f resh l i^  in  d i s t i l l e d  water  and the  pH a d ju s te d  to  6 .5  by 

u s i n g  weak sodium hydroxide  s o l u t i o n .  A sm all  drop of 

t h e  s t a i n  was p l a c e d  on a carbon coa ted  g r i d  and t h e  

f r e s h l y  cu t  end of th e  i n f e c t e d  p i e c e  of  l e a f  t i s s u e  

d ippea  i n t o  i t  f o r  2-3 seconds .  The excess  s t a i n  was 

d ra in e d  off  a t  t h e  edge of the g r i d  w i th  the  a id  of f i l t e r  

paper  s t r i p .  I h e  g r i d s  were then d r i e d  in  a d e s i c c a t o r  

f o r  20 min and observed nnder t h e  e l e c t r o n  m ic ro s o o p e .

I h i s  studi'  was tuken up to know th e  p o s s i b l e  r e l a t i o n ­

sh ip  of t h e  v irus  g ro u p s  unaer s tud^ w i th  the d i f f e r e n t  

a v u i i a b l e  s tandard  a n t i s e r ^ .  The u n t i s e r a  useo were p o t a t o  

v i r u s  Y , pepi ei ve in  oandxng v i r u s ,  pepi;er v e in a l  m o t t l e  

v i r u s ,  tobacoo mot^aic v i r u s ,  cucumber moscde v i r u s ,  tobacco 

r i n g  s p o t  V i r u s ,  p o t a t o  v i r u s  S, p o t a to  v i r u s  X, r a s p b e r r y  

r i n g  s p o t  v i r u s ,  a l f a l f a  mosaic  v i r u s  and tobacco mosaic  

v i r u s - t o m a t o  s t r a i n .  ..gar g e l  d o u l le  d i f f u s i o n  t e s t  (Ouch- 

t e r io n ^ ' ,  l i?ub; , was fo l lo w e d  for t h i s  s t u d y .

This t e s t  was performed in  P e t r i  d i s h e s .  The qgar 

medium c o n t a i n i n g  one per cen t  Difco s p e c i a l  ^ a r , 0 . 8 5  p e r ­

cen t  sodium c h lo r id e  and O.5  per c en t  sodium dodycyl s u l ­



p h a te  b u f f e r e d  w ith  0 .0 2  M phospha te  b u f f e r  was u s e d .  The 

a£-ar, sodium c h l o r i d e ,  and sodium dodycyl  s u l p h a t e  in  100 

ml b u f f e r  in  a f l a s k  were h e a te d  i n  a water b a t h .  The mol­

ten  agar was al lowed to j o o l  to 45®G and then 0 .0 2 5  p e r -  

ce . : t  souiuiK azi '^e  was added w h i l e  s t i r r i n g .  The wann agar 

nieaiuin was poured i n t o  s c r a t c h i e s t ,  s t e r i l i z e d  f l a t  cottomed 

i - e t r i  d i sh e s  so a s  to  form a t h i n  l ay e r  o f  5 -4  mr, (15-20 ml 

pe r  p l a t e ; .  V.hen th e  ruediun: s o l i d i f i e d ,  w e l l s  were cu t  

by ineai'i s o f  a t e ia p la tc  v;hich c u t s  one c e n t r a l  w e l l  and s ix  

p e r i p h e r a l  w e l l s  a t  an e q u id ia t a r jc e  of 0 .8  cm a p a r t .  The 

bottoms .of t h e s e  w e l l s  wcxc; s c a l e d  b  ̂ p la c in g  a a u a l l  drop 

of xlic saLJti rr^ediUE bj Eeui s cf  u c a p i l l a r y  tu b e .  The midale 

WC..1 was f i l l e d  w i th  the an t isc ru ic  and the su r round ing  wells 

w i th  d i f f e r e n t  an t ig e r i s ,  the v i r u s e s .  Tlie P e t r i  d i sh e s  were 

iu o uba ted  a t  37*^0 f o r  two d.»ys. O bso iv a t io n s  were made by 

lo o k in g  a t  tlie platet;; i i x u n i n a t e d  froiii one s id e  a g a i n s t  a 

dcjfk background.

iiurve.y and c o l l e c t i o n  o f  c h i l l i  mosaic  i s o l a t e s

Ihe  survey f o r  c h i l l i  mosaic d i s e a s e s  and c o l l e c t i o n  

o f  i s o l a t e s  were unuor taken in  the f o l l o w in g  d i s t r i c t s  

a f t e r  c o n s id e r in g  th e  t o t a l  c u l t i v a t e d  a re a  under c h i l l i  

a u r i n g  th e  l a s t  s i x  y e a r s  (Appendix I ) ( l ’i g . l ) .  F u r t h e r ,  

survej/ was conducted in  a re a s  where c h i l l i  i s  c u l t i v a t e d  

e x t e n s i v e l y  w i t h in  the  d i s t r i c t  when t h e  c rop  was between
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two and four  month o l d .  At v i l l a g e  l e v e l ,  in  th e  f i e l d ,  

eve ry  f i f t h  f i e l d  was s e l e c t e d  to  make th e  needed o b se r ­

v a t i o n s  and o o l l e o t i o n s  n o t  t a k i n g  i n t o  accoun t  th e  s i z e  

of t h e  f i e l d .  The survey and c o l l e c t i o n  o f  i s o l a t e s  were 

made in  the  f o l l o w i n g  t a l u k s  o f  d i f f e r e n t  d i s t r i c t s  in 

K a r n a t s k a :

1)  Dharwad d i s t r i c t ; Lharwad, B yadgi ,  H av e r i ,  I l i r e k e r u r ,
i iubl i  and Kundagol.

2)  Belgaum d i s t r i c t : B a i l h o n g a l ,  Belgaum, C h ikkod i ,
Hukkeri an d Raibag.

3 )  Shimoga d i s t r i c t : C hannag ir i ,  h o n n a l i  , S h i k a r i p u r ,
Shimoga and Sorab.

4)  h.>^sore d i s t r i c t  : heggadadevanakote ,  K o l l e g a l ,  Mysore,
and Kanjangud.

5) Gulbarga d i s t r i c t : Aland, C h in c h o l i ,  C h i tap n r  and Sedam.

t o t a l  of 122 f i e l d s  in  28 v i l l a g e s  were surveyed and 

samples of i s o l a t e s  c o l l e c t e d .

The survey was conducted  w i th  two o b j e c t i v e s ,  f i r s t l y  

to  know the  eoctent of in c id e n c e  o f  mosaic  i r r e s p e c t i v e  of 

any s p e c i f i c  v i r u s  r e s p o n s i b l e  and s e c o n d ly  to  sample  t h e  

a r e a s  to  a s s e s s  t h e  d i s t r i b u t i o n  of d i f f e r e n t  v i r u s e s .  So 

in each of  the  f i e l d  f i v e  l i n e s  were randomly s e l e c t e d  and 

t o t a l  number o f  p l a n t s  and number o f  p l a n t s  ^ o v d n g  mosaic 

and o t h e r  a s s o c ia t e d  symptoms, were coun ted  and re c o rd e d  to  

c a l c u l a t e  the  p e rcen tag e  of d i sea sed  p l a n t s .  S i m i l a r l y ,  

d i s e a s e  in c id e n c e  in  i r r i g a t e d  and r a i n f e d  c r o p s  and a l s o  

in  d i f f e r e n t  c h i l l i  c u l t i v a r s  were r e c o r d e d .
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S im ul taneous ly  two p l a n t s ,  a t  random, in eaoh of 

t h e s e  f i v e  rows were s e l e c t e d  to  c o l l e c t  l e a f  sam ples .

From t h e  s e l e c t e d  p l a n t s ,  four  t o  f i v e  young l e a v e s  show­

i n g  symptoms were removed w i th  the  h e lp  of  a p o ly e th y le n e  

bag which was used for  packing t h a t  sample in o rd e r  to  

avo id  con tam ina t ion  in  case  the  b a r e  hands were used r e ­

p e a t e d l y .  The bags c o n t a in i n g  l e a f  samples were sea led  

by h e a t i n g  and p la c e d  in a thermos f l a s k  c o n t a i n i n g  i c e

The stiffiplts c o l l e c t e d  fo r  f i v e  dai '̂S were b r o u g h t  

to t n e  l a b o r a t o i i  t< nd each i s o l a t e  was in o c u la t e d  to th e  

s e e d l i n g s  of C . annuum c v r . C a l i f o r n i a  V/onder and Byadgi .  

i n o c u l a t i o n  and es tablish ; i=ent  o f  t h e  v i r u s e s  were done 

under i n s e c t  p roo f  o o n d i t io i i s  in t h e  g l a s s h o u s e .

Groupinr  of the i s o l a t e s

-.11 t h e  i s o l a t e s  t h a t  were c o l l e c t e d  were i n o c u l a t e d  

on t o  t h r e e  pepper p l a n t s  eaah o f  3 -4  weeks o l d .  The deve ­

lopment  of  symptoms by each  i s o l a t e  was c a r e f u l l y  r e c o r d e d  

upto  one fljonth a f t e r  i n o c u l a t i o n .  The i s o l a t e s  were then 

i n i t i a l l y  grouped based on th e  s i m i l a r i t y  of symptoms.

i n i t i a l  d i f f e r e n t i a t i o n  o f  i s o l a t e s  i n t o  v i r u s  groupa

I n i t i a l l y ,  d i f f e r e n t i a t i o n  of i s o l a t e s  i n t o  d i f f e ­

r e n t  g roups  of v i r u s e s  was made by u s in g  d i f f e r e n t i a l s  

r e p o r t e d  e a r l i e r  w orkers  d e t a i l e d  in r e s u l t s .  F u r t h e r ,  

h o s t  range  s t u d i e s  were made to know t h e  s u s c e p t i b i l i t y  of
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udQit iont i l  p l a n t  s p e c i e s  i f  any to  t h e s e  v i r u s e s  u l t i m a t e l y  

to  i d e n t i f y  the o the r  v i r u s e s  which were n o t  r e p o r t e d  

e a r l i e r  in  I n d i a .  S ix t^  fo u r  sp e c ie s  o f  p l a n t s  be long ing  

to  n i n e  f a m i l i e s  were t e a t e d  a g a i n s t  t h e  r e p r e s e n t a t i v e  

i s o l a t e s  o f  each  v i r u s  g roup .  Minimum of f i v e  p l a n t s  were 

in o ju lc i t e d  in  each s p e c i e s  or c u l t i v a r .  The o b s e r v a t i o n s  

were made d a i l y  a f t e r  i n o c u l a t i o n  up to  40 days .  The p l a n t s  

e x h i b i t i n g  the symptoms, a f t e r  i n o c u l a t i o n ,  were n o te d .

Those which did n o t  e x h i b i t  the  symptoms even 3O days a f t e r  

i n o c u l a t i o n  were indexed back on h e a l th y  pepper p l a n t s  to  

know whether  they were symptomless c a r r i e r s .

■ : .ffect o f  sev e re  i s o l a t e  of  t h e  most p r e v a l e n t  
v i r u s  on Oapsicum M’eno types

Ine uo st  severe  i s o l a t e  of  tht^ v i r u s  was m a in ta ined  

on j e p p e r . h e r t  a l so  the  aeedlingE of tii? c i l t i v a r s  were 

r a i s e d  in seed pan .  Four week o ld  s e e d l in g s  were t r a n s ­

p l a n t e r  inc i.vid ua jlI^ in pol^ e th en e  bags c o n t a i n i n g  f i v e  kg 

m a n u re - so i l  m i x t u r e .  Ihese  s e e d l i n g s  were i n o c u la t e d  w i th  

the  s tan aa rd  e x t r a c t  of the  v i r u s  i s o l a t e ,  lotallj^^ f i v e  

s e e a l i n £ s  i n  each  c u l t i v a r  were i n o c u la t e d  and k e p t  in the  

glass-hcucie  f o r  f u r t h e r  o b s e r v a t i o n .  Throughout t h e  s t u d y  

0 .2 ^  Kelthane and 0.05fu. B a v i s t i n  were sp rayed  once in ten 

to f i f t e e n  days on the p la i i t s  to  avoid m ites  and powdery 

mildew. The p l a n t s  which were no t  showing symptoms even 

upto ten da^ s were r e i n o c u l a t e d  w i th  the same v i r u s  i s o l a t e ,
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iifinptoins and o t h e r  o b s e r v a t i o n s  were made on 5, 10, I 5 , 3O, 

45» 75 and 90 da^s  a f t e r  i n o c u l a t i o n .  L a s t l y ,  p e rc e n ta g e  

d i s e a s e  index w<as c a l c u l a t e d  based  on th e  degree  of l e a f  

m a lfo rm at ion  and s i z e  as  p re s e n te d  i n  F i g . 3 . The r a t i n g s  

Wire basea on tn e  p ro p o r t i o n  o f  t o t a l  l e a f  a re a  reduced  by 

t n e  v x ru s  on i n d i v i d u a l  p l a n t  by v i s u a l  observe-tions :

0 = i le a l th y

1 = O-3 O % Leaf a r e a  reduced

2 = 3 1 -7 0  % -  do -

3 ® 71 and above -  do -

l  er  cen t  D isease  Index  (PJDI) was then o b ta ined ,  by

uain^^ tht. fo rm ula :

Sum of  i n d i v i d u a l  r a t i n g s  100
• p T  T  ^  I I ■ II I I ■—  ,1. — ■ — 1». Ml—I ^  »  Ml . Ml,.! I, I Ml ,1 M.M , |  .

tiii. -  T o ta l  ijumber o f  le a v e s  Llaxinium d i s e a s e
obse rved  c a t e g o r y ( 3 )

In addjit io i j ,  o t h t r  p a r u i i e t e r s  v i z * » fioii^ering t im e ,  h e i g h t ,  

g i r t h  o f  stem, number of l e a v e s ,  number, s i z e  and g reen  and 

dry w e igh t  of  f r u i t s  e t - . ,  were ana lysed  to i d e n t i f y  the  

r e s i s t a n t  c u l t i v a r s  a g a i n s t  the  severe i s o l a t e .

iiPIDEMlOLOGY

I 'o p u la t io n  d.vnamios of d i f f e r e n t  aph id  s p e c i e s  
and a t h id  v e c t o r s  on Hebbal farm

lo  know the  p re v a l e n c e  of d i f f e r e n t  aph id  s p e c i e s  and 

ai)hid v e c t o r s  on the Hebbal farm d u r in g  the  year  1980- 8 1 , the
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aph ids  were t rapped  th roughou t  the y e a r .  In o rder  to  

t r a p  the  a p h i d s ,  a f ’jnnel  t r a p  was devised  (Fig .4» 5)* 

h e re ,  w a te r  was m a in ta ined  in  the  yel low co loured  funne l  

mounted on a wooden p o le  a t  f i v e  f e e t  h e i g h t .  The Funnel 

was f i l l e d  w i th  water ana a few drops  o f  formaldehyde a id  

l i q u i d  soap to avoid m i c r o b i a l  growth and to s ink  th e  

t rapped a p h i d s .  Two such t r a p s  were p l a n te d  a t  the l o c a ­

t i o n s  on th e  fu rm .  Throughout the  year  t h e  water  l e v e l  

was m a in ta in ed  and j o l l e c t i o n s  were made once in  f i v e  days 

t y  d ispensifJg  the t r a p p e d  a p h id s  th rough t h e  rubber  tub­

in g  a t t a c h e a  to t h e  s tem of t h e  f u n n e l .  The c o l l e c t i o n s  

were taiceu to t h e  l a b o r a t o r y ,  t h e  number of a p h id s  were 

counted under bitooculax m ic roscope ,  s e p a r a te d  and p rese rved  

in  75;^ A lcohol .  These a p h id s  were f u r t h e r  p ro c e s s e d  and 

mounted on s l i d e s  f o r  i d e n t i f i c a t i o n  as per  t h e  proce'^ure 

given by D r .R a ic h o u d h u r i . The d e t a i l s  a re  p r e s e n te d  in 

th e  flow c h a r t .  ' i t e r  i d e n t i f i c  cction of the a p h id s  c o l l e c ­

ted  a t  f i v e  day i n t e r v a l s  d u r in g  1980- 8 1 , they were grouped 

a s  t o t a l  number of a p h id s ,  v e c t o r s  of p l a n t  v i r  ^see and 

v e c to r s  of c h i l l i  v i r u s e s  on Hebbal farm. The aphid s p e c i e s  

which were most  p r e v a l e n t  th ro u g h o u t  the  year and in h i g h e s t  

populiatxons were d e te rm in ed .  At the same time the m etep io -  

log ic  a l  observi=ition s i . e .  av e rag e  of f i v e  days i n t e r v a l s  

corrtisi jonding to  the  i^h id  c o l l e c t i o n  d a t e s  were c a l c u l a t e d .
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Plow Chart  -  t r o c e d u r e  f o r  p r o c e s s i n g  and mounting 
o f  aph id s  fo r  i d e n t i f i c a t i o n

Steps Procedure

I Aphids s to r e d  
in  75a a l c o h o l

I I

T ra n s f e r r e d  to  85 per cent a l c o h o l ,  
b o i le d  f o r  5-10 minutes  aid a l c o ­
ho l  d e c a n te d .

iidded 10 p e r  c e n t  potass ium hy­
droxide  s o l u t i o n ,  b o i l e d  t i l l  
speciEens appeared  soir.e what 
t r a n s p a r e n t  and the s o l u t i o n  
d e c a n t e d .

I l l

VI

ii insed in  95 per  cen t  Ethyl  a l c o ­
h o l .

Heated in  c h lo rC a l  phenol  fo r
2 min .

i l a c e d  th e  aph ids  on a g l a s s  s l i d e  
in  the  mounting mediuin i . e .  ĜJM 
CiiLORAL s t r e c h e d  and p laced  a 
c o v e r s l i p .

iir ied t h e  s l i d e s  in ari oven t i l l  
the  p e r i p h e r a l  mountant g o t  d r i e d

M o te ; jfor b o i l i i i g  the  aph ids  water  b a t h  was used

1 GUr* Gi'iiiOHAL C h lo ra l  h y d r a t e  -  20 .0  g 
Powdered gum a r a b i c a  -  12.0 g 
G l j c t r i n e  . .  -  6 .2 5  g
D i s t i l l e d  w ater  -  20 .00  ml

2 C h lo ra l  I h e n o l S a tu r a te d  s o l u t i o n  of c h l o r a l  
h y d ra te  in  d i s t i l l e d  l i q u i d  
p h e n o l .
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C o r r e l a t i o n  between t o t a l  number of  a p h i d s ,  t o t a l  number 

of p l a n t  v i r u s  v e c t o r s  and c h i l l i  v i r u s  v e c t o r s  snd some 

im p o r tan t  aphid v e c t o r s  i n d i v i d u a l l y  w i th  d i f f e r e n t  meteclo- 

lo^i-cal  d a t a  was a l s o  worked o u t .

B. I n f e c t i o n  p r e s s u r e  of d i f f e r e n t  Ga£ s i c ^  
v i r u s e s on hebba l  farm dur ing  1 9 ^ ~ i 9 8 1

This s tudy  was made to  know the  o c c u r r e n c e  of d i f f e ­

r e n t  vxrusfcs d u r in g  d i f f e r e n t  p e r i o d s  of  the  y e a r .  Most 

s u s c e p t i b l e  C a l i f o r n i a  Wonder p l a n t s  v/ere used as b a i t s  

th roughou t  th e  y e a r .  S e e d l in g s  r a i s e d  in the  g la s sh o u se  

were l a t e r  t r a n s p l a n t e d  in  p o ly e th y l e n e  bags  c o n t a in i n g  

3UJ g of so i  1-manure m ix tu r e .  Each bag c o n ta in e d  only 

one s e e d l i n g ,  a s e t  of  hundred p l a n t s  were exposed f o r  a 

month in  t h e  f i e l d  away from t h e  known h o s t s  of m a jo r i ty  

o f  v i r u s e s .  These p l a n t s  were observed f o r  the  symptoms 

once i n  f i v e  d^ys and the  ones showing the symptoms were 

s h i f t e d  to  g l a s s  house f o r  i d e n t i f i c a t i o n  of t h e  v i r u s e s  

r e s p o n s i b l e .  At the  end of e ach  month a l l  th e  p l a n t s  

i r r e s p e c t i v e  o f  those  showing symptoms or n o t  were taken 

to  thfc g l a s s  h o u se .  Before  t h a t ,  s e e d l i n g s  v/ere sprayed 

w i th  U.2 per c e n t ,  D im ethoate ,  to  k i l l  the  i n s e c t s  i f  

p r e s e n t .  P l a n t s  were manured and i r r i g a t e d  r e g u l a r l y .  

±’i n u l  i d e n t i f i c a t i o n  o f  v i r u s e s  was made based  on the r e ­

a c t io n  of i n d i c a t o r  p lan t s  snd s e r o lo g y .
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F u r t h e r ,  to  f ind  ou t  th e  r e l a t i o n  between aphid 

p o p u la t io n  and i n f e c t i o n  p re s s i j r e  o f  d i f f e r e n t  v i r u s e s ,  

c o r r e l a t i o n  was made w i th  d i f f e r e n t  a jh id  s p e c i e s .  To 

f o r e c a s t  t h e  i n c id e n c e  of  c h i l l i  v i r u s e s  in  a l o c a l i t y ,  

t h e  s i ^ i f i c a n c e  o f  i n f e c t i o n  p r e s s u r e  coapared to  popu­

l a t i o n  dyntimics o f  aph ids  was s t u d i e d .

G. Mature of s p re a d  o f  the most s e v e re  Capsicum 
v i r u s  (PViW; in  the f i e l d

Healthy  s e e d l i n g i ^ f  Byadgiifaddi , a oonunercial c h i l l i  

c u l t i v a r ,  were r a i s e d  in  seed pan in the  g l a s s  h ouse .  When 

they were one month o ld  they  were t r a n s p l a n t e d  in  the  f i e l d  

in  fo u r  p l o t s ,  each h av in g  100 s e e d l i n g s  p lan ted  i n  ten  

row s.  Spacing between the  p l a n t s  in  each row m a in ta ined  

was 1 . 5 '  and between rows 2 . 5 ’ * T h is  experiment  occup ied  

an ar>^a of 59* x 59 ' w i th  the  i n d i v i d u a l  p l o t  s i z e  of 

1 5 ’ X 25 ' • Ihe f i e l d  was manured a t  the  r a t e  o f  25 tonnes  

of riM per  h e c t a r e  b e f o r e  p l a i i t i n g ,  in  a d d i t io n  to normal 

f e r t i l i s s e r  a p p l i c a t i o n .  Along the  b o r d e r s  of each p l o t  and 

around the  ex p e r im en ta l  a rea  t h r e e  rows of Jowar (CSH-5) 

and t h r e e  rows of  sunhemp were grovjn as b a r r i e r  crops  to 

avoid  t h e  d i r e c t  a l i g h t i n g  of the  a l a t e  aph ids  ( F i g . 6 ) .  

This  type  of  l a y  o u t  r educed  th e  movement of a?)hids from 

p l o t  to  p l o t  a l s o .  The b o rd e r ,  b a r r i e r ,  crop was r e g u ­

l a r l y  sprayed with  an i n s e c t i c i d e .  In the  c e n t r e  of  t h e
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p l o t  one 50  day o ld  o h i l l i  p l a n t  i n o c u l a t e d  w i th  PVMV show­

ing  symptom was p l a n t e d ,  w i th  ten a p t e r o u s  aph ids  o f  M.p e r -  

s i c a e .  This p l a i t  se rved  a s  i n f e c t o r  p l a n t .

The whole exper iment  was r e p e a t e d  fo u r  t im es  in  the 

^ea r  by taicing fo u r  c ro p s  o f  t h r e e  months d u r a t i o n  each 

d u r ing  1980-81 v i z . ,  I . f r o m  2 - 3 - l i ^ O  to 31 -5 -1980 ,  I I .  from 

1-6-1980 to  30-8-1980,  I I I .  from 1-9-1980  t o  27-11-1980 

and IV. from 1-12-1980 to 1-3-1981 .  D uring  e a jh  crop 

p e r io d  ten  a la te . .  aph id s  on the  p l a n t s  c o l l e c t e d  a t  random 

from th e  p l a n t s  were i d e n t i f i e d  to  know the  most p r e v a l e n t  

c h i l l i  a p h id s  on the fa rm .  Once in  f i v e  day s ,  s t a r t i n g  from 

f i v e  days  a f t e r  the p l a n t i n g  o f  i n f e c t o r  p l a n t  in  the  c e n t r e  

o f  t h e  p l o t ,  d i sea sed  p l a n t s  were counted and p e rc e n ta g e  

of d i s e a s e a  p l a n t s  was c a l c u l a t e d .  Rats  of i n c r e a s e  o f  

d i s e a s e  i n c id e n c e  was c a l c u l a t e d  once in  f i v e  days by u s in g  

th e  fo rm u la  of  van der P lan k  (1!:^63).

230 Uo ( 1- u ,  )
r  -  — —  lo g  -----^ 7 — ^-.-

wnere r  toeing r a t e  of in c r e a s e  of d i s e a s e  per day and Ug 

and u^ a re  the  d i s e a s e d  p l a n t s  a t  t g  and t^  time r e s p e c ­

t i v e l y .
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D iseased  p l a n t s  were marked as  soon a s  they were 

i d e n t i f i e d  a id  r e c o r d s  were a l s o  made of neighbO’aring  

p l u i t s  w h i jh  were t r e a t e d  as i n f e o t o r  p l a n t s  l a t e r .  Once 

in  f i v e  days t h e  h e a l t h  o f  every  p l a n t  a lo n g  the  row was

reco rded  and t h e  method of  van der P lank  (1946) fo r  e s t i ­

mating  the  number o f  random group of a d j a c e n t  d i seased  

p l a n t s  was usea  to  i n d i c a t e  whether or n o t  t h e r e  was spread  

from p l a n t  to  p l a n t  w ith  in t h e  c rop .  In  o r d e r  to  f i n d  o u t  

whether t h e  p a t t e r n  of  sp read  o f  v i r u s  a t  d i f f e r e n t  i n t e r ­

v a l s  was i n t e r n a l  or e x t e r n a l ,  van der F l a n k ' s  fo rmula ,

1- « ■ ,  where P i s  t h e  nuiater o f  p a i r s  to  "be expec- 

t e a ,  u i s  t o t a l  number o f  d i s e a se d  p l a n t s  exaaxned in a 

row, and n i s  t o t a l  number of p l a n t s  examined in a row,was 

used .

i ) x^ffect of  pyi îV i n f e c t i o n ,  on c h i l l i  a t  
d i f f e r e n t  ages of growth

:.urin^!: tho sp read  of iVwV in  the  f i e l d  t h e  p l a n t s

were tagged as  soon as  the i n i t i a l  symptoms were n o t i c e d .

P l a i t s ,  i n f e c t e d  when the^^ were 40-45,  70-75  and 90- days 

o ld ,  were s e l e c t e d  and t a g g e d .  At the  end of t h e  e x p e r i ­

ment, h e i ( ^ t ,  g i r t h  of  t h e  stem, numbtr of l e a v e s ,  number, 

s i z e ,  and g reen  and drj' w e igh t  of f r u i t s  o f  f i v e  p l a n t s  

s e l e c t e d  a t  randoa in each ca tegory  were reco rded  and 

an a l y s e d .
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i i ) Assessment  of l o s s e s  in  B.vadgiltaddl c u l t i v a r  due 
to  development of ep idemic  o f  PTMY from a  s in g le  
i n f e c t o r  p l a n t

( Jh i l l i  c u l t i v a r ,  B yadg ikadd i  s e e d l i n g s  o f  one month 

o ld  were p l a n t e a  in  four  p l o t s  hav ing  100 p l a n t s  each .  Two 

of th e se  p l o t s  se rv e a  a s  c o n t r o l  w i th o u t  the  i n f e c to r  p l a i t  

( l i g » 6 ).  I h i  s experimo:it  was r e p e a t e d  fo u r  tiroes as s t a t e d  

e a r l i e r .  This was s tu d ie d  to  know how much l o s s  would be 

i n c u r r e d  in a p l o t  of  100  p l a n t s  w i th  one i n f e c t o r ,  p l a n t  

in  the c e n t re  o f  t h e  f i e l d  d?jring th r e e  month p e r i o d .  At 

the  end of e a c h  crop pe r io d  t o t a l  green w e igh t  o f  c h i l l i  

f r u i t s  were r e c o r d e a  and a n a ly se d  s t a t i s t i c a l l y .

^tiolofi.v o l  “Murda” i4alad.v o f  c h i l l i  in  K-arnataka

Murda i s  aa i m p o r t a n t  d i s e a s e  of c h i l l i  in  K arna taka ,  

io know t h e  d i f f e r e n t  c a u s a l  e n t i t i e s  and t h e i r  d i s t r i b u t i o n ,  

a su rv ey  and c o l l e c t i o n  o f  samples were  made along w i th  the 

c o l l e c t i o n  of c h i l l i  mosaic  i s o l a t e s .  C o l l e c t i o n  and r e c o r d  

o f  i n c id e n c e  oi d i s e a s e  were made as  d i s c u s se d  e a r l i e r .  The 

i s o l a t e s  c o l l e c t e d  from tne  f i e l d s  i n  the  f i v e  d i s t r i c t s  were 

sap  in o c u la t e d  to  C a l i f o r n i a  Wonder p l a n t s .  V i ru se s  were 

i d e n t i f i e d  based on r e a c t i o n  of i n d i c a t o r  p l a n t s ,  s e r o lo g y  

and e l e c t r o n  m ic roscopy ,  nach v i r u s  group  in o c u la t e d  t o  one 

month o ld  s e e d l i n g s  of C a l i f o r n i a  Wonder and Byad^gikaddicvrs.  

The ^mptoics developed on th e se  p l a n t s  were compared vfi th 

the  f i e l d  s^m ta n s  w i th  p a r t i c u l a r  r e f e r e n c e  to  Murda syndrome.



8 1

There are  s e v e r a l  r e p o r t s ,  s t a t i n g  t h a t  m ites  and 

t h r i p s  a l s o  cause  murda s^Tnptoms. T h e re fo re  to  produce the  

syndrome a r t i f i c i a l l y  in th e  g l a s s  house ,  by t h r i p s  and 

m i te s  i n d i v i d u a l l y ,  C a l i f o r n i a  V/onder and Dyadgikaddi seed ­

l i n g s  were r a i s e d  and were enc losed  w i th  t h r i p s ,  Sc i r  to  t h r i p s  

d o r s a l i s  Hood and m i tes  Po I:/ phago t a r  s on emu s l a t u s  (Banks) 

c o l l e c t e a  from h a a l th y  c o l o n i e s  in t h e  cages ( F i g . 7 & 8 ) .  

i^aily o b s e r v a t i o n s  were made f o r  t h e  developmont of ’Murda' 

symptoms in  th e  g l a s s  house on t h e s e  p l a n t s .

irreservatj -on and s to ra ;  e of Gapsicua v i r u s e s

Many s c i t r i l i s t s  have worked on d i f f e r e n t  metiiods o f  

treserVcitxon arid s t o r a g e  of  p l a n t  v i r u s e s .  To f i n d  o u t  t h e  

b c s t  methoa of p r e s e r v a t i o n  and s t o r a g e  of c h i l l i  v i r u s e s ,  

t h e  f o l l o w i n g  i te th o d s  w^re compared.  (A) Young i n ­

f e c t e d  le av es  of C a l i f o r n i a  wonder chowing t y p i c a l  symptoms 

Wort washed and deep f r e e z e d  a t  -20°C ;  (B ) o tanuard  e x t r a c t  

in  phospha te  b u f f e r  was deep f r e e z e d  a t  - 2 0 " G; (C) S tandard  

e x t r a c t  o f  young i n f e c t e d  leaves  of C a l i f o r n i a  Wonder in  

p hospha te  b u f f e r  t r a n s f e r r e d  to  g l a s s  ampules a t  the ra t e  o f

2 ml per  each was l y o p h i l i z e d  w i th  t h e  h e lp  o f  2idwards 

C e n t r i f u g a l  f r e e z e  d r i e r ,  KF-6 model;  (D) B i t s  of young 

i n f e c t e d  leav es  of C a l i f o r n i a  i.onaer were dehydra ted  over 

Calcium Chlor ide  and packed in  g e l a t i n  c a p su le s  c o n t a i n ­

i n g  ca lc ium c h l o r i d e  c r y s t a l s  and c o a ted  with  n a i l  p o l i s h .



Fig. Ho. 7. Gag# ua«4 to study damage du« to thrlpa

F i g .  H o ,8 .  P l a s t i e  e a g a  u s a d  t o  a t u d y  t h a  d a n a g a  d u a  t o  

■ I t a a  a n d  a la o  t o  c u l t u r a  a p b id a
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These  ca p su le s  were s t o r e d  in  b o t t l e s  c o n ta in in g  Calcium 

C h l o r i d e .  The b o t t l e s  were then k e p t  a t  f r e e z i n g  tempe­

r a t u r e  throughout  t h e  s tudy ( P i g . 9 ) .  Care was t ^ e n  to 

avo id  c o n ta c t  o f  l e a f  t i s s u e  w i th  ca lc ium  c h lo r id e  by 

s e p a r a t i n g  than  w i th  t h e  use of co t to n  wool.

I n f e c t i v i t y  of  each sample s t o r e d  b:< th e s e  methods 

was a ssayed  on 15, 3 0 , 4 5 , 60, 120, 180, 3 OO and 450 days 

of s t o r a  e by i n o c u l a t i n g  to  one month o ld  s e e d l in g s  of 

v j a l i f o r n i a  Wonder. I er  c e n t  r e t e n t i o n  o f  i n f e c t i v i t y  over  

a p e r i o d  o f  tiu:e, of each v i r u s  u s in g  a l l  the  above methods 

of s to ra g e  was worked o u t .



?lg«Ho«9. Ai (a.«88 anpults eontainlng lyoph llised  sap o f c h i l l i  
leaTes aff«ot«d with TizaaM

Bt Galatin oap«^«« oontaining dahydrat«d tissu ea  o f 
e h i i i i  laaT ta affaeted with TirasM  
C«it>Ai Op««d oapaula showing th« dahjdratad 

tisM t^  ootton wool and 0aCl2 ozystals
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CHAPTER IV

iiXPERIMxiWTJi RESULTS

1 )  Surve.v« C o l l e c t i o n  and EstaTalighment of C h i l l i  
mosaic v i r u s  i s o l a t e s

The survey was conducted to  e s t i m a t e  the  d i s t r i ­

bu t io n  o f  c h i l l i  mosaic  d i s e a s e  and to  c o l l e c t  the  c h i l l i  

mosaic i s o l a t e s  in  the  d i s t r i c t s  of Dharwad, Belgaum, 

Shimoga, Mysore and G u i t a r g a ,  A t o t a l  of 122 f i e l d s  

d i s t r i b u t e d  in  28 v i l l a g e s  where c h i l l i  i s  grown e x te n ­

s i v e l y  were v i s i t e d  and a t o t a l  of IJOO i s o l a t e s  were 

c o l l e c t e d ,  o f  which, 367,  271» 256, 208 and 198 i s o l a t e s  

were from Dharwad, Belgaum, Shimoga, Mysore and Gulbarga 

d i s t r i c t s  r e s p e c t i v e l y .

The r e s u l t s  of  the d i s e a s e  in c id e n c e  i s  p re s e n te d  

in  the  T a b le  1. The d i s e a s e  in c id e n c e  i n  a l l  t h e  d i s t r i c t s  

surveyed ran g ed  from 11.8 per  cen t  to  94 .8  pe r  cen t  w ith  

an average of 53*0 per c e n t .  The asrerage in c id e n c e  o f  

mosaic in  each d i s t r i c t  when compared, i t  can be seen t h a t  

the  lowest  i n c id e n c e  was 40 .62  per  c e n t  in Shimoga d i s ­

t r i c t  fo l low ed  by 43*43 per c e n t  in  Dharwad, 53*77 per cen t  

in  Belgaum, 62 .24  per  c en t  in  Mysore and 64*99 per cent  in 

Gulbarga d i s t r i - t s  (F ig .  1 0 ) .

At t a lu k  l e v e l ,  t h e  low es t  ave rage  In c id en ce  was 

3 2 .4  per c e n t  in Hubll t a l u k  fo l lo w ed  by Kundagol (38.52 

p e r  c e n t j ,  H i r e k e r u r  (40 .76  per  c e n t ) ,  Dharwad (4 3 ,0 4  p e r -
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Table  1:  In c iaen ce  o f  c h i l l i  mosaic  in  th e  f a r m e r s '  
f i e l d s  in d i f f e r e n t  d i s t r i c t s  in  Karnataka

SI . Name of t h e  
D i s t r i c t

T o ta l  No. 
o f  f i e l d s  
surveyed

Per c e n t inc iden  c*
1̂ 0 .

Aver age Range

1 Dhaxwad 31 43.43 11 .8 -7 3 .6

2 Belgaum 26 53.77 3 4 .0 - 8 0 .8

3 iihimoga 25 40.62 1 6 .4 -6 6 .2

4 Myso re 20 62.24 3 5 .0 -7 4 .6

5 Gult i j rga 20 64.99 3 1 .4 - 9 4 .8

122 Average
of  ;53.0  

s t a t e
1 1 .8 -9 4 .8
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c e n t ) ,  iriaveri (53• 2 per c e n t )  and Byadgi (54*84 per  c e n t ) .

In d i s t r i c t  of Belgaum the  low es t  average  i n c id e n c e  was 

49 .28  per cen t  in  Belgaum ta lu k  fo l low ed  by Chikkodi ( 5 0 .43 

per c e n t ) ,  Raibag (55*62 per  c e n t ) ,  B a i lh o n g a l  (56 .68  p e r ­

c e n t ) ,  and Hukkeri  (57*44 per c e n t ) .  In Shimoga d i s t r i c t  

t h e  lowest  average  in c id e n c e  was 34*9 per c e n t  in  S h ik a r ip u r  

fo l lo w ed  lay C hannag ir i  (40*08 per c e n t ) ,  Shimoga (4 0 .5  per ­

c e n t ) ,  H onnal l i  (41*15 per c e n t )  and Soraba (45*16 per c e n t ) .  

The low es t  average  in c id e n c e  in  Mysore d i s t r i c t  was 53*72 

per  c e n t  in K o l l e g a l  t a lu k  fo l low ed  by Nanjangud (54*88 pe r ­

c e n t ; ,  Mysore (61 .92  per c e n t )  and Heggadadevanakote (66*0 

p e r  cen t> .  C h in c h o l i  t a lu k  in Gulbarga d i s t r i c t  showed t h e  

l e a s t  average in c id e n c e  of 44 .64  per  cent fo l low ed  by Sedam 

(62 .28  per c e n t ) ,  Aland (68*96 per  c e n t ) ,  and G h i tapur  

(84*08 per cen t  (Table  2 ) .

a )  In c id e n c e  of Mosaic d i s e a s e  in  r a i n f e d  and 
i r r i g a t e d  crop

The r e s u l t s  a re  g iven  in  Tables  3 and 4* Among a l l  

the t a l u k s  in  the f i v e  d i s t r i c t s  surveyed,  t h e  low est  i n ­

c idence  observed t o  be was 3 2 .4  per c e n t  in Hubli  t a lu k  of 

Lharwad d i s t r i c t  and h i g h e s t  was 84 .08  p e r  cen t  in  Ghitapur 

t a lu k  of Gulbarga d i s t r i c t .

In i r r i g a t e d  a r e a s ,  l e a s t  inc id en ce  was observed to 

be o f  4 9 .6  per cent  in  Hukkeri  t a lu k  o f  Belgaum d i s t r i c t  end
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Table 2:  In c id en ce  of c h i l l i  mosaic  in  the  f a n n e r s  f i e l d s  
o f  commercial  c h i l l i  growing a re a s  o f  K arna taka  
in d i f f e r e n t  t a lu k s

61,
i\iO .

Taluks
T o ta l  i^o. 
of  f i e l d s  
surveyed

i e r  c e n t  i n c id e n c e

Range

i , i j  juh/'HWad

1 Byadgi 5 54.84 3 4 .6  -  69.8
2 Dharwad 5 43 .04 28.4  -  7 0 . 0
5 Haveri 5 53.20 4 1 .4  -  7 3 . 6
4 r i i r e k e ru r 5 40.76 3 2 . 0  -  4 8 .2
5 h u b l i 6 3 2 .4 0 2 3 .0  -  3 7 .4
b Kund egol 5 38.52 11.8  -  49.8

31 43.43 11 .3  -  7 3 .6

(2J DhLGMJM

1 L a i lh o n g a l 5 56.68 3 9 . G -  7 4 .4
2 Belgaum 5 49.28 3 4 .0  -  80 .8
3 Ghikkodi 6 50.43 3 4 .2  ~ 7 1 .8
4 Hukkeri 5 57.44 51 .6  -  7 7 . 2
5 Kaibag 5 55.62 38 .8  -  68.2

j 2G 53.77 3 4 . 0  -  80 .8

C3) SHIMOG.'i

1 G hannag ir i 5 40.08 2 3 .2  -  55 .2
2 xionnali 5 41 .15 26.2  -  66 .2
5 S h ik a r ip n r 5 3 4 .9 0 16.4 -  5 2 .6
4 Shimoga 5 40 .50 22.8  -  6 3 .2
5 So r  aba 5 45.16 5 9 .0  -  4 9 .0

Oi f” 40.62

(4 ;  MYSORL

16 .4  -  66.2

1 hegg ad ad e V an a- 
ko te 5 66.00 62 .4  -  7 2 .0

2 iColxegal 5 5 3 .7 2 3 5 . 0  -  68 .0
3 My sor e 5 61.92 4 7 . 0  -  74 .6
4 ati j  angud 5 54 .88 4 4 . 2  -  7 3 .0

ZU 62.24 3 5 .0  -  74 .6

(5> GHLB/iiGA

1 A1 an d 5 68.96 56 .2  -  7 8 .0
2 G h incho l i 5 44.64 3 1 . 4  -  50.2
3 G hitapur 5 84 .08 59 .4  -  94 .8
4 Sedam 5 62.28 59.6 -  69.4

T o ta l 2O .. 64 .99 31.4 -  94.8
^  ..J. J. w  u  ..V -w 1^2 54.18 11.8 -  ^4.8
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T a b le  3* In c id e n c e  of c h i l l i  m osaic  in r a i n f e d  c ro p

Sx. 
i\io .

iiame of 
t a l u k s

r i e l d  
survey ed

Per cen t  i n c id e n c e

Aver age Range

1 Dharwad

( 1 )

5

DHARWAD

43.04 28.4 7 0 .0
2 Kundagol 5 38.52 11 .8 - 49.8
3 H ire i te rur 5 40 .76 3 2 .0 43 .2
4 ad agi 5 54.84 3 4 .0 - 69 .8
5 b'averi 5 53.20 41 .4 — 7 3 .6
6 du b l i 6 3^ .40 2 3 .0 — 3 7 .4

7 huicker i

(2 )

5

BijilGAlTM

57.44 52.6 7 7 .2
8 B a i lh o n g a l 5 56.68 39 .0 • 74 .4

3 non n a l i

(3 ;

3

3riIi«10GA

41.15 26 .2 66.2
10 Shikcuri ̂ ur 5 34 .90 1 6 .4 * 52.6
11 S o ra ta 5 45.16 3 9 .0 49 .0
12 Chann a g i r i 4 3 6 .3 0 23 .2 47.8
13 Shimoga 5 4 0 .5 0 22.8 - 63 .2

14 Kan^jangud

(4 ;

3

MliJOEE

56.20 44.2 7 3 . 0
15 ilysore 6 63.83 5 5 .0 — 72.0

16 G hitapur

(5 .

5

gttlbarg

84.08 59 .4 94.8
17 Ghincholi 5 44 .64 31 .4 - 56 .2
18 Sedssn 5 62.28 59.6 69.4
li? /-Icxnd 4 6 6 .7 0 56.2 •• 72 .6

93 50 .13 11.8 - 94.8
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l a b l e  4 i  I n c id e ru e  o f  c h i l l i  mosaic in  i r r ig a te d !  
c rops

£1. i\iaaie of 
No. t a l u k s

T o ta l  No. 
of f i e l d s

l e r  cent i n c id e n c e

surveyed Average Range

U ; BKLGAUK

1 iiukkeri 2 49.60 49 .2  -  50.0

2 Raibcig 5 55.61 38 .8  -  68.2

3 Bel gaum 5

(2 j

49.32

SirilMOGA

3 4 .0  -  80 .8

4 ohannagir i 1

(3 ;

55 .20

ivrisoRE

55.2

5 K o l le g a l 5 53.72 35 .0  -  6 8 .0

6 iianjangud 3 52.90 50 .2  -  6 0 .0

7 I'l^sore 3 63.00 4 7 .0  74 .6

8 heggadadevana-
ko te  1 67.60 87 .6

(4) G'TLB/^KGA

9 ^dand 1 7b.  00 7 8 .0

. , : c i 26 58.33 3 4 .0  -  80 .8
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h i g h e s t  o f  7 8 .0  per c e n t  in  Aland t a l u k  of  Gulbarga d i s ­

t r i c t .  Cto an a v e ra g e ,  c h i l l i  mosaic  in c id e n c e  was lower 

i n  r a i n f e d  crop ( 50*15 per c e n t )  than  t h a t  in  i r r i g a t e d  

c rop  (5S.35 per c e n t ) .

b ) In c id e n c e  of m osaic  d i s e a s e  in  d i f f e r e n t  c u l t i v a r s

In t h e  course  o f  s u r v e y ,  f i e l d  s e l e c t i o n  was r a n ­

domly made i r r e s p e c t i v e  of v a r i e t i e s  c u l t i v a t e d .  Thus, 

the  number of f i e l d s  v i s i t e d  under d i f f e r e n t  v a r i e t i e s  

v a r i e d  and r e p r e s e n te d  th e  e x t e n t  o f  c u l t i v a t e d  a rea  under  

each v a r i e t y .  The number of f i e l d s ,  average  in c id e n c e  and 

range of in c id e n c e  and g e n e r a l  symptoms o f  c h i l l i  mosaic 

in the  f i e l d s  are p r e s e n te d  in  Table 5. The survey i n d i ­

ca ted  t h a t  Byadgikaddi o c c u p ie s  maximum a re a  under c u l t i ­

v a t io n  fo l low ed  by Sankeshwar,  J h i n c h o l i ,  C hannag ir i ,  

Nyaiuati un d Byadgi Dabbi , occupying c o m p a ra t iv e ly  l a r g e r  

a r e a s .  Among t h e s e ,  the  l e a s t  average i n c id e n c e  was 

observed in  iiyamati a c c o u n t in g  35»71 per  c e n t  and maximum 

average in c id e n c e  of 64 .36  per  cen t  observed  in C h in c h o l i .  

\mong a l l  t h e  v a r i e t i e s  i r r e s p e c t i v e  of number of f i e l d s  

su rveyed ,  th e  l e a s t  i n c id e n c e  was n o t i c e d  in  the  v a r i e t y  

K asiga i  to  th e  e x te n t  of 26 .9  per c e n t .

c> C o l l e c t i o n  and es tab l ishu if rn t  of  v i r u s  i s o l a t e s

In axl I 3 OO i s o l a t e s  showing mosaic and a s s o c ia te d  

symptoms, c o l l e c t e d  and numbered, were sap i n o c u la t e d  on
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■=i-

-M
.-\J

1—< 3 .H
-S 3

D o M •
O

o o n «

■H c II II
:a

4-» rH o ■2! CO
Q ■H t-i '3

g 43
.a•H cu •H rH

—I M X i
cH a S a 4->

as O o a o
a >4 C5 OJ E-t • •

-P
O

a \ O r - i Al r n 25
rH CM C\J CM CM

(a
■ r i
!Q
O
it
o
0)
c

+J
opl4
m

o
•H
-M
O

O

CO
a> i:iO

C

1
•H
rH
l-l

'4-t
^5
U

O
'O

■TO JH
a

3
p* a
p . 3
r : O

o

II u

o

91

qO
S
■H
a
a
CJ

c
H 0>
<1) .H
>

‘S
-P
-P

0) O
.3 1—J a

fH
:3 a) o
fctf) r-4 •H
0) +» Q]

- p CO
H O

S

II II u
=q
S
M J s



92

on Capsicum annuum cv. C a l i f o r n i a  Wonder. The r e s u l t s  a re  

g iven  in  the  Table  6. Out of t h e s e ,  80 .46  pe r  c e n t  of the  

i s o l a t e s  were s u ^ c e s s f u l l j i  t r a n s m i t t e d  and 19 .54  per  c e n t  

of the  i s o l a t e s  were found n o t  t o  be sap t r a n s m i s s i b l e  to 

pepper .

Among the sap t r a n s m i s s i b l e  i s o l a t e s ,  those  c o l l e c ­

ted  from Dharwad were t r a n s m i t t e d  to th e  maxiicum number 

(9 i*0  p e r  c e n t ;  fo l lo w e a  by Belgaum, Shimoga, Mysore and 

G u lbarga .

2) I n i t i a l  grouranf? of c h i l l i  mosaic v i r u s e s

I n i t i a l  g ro u p in g s  of a l l  t h e  i s o l a t e s  t r a n s m i t t e d  

mechanic alii? were made on the  b a s i s  of  symptoms, expressed  

on C a l i f o r n i a  Wonder for a month a f t e r  i n o c u la t i o n  (Table 6). 

Ihe d e s c r i p t i o n  o f  t h e  symptoms produced on peppa: i s  d i s s -  

cussed  i n  d e t a i l  under each x group s e p a r a t e l y .  Out o f  

l , jO O  i s o l a t e s  li^.t>4 per cent  of  the  i s o l a t e s  were n o t  

t r a n s m i t t e d ,  y .61  per  cen t  i s o l a t e s  belonged to group 1, 

ly.OB per cen t  t o  ^ o u p  2, 12.38 per cen t  to  group 5» 5*46 

per c e n t  to group 4 ,  9 .92  per c e n t  to  group 5, 15.15 per 

c e n t  to  group 6, 5»38 per cen t  to  g roup  7» 3»38 per cen t  

to  group 8 and £^.08 p^r cen t  to g roup  9.

The e s t a b l i s h e d  i s o l a t e s  were sap  in o c u la t e d  to  a 

s e t  of d i f f e r e n t i a l  h o s t  p l a n t s  r e p o r t e d  by e a r l i e r  workers
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(P r a s a d a  Rao, 1976; V i l l a l a n ,  1975; Z i t t e r ,  1972; S a k i -  

mura, li?4 0 ; and l i r o n e ,  1935)» and were grouped based on 

t h e i r  r e a c t i o n s  as  g iv en  in  Table 7 .

. r e p r e s e n t a t i v e  i s o l a t e  from each group was s e l e c ­

ted and m ain ta ined  on C a l i f o r n i a  Wonder by i n o c u l a t i n g  

a t  p e r i o d i c a l  i n t e r v a l s  f o r  f u r t h e r  s t u d i e s  to confirm the 

n a tu re  of  each  v i r u s .

3 ) Symptomatology

The symptoiis of r e p r e s e n t a t i v e  i s o l a t e s  of each  

o f  t h e  eit^^t g roups  of v i r u s  i s o l a t e s  on C .annuum cv.  B e l l  

pepi.er tind adg ikadd i  a re  d e s c r ib e d  below.

Group 1

Seven days a f t e r  i n o c u l a t i o n ,  f a i n t  v e i n - c l e a r i n g  o f  

the  young expanding l e a v e s  developed ^   ̂ i t  r

i '  ■: i fo l lowed by mosaic m o t t l i n g  on both the  c u l t i -

v a r s .  i'largxn of the  l e a v e s  were s l i g h t l y  ben t  upwards, 

new i e a v t a  developeo w i t h  i r r e g u l a r  and d i s c o n t in u o u s  g reen  

vein band ing  symptoms. Some l e a v e s  developed  dark g reen  

r a i s e u  b l i s t e r s  a l l  over the  l e a f  s u r f a c e .  Veins and v e i n -  

l e t s  became wavy r e s u l t i n g  in  upward . c u r l i n g  of th e  l e a v e s ,  

in  a ffcw l e a v t s ,  th e  t i j  was drawn i n t o  a th re a d  l i k e  

s t r u c t u r e  g iv in g  a r a t  t a i l  appearance .  Some le a v e s  showed 

i r r e g u l a r  expansion  of lam ina  a long  w i th  green b l i s t e r s
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9b

(F ig .  11 ) .  F lo w e r in g  was reduced  and young f r u i t s  showed 

v a r i o u s  ty p es  of m o t t l i n g  ^ ,Fig .21).  P l a n t s  were s tu n te d .

Group 2

Seven days a f t e r  i n o c u l u t i o n ,  t o th  the  c u l t i v a r s  

showed a very f a i n t  v e i n - c l e a r i n g  on young l e a v e s .  L a te r ,  

t h e s e  l e a v e s  developed dark  green con t inuous  ve in  banding,  

a c h a r a c t e r i s t i c  symptom o f  t h i s  group and could  lae n o t ic e d  

up to  25 dciys a f t e r  i n o c u l a t i o n  (F ig .  12 ) .  The l e a v e s  l a t e r  

showed v a r i o u s  ty p e s  of mosaic m o t t l i n g  and i n  some cases  

they beciame t h r e a d - l i k e .  I n t e r n o d a l  l e n g th  was sh o r ten ed  

g iv in g  a more s t u n t e d  appearance .  H u n t s  showed poor 

f lo w e r in g  and b e l l  pepper f r u i t s  assumed banana  shape .

Group 3

The f i r s t  symptom was tlie v e i n - c l e a r i n g  appeared  on 

young l e a v e s  7-8 days  a f t e r  i n o c u l a t i o n  fo l low ed by m osa ic  

m o t t l i n g .  L a te r ,  a ark p a tc h e s  developed  in  an i r r e g u l a r  

f a s h io n  on the l e a v e s ,  and a ibsequen t  l e a v e s  showed d i s t o r ­

t i o n .  iixtreme n a r ro w in g  of the  l e a f  l am in a  in aome c a s e s ,  

l e a v i n g  only th e  mid r i b  a c h a r a c t e r i s t i c  symptom of t h i s  

v i r u s  group ( i ' l g . l 5 ; .  The Icunina deve loped  on bo th  t h e  

s i d e s  o f  m idrib  in a z i g - z a g  manner in  o ase of C a l i f o r n i a  

wonaer . L a t e r a l  bucs produced f i l i f o r m  l e a v e s .  I n t e r n o d e s  

were dras t ic^JLly reduced le a d in g  to severe  s t u n t i n g .  Flower 

cjid f r u i t  fo rm a t io n  was reduced ,  f r u i t s  in pepper were



Fig. N o .ll. C^[)gletta annuaa ot« O allfom ia  Wondar le a f  
showing synptoas of potato Tixus T (Orotip 1)

Fig, No.12. C. amnima ot. O a lifo ra ia  Wonder le a f  slewing 
eynptome o f pepper vein bamdi»g Tizae(Group 2)

F ig . No. 13. C. annuoM ot. O alifoxnia Wonder leaTee showing 
syaptoBs o f pepper Teinid a o ttle  T im s (Group 3)
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sffialler and round,  and in  Byadgikaddi they  became t h i n  

and c r i n k l e d .

Group 4

• i t e r  seven days of  i n o c u l a t i o n ,  b o t h  the  c u l t i v a r s  

shov^ed a p rom inen t  v e i n - c i e a r i n g  of th e  young l e a v e s .  This 

was p ro longed  f o r  some days and l a t e r ,  t h e s e  l e a v e s  became 

mild c h l o r o t i c ,  p rom inent  to  moderate  cupping ( I i g . l 4 ) .

After one u o n th ,  joung l e a v e s  showed dark  g reen  bands a long 

th e  v e in s  w hich were co n sp icu o u s  a t  t h e  bw.se of the l im in a .

In sô iie c a s e s ,  l eaves  showed m arg ina l  w a v in e ss .  Muoh f l a g g ­

in g  of  o ld e r  l e a v e s  on i n f e c t e d  p l a n t s  was observed  ( F i g . l 5 ) .  

In ho t  d a y ^  p l a n t s  shov;ed w i l t i n g  and s t u n t i n g .  Main b ranch  

shovjed e l o n g a t i o n .  F r u i t s  were sm a l l  and showed l i n e  

p a t t e r n s .  Ripened f r u i t s  showed brown c o lo u red  a r e a s .

LlTOUP 5

i^ecro t ic  l e s i o n s  were developed  on i n o j u l a t e d  l e a v e s  

w i th in  3*-4 dc^s  a f t e r  i n o c u l a t i o n  on bo th  the  c u l t i v a r s .  Ihe 

n e c r o s i s  ex tended to  the  stem a long  the  p e t i o l e  in  the  form 

oi dark s t r e a k  r e s u l t i n g  in  d ro p p in g  o f  i n o c u la t e d  l e a v e s .  

T h is  dark s t r e a k  f u r t h e r  extended a long  th e  stem in both 

d i r e c t i o n s  k i l l i n g  th e  young p l a n t s  in  some o a s e s .  The 

p l a n t s  which s u r v iv e d  were p a l e ,  o h l o r o t i c  and developed 

y e l lo w ish  i r r e g u l a r  p a tc h e s  on l e a v e s  ( F i g . l 6 ) .  P l a n t s  

were s t u n t e d  and produced a few f lo w e r s  and f r u i t s .  F r u i t s



Fig. No«14* Oaipsicma acBUum cw, O alifoznla lbnd«r leaves
^ w in g  ^aptoBB of tobaooo eteh TlrasC Group 4)

r ig ,  Io,15* 0» mmwam O alifo rn ia  Wondor and Dyadgl 
ladd i p lan ts  showing syaptoms o f tobaeoo 
•t«h vlM s (ezonp 4)

fig.SO. 16« £• jgHMa ev. O aliforn ia  Wonder le a f  showing 
syaqptou of tobaeoo oosaio v iru s (Group 3)





9 8

were t h i c k  s k l n e d ,  sm a l le r  and m o t t l e d .

Group 6

Young l e a v e s  of the  i n f e c t e d  p la n ts*  in  both the 

c u l t i v a r s  showed v e i n - c l e a r i n g  from t h e  t a s e  o f  the  l e a v e s  

a l t e r  7-8  d a^ s  of i n o c u l a t i o n .  The c h l o r o s i s  spread  a lo n g  

the  v e in s  fo l low ed  by c h a r a c t e r i s t i c  m o t t l i n g .  The i n t e r ­

nodes were sh o r ten ed  and th e  l e n g th  o f  the p e t i o l e  was 

s l i g h t l y  reducea r e s u l t i n g  in s tun ted  and bushy growth o f  

t h e  p l a n t s ,  i n  soiae l e a v e s ,  t i p  was drawn i n t o  f i l i f o r m  

fash ion  or r a t  t a i l i n g  ( r i g , 1 7 J .  R r u i t s  were s n a i l  and r e ­

t a in e d  noriiial green co lou r  w i th  dark  g re e n  w arty  s w e l l in g s  

on the s u r f a c e  in bo th  t h e  o u l t i v a r s .

Uroux; 7

Both the  c u l t i v a r s  showed v e i n - c l e a r i n g  a f t e r  6-7 

days  of i n o c u l a t i o n  on young l e a v e s .  L a t e r ,  t h e  whole l e a f  

showed v e i n - n e t t i n g  symptoms. A f te r  ten days ,  s m a l l  chloro- 

t i  c r i n g s  l i i n i t t e a  by v e in s  d ev e lo p ed ,  which l a t e r  spread  

as  x a i n t  r i i i g i i n e s  markedly on pepper  l e a v t s  ( F i g . 18) .  

J i jadg i  c u l t i v a r s  showed f a i n t  c h l o r o t i c  sp o t s  fo l lo w ed  by 

mosaic m o t t l i n g  ( P i g . 1 9 ) .  The l e a v e s  became abnormal in  

shope .  j r ld i i ts  were n o t  much s t u n t e d  and showea too  much of 

f low er  shedd ing .  F r u i t s  showed m o t t l i q g  on the  s k i n .



? lg . Hb.17. CapBicua ct. O a llfo m la  Vonder l«aTes
•bowing «]roptoB8 of oueua^«r oosaio Tim  a
(ftZDUp 6)

Fig. Sb.18, £• O alifom ia  Wonder leaTca showing
• jv p to u  o f tobaeoo ring  spot ▼ixus( dxoup 7)

Fig. Wo.19* £• aniwnia ot. Byadgi Kaddi laavas showing
•TBptoaa o f tobaooo rin^spot Tizus (Qzonp 7)
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Group 8

Both the  c u l t i v a r s  showed a few s c a t t e r e d  pin head 

n e c r o t i c  s p o t s  a f t e r  f i v e  days of i n o c u l a t i o n .  After 10-12

^oung leav es  showed mosaic m o t t l i n g  w ith  dense sm a l l  

r i n g s  arjd s p o t s .  A fte r  one month, o l d e r  l e a v e s  showed con­

c e n t r i c  r i n g s  ( F i g . 2 0 ; .  These c o n c e n t r i c  r i n g s  l a t e r  b e -  

CciBie c h lo ro t i s ;  and to a l e s s e r  e x t e n t  n e c r o t i c .  P l a i t s  

showed c l t a r  c o n c e n t r i c  r i n g s  on l e a v e s  d u r i n g  March, A pr i l  

and t ia^ . The symptoms were n o t  c l e a r  d u r in g  the o the r  

perj-ods of t n e  y e a r .  Byadgi c u l t i v a r  showed v e i n - n e t t i n g ,  

mosaic m o t t l i n g  arid l a t e r  vary  sm all  c h l o r o t i c  s p o t s  on th e  

o ld e r  l e a v e s .  Leavfcs were reduced in  s i z e .  P l a n t  was n o t  

s t u n t e d ,  i r u i t s  of b o th  th e  c u l t i v a r s  showed la rg e  r i n g -  

s p o t s  i i  r e s e m b l in g  those  on l e a v e s .  P l a n t s  showed 

a few f l o w e r s  uno f r u i t s .  After one month of  i n o c u l a t i o n ,  

growth of  C a l i f o r n i a  Wonder p l a n t s  was reduced  and became 

c o n p a c t .

Group 9

Small  n e c r o t i c  sp o t s  were formed on i n o c u l a t e d  le a v e s  

a f t e r  t t j ree  days  an^ w i th in  seven days, l e a v e s  shov/ed v e in -  

c l e t x i n g  on young l e a v e s .  P l a n t s  were s t u n t e d  and compact. 

Leaves became s u a l l e r  and y e l lo w i s h  in  c o l o u r .  Flowers were 

abor ted  and f r v i i t s  were jTcivdL and remained g reen  fo r  longer 

t i n e  and l a t e r  btoame w h i t i s h .  Based on the  d i f f e r e n t i a l  

symptoms on L .m e ta l  <*id G . s a t i v u s , t h i s  group was found to
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con ta in  a m ix tu re  of groups 5 aad 6 .  This was conf limed 

by s e r o l o g i c a l  r e a c t i o n  to  th e  a n t i  s e r a  of t h e s e  two 

v i r u s e s .

The e f f e c t  of a l l  the  e i ^ t  v i r u s  g ro u p s  on the  

f r u i t s  of  b e l l  pepper and Byadgikaddi i s  p re s e n te d  in  

F i g . 21.

4 )  T ransm iss ion  s t u d i e s

a ;  I n s e c t  t r a n s m is s io n

F iv e  s p e c i e s  of a p h id s  v i z . ,  M.p e r s i c a e , /u g o s s y p i i , 

i i . c r a c c i v o r R.n ia id is  and l i . s e t a r i a e  were t e s t e d  fo r  t h e  

t r a n a u i s s i o n  oi u i f i e r e n t  r e p r e s e n t a t i v e  i s o l a t e s  of v i r u s  

groups,  and th e  t i i r ip s  v i z . ,  T. t a b a c i  and S . d o r s a l i s  f o r  

t iai4ti ii iEsiou of v i i ’Js group 8 on b e l l  pepper  s e e d l in g s  were 

u sed .  Ihe  r e s u l t s  a r e  p r e s e n te d  in  Table 8 .

i t  xs clfc:-;r froii; t h e  T a b le  t h a t  M.pe r s i o a e  and 

A.g o s s ^ p i i  were a b l e  to  t r a n s m i t  the  i s o l a t e s  be long ing  to  

g roups  1, 2, 3» 4 and 6 40 to  80 per c e n t  e f f i c i e n c y

than a . or a cc iv o r  a and H.s e t a r i a g  H. s e t a r i  aet r  an sm it ted  only 

t n e  v i P j s  i s o l a t e s  b e lo n g in g  to groups  1 and 3 w i th  20 pe r ­

c e n t  e f f i c i e n c y .  Other v i r j s  g roups  v i z .  5* 7 and 8 were 

n o t  t ransc i i  t ted  by any of t h e  sp e c ie s  o f  aphids  t r i e d .  Among 

t h e  t h r i p s ,  o n ly  th e  nymphs o f  T . t a b a c i  from onion t r a n a n i -  

t t e d  the  v i r u s  group 8 w ith  20 per  cen t  e f f i c i e n c y  but n o t  

o t h e r s .



Fig. Ho.ao* Oapalcua annumi ot. O allfoznia Woad«r l« a f  
•howlsf toaato spotted w ilt tIxus (Group 8)

Pig. I0.2X* £• MHnaa ev« O allfo rn la  londor and Byadgl 
b d d i  fz n ita  reapoetlToly ■howlng aynptoaa 
pZ0dii0«d b j  eight Tlrusea 

(fzom l e f t  to  lig h t)

1 ■  Heiathjr f ro l te  # « TMT lafeeted  f ru l te
2 •  P?iT in fected  fM lte  7 -  CM7
3 ■  PTT 0f ff 8 ■  TRSV tf

4 -  pnnr 9 -  tswt , ,
5 * »«
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b ) Seed t r a n s m is s io n

iMone of the  s e e d l i n g s  r a i s e d  from the  seeds c o l l e c ­

t e d  from the  i n f e c t e d  C a l i f o r n i a  Wonder w ith  each o f  t h e  

v i r u s  group were found to  e x h i b i t  symptoms or to  ca r ry  t h e  

v i r u s  la ten t l ;y  as observed  by i n o c u l a t i n g  to  i n d i c a t o r  

p i  c n t s .

5)  Host range s t u d i e s

f i f t j r  p l a n t  s p e c i e s  b e lo n g in g  to  n in e  f a m i l i e s  v i z .  

i^maranthaceaet A ste raceae^  B o rag inaceae ,  B r a s s i c a c e a e ,  

Chenopodiaceae» ^ j c u r b i t a c e a e y  Fabaoeae ,  Malvaceae and 

Solan ciceae were t e s t e d ,  in  each, f i v e  p l - i i t s  were in o c u ­

l a t e d  w i th  th e  r e p r e s e n t a t i v e  i s o l a t e  o f  each v i r j s  g ro u p .

Ihe  r e a c t i o n  of h o s t  p l a t i t s  to th e  e i g h t  v i r u s  groups i s  

p r e s o r t e d  in  the  T a b le  9 .

Group 1

This  group produced numerous minute loo a l  l e s io n s  on 

i n o c u l a t e a  l e a v e s  o f  G . amar a n t i c o l o u r  (F ig .  2 2 ; .  Z .quinoa 

c*na J . album w i th in  a x  days a f t e r  i n o c u l a t i o n .  On detached 

l e a v e s  of 'A -6 ’ p o t a to ,  y S. dea i  sum x S. tuberosum ). s t a r  shaped 

b la c k  n e c r o t i c  l e s i o n s  were observed  a f t e r  3 da^s  of inocu­

l a t i o n  U ' i g . 2 3 ).

jioung i n o c u l a t e d  le a v e s  of D.m e te l  developed v e in -  

c l e a r i n g  fo l low ed  by c h l o r o t i c  m o t t l i n g ,  b l i s t e r i n g  and
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p u c k e r in g  of l e a v e s  (i;’i g . 2 4 ) .  Systemic  c h l o r o t i c  m o t t le  

was observed on P e t u n i a  hybrid  P h y s a l i  s f  l o r  i  dan a ( F i g . 25) ,  

P»p e r u v i a n a , ^ • n ig r u E ,  S. tuberosum, iv . t  aba cum v a r .  'X a n th i ’ 

ar^d 'i3arasun', u . ^ l u t i n o s a  ( l ’i g . 2 6 )  and I'i.r u s t i o a . Systemic 

n e c r o s i s  o f  v e i n s  and le a v e s  was observed  on Dj«tabacum v a r .  

'W hite  B ur ley '  lU can dr a p h ^ s a lo id e s  produced

f a i n t  riecrotxc s p o t s  on in o c u la t e d  l e a v e s  and l a t e r  s y s t e ­

mic m o t t l e s  ( i ' i ^ . 2 8 ) .

Group 2

i h i s  v i r u s  ^ o u p  showed r e a c t i o n  only  in s o l a n a c e o u s  

p l a n t s ,  ioung s e e d l i n g s  of D,m ete l  proouced v e i n - c l e a r i n g  

on young le a v e s  w i th in  6 days a f t e r  i n o c u l a t i o n ,  fo l low ed  by 

c r in k Q l in g ,  b l i s t e r i n g ,  p u ck e r in g  a id  o th e r  d e fo rm a t io n s ,

After 20 days,  p l a n t s  syiowed f i l i f o r m  l e a v e s  ( F i g . 29) .  This  

v i r u s  produced m osaic  E o t t l i n g o n  P . p e r u v i a n a , I . hybr id  a . 

:i>.n i ^ u r n , i^.tabacua  v ^ r .  'White B u r ley * ,  C .microcarrum and 

G.pendulum w ith in  10-12 days a f t e r  i n o c u l a t i o n ,  ij . r u s t i c a  

showed systemj-c n e o r o t i c  s p o t s  fo l lo w ed  by l e a f  n e c r o s i s .

Group 3

I h i s  v i r u s  group had an extremely l i m i t e d  h o s t  range  

arjQ was n o t  t r s m i s s i b i t  to the p l a n t s  of any o ther  fa m i ly  

t e s t e d  e x cep t  a few s p e c i  eis in  So lanaceae .  This  v i r u s  p ro ­

duced mosaic  ECtt le  on G.f r u t e s c e n c e , C .microcarpum.C .pendulum, 

P . h y b r i d a , P . p e ru v i  aia arsd S. n igrum showed ve in  band ing ,  

mosaic m o t t l i n g  aid  l e a f  d i s t o r t i o n .



Fig. No. 22. Q h«iQ iK>diiia »aar«n tlco lar l«aT«« showing 
eh iozotle  to  noerotie loe« l Icalons on 
iaem ilatioB  with potato YiruB T

Fig. Vo. 23. A>6 Potato loavta ahowiag dark blown s ta r
shapsd noexotio looal lesions on inoeu la tioa  
with potato T iras T

Fig. Mo.24, Podmra a s ts l  n^w t showing dark gresn b l i s t s r s  
«nd M sale M ottling on iftoeulation w ith potato 
▼iz n s  T



•  K



f ig .  fo .25 . fluH Amm  p lan t ahowlBg w>««ie
ao ttllB g  OB inoeulation with potato 
▼izo a  T
L o f t  m l a o e u la t o d  R ig b t  >  H o a l t h y

r ig .  Vo.26. l l e o t i a i a  ittiiti»o»a p lan t s h o ^ g  aooaio 
a o t t l i s f  oB laoeulatio ii with potato 
Yinui T

Fig. Ho. 27. H. t^ac ttB  Whlto B uza^ loaToa aliowlBg 
▼oiB eloaxing on iaooul i^ion with potato 
Tim a I



F i g . 26



? lg . lo .as* WieaBdra p im ia lo id f  p i n t  •bowing w aalo  
■o t t l l a g  on iaoea la tion  with potato 
v iraa  T

f ig .  10.29* Datnra ■ • t< l  p lant showing ooaaie B ottling  
and f i l i f o r a  laaTea on inoonlation with 
pappar vain banding vixua*

Central « Haalthy £ a ft and Right«Inoeulatad





1 0 8

Group 4

T his  v i r u s  produced f a i n t  c h l o r o t i c  sp o t s  on G e lo j ia  

a r g e n t i a . x lec ro t ic  l o c a l  l e s i o n s  were produced on C . a m a ra n t i -  

c o l e r  a id  C . quinoa w i th in  4 days a f t e r  i n o c u l a t i o n .  ' 'ipart 

from i-iaaran th aceae  and Chenopodiaceae the  v i r u s  was r e s t r i c -  

t e a  to s o lc u a c e a e .  D a tu ra  atraiaonium showed mosaic m o t t l i n g  

and r a t  t a i l j . n g  and f i l i f o r m  l e a v e s  ( F i g . 3 0 )  and f r u i t s  p ro -  

duceci were s p i n e l e s s ,  p l a n t s  were s t u n t e d  and soraetimes f lo w e r  

bude were k i l l e d ,  D»m e t e l , G«pendulum> L .e s c u le n tu m , K .T?hy-» 

s a l o i d e e , S .n i^rum , S . tube rosum , p»h y b r i d a , P . f l o r i d a n a  

developed ico sa ic  m o t t i i r ig  symptoms. Whereas N. t ^ a c u a  v a r .  

’ S&msun* and ’X^nthi* and M.r u s t i c a  showea m ild  to n e o r o t i o  

etcbin^- symptoois in  a d d i t i o n  to  mosaic m o t t l i n g  ( F i g . 3 1 ) .  

Oapsicum microcarpum showed s tu n te d  growth and G.f r u t e s c e n o e  

showed top  n e c r o s i s  and w i l t i n g  o f  young p l a n t s .

Group 5

Ihe v i r ’j s  group produced c h l o r o t i c  to  n e c r o t i c  l e s i o n s  

on in o c u la t e d  l e a v e s  of Gomrhrena g lo b o s a , C . a m a r a n t i c o lo r t 

C.q u in o a , , G.album, D .m e te l ,  D.stramonium, N .g l u t i n o s a , 

h . r u s t i c s  ( F i g . 32)  and P h a se o lu s  v u l g a r i s  v a r .  ' P i n t o '  

w itn in  3 -5  days a f t e r  i n o c u l a t i o n  while i t  produced n e c r o t i c  

l o c a l  l e s i o n s  i n  a d d i t io n  to  sy s tem ic  symptoms in . tabacum 

v a r .  'X a n t h i ’ whereas sy s te m ic  symptoms on J: . f l o r i d a n a ,

P . peruyian&i ^ .e scu len tu m  U'i^i!:»33 ) »p h y s a l o i d e s , H . tabacum 

v a r .  'W hite  B u r ley '  < P ig .34 )  and ^ a r  an t h u s  c a u d a tu s .



rig, lb ,  90, Dmtmrrn »tnMoatwi leaTes showing ao«alo»
a o tt l ia c ,  p«ek«7lQg and f l l i f o r n i ty  on Ine* 
eultftioa with tobaeeo «teh Yiras,

Fig, Ho.51. HiootlaBa znatloa le a f  showing su p e rfic ia l 
round Mild stehing on inoculation w ith 
tobaeeo etch Tizns.

r ig ,  Vo.52. Leaves o f floaDhifna lAobesa. Mieotiana 
lan tinosa . Patura stramonium. D. m et^  
OhicpodiiMi M terantieolar. and Oaosicum 
■ioroaarpiMi showing eh io ro tie  to necro tic  
lo ea l les io n s  on inoculation with tobacco 
■o aa lc  Tiz«s»





Pig. Ho.35. LyeopTsloon —<ml leaTM showing synptoms
OB iaoonlatloA with tobaeeo aosaie v ira t  «nd 
•um absr momtX* T im a together.

f ig .  Ie.93  a. l io o t im a  tabawui ot *Zanthi* showed elongated 
s ty le s  OB inooulation with Tip^and OMT together.

L eft ■  Eeidthy Right » iBooulated





lOD

Group 6

The v i r u s  produoed n e c r o t i c  l o o a l  l e s i o n s  w ith  red 

m argin  on i n o c u l a t e a  l e a v e s  o f  C»am ar a n t i  co lor  ( F i g .3 5 )  and 

C .guinc^  and numerous c h l o r o t i c  l o c a l  l e s i o n s  on C.album 

v/itniri 4-5 days a f t e r  i n o c u l a t i o n .  Vigna s i n e n s i s  v a r .

' i i l ack  anu y . u n g u i c u l a t a  v a r .  G.152 showed r e d d i s h

brown n e c r o t i c  l e s i o n s .  In Cucumis s a t i v u s  young le a v e s  

showed sffiuli g re e n i s h  yel low a r e a s  w i th in  } -6  days  a f t e r  

in o c ’i l a t ^ o n  fo l low ed t y  y e l lo w  mosaic n e t t l i n g  on subsequen t  

le av es  U’i g O o j .  i j i c a n c r a  p h y a a lo id e s  deve loped  mosaic 

m o t t l i n ^  fo l l o v e d  by c r i n k l i n g ,  d i s t o r t i o n  w i th  f i l i f o r m  

l e a v e s  w i t h in  15 da^^s a f t e r  i n o c u la t i o n  ( F i g . 3 7 ) .  Systemic 

symptoms were observed on P . f l o r i d a n a t S .n ig ru m , L .escu len tu rn , 

jj . t  abac urn v a r .  ’ White B u r l e y '  ( F i g . 3 8 ) ,  and a l s o  d i s t o r t e d  

l e a v e s  in ii . A 'lu t inosa C F ig .3 9 ) .  D.stramonium showed m ild  

c h l o r c t i c  s i :o ts  and l a t e r  fo l low ed  by s y s te m ic  mosaic .  

C.microcarpuia , G.pendiilum snd C . f r u t e s c e n c e  develoi>ed mosaic 

m o t t i i n  g and l e a f  d i s t o r t i o n  w i th in  10-15 duys a f t e r  inocu­

l a t i o n .

Group 7

Gomphreua ^ l o b o s a  produced c h l o r o t i c  sp o ts  on in o c u ­

l a t e d  l e a v - s  whiwh l u t e r  tu rned  n e c r o t i c  w i th in  f i v e  d ay s  

a l t e r  i n o c u l a t i o n .  G. a m a ra n t ic o lo r  CFig.40y and C.qu inoa  

aevfcloped n e c r o t i c  and j h l o r o t i c  l o c a l  l e s i o n s  r e s p e c t i v e l y



Fig. 10.34. HlctoiiBfc tabaom  ov White Bnrl«y leaves 
•howing BK>8»i« 8K>ttling on inoeulation  with 
tobaeeo aoeaie i^x«s*

Fig. lfo.35. CheaopodiaM tfM gaatieolag le a f  showing brown 
neezotio spots on inoenlation with eaeunber 
no s a ls  v im s.

Fig.lTo.36. Oaenais ■aiti'yus leaTes showing mosaio nottLing 
on iaoen la tion  w ith enennber nosaie Tizus





Pig. No. 57* Hieandra p h y a lo ld o t leave* showing noaaio 
a o ttlln g  and le a f  d ia toztlon  on inoculation 
with oueumber mosaic Tizaa.

Fig. I0 .38 . l ie o tia a a  tatoaemi ev Whitt Burlay le a f  showing 
momaX9 a o tt l ia g  on inoculation w ith cucumber 
■o a a i«  T im s .

Fig. Ro.59. I .  <a.ntinosa leaTCs showing mosaic m ottling
and le a f  d is to r tio n  and flowers showing elongs^ 
tio n  of s ty le s  on inoculation with cucumber 
mosaic T lras.
Flowerst Left « Healthy

Right m (Inoculated) elongated sty les
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lii

oa in o c u la t e d  l e a v e s  w ith in  f i v e  d ay s  a f t e r  i n o c u l a t i o n .

Vi^jina s i n e n s i s  v a r . 'B la c k  developed r e d d i s h  brown 

l e s i o n s  on th e  i n o c u l a t e d  p r im ary  l e a v e s  w i th in  t h r e e  days.  

Cucumis s a t i y u s  and C.melo r e a c t e d  with  s y s te m ic  c h l o r o t i c  

s p o t s  7-10 d a j s  a f t e r  i n o c u l a t i o n  fo l lowed ly sy s te m ic  

m o t t l i n g  U ' ib » 4 1 ) .  Z in n ia  e l e g a n c e , G ucu rb i ta  maxima.

I . f l o r i a a r j a , ! . P e ru v ia n a ,  S .melonffena, L .escu len tum  and 

K. tabacum v a r . ’X a n th i '  and . r u s t i c a  showed m osaic  m o t t l i n g ,  

whereas,  L . stramonium and N«tabacum var» 'W hi te  B u r l e y ’ 

proauced c h l o r o t i c  sp o t s  w i th in  10 days a f t e r  i n o c u l a t i o n  

U ' ig .  4 2 ) .

Group 8

The v i r u s  produced c h l o r o t i c  to  n e o r o t i c  l e s i o n s  on 

G.g lo b o s a  and . î.e l e g a n s  w i th in  8 -10  d ay s  a f t e r  i n o c u l a t i o n ,  

i ’i r s t  a few b ig  n e c r o t i c  l e s i o n s  were produced on D a h l i a ,  

u n i l i a  s o n c h i i f o l i a  i) .C. and Ghikkori ( C ichor iua  i n t y b u s ) 

w i th in  s i x  days  a f t e r  i n o c u l a t i o n  and l a t e r  th e  p l a n t  deve­

loped sy s te m ic  l i n e  p a t t e r n  symptoms ( F ig .  43 )•  Chenopodium 

album and C .a m a ra n t i c o la r  siiowed o h l o r o t i c  l o c a l  l e s io n s  and 

C.qu inoa  produced  n e c r o t i c  s p o t s .  Triohodesma aeylanicum R.Br. 

prodi?ceu sys tem ic  c h l o r o t i c  r i n g s  on th e  l e a v e s  15 days a f t e r  

inocu l a t i o n ( i ' i g . 4 4 ) .  G . s a t i y u s  d id  n o t  show any symptoms. 

P h y s a l i s p e r u v i a n a did n o t  show any symptoms im m edia te ly  b u t  

a f t e r  f i f t e e n  a a y s ,  matured l e a v e s  showed dark g reen  v e in -  

banding  symptoms. Arachis  hypo,^ea r e a c t e d  by d e v e lo p in g



7 ig , Ho.40. Chanopodltta n a ra n tlo o la r  leaves showing 
B sorotle lo ca l le s io n s  on inoctalation with 
tobaeeo ring  spot Tlxas.

?lg» Vo«41* O ttnals satlvtts le a f  showing mosale m ottling 
on liie«alatiw i with tobaoeo zing spot Tiztts,

Tig* Wo.42* Ilao tia fta  tsibaona ev White Burley le a f  showing 
oh lo ro tic  zings and nosaio a o ttlin g  on 
inoculation  with tobaoeo zing spot T iras.



? ig .4 1



r ig .  lo,43* B a llla  aonehifo lia  le a f  ahowlng nwsrotlo loca l 
laalona on inoculation with tosato  apottad 
w ilt  T irus.

r ig ,  Vo*44« t«l»hodag«a «aarl<iiicna la a f  ahowing aystamie 
•iilazo tl*  ziBga on inoeiaation  with toaato 
•po ttad  w ilt Tijnia,

r ig .  We.49. Lyeoperaioon aaotq an turn laavea showing big 
naero tio  brown apota on inoculation with 
toaato apotted w ilt T iraa,



F ip .43



Ill

f i r s t  n e c r o t i c  trown s p o t s  and l a t e r  p l a n t s  betame s tu n te d  

in  g row th .  Jr .v u l g a r i s  ‘ P i n t o '  and Gl.vcine max showed s y s t e ­

mic mos£;.ic m o t t l i n g  s im p toas  20 days a f t e r  i n o c u l a t i o n .  

l i s u E  sat ivum showed c h l o r o t i c  s p o t s  on the i n o c u la t e d  

l e a v e s  a f t e r  seven d a y s  of i n o c u l a t i o n .  71gna u n ^ i c u l a t a  

C - I 52 and y . s i n e n s i s  'B la c k  i::ye' r e a c t e d  by p roduc ing  sm a l l  

n e c r o t i c  l e s i o n s .  Capsicum bnnuum cv .  C a l i f o r n i a  Wonder 

produced small  n e c r o t i c  specks  a f t e r  s i x  days of i n o c u l a t i o n  

and l a t e r  the p l a n t s  showed systemic c h l o r o t i c  s p o t t i n g  on 

young l e a v e s  fo l low ed  by j o n c e n t r i c  c h l o r o t i c  r i n g s  a f t e r  

25-30  dai^s of i n o c u l a t i o n .  C u l t i v a r  Byadgikaddi a l s o  showed 

sm a l l  n e c r o t i c  s p o t s  and l a t e r  sm al l  ye l low  c h l o r o t i c  r i n g  

s p o t s .  Datura stramonium showed s y s te m ic  symptoms l i k e  

mosaic  m o t t l i n g  and l e a f  d i s t o r t i o n .  Lj/coper s i  con esculentum  

v a r .  P usa  Ruby f i r s t  showed n e o r o t i c  i r r e g u l a r  b ig  brown s p o t s  

( f i g . 4 5 ) and l a t e r  t h e  p l a n t  proauced b ronze  co loured  l e a v e s  

a f t e r  20 days o f  i n o c u l a t i o n .  F r u i t s  o f  L . escu Ian turn were 

round w i th  c h l o r o t i c  c o n c e n t r i c  f i n g s  (F i g .4 6 ) .  N ic o t i a n a  

tabacum 'X a n th i '  p roduced  sm all  c h l o r o t i c  sp o t s  on th e  inocu ­

l a t e d  l e a v e s  a i t e r  e i g h t  to  ten days o f  i n o c u l a t i o n .  H. tabaoum 

’ White i turley K-1’ , W.g l u t i n o s a t . r u s t i c a , S .melongena and 

P e t u n i a  hy’o r id a  showed b i g  i s o l a t e d  n e c r o t i c  s p o t s  on th e  i n ­

o c u la te d  l e a y e a  a f t e r  e i g h t  to  t e n  d a y s  o f  i n o c u l a t i o n .  H .g lu -  

tino;£ia showed i s o l a t e d  b i g  n e c r o t i c  b row nish  l e s i o n s  w i th  

c o n c e n t r i c  r i n g s  which was used as a good i n d i c a t o r  h o s t .

But  l a t e r  the  p l a n t  showed sys tem ic  symptoms l i k e  abnormal



1 1
o

c h l o r o t i c  l e a v e s  ( i ' i g . 4 7 ) .  P h y s a i l s  f l o r i d a i a  a l s o  showed 

on ly  a few c h l o r o t i c  yellow s p o t s  on th e  i o o c u la t e d  l e a v e s  

a f t e r  seven days of i n o c u la t io n  ( F i g . 4 8 ) .

Axl the  v i r u s  g roups  teoame s y s te m ic  on C.annuum v a r .  

C a l i f o i n x a  Wonder, Gowribidanur and B y ad ag ik ad d i . C .micro~ 

ccjpuiflt G .pendulugi end C.f r u t e s o e n c e  produced n e c r o t i c  

l e s i o n s  t o  the  v i r u s  g roup  5 and n o t  to  group 8 .  Group 4 

caused top  n e c r o s i s  o f  G.f r u t e s o e n c e  Tabasco .  Groups 5 8

produced n e c r o t i c  l o c a l  l e s i o n s  on i n o c u l a t e d  l e a v e s  fo l low ed  

by sy s te m ic  symptoms on C,annuua cv. C a l i f o r n i a  Wonder, 

i j i ad ag ik ad d i  arid G owrib idanur .

b ) jrh^sicfcJL p r o p e r t i e s

Ihe p h y s i c a l  p r o p e r t i e s  of each v i r u s  group was

s tu d ie d  ty n s in  g each o f  th e  r e p r e s e n t a t i v e  i s o l a t e  main­

t a in e d  on C a l i f o r n i a  Wonder s e e d l in g s .

a )  D i lu t io n  end p o i n t

The r e s u l t s  a r e  p re s e n te d  in  the  Table 10. The d i l u ­

t i o n  end p o in t  o f  v i r u s  group 1 and 4 was found to  be  1:1000 

t o  1 ; 5000 , groups 2 ,  3 and 7 had 1 : 5 0 0 0  to  1*10,000,  group 5 

had 1 : 2 , 50 ,000  to  1 : 5 ,0 0 ,0 0 0 ,  group 6 had 1 :10 ,000 t o  1 *50 , 000 ,

and group 8 had 1 :5 0 0  to  1:1000.



fig* Vo«46« ltyeot)«g>lcoa f ru i t  showing eh ioro tio
eoneentrle rings on inoeulation with tomato 
spotted w ilt T irus.

f ig ,  Vo*47« lico tA i— tf.»tijios> lo a f  showing b ig  nsero tio  
spots w ith eonoentrie aaridngs on inoculation 
with teaa to  spotted w ilt  T iras.

f ig .  lo.48« f h js a l i s  flo rld aaa  l« a f  showing big  eh lo ro tie  
/•Ilow  spots on inooulation with tomato 
spotted w ilt  T in ts.





I I S

I—i
•H
X!
o

fHo
»

p
o

00

o

03
0)

f—̂ 
o 
10 
■H

•H
4-»
CO
•M
C
<1>
CQ
0)

0)

o

a

-M
a
•rt
o
P< to

G  3  0> M 
■H

n  >  
o CJ
-p 
3
rH 01
H  O

a

oI—4
a>

rH
rO
3S
E^

TD
C}
+J

o
o
cft
o
iH

o

■p J3 
3 P< 
O P

o

-t-»
O  M0) 3 
<n M
S  -H 

■H  >

CO

S
rH
P4

<+H
o
M

i 5

d
3
2i

(X)
e

i>-
o

M5
O

o

e>

o

OJ
o

o

a
o
H  
+J 
S  

(—i

^ • < i - C M i H r - ) 0 0 0 0 0 0 0

V O v O « ^ ' ^ t O r H i H O O O O O

C T » t - - v n v o m i r \ C N i C \ » O o o o

o o ^ j y j  t r \ C M C \ J O O O O O O

v i > ' 0 - = l - " = d - K > C M r - l O O O O O

c r » i > - i r v > 5 t ' ^ C M C M 0 0 0 0 0

t>_ 'O "5)- CM fH 3  o  o  o  o  o

o  o

o O
O
o 8

o
o

O
o

o
C3

O o o o Q o o QD O o o o o O o lO O
ur\ rH Lf\ •H in r-« m rH CJ irv
*• •• • • •• •« •• •« 1$ •« «•
iH H rH rH (—4 rH fH fH rH I— 1

o

c\) r r \  s j -  - O vO 00  ^7'  O  r H CM
rH - <  rH



Ill

) Thermal i n a c t i v a t i o n  p o i n t

Tht therm al  i n a c t i v a t i o n  p o i n t  o f  the v i r u s e s  in the 

crude sap from s y s t e m i c a l l y  i n f e c t e d  c h i l l i  l e a v e s  l i e s  

between 60 and 55®C f o r  r e p r e s e n t a t i v e  i s o l a t e  o f  v i r u s  

g ro u p s l ,  3 and 7» 55 and 60®G f o r  group 2» 65 and 70“ C f o r  

g roups  4 and 6,  95 and 100°C f o r  group 5 and 45 and 5O® C fo r  

fc^roup 8 (Table 1 1 ) .

c ;  Juongevit.y in  v i t r o

The r e s u l t s  a r e  p r e s e n te d  i n  t h e  Table 12. The r e ­

s u l t s  on lo n g e v i ty  in  v i t r o  r e v e a l e d  t h a t  the  r e p r e s e n t a ­

t i v e  i s o l a t e s  of  v i r u s  g roups  1, 2 and 7 tjod-24 h o u rs ,  

g roups  3> 4 arid 6 had 48 hou rs i  and group 8 had 2 h o u r s .  

However, the  r e p r e s e n t a t i v e  i s o l a t e  group,5“was found to  be 

a c t i v e  upto  th e  11th week in  s t c r a g e .

The sumaarised r e s u l t s  of  the  p h y s i c a l  p rope r ­

t i e s  ofS! 8 g roups  o f  v i r u s e s  a re  p re s e n te d  i n  Table I 3 .

7 )  Aaal.v ticol  Key to  d i f f e r e n t i a t e  th e  e i g h t  
Capsicum v x ruses

when the  Cap s i  cum v i r u s  i s o l a t e s  were t e s t e d  on t h e  

d i f l e r e n t i a l  h o s t  p l a n t s ,  they produced t y p i c a l  r e a c t i o n .  

T h e r e f o r e ,  a Key p re p a r e d  fo r  i d e n t i f i c a t i o n  of  thie v i r u s  

g roups  based  on the  r e a c t i o n s  o f  the  d i f f e r e n t i a l  h o s t s  i s  

g iven  below :
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A. G h lo ro t ic /W e c ro t i j  l o j  al  l e s io n  on :

Jhe laox-odiuia amaran t i c o l a r  . .  . .  ( B )

B. System ic  mostiic m o t t l i n g  on Cucumis s a t i y u s  . . (C)

C .Sys tem ic  m o t t l e  couple<i w ith  c r i n k l i n ^ u c k e r -
i ng  and f i l i f o r m  l e a v e s  on N lc a n d ra  physa- 
lOlQfciS . .  Silv U )

GC. i'̂ o r e a c t i o n  on N .p h y s a lo id e s  . .TRSV ( 2 )

BB. wo sys tem ic  mosaic  m o t t l i n g  on C. s a t i y u s  . .  (D)

D.  ; jystemic . mosaic w i th  pucker ing ,  b l i s t e r ­
ing  and deformation o f  le a v e s  on N io o t i a n a  
f^ lu t in o sa  . .  PVY (3 )

DD. N e c ro t i c  l o c a l  l e s i o n s  on M»g l u t i n o s a . (E)

E. C o n cen tr ic  yel low r i n g o s  on bo th  leaves  
and f r u i t s  o f  G a l i fo rn f 'a  Wonder. -TSW7(4)

EE. B r ig h t  y e l lo w is h  p a tc h e s  on young le a v e s  of 
C a l i f o r n i a  Wonder . .  . .  TM7 ( 5 )

Wh .  ijystemac mosaic m o t t l i n g  w i th  f i l i f b r m
le a v e s  on Datura  stramonium . . . . TxN (6 )

-iA. i'io r e a c t i o n  on Ohenocodium am ar a n t i  c o lo r  . .  (F)

F. / e i n - c l e ^ i u g  to l ' lowed by mosaic m o t t l i n g  
and f i l i f o r m  l e a v e s  on D atura  m e t e l . .PVBy(7)

. wo r e a c t i o n  on D .m e te l .  . .  PVI17 (8 )

8 )  Jrur i f i c a t i o n

A schematic  o u t l i n e  fo r  p u r i f i c a t i o n  of v i r u s  by 

P o ly e th y le n e  g l y c o l  p r e c i p i t a t i o n  method and the  r e s u l t s  

of i n f e c t i v i t y  t e s t  w i th  the f r a c t i o n s  c o l l e c t e d  a t  each  

s t e p  in  the p ro c e s s  of p u r i f i c a t i o n  f o r  each v i r u s  g roup ,  

made on C i l i f o r n i a  Wonaer fo r  th e  p re s e n c e  o f  v i r u s e s  a re  

p r e s e n te d  in  Table 14 and I 5 r e s p e c t i v e l y .
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T ab le  1 4 i P u r i f i o a t i o n  o f  c h i l l i  v i r u s e s  by p o ly e th y le n e  
g ly c o l  p r e c i p i t a t i o n  method

D iscard S teps Proceed

I n f e c te d  l e a v e s

Homogenise in  equal volume of 
0 .5  M phospha te  b u f f e r  pH 7 . 2 .  
c o n t a in i n g  0 . 2;̂ i m e rc a p to e t h a io l  
Squeeze th ro u g h  two l a y e r s  o f  
cheese c l o t h .

l u l p Sap
idd n -bu t t joo l  to  8 . 5 , per c e n t  

o f  t h e  f i n a l  volume of sa p .  
Then keep t h i s  m ix tu re  over­
n i g h t  a t  4"C. p e n t r i f u g e  fo r  
40  min. a t  5 OOO rpm.

l e l l e t S u p e rn a ta n t

Add p o ly e th y le n e  g l y c o l  
(6000 Mol.Wt.)  to  4-8 per cen t  
o f  th e  f i n a l  volume and 4 pe r ­
c e n t  sodium c h l o r i d e  s lowly  
while  c o n s t a n t l y  s t i r r i n g  f o r  
3O-4O min. a t  5®C. c e n t r i f u g e  
for  40 min a t  15»000 rpm.

bupernataTi t P e l l e t
Kesuspend in  2 ml of  0 .1  M 
phospha te  b u f f e r  pri 7*0  con­
t a i n i n g  0 . 5  per c e n t  sodium 
s u l p h i t e ,  c e n t r i f u g e  fo r  
15 min. a t  5OOO rpm.

P e l l e t S u p e rn a ta n t
F i n a l  v i r u s  suspension



1 2 0

Table 15 :  I n f e c t i v i t y  t e s t s  of  r e p r e s e n t a t i v e  i s o l a t e  of 
each of t h e  e i g h t  groups a t  d i f f e r e n t  s t e p s  of 
p u r i f i c a t i o n  by p o ly e th y le n e  g ly c o l  p r e c i p i t a ­
t io n  method

S I . Step
i;Taction 

1 used fo r

Number o f  p l a n t s  i n f e c t e d  o u t  of 
10 i n o c u l a t e d  v i ru s  g roups

1̂ 0. I'JOS. in feo  t i -  
v i  ty " l «2 "4 ®7 «8

1 2 Squeezed sap 8 9 10 8 10 10 9 2

2 5 cupernatcint 7 6 8 6 10 4 8 0

P e l l e t 2 2 3 2 5 1 1 0

5 4 S u p e rn a ta n t 1 2 1 5 2 0 1 0

P e l l e t 8 6 7 6 8 7 7 0

4 5 S u p e rn a tan t 5 5 5 5 8 8 6 0

l e l l e t 0 0 0 0 0 0 0 0
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9 J i^leotron microscopy

The e l e c t r o n  m icroscopy o f  th e  p u r i f i e d  p r e p a r a t i o n s  

o f  t h e  d i s e a se d  p l a n t  samples  a f t e r  shadow c a s t i n g  r e v e a l e d  

the  p re s e n c e  o f  f l e x u o u s  ro d s  m easur ing  681 x 12 .5  n n ( F i g .4 9 ) ,  

677 X 13 nm U^ig.5 0 ), 656 x 12.5 nm ( F i g . 51) and 623 x 12 nm 

( F i g . 5 2 ; in case of  group 1, 2, 3 and 4 r e s p e c t i v e l y ,  and 

r i g i d  r o d s  measuring  278 x 15 nm ( F i g . 53) in group 5 and 

s p h e r i c a l  p a r t i c l e s  m easu r ing  3O nm ( F i g . 54) and 27-28 hm 

(i’i g .5 5 >  in case  o f  group 6 uid 7 r e s p e c t i v e l y .  However, 

the  p r e s e n t  method of p u r i f i c a t i o n  f a i l e d  to  g e t  the  v i r u s  

p a r t i c l e s  in  pure  form in  c a se  of v i r u s  group 8 (Table 16) .

10} werolo,-;y

ihe  s e r o l o g i c a l  r e l a t i o n s h i p  of  v i r u s e s  o f  8 groups  

were t e s t e u  a g a i n s t  t h e  s ta n d a rd  a n t i s e r a  o f  P o ta to  ’/ i r u s  

i e p p e r  vein  banding v i r u s ,  l e p p e r  v e i n a l  m o t t le  v i r u s ,  tobacco 

m osaic  v i r u s ,  cucumber mosaic v i r u s ,  tobacco r i n g  s p o t  v i r u s ,  

l o t a t o  V irus  S, X; raspberr;y r i n g  sp o t  v i r u s ,  a l f a l f a  mosaic 

v i ru s ^  tomato s t r a i n  of tobacco mosaic v i r u s .  The r e s u l t s  a re  

p r e s e n t e u  i n  Table 17* In agar  g e l  double  d i f f u s i o n  t e s t s  in 

l e t r i  d i s h e s ,  p r e c i p i t a t i o n  bands were observed a f t e r  48 hours 

of i n c u b a t i o n ,  between the  a n t i g e n s  of groups 1, 2, 3 ,  5, 6 and

7 w i th  the  a n t i s e r a  of  ( F i g . 5 6 ) ,  TVB7 ( F i g . 57 ) ,  FVMV

( F i g . 58) ,  TM7 ( F i g . 59 ) ,  GM7 ( i i g . 6 0 )  and TRSV ( F i g . 61)  r e s ­

p e c t i v e l y .  P r e c i p i t a t i o n  bands were n o t  observed w i th  the



Fig, Io«49« il«o tro ii alexogrftpb o f potato v iru s T

71g. No. 30* JBLoetzott adezograpb o f p«pp«r Toin 
bandlBg Tlxas





riff. Vo.91. H«etfOB aiezogvapli o f pepper -veinal 
a o t t l «  ▼ i n s .

f ig .  So. 52. S leet von fld.orograph o f tobaeoo etcb 
T izu a.





f ig .  fo.53* H «etzos Biexogripb of tobaOeo aosaie

Fig. 90.54. Xl«ciTOn mlero^rapb o f eneuaber aosalo

Pig. Io*55« n^otzoB  wlorograpli o f tobaooo ring  spot 
▼ i i o s .





1 2 2

Table 16: r a r t i o l e  shapes s i z e  and n me  of  e i g h t  
g roups  of  c h i l l i  mosaic v i r u s e s  in
Aar n a ta k a

b l .  
iliO »

Group
iJO .

Oh ape S ize I'Jaae o f  
v i r u s

1 ^1 F lex u o u s  rod 681 X 12.5 nm PVY

2 i ' lexuous rod 677 X 13 *0 mm FVB/

3
s

P lexuous  rod 656 X 12.5 nm p\m7

4 j ' lexuous  rod 623 X  12.0 nm TEV

5 R ig id  rod 278 X  1 5 .0 nm ThY

6 Iso ine t r i  c 30 nm CMV

7 «7
I s o m e t r i c 27 -  28 nm TRSV

8
«8

I son ie tr ic — TSWV



1 2
T>
o

T a t le  17:  S e r o lo g ic a l  r e a c t i o n  of e i g h t  g roups  of c h i l l i  
mosaic v i r u s e s  a g a i n s t  s t a n d a rd  a n t i  s e r a

SI.  
i<io.

Virus
group

i ^ t i s e r  a

i-yB \r ' p m v  m v  c f iv  t r s v  f v s  p v x  r r  am ? tm v
iVY TS

1

2

3 G.(i:Vl4V)

4

6 G^^OM̂ ;)

7 G^(TltSy)

8 G^CTSW/;

i'iote i + =  P o s i t i v e  r e a c t i o n ; -  = No r e a c t i o n

irVl = i o t a t o  v i r u s  Y 
P7i3V = xepper v e in  banding v i r u s  
fV/iV = l e p p e r  v e i n a l  m o t t l e  v i r u s  

TMV = loba^'oo mosaic v i r u s  
GKV *= Otjcumber mosaic v i r u s  

TK3V * Tobacco r i n g  s p o t  v i r u s  
PVS = i o t a t o  v i r u s  S 
P/X = iotcito v i ru s -X  

RR3iV= x.ospberry r i n g  s p o t  v i r u s  
= A l f a l f a  mosaic  v i r u s  

TM/IS* Tobacco mosaic v i r u s  Tomato 
T^\f « lobacco e t c h  v i r u s  

T3WV » Tomato s p o t t e d  w i l t  v i r u s

s t r a i n



Y lg . Io ,9 6 «  Potato TlJMS T fVoa o h i l l l  «ho«lB« 

p ro o ip itia  b«Bd w ltli sttfidajrd PVT 

• u t i o o n a

P ig . Io » 5 7 . Poppor T o ia  btftd lag T lr« 8  fvo a e h l l l i  

Bbowiag p ro c ip itiii band w ith  ataadard 

PTBT a^tiaaxuB

f ig .  Io»98« pappar ▼• ia iiL  a o tt la  T iru a  from o b i l l i  

akoniag p r to ip it ia  baad w itk  atandard 

p m  tfn tia a n n

X •  P IT  a a tia a n a

2 ■  P1BT a a tia a n ia

3 •  T fM f tfitla a za a

4 -  TMT a a t ia a m  

9 ■> OUT aBtlaajnia

6 •  f  R87 M tia a s w i

(SL *  Potato n ia a  I  

Of •  Poppov Toia b tfid iag  tIxuo 
G9 ■  Poppar i^aiaal a o tt la  Tizua  

09 •  fobaoao aoaalo Tixaa  

0$ m Oaaaabar aoaalo T in a  

(FT ■  Tobaooo ria g  apot v iru a

09 •  Kixad o a lta ra , TMT + 0M7





Y if. Ho*99tt fobaoeo aoBaie T irus fxoa o h i l l l  ahowlag
p r t e l ^ t i j i  band w ith standaxd TMT tfitls traB

r ig ,  Wo.60» OuonBbtr aosaie Tlrus trou  ohiXli showiag
p rao ip ltln  band with standard OUT aPtlsajniB

Fig. lo«6 l, fobaiooo d a g  apot v irus from elKilli sbowiag 
p rso ip itia  btfid w ith standard VRST an tissran

f ig .  Mb.62* Kixsd ottltar«, tobaoeo aosaio and euotuibsr 
■o sa io  T irusss showing p rse ip itin  band with 
standard TlV g^d OMT an tiss ra .
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o t h e r  s tan d a rd  a n t i s e r a  and a n t ig e n s  t e s t e d .  Group 9 showed 

p o s i t i v e  r e a c t i o n  a g a i n s t  bo th  a n t i s e r a  o f  TMV and GMV

(jpig.e^i).

11 i D i s t r i b u t i o n  o f  C h i l l i  v i r u s e s

The r e s u l t s  of the  d e t a i l e d  s t u d i e s  w i th  t h e  r e p r e -  

a e i i t a t i v e  i s o l a t e s  from each group c o n f i n e d  t h a t  groups 

1. 3 1 4 ,  5, 6, 7 a id  8 as  IVY, FVBV, PVKV, T]>'V, TMV, CMV,

TRSV, I'Sv.'V r e s p e c t i v e l y  and the group 9 as t h e  m ix tu re  of 

M

'ihe a n a l y s i s  of the  o a t a  on the  d i s t r i b u t i o n  o f  th e se  

v i r u s e s  in  t h e  surveyed a re a s  p re se n te d  in  th e  Table 18 r e ­

vea led  t h u t  PViiV to b e  most p r e v a l e n t  fo l low ed  by CMV,PVMV,

IwV, P/Y, TiiV, TRSV, T3W7 arid the  m ix tu re  ThV + OMV.

When th e  i n c id e n c e  of most p r e v a l e n t v v i r u s  in  each  

d i s t r i c t  i s  c o n s id e re d  i t  i s  found t h a t  P\TBV to be t h e  most 

p r e v a l e n t  in th e  d i s t r i c t s  of Bharwad, Belgaum, Shimoga and 

i ' lysore. However GMV was most p r e v a l e n t  in  Gulbarga  ( F i g . 63) .

A coxi;parison o f  p r e v a le n c e  of  d i f f e r e n t  v i r u s e s  among 

d i f f e r e n t  t a l u k s  in  each d i s t r i c t  i s  p r e s e n te d  in  the  Table 18. 

in  each  d i s t r i c t  th e  p e rc e n ta g e  of  most p r e v a l e n t  v i r u s  a t  

each t a l u k  l e v e l  i s  u n d e r l i n e d .  The t a l u k  which re c o rd e d  

h i g h e s t  t o t a l  p e rc e n ta g e  o f  in c id e n c e  of  a l l  v i r u s e s  i s  

marKed w i th  an a s t e r i s k ! ^ ; .
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FIG^3. DISTRIBUTION OF CHILLI VIRUSES IN FIVE DISTRICTS OF KARNATAKA
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iiharwad d i s t r i c t

.jDong the s i x  t a l u k s ,  Haveri  r e c o r d e d  the  h i g h e s t  

t o t a l  p e rc e n ta g e  of  i n c id e n c e .  Among th e  v i ru se s  r e c o r d e d  

in  d i f f e r e n t  t a l u k s  in Dharwad d i s t r i c t i  PVBV was more p r e -  

Viilent in  f i v e  t a l u k s ,  h i r e k e r u r  r e c o r d i n g  the  h i g h e s t  i n ­

c idence  foliov;ed tj- Byadgi,  Dharwad, Xundgol aiia H a v e r i ,  

whereas  OMV was maxiuuin in H u t l i  t t - lu k .

Belgium d i s t r i c t

.inong the  f i v t  t t d u k s ,  Hukkeri r e c o rd e d  the  h i g h e s t  

t o t r l  p e rcen tag e  o f  in c iL .e n je .  /mong the  v i r u s e s  re c o r d e d  

in  G i i i e r e n t  t a l v k s  in  Belgiaum d i a t r i c t  1-73V was more p r e ­

v a l e n t  in Belgaum and Haibag t a l u k s .  Whereas, GMV was more 

p r e v a l e n t  in B a i lh o n g a l  and Jh ikkod i  t a l u k s .  Hukkeri  t a lu k  

re c o r d e d  t h e  h i p e s t  i n c ia e n c e  of iVMV fo l low ed by PVBV.

:Jhimo,-^a d i s t r i c t

ijiiong t h e  f i v e  t a lu K s ,  Honnali  and S h ik a r ip u r  t a lu k s  

reco roed  t h e  h i g h t s l  t o t a l  p t r c e n ta g - ’ o f  i n c i d e n c e .  Among 

the  v i r u s t s  reco rded  in  d i f f e r e n t  t d u k s  in  Shimoga d i s t r i c t ,  

1-/5V was more p re v a l  n t  in  fou r  t a l u k s ,  S h ik a r ip u r  r e c o rd in g  

the h i g h e s t  in c iu en cb  fo l low ed  Iqy H onnali ,  iJhannagir i  and 

3himo,3ci. V.iiereas 0M7 was maxiicum in  Sorab t a l u k .
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Mysore d i s t r i c t

/iinong th e  four t a l n k s ,  Mysore r e c o r d e d  the  h i p e s t  

t o t a l  p e rc e n ta g e  o f  i n c id e n c e .  Among t h e  v i r u s e s  r eco rd ed  

in  d i f f e r e n t  t^^luks in Mi^sore d i s t r i c t ,  IVBV was more p r e ­

v a l e n t  in  i-i^sore and Nanjangud t a l u k s  w h treas  iVY and TMV 

were more p r e v a l e n t  in r ieggadadevanakote and K o l le g a l  

ta lu K s  r e s p e c t i / e l y .

Gulbarga d i s t r i c t

timong t h e  four t a l u k s , C h i n o h o l i  re co rd ed  th e  h i g h e s t  

t o t a l  p fcrcen ta te  of i n c id e n c e ,  ymong the v i r u s e s  reco rded  in  

( i i f l e r e r j t  t - l u K s  in  C-ulttjr£:a d i s t r i c t  JMV was more p r e v a l e n t  

in  thrfet t . l ’jiis, Sedaii- re co ru ed  t h e  h i p e s t  i n c id e n c e  followe<? 

bj Alariu, U h i tap u r  and C h in c h o l i .  In C h in ch o l i  t a lu k  t o t h  

Gi-W and were equallj? maximum.

Ihe  da ta  o b ta in e d  on the d i s t r i t u t i o n  of d i f f e r e n t  v i r u s  

iG 0l ii t: 'E in  each of th e  popular  com iierc ia l  v a r i e t i e s  o f  c h i l l i  

i s  p re s e n te d  in the  T a t l e  19« The in c id a n c e  oi each v i r u s  on 

each  v a r i e t y  i s  p r e s e n t e d  as the p e rc e n ta g e  of t o t a l  number 

of  i s o l a t e s  c o l l e c t e d  on any v a r i e t y .

i ,ooking a t  the T ab le ,  i t  is  c l e a r  t h a t  a l l  the e i g h t  

v i r u s e s  were reco rd ed  on on ly  f i v e  ou t  of 23 v a r i e t i e s  v i z . ,  

i syadg ikadd i , Jiyadgi Uab’o i ,  Sankeshwar,  i e d a k o t a  l o c a l  and 

O hincho l i  a t  -/tjried p e r c e n t a g e .  However, in  ano ther  s ix
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v a r i e t i e s ,  seven v i r u s e s  were p r e s e n t .  L e a s t  number, i . e .  

on ly  t h r e e  v i r u s e s  were obse rved  in  Konkani v a r i e t y .

i j i s t r i b u t i o n  o f  each v i r u s  in  d i f f e r e n t  v a r i e t i e s  

r e v e a l e d  th<at maximum in c id e n c e  o f  PVBV was n o t i c e d  in 

tw e lve  v a r i e t i e s  ^Table 19) whereas PVi was maximum in  

Aonicani, P\A1V in  DH7-6-6, Jw a la ,  Gundakui, Crouribidan’jr 

and ^abbi  o f f i c e ,  Tli/ in  K as ig a i  onli^, TI'IV was found to 

be h i g h e s t  in  Jw a la ,  l la ib rag a l l i , Gundakai,  Dabbi o f f i c e  

and K o l i e g a l  l o c a l  and OWV in Sankeshwar,  ' f e ib ra g a l l i ,  Gunda­

k a i ,  Dabbi o f f i c e ,  C h in c h o l i ,  i i e e l h a l l i ,  Lodamugali aid 

G u n te r .

The mixed i n f e c t i o n  o f  TiiV + GMV was observed on ly  in  

e i g h t  v a r i e t i e s  ou t  of  23 cu t  no t  to  a maximum e x t e n t .

12 j a f f e c t  of a s e v e re  i s o l a t e  of pysV on Capsicum 
geno types

/ariong the  s i x  i s o l a t e s  of P7EV r e p r e s e n t i n g  

d i f f e r e n t  a r e a s ,  an i s o l a t e  v;hicti shovfed s e v e re  symjtoms 

on tiifc popu la r  cv .  B yadgikadd  was s e l e c te d  l o r  a s s e s s i n g  

th e  r e a c t i o n s  o f  fo r ty  s ix  g eno types  of  Capsicum.

Symptans and o th e r  o b s e r v a t i o n s  were made on 5» 10» 

15» 3^1 45» 75 iiiid 9u th  day. P e rc e n ta g e  d i s e a s e  index  was 

,;oriCeJ o u t  f o r  cach genotype aud p r e s e n te d  in  the  T ab le  20.
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The r e s u l t s  snow t h a t  ’.jpto 5 O days a f t e r  i n o c u la t io n  

in BOst of t h e  ^ en o t^ p e s  syu,pton s were milci, ;irid 3 O ays 

onwards upto 73 days ,  p l a n t s  shcweo jubnorraal ^ ro ' / th  w ith  

d i s t o r t i o n  o f  leavfcs in soae g e n o ty p e s .

uenotype,  s e l e c t i o n  showed f a i n t  v e i n - c l e a r ­

i n g  even a f t e r  second i n o c u l a t i o n  showing h igh  t o l e r a n c e .  

G euo t jpes  v i a . ,  io b d ,  L.vJ 27, L jO 28 ctnd i e n t h a  C-1 

snowed c o n s i t t a n t l y  t ^ p i c c d  v e in -b a n d in g  symptoms t i l l  

days .

The g en o ty p es ,  ii,>adi';i i^abbi, CA 9 6 0 , ’.G 127968, 

li^7970, i.G 157971, G-3, IG 13256, l i n e  7 Green S e l -2 ,  

j-ine ^ Green £ e l - 4 ,  l i n e  11-Green S e l -6 ,  Line 14 Green 

3 e l -3 ,  'Ane 15 Green £ e l - 4 ,  X 196, X 197 sn d X 200 sliowed 

more f i l i f o r m  leuv>= ŝ and r a t  t a i l i n g  a f t e r  3 O days.

.-ine 5 Green ^ d - l ,  i_ine 3 Creen S e l -3 ,  and Line  9 

u r e tn  i e l - 4  ehowed cuppin^  of o ld e r  le a v e s  in a d d i t i o n  to 

o t h e r  s^ . jp ta i is .

G eno t^ res ,  Gulbargu l o c : . l ,  ^G127968, 3G li^7970 and 

r-G 127975  were s t im u la t e d  to produce more ;iixill-.ry b r a n ­

ches anc appeared bushy .

Ja s e d  on the l e a f  a r e a  the p';.r ceut  d i s e c i e  index 

for  each ^enot^pe was wcrktu o u t .  nased  on the  d i s e a s e
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index  the  v a r i e t i e s  a r e  c l a s s i f i e d  i n t o  T o le ran t^M odera te ly  

s u s c e p t i b l e ,  s u s c e p t i t l e  and very s u s c e p t i b l e ,  hav ing  the 

Pi)I 1-20,  21-40 ,  41-60 and 60 and above r e s p e c t i v e l y .  

Genotype l e n t h a  G-1 (Top),  was found to  be m odera te ly  sus­

c e p t i b l e  a id  reffiaining were v e ry  s u s c e p t i b l e  and Mysore 

s e l e c t i o n  was found to  be t o l s r a n t .

i i f f e c t  on d i f f e r e n t  growth p a ra m e te r s

This exper im en t  was conducted to  know th e  e f f e c t  

of  i n f e c t i o n  b  ̂ s e v e r e  i s o l a t e  of P7BV on d i f f e r e n t  growth 

p a ra m e te r s  l i k e  f l o w e r in g  t im e ,  height o f  p l a n t s ,  growth of 

s tem , number of l e a v e s  green and dry w eight  o f  l e a v e s ,  

number o f  b r a n c h e s ,  number of  f r u i t s ,  l e n g th ,  green and 

dry  weight  o f  f r u i t s ,  l e n g th ,  f r e s h  and d ry  w e i ^ t  o f  

r o o t s .

The measurements o f  each  p d r a n e t e r s  were made and 

p re s e n te d  a& pe rcen tag e  v a r i a t i o n  in  r e l a t i o n  to appro ­

p r i a t e  h e a l t h y  cH'ieks in  each  genotype (T ab le  2 2 ) ( i i g . 6 4 ) .

i  ) I ^ f e o t  on f lo w er in g

I n o c u la te d  p l a n t s  of d i f f e r e n t  genotypes  were 

observed upto  f l o w e r in g  of the p l a n t s  and d a t a  a r e  p re ­

sen ted  in  the  Table  21.

i'roE th e  Tab le ,  i t  i s  c l e a r  t h a t  in  most o f  t h e  

g « n o t jp e s  t h e re  was de lay  i n  f l o w e r i n g  of  i n o c u la t e d  p l a n t s .
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Table  21: E f f e c t  o f  severe i  so l a t e ;  o f  PVBV on f l o w e r i n g  of 
c h i l l i  geno types  a f t e r  i n o c u l a t i o n  o f  one month
old  s e e d l in g s

S I .
No. Genotypes

i-elay or 
e a r ly  
over iiea- 
1 thy plant 

Cin d ay s ;

1 •
No. Genotypes

Delay or 
e a r l y  
over h e a l ­
thy  p l a n t  
( in  days)

1 3yadgi (Dabbi ) + 6

2 Bi-adgi (Kundagol; + 5

3 Capsicum ch inense  +11

4 Chine n o l i  +13

5 C lu s te r  c h i l l i  + 5

6 GA y60 +12

7 CA 1068 + 3

8 i)h 7 -6 -6  + 6

9 U; 119981 + 7

10 iJC 127967 + 8

11 W  127968 +15

12 £C 127969 + 5

13 iiC 12797 0 + 6

14 H; 127972 + 2

15 02 127974 0

16 EC 127975 + 3

17 iC 127977 + 7

18 iXi 137971 + 4

19 G -  3 + 5

20 G -4  + 1

21 G -5  + 4
22 G aur ib idanu r  -  3

23 G ulbarga  l o c a l  + 1

24 Lie 27 + 4

25 LEG 28 + 16

26 Line 5 Green Sel-fl  + 5

27 iiine 6 Green S e l - 2  + 10

28 Line 7 Green S e l -2  + 9

29 Line 8 Green Sel-3  + 11

30 Line 9 Green S e l - 4  + 3

31 Lin e l l  Green 3 e l -6

32 Line 13 Green S e l -2

33 Line 15 Green S e l -4

34 NP 4 6 - A

35 Wyamathi

36 Mysore s e l e c t i o n

37 Pentha  C-1 (Top)

38 P e r e n n i a l  c o n i c a l  + 13

39 Pusa  Jwala + 3

40 Sankeshwar + 7

41 X 196 -  1

42 X 197 + 10

43 X 200 -  2

44 X 206 + 15

45 X 210 + 5

Average d e la y
in f lo w e r in g  . .  6 .74 Rang(

= 1
Average e a r l i n e s s  
in  f lo w e r in g  . 2.00

+
+

+
+

+
+

4
2

8

6
5 

3 

9

Delay = +

i-ar ly = -



«a

4J
o

%
to

o
•H

§
O
+>

§
U

•o

o
ta

•p
<D

P i

§
%
ao
!>

e

0  
«  
+>
01 
r-l
o
CO

CO

INo
■p
o
<»

CM

I

o “
M-rtffi S5 .O M

&

O  (0
SJ

^  -S0) o 
,o c  
S  0} 
;s M
!s P

+>£  tottQ 0> 
•H ►
0) a  
?  ®  r-l
>*

Q  O

*N
O  (Q 

B  <» 
0> -P >1 9  A  (d 
14 t)0 <B C5 H r-» 

(B
3>

O
CO 

Kl »

a ®3  fH
!2;

4>

'Si
H
(»
33

0)
P«r
5
O

«

C)0

a
«  o

in

KN

C\J
iH

o

<T>

C O

VO

IfV

t<N

CM

VO o 8 o o rH O O in K> o CM•ef in CO o cr» m o  cn o rH CM00 VD
• • • • • • • • • • • • • •

CMo 00 o <Ti CM o  sg CO rH VO rH I>cr> cn o m CO 00 crv o  O' c:> CT> f- C3> corH rH
rc\ c - oo

iH
■> 200 ^

oo o
cvj• 8•

o
•

o
'sl-
•

O
CM
•

O
VO• 8•

o
CM
•

o
•

O
o•

S00 O • •
o
VD
•

o O
VO•

oo•
o
VO
•

o
o

cv o o »r\ r-i o o CM CM ^  CM CM K\ O o CM CM

to  OJ C\J v£>
VtJ CV 00 CM •>;»- <£>« • • • • •
vf) KN iTi tr- ^  f-- 00 CO CT>Cr^t~

O  O  o  o  o  o
O  CO VO VO O  CO
• * • • • •

LT\ ■<- O  r-̂

O  VOcr» TO O
o

O  CM 00m r-l

oCM

o CM
+

^  VO CM o
+
rH O

+
VO in VD O rH

+
rH

+
VO

CO VO VD cr» in o CM m t- 00 ay rH K\ CM cr>
• • • • • • « • • • • • • • •

CM m  VC KN CM to rH in l>- VD tn
rH rH in rH 1— I tn tA rH CM

+o h +O CO C\J VD LfN I—J 
c— rH

+
sir\ o

O VO r-l to, lf\

o O CM O O O o o o O o o O O o o O oo VO O O CM VO o CM CO 00 o VO 00 CM O
• • • • « • • • • • • • • • • • • •

OJ •<i- CM CO to VD crt CM tn OJ o VO t- VO t> o to
rH rH rH rH CM CM rH CM CM CM CM rH rH 1—1 rH to CM

oo
si-
CM

O  O  O  O  cv CO 00 o

CV

o
■«d-

O  CT> CM rH OJ

to rH 00 iH I— ! to o CM to o in f- i>- K\ § CM
o VO O VO CM rH CM VO rH VO 00 to CM
« • • • • • • • • • • » • 1 • • •

VO 'J- CM rH in o C^ CO to to CM rH to VO 'd- cn
VO VD l> VO VO in f- VO VO VO

O
CM

C- CO o  O CĴ
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03 00 00 CO CM

v o t ^ o o c o c ^ t ^ o o o o  K>  O ' r H V D C O V O O O O O C D C ^ C C c O

o  o  o  o  o  o o o
8 •

o o O o O O o O o o O r-4
CM• 00 o • V.O• CM• CO• O • o • CM O • CM• • * VO

•
VO KN VO

iH
CM iH

m
c- 1—! tr% CM (—1

VD KN K^ 00 tr» '5f

*
CM CM VO K\ m ir\
iA VO 00

+
o  q

+  +
O  o  VO o

% V • •
^  in CM iH

+ + f m + fo o o m O o CM o iH VO vo CMir\• o
•

irv• CM• CO• m• CO• 00• m« CM• VO• o •
CO o (—1 to o CM 00 VO 00 rH CM CM
CM K\ CM r-4 (H m iH

oCM
•

VO
iH

o O
VO

o
o

o O
VO

o
CD

O
VO 00 o

O
CM

o
VO

o
lO

O
o

• • • • • • • • • • • •
CM rH ifv 00 to o trv VO 00 CT> LPi o
OJ CM 1—1 r-i to CM CM I—1 I-l CM f-l

o  o
VO CM • • 
CM iH 

f-4 H

o o •<- (H r-i
00 00 Cvl K\ iH
« • . * • • •

CM 'Sj-CM o  *CM
CD rH

rH

CM O  r -(  LT\
ON VO ITk CM• • • •if\ r\ <y»
M3

VO CM VO 00 
VO <-« t- O

o o LTv 1—1 CM 00 tA >- CM o r- VO CM
VO r-i 00 1—I irv c» CM rH C- CM KN crv
• 1 o

• • • • • • • • • • • •
ITk KN ir\ r~ 00 o> 1—i VO a\ o
VO ro irv ITN ir\ K> VO m c- VO

irv irv CM <Ŝ  KN CM
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FIG .64 ,  E F F E C T  OF S E V E R E  S T R A IN  OF P V 0 V  ON GROWTH fWAMETERS 
PER PLANT ON 12 CULTIVARS
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Delay in  f lo w e r in g  was from 1-16 d a y s .  On an a v e ra g e  6.74 

days d e lay  in f l o w e r i n g  was observed  in  most o f  t h e  geno­

ty p e s  .

Genotypes,  GA 960, C h in c h o l i ,  SC 127968, LEG 28,

Line 6 Green S e l -2 ,  Line 8 Green S e l -3 ,  P e r e n n i a l  C on ica l  

and X 206 t h e  f lo w er in g  was delayed by 10-16 days .  However, 

in  Gouribidfcinur, X 196 and X 200 t h e r e  was 1-5 days e a r l i ­

n e s s  in  f lo w e r in g  was n o t i c e d .

2)  E f f e c t  on h e ig h t  o f  the  p l a n t s

Ihe h e i g h t  of  th e  i n o c u l a t e d  genotypes measured

a f t e r  90 days of i n o c u l a t i o n .  An per  c e n t  r e d u c t io n  over 

h e a l th y  was c a l c u l a t e d  ana p re s e n te d  in  the  T ab le  22. All  

the  c u l t i v a r s  v a r i e d  s i g n i f i j o « t l y  in  most o f  t h e  charac ­

t e r s .  The s t a t i s t i c a l  a n a l y s i s  showed t h a t  th e  genotype ,  

iJO 127970 showed t h e  h i p e s t  (p5»13 per c e n t ;  r e d u c t io n  in  

h e i g h t .  The l e a s t  r e d u c t io n  o f  5*54 per cent was observed in  

l e n t h a  C-1 (Top),  H^sore s e l e c t i o n ,  NP 46A and Nyamati.  The 

geno types ,  Byadgi Dabbi,  Gapsicuio c h in e n s e , liC 127968, 

127S69, d i 127^70, tC 127974, -X 127975 and EG 137971 

showea more th a n  50 per c e n t  r e d u c t i o n  in  t h e i r  h e i ^ t  due 

t o  i n f e c t i o n  (Fig.65>*

3 ) a f f e c t  on g i r t h  of stem

T ab le  22 shows t h a t  a l l  t h e  g en o ty p es  v a r i e d  s i g n i ­

f i c a n t l y .  Genotype £C 127 968 showed maximum r e d u c t io n
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(42.33 per c e n t )  in  i t s  g i r t h  d i f f e r i n g  s i g n i f i c a n t l y  from 

th e  o t h e r s .  The l e a s t  r e d u c t i o n  waa in p e r e n n i a l  co n ica l  

( 5 .5  per c e n t ; .  Genotypes v i z . »  Byadgi Dabbi,  EC 127968,

EC 127970 , EC 127971, DH 7 - 6 - 6 ,  U n e  7 Green S e l - 2 ,  U n e  8 

Green S e l - 3 ,  X 206 and X 210 showed more than  3O per cen t  

r e d u c t io n  i n  t h e i r  stem g i r t h  d i f f e r i n g  s i g n i f i c a n t l y  f r c n  

o t h e r s .

4 ) iJf<:iOt on number of leotyes

d e re  a l so  a l l  the  genoti/pes d i f f e r e d  s i g n i f i c a n t l y  in 

t h e  p ro a u c t io n  of number of le a v e s  due to  i n f e c t i o n .  Genotype, 

LiU 27 showed maxiicuia re d u c t io n  (74 .07  per c e n t ;  in  number of 

l e a v e s .  Line 7 Green 3 e l - 2  showed l e a s t  r e d u c t io n  o f  4 . 4  p e r ­

c e n t  on ly .

5 ) e f f e c t  OQ green  wei,cjit o f  l e a v e s

The s t a t i s t i c a l  a n a l y s i s  showed s i g n i f i c a n t  r e d u c t i o n  

in  the  g re e n  w eight  of l e a v e s  in  mo tst o f  the  geno types .  EC 

127970  showeo maximuiE r e d u c t io n  (83*5 per c e n t )  in  i t s  g reen  

weight  of le a v e s  s i g n i f i c a n t l y  d i f f e r i n g  from the  o t t i e r s .  

iiC 127967 showed l e a s t  r e d u c t io n  (33 »0 p e r  c e n t )  in i t s  g reen  

w eigh t  o f  l e a v e s .  In m ost  of t h e  g e n o ty p e s ,  seve re  i s o l a t e  

of PVB/ s i g n i f i c a n t l y  reduced  the  green w e igh t  by more than 

50 per  c e n t .
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6 )  I:;ffeot on dry w e igh t  o f  le av es

S t a t i s t i c a l  a n a l y s i s  of the  d a t a  showed t h a t  geno­

ty p e  Lĵ  28 showed 16.7 per c en t  r e d u c t io n  which i s  l e a s t  

a f f e c t e d  t h a i  o th e r  g e n o ty p e s .  Maximum r e d u c t i o n  in  dry 

wei^^ht wae in  X 206 (79.36 per c e n t )  fo l low ed  by DH 7-6-6  

(^77.14 per c e n t ;  which d i f f e r  s i g n i f i c a n t l y  from the  o t h e r s ,  

however,  t h e r e  was more than 60 per cent  r e d u c t i o n  i n  dry 

weight  o f  l e a v e s  in  most o f  t h e  genotypes .

7 ) l:;ffect on number o f  b ran ch es

The severe  i s o l a t e  of PVBV s i g n i f i c a n t l y  r e d u c e d ,  t h e  

number o f  b ranches  in most o f  the  g en o ty p es .  Sankeshwar 

showed s i g n i f i c a n t l y  g r e a t e r  r e d u c t i o n  (56.44 per  c e n t )  in  

t h e  number of b ranches  than the  o t h e r s .  There was no r e ­

d u c t io n  in the number of  b ranches  in  X 200.

In  some genotypes  t h e r e  was s t i m u l a t i o n  to produce more 

number of b ranches .  Genotype X 197, showed maximum i n c r e a s e  

(71 .66  per  centy  in  number of b ra n c h e s .  G-4 showed on ly  0 .9  

per  c e n t  i n c r e a s e  i n  th e  number of  b r a n c h e s .

b> -a f fe c t  on number o f  f r u i t s

The s e v e r e  i s o l a t e  co m p le te ly  i n h i b i t e d  t h e  p roduc t ion  

o f  f r u i t s  in  DH 7 -6 -6  and EC 119981. Mysore s e l e c t i o n  showed 

l e a s t  r e d u c t i o n  o f  15*41 per c e n t  in t h e  number o f  f r u i t s .
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In most of the  geno types  the r e d u c t i o n  in  number of f r u i t s  

was s i g n i f i c a n t l y  more than f i f t y  p e r  c e n t .

E f f e c t  on green  w eight  of f r u i t s

I t  can be seen from d a t a  t h a t  in  a l l  t h e  genotj^^rje t h e r e  

was s i g n i f i c a n t  r e d u c t io n  in  green w e ig h t  of f r t j i t s  and the 

geno types  d i f f e r e d  s i g n i f i c a n t l y  from each o t h e r .  3enotype,  

iiO 127975 (99 .44  per c e n t )  showed maximura r e d u c t io n  i n  i t s  

g reen  w e ig h t  of f r u i t s  and l e a s t  r e d u c t io n  was found in  

i'lysore s e l e c t i o n  (14 .1  per  c e n t ) .  G e n e ra l ly  t h e  s ev e re  

i s o l a t e  reduced  the  green  w e igh t  of f r u i t s  by more than 

7*>-80 pe r  c e n t .

10) E f f e c t  on dry wei^^ht of f r u i t s

There was maximum r e d u c t io n  of  dry w e ig h t  o f  f r u i t s  

in  the  genotypes  EC 119981 (9 9 .2  per  c e n t ; ,  iC 127970 

(9 9 .2  per c e n t ) ,  liJ 12797i? (9y.O per c e n t ) ,  LEG 27 (98.63 

per c e n t ) ,  LEG 28 (95*41 per c e n t ) ,  and Line  7 Green S e l -2  

(90 .53  per c e n t ) .

L e a s t  r e d u c t io n  in  dry  w e i r h t ,  was n o t ic e d  in  Pusa  

Jw a la  ( 1 6 .13 per c e n t ;  aid Mysore s e l e c t i o n  (32 .6 6  pe r  c e n t ) .  

By s e e i n g  the T a b l e , i t  i s  c l e a r  t h a t  t h e r e  was g e n e r a l l y  

60-70 per  c e n t  r e d u c t io n  in  dry w e ig h t  o f  f r u i t s  in most of 

t h e  i n o c u l a t e d  geno types  compared to  t h e i r  h e a l th y  c o n t r o l s .
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11; i^ f feo t  on len g th  of  f r u i t s

Here a l s o  t h e r e  was s i g n i f i c a i t  r e d u c t io n  i n  the 

l e n g t h  of f r u i t  i n  imost of th e  g en o ty p es .  Sankeshwar 

showed maximum r e d u c t io n  of  70 per cen t  in  l e n g t h  o f  the  

f r u i t s  s i g n i f i c a n t l i ^  d i f f e r i n g  from t h e  o th e r  gen o ty p es .

The genotype l i n e  15 Green S e l -2  showed l e a s t  r e d u c t i o n ,  

of  3 .8 5  per  cen t  in  f r u i t  l e n g t h  fo l low ed  "by Kyamathi,

Mysore s e l e c t i o n ,  P e r e n n i a l  C on ica l  and 1-entha G-1 (Top).

1 2 ) i : . ffect on r o o t  l e n g th

Ihe gbiiotype, 127975 showed s i g p i f i c a n t  r e d u c t io n  

o f  4 1 .5  per cen t  i n  i t s  r o o t  l e n g t h .  Line 7 Green Sel~2 

Ehoweo l e a s t  r e d u c t io n  of 11.04 per  cen t  ( F i g .6 6 ) .

13 ) Lfffect on f r e s h  w eight  of r o o t

All  the  genotypes  d i f f e r e d  s i g n i f i c a n t l y  in t h e i r  r e ­

a c t io n  to t h e  severe i s o l a t e  in  f r e s h  w e ig h t .  There was maxi- 

ffium r e d u c t i o n  in f r e s h  w e igh t  of  r o o t  i n  genotype, Line 8 

Green S e l -3  (87.6 per c e n t )  s i g n i f i c a n t l y  more t h a i  i n  o t h a r s .

4 6 -a  showed l e a s t  r e d u c t io n  in  i t s  f r e s h  r o o t  w e ig h t ,  of 

2 0 .5 0  per c e n t .  In g e n e r a l ,  in  a l l  t h e  geno types ,  t h i s  

i s o l a t e  s i g n i f i c  t n t l y  reduced the f r e s h  r o o t  w e ig h t  by more 

th an  60 per c e n t  over the c o n t r o l .



Fig. Io« 65. 7iT« OaPBlettB anmma oultlT ars showing soBale 
B ottling  and stun ting  on inoeulation with 
severe s tra in  o f P7BT

O ultifa rs froa  l e f t  to  rigirt

1. S3 157971 3* I  196
Byadgi Dabbi 4. Pentha C-l(Top)

5. Mysore Selection

f ig .  Ho. 66, P iis£ . annuum o u ltiT ars  showing roots
stunting  on inoculation  with severe s tra in  
o f PTBV compared with healthy ones

O ultivars froa  l e f t  to right

1, BO 137971 3. X 196
2. Byadgi Dabbi 4, Penth O-l(Top)

9. Mysore Ssleotioa
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1 4 } a f f e c t  on cir.v w eigh t  of r o o t s

Table 22 shows t h a t  a l l  geno types  v a r i e d  a g n i f i -  

c a n t l y .  M on g  t h e s e ,  t h e  v i r u s  had l e a s t  e f f e c t  on P e r e n n i a l  

C o n ic a l  (6 .45  per c e n t )  and d i f f e r e d  s i g n i f i c a n t l y  from the  

o t h e r s .  Genotypes, Mysore s e l e c t i o n  (21 .0 2  par  c e n t )  and 

ii't 4 6 - a  (3i»7 per c e n t )  diowed l e a s t  r e d u c t i o n  in  dry  w e ig h t  

of r o o t s .  G enera l ly  t h e r e  was more than 40 per c e n t  r e d n c t -  

iou i n  dry weight  of r o o t s  in  most of t h e  geno types .

15 > Stlljii-ilOLOGi

A) 1-opulatiap d.yn amics o f  d i f f e r e n t  aphid  s p e c i e s  and 
aph id  v e c t o r s  on Hebbal Farm

o ince  most of t h e  v i r u s e s  s tu d ie d  a re  known to t e  

t r a n e n i t t e d  ty  ap h id s ,  in  o rd e r  to  know th e  p rev a len ce  of 

d i f f e r e n t  aphid  sp e c ie s  and aphid v e c t o r s  on H efbal  fa rm , 

aphids  were t rapped  d td ly  and c o l l e c t e d  once in  f i v e  days 

from 17th  /xarch, 1^80 to  12 th  March 1981. A n o d i f ie d  fu n n e l  

t r a p  (JTig.4 and 5) was used  to  t r a p  the  a p h i d s .  D i f f e r e n t  

aph ids  were i d e n t i f i e d  and c o u n ted ,  p o p u l a t i o n  o f  in d iv id u  sOL 

a p e c ie s  a re  p r e s e n te d  in Table  23 ( F i g . 6 7 ) .

In the p e r i o d  o f  c o l l e c t i o n ,  t h i r t y  two d i f f e r e n t  aphid 

s p e c i e s  were encoun te red  on th e  fa rm .  P o p u la t io n  o f  Aphis 

c r a c c i v o r a  was maximum fo l low ed  by A.g o s s y p i i , A rh is  sp p . .
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A.f  a ^ a e , hyzus p e r s i o a e , A. s p i r a e c o l a  and Myzoc a l l i  s 

p o ly c h a e tu  s and o t h e r s  as p re se n te d  in the  Table 2 3 .

Aphids v i z . ,  Rhopalosiphum nymphaeae« Heomyzus
j

c i rcum flexu  s > H yalopteru  s p r u n i , u n i d e n t i f i e d  Horma- 

p h id in a e t  q r e s n id e a  (G reen id ea )  a r t o c a r p i  (West Wood),

J^actynotus (^Tromelan / compositae  Theobald were t rapped  

one i n d i v i d u a l  each i n  a y e a r .

from t h e ' ^ a b l c ,  i t  i s  c l e a r  th a t  th e  f l i g h t  o f

A .c ra c c iv o ra  c o n  Id be seen f r o E  8  th  Septemter to  1 s t  May. 

i t s  flxt^ht  was absen t  dn r i r .^  May to  August 1980. I t s  laaxi- 

muiii f l i t i h t  was dur ing  I ' j o v e r n b e r  1 :̂ 6 0 . l o p u l a t i o n  of 

■K.^ o s s y p i i  was uni iorm  th rough  o u t  the year  and showed 

maxiiflum p o p u la t i o n  d u r in g  lioveaber to  March. Aphis fabae  

was obse rved  th rough  o u t  the  year b u t  i t  was a b s e n t  b e t ­

ween 11 th  May and 10th  A u g u s t .

P o p u la t io n  o f  i:4yzus p e r s i c a e  was com ple te ly  a b se n t  

from 1 s t  May to  25rd September 1980. O therw ise  i t s  f l i ^ t  

was observed througjiout  the  p e r io d  though i r r e g u l a r .  In 

most of the a p h id s ,  peak p e r io d  of f l i g h t  was d u r in g  th e  

months o f  November, March and A p r i l  o f  1980.

irom th e  c o l l e c t e d  a ]^ id  s p e c i e s  aphid  v e c t o r s  of 

p l a n t  v i r u s e s  were s e p a r a t e d  based on l a t e s t  r e f e r e n c e s



1S2

made by Garter  (1973)» Mandahar (1978) and Maramorosch 

(1969) .  The d a t a  p re sen ted  i n  t h e  T ab le  24j d e p i c t s  t h a t  

seventeen  aph id  s p e c i e s  o u t  of t h e  c o l l e c t i o n s ,  a r e  known 

to be the  v e c t o r s  o f  p l a n t  v i r u s e s .

-iinong the v e c t o r s ,  maxiinum p o p u la t io n  was t h a t  of 

A. c r a c c iv o r  a fo l low ed  by A.goss.vpii  t A»f  abae , M»per s i  c ae ,

A.s p i r a e c o l a , Hhopalosiphum m aid iS i R .p a d i , Hydaphis 

c o r i  a a d r i » l iy s te ro n e u ra  s e t a r i a C j A.n e r i i t 3 rev ico ryne  

b r a s s i c a e , Toxoptera  c i t r i c i d u s , T .a u r a n t l l . A.n a s t u r t i i i 

R .nymphaeae. KeoiE.vzus circucef lex^^s and H y a lo p te ru s  p r u n i .

Among th e se  v e c t o r s ,  M.p e r s i c a e  has  been r e p o r t e d  

to Ik t h e  f i r s t  i n  t r a n s m i t t i n g  maximum number o f  p l a n t  

v i r u s e s  fo l low ed by A .fabae ,  N .c i r c u m f le x u s » A.g o s s y p i i «

B .b r a s s i c a e , c r a c c iv o r  a , A.n a s t u r t i i , R.m a id i s . A.s p l r a e -  

c o la  and o t h e r s  (T a b le  2 4 ) .  On r iebbal fariu, GMV, PVI4V, PVY, 

TiiV and FV3V were found on Capsicum c u l t i v a r s .

The c o l i e c t e a  ap h id s  a t  f i v e  day i n t e r v a l  were again 

c l a s s i f i f e a  in to  t o t u l  number of a p h id s ,  aphid  v e c t o r s  of 

p l a n t  v i r u s e s ,  and v e c t o r s  of  c h i l l i  v i r u s e s  and im p o r ta n t  

i n d i v i u u a l  aphid v e c t o r s  r e p o r t e d  so f a r ,  are p re sen ted  

in T a b le  25.

Weather d a t a  r e g a r d in g  r a i n f a l l ,  minimum and maximum 

t e m p e r a tu r e ,  r e l a t i v e  humidity  a t  07 .20  h r  and 14 .20  h r ,
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wind speed,  sunsh ine  and e v a p o ra t io n  d u r in g  1980-81 was 

c o l l e c t e d  from m g t e c l o l o g i c o ' o s e r v a t o r y  a t  Main Research 

S t a t i o n ,  H e tb a l ,  arjQ average f o r  every  f i v e  days  was c a l ­

c u l a t e s  and p re s e n te d  in  Table  26. C o r r e l a t i o n  o o e f f i c i e n t  

between w eather  c o n d i t i o n s  and t o t a l  p o p u la t io n  of aphid 

s p e c i e s ,  aph id  v e c t o r s  of p l a i t  v i r u s e s  and i n d i v i d u a l  

im p o r tan t  v e c t o r s  was s t a t i s t i c a l l y  analysed and th e  r e ­

s u l t s  are p r e s e n te d  in  Table 27 ( F i g . 68) .

a ;  T o ta l  p o p u la t i o n  o f  aph id  s p e c i e s

The r e s ’. i l t s  i n d i . ’ ate t h a t  th e re  was a p o s i t i v e  c o r r e ­

l a t i o n  betwesn t o t a l  aph id  p o p u la t io n  and aaximun and minimum 

t e m p e r a t u r e ,  r e l a t i v e  huruiditj^ a t  0 7 .2 0  and 14.20 h r s ,  sun­

s h in e  and ev ap o ra t io n  a t  one per c e n t  l e v e l .  R a i n f a l l  was 

p o s i t i v t l y  c o r r e l a t e d  w i th  the t o t a l  aph id  p o p u la t io n  b u t  was 

n o t  s i g n i f i c a n t .  Wind speed had a h i g h l y  s i g n i f i c a n t  n ega ­

t i v e  c o r r e l a t i o n  w i th  th e  t o t a l  j^h id  p o p u la t i o n .

b ;  T o ta l  p o p u la t io n  aph id  v e c t o r s  of p l a n t  v i r u s e s

There was p o s i t i v e  c o r r e l a t i o n  between t o t a l  p o p u la t i o n  

o f  aphid v e c t o r s  of p l a n t  v i n ’ ses and r e l a t i v e  humidity  a t  

07 .20 and 14.20 h r s ,  b u t  was s ig n if iC c in t  only  w i th  minimwm 

t e m p e ra tu re .  R a i n f a l l ,  maximum te m p e ra tu re ,  wind speed,  

s u n s h in e ,  and e v a p o r a t io n  showed n e g a t i v e  c o r r e l a t i o n  w i t h
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T ab le  26:  Weather d a t a  of Hebbal  farm from 17-3-1980 to 
17-5-1981 (Average o f  f i v e  d a y s )

R a in -  Max. Min. 
Cate t e l l  temp. Temp, 

(mm) oq oq

R .H .a t  R .H .a t  Wind 
07-20 14-20 speed
Uours hours  kmph

% %

H rs .o f
b r i ^ t

sun­
sh in e

Evapo­
r a t i o n

mm

4 8

17-5-80

22-5-30

27-5-80

1 - 4 - 8 0

6 -4 -8 0

11 -4 -80

1 6 - 4 - 8 0

2 1-4 -80

2 6 -4 -80

1 - 5 - 8 0

6 - 5 - 8 0

11 - 5-80

1 6 - 5 - 8 0

21^5-80

2 6 - 5 - 8 0

3 1 -5 -8 0

5 - 6 - 8 0

1 0 - 6 - 8 0

1 5 - 6 - 8 0

20-6 -80

2 5 - 6 - 8 0

30 - 6-80

5-7-80

10-7-80

15-7-80

20-7-80

25-7-80

1 . 5 6

0 . 0 0

0 . 0 0

12.04

2 . 9 0

0 . 0 0

0 . 0 0

5 . 0 0

0 . 0 0

0 . 1 2

1 . 2 2

6.26

7 .06

1 0 .5 0

0 . 0 0

14.00

3 .00

0 . 2 0

0 . 8 0

0.76

0 . 0 0

0 . 8 0

1.32

0 . 0 0

0.98

6 . 1 0

6 . 2 0

3 0 .8 8

3 2 .6 6

33 .46

31 .94

31 .84

31.98

35 .56  
3 2 . 6 0

33.98

34 .18  

32 . 80  

3 3 .40

3 3 .2 0  

33 .72

35 .56  

33 .16

28.18 

29 .22  

28 .86  

29.08 

29.06

29 .20

27.98 

29 .70  

29.86 

3 0 .0 0  

2 8 . 0 0

17 .60

14.80

17.30 

19.56

18.72

20.90

21.50

21.64 

22.12 

21.96 

2 1 . 4 6  

21.84

21.40

21 .44

21.98

21 .12

2 0 .30  

20 .34

20 .30  

20.52

19.64 
2 0 . 1 0  

19.76 

20.86  

19.60  

20.14 

19.94

83.00

73.00

70.00

7 7 .6 0

7 9 .8 0

8 5 . 8 0

66 .60

7 2 .00  

8 5 . 2 0  

8 1 .6 0

92 .40  

8 3 . 6 0  

85 .20

8 9 .4 0  

82 .6 0  

8 8 . 0 0  

94.60

92.40

90 .80

91 .80

92 .80

9 1 .80

92 .80  

98 .00

95.20

92.80

94.40

28 .00  

17 .20

2 3 .2 0

41 .80

4 0 . 8 0

35.80

26.20

4 5 . 2 0

5 6 . 2 0

57 .20

45.20

44 .60  

46 .00

49.20

3 0 . 0 0

47.00

7 0 . 0 0

6 6 .80

64.00

59.20 

58.80

57.00

69.60

6 3 .00

68.20

63.40

68 .4 0

7 . 5 2

5.78

5.90

6 .3 6  

5 .0 6  

5.82

5.34

7 .1 0

6 .3 6  

6 .5 0

7.08

6 . 0 8  

5.84

8.34

1 1.C6

1 0 .0 4  

11.33 

17.20 

12.46 

14 .90  

1 8 . 5 2  

16 .60  

17 .98  

17 .78

14.50 

1 3 .18

14.08

8 .9 2  

10.34 

1 0 .3 0  

8  . 6 6  

8.94
8 . 3 0

10.80

8.20

9.66

8 .78

8 .7 2

9.04

9.16 
1 0 . 0 0  

10.98

7 .16

3 . 2 0  

6.26 

3 .0 6

2 . 2 0  

5.58 

3 .84  

3 .1 8  

5 .74

7.14

7 .5 4

4 .16

7 .76

9.38  

8 . 8 0
7 .8 2

6 . 3 8  

6 . 3 0  

8 .1 6  

7 .5 2  

6.00
5 .9 0  

6 . 2 2  

6 .5 0  

5 .4 0  

6.18  

9.10
6 .9 0

3.48

5.48

5.24

4 .14  

6 .6 0

5 .8 2  

4 .08  

6 . 0 2

5 .1 4

4.94

4.06
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Table 26 -  (Contd. )

8

3 0 -7 -8 0  2 .74  28.55 19*52 93*00 65 .80  1 4 .2 0  5.18 4 .1 2

5-8-80  1.34 27.53 19 .20  96.70 64 .80  1 4 .5 0  3*30 4.08

1 0 -8 -8 0  0 .0 0  29.26 18 .94  95*20 52.60 12 .80  6.74 5*68

15-8-80 6.78 28.58 19.58 9 4 .0 0  63.80 1 2 .60  5-40 4 .76

1 9 -8 -8 0  3 .0 3  28 .15  1 9 .93  9 5 . 5 0  59.00 I 3 . 7 3  6 .25 5 .O3

24-r8-80 0.58 2 7 .3 6  19 .20 9 4 .4 0  61.60 15*40 5.26 4 .14

2 9 -8 -80  4 .84  28.78 19 .10  94 .6 0  6 0 . 4O 12 .16  7 .69  5.16

3 -9 -8 0  1 .1 0  28 .22  19.26 9 0 . 8 0  56.20 1 2 .3 2  6 .3 O 5.26

8 -9 - 8 0  1 .62  28 .50  19.56 90 .00  65*60 9 .18  5*38 4*78

I 5- 9- 8 O 0 .0 0  29 .24  18.98 9 0 .2 0  5 0 .6 0  9 .1 0  5 .9 6  5 .3 0

18- 9-80  0 .0 0  5 0 .3 6  18.44 83*00  47 -40  10 .36  8 .3 4  6.48

23- 9-80  25 .86  50 .18  19 .94  92 .60  54.80 6 .6 2  6 .40  4 .93

28-9-80  5 .5 2  29 .10  19.68 93*40 57-40 5 .04 7 . 98 4 .32

3 -10-80  2 .26  28.96 19-52 95*80 6 2 .20  4 .8 O 6 .50 3 .4 0

8-10-80  0 .00  29-70 17-72 34-40 4 8 .00  3 .78  9 .70  4 .38

13 -10 -80  0 .00  2 9 .4 0  20 .26 94 .40  57.80 5-96 8 . 1 2  4.06

18-10-80  0 .00  2 7 .7 2  18-92 8 6 .0 0  53-80 4*76 3*98 3 .82

23-10-80 5.84 29-96 19-74 94-80 54-60 6 .68 6 .1 0  3 .82

28-10-80 0 .00  27-72 18 .50  8 9 .6 0  5O.2O 3 .9 2  8 . 6 2  3 .42

2-11-8 0 0 .0 0  28.72 1 5-50 8 6 . 4 O 3 4 .4 0  5 .1 0  10 .44  5.10

7.-11-80 0 .0 0  29.28 17.24 8 6 .6 0  4 2 .0 0  5 .38  9-44 5 .1 0

12- 11 -8 0  1 .94  27 .88  16 .92  90 .20  5 8 .60  6.84 7 .9 4  4 .1 0

17- 11-8 0  5 .34  24 .54  19*18 98 .40  7 9 .6 0  8 .4 2  1 .98  1 .7 0

22- 11-80  0 .5 6  25-46 18 .32  9 6 .40  61 .00  5*92 5-80  2.46

27- 11-8 0  0 .0 0  2 7 .3 6  16.66 99*00 4 6 .8 0  5*34 9 .7 0  4 .4 O

1- 12 -8 0  0 .0 0  27-25  15-38  8 7 -0 0  3 8 . 5O 5-53  9-18  5 . 00

6- 1 2 -8 0  0 .0 0  2 5 .2 2  15-86  8 9 .8 0  57-00  6 .4 2  7 . 7 0  3 .7 8

11- 12-8  0 0 .00  28.58 14.38 8 5-0 0  3 4 -2 0  3 .6 4  9 .66  4 .5 0

16-12-80 0 .00  28.06 14 .70  95*20 3 9 .6 0  5-28 9-98 4 .80

21- 12 -8 0  0 .0 0  27 .34  13-56  9 4 .2 0  48 -20  5 .80  9-96 4.96

26- 12-80  0 .0 0  2 7 .5 2  15-80  8 8 . 0 0  4 9 - 6 0  5 .14 7*14 3 .8 2

31-12-80 0 .00  2 7 .1 0  16 .92  8 6 .2 0  43-20  7 .16  7 .3 2  4.14
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Table 26 -  (C o n td . )

4 5 6 7 a

5 -1 -8  1 0.00 27 . 55 1 5-2 2 92 .20  41 .80  6 .46  9 .74  5.04

10-1-81  0 .24  29.42 13 .54  88 .80  3 4 .40 4 -30  10 .24  4 .52

15-1-81 o.OO 26.42 16-52 94 .00  54 .80  4 .26 8 .0 0  4.14

21-1-81 0 .00  26.26 16.46 96 .60  55-80 6 .28  7 .0 2  4 .10

25- I - 8 I  0 . 0 0  28 .78  1 6 .26  9 5 -2 0  4 6 .6 0  5-28  9-56  4 .5 2

30- 1-81  0 .0 0  2 7 .9 8  1 5 .6 2  9 8 .0 0  4 6 .6 0  7 . 2 6  9-82  5 .0 8

5-2-81  0 .00  30 .28  13-81 95-00 42.66 5-57 10 .35  5*55

10-2 -31  0 .00  3 0 .2 4  16.66 94-60  4 9 .8 0  5 .9 6  10 .14  5 .52

15-2-81  0 .00  31-42 18 .20  8 9 .4 0  37 .60  4-38 9-78 5 .50

20-2-81  0 .00  2 9 .5 0  11.24 7 4 .2 0  22.20 5 .94  11.04 7-46

25- 2- 8 I  0 .0 0  3 0 .7 2  12 .56  8 6 . 0 0  3 3 -4 0  7 - 2 0  1 1 .1 0  8 .1 0

2-3 -81  0 .00  3 3 .0 2  14.26 6 6 .0 0  26 .40  7 .18  10 .74  9 .12

7 -3 -8 1  0 .0 0  3 2 . 3 0  15-76 7 8 .6 0  2 2 .2 0  7 . 9 0  1 0 . 40 9 .14

12-3 -81  3 .3 6  3 2 .5 4  19-22 7 9 . 0 0  43-00 7 .2 6  9-78 7 .6 0

T o ta l  : 151-27  2168.47 1338.38 5481.80 3576.56 662.97 566.14 395-45

Average 2.07 29-70 18.34 88-78 48 .99  9 .08  7-7  5 5.42
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T able  27 X C orrelation  o f  population  dynamics o f  t o t a l  
population  of aphids s p e c i e s  and some aphid 
v e c to r s  o f  c h i l l i  v i r u s e s  with m eteoro log i ­
c a l  f a c t o r s  during one year period o f  1980-81  
on Hetbal farm

M eteorologioal fa c t o r s  )

1 2 3

1 .  T o ta l  Dotjulation of aphid sp e o ie s

1 R a i n f a l l + 0 . 03*^^

2 Maxiniura Temperature + 0 . 7 6 * ^

3 Minimun: t e m p e ra tu re + 0 . 4 1 * »

4 R e la t iv e  hum idi ty  a t  0 7 . 2 0  hours + 0 . 6 9 * *

5 R e la t iv e  huuiid i ty  a t  1 4 . 2 0  hours + 0 . 4 7 * *

6 Wind speed km ph - 0 . 4 7 * *

7 Hours of b r i g h t  sun sh in e + 0 . 2 6 *

8 E v ap o ra t io n  . . + 0 .1 3 ^ '^

2 .  T o ta l  p o p u la t i o n  o f  aT)hid v e c t o r s
of p l a n t  'Tiruses

1 Rain f til l 0 . 013*̂ ^

2 Maxiffiuffi Temper a tu r  e . . - 0 . 2 5 *

3 Minimum T em pera tu re . . + 0 . 9 8 * *

4 R e l a t i v e  Humidity a t  07 . 2 0  hours + 0.012*^®

5 R e la t iv e  hum id i ty  a t  1 4 . 2 0  h o u rs + 0 .02" ’̂ ^

6 Wind speed km ph 0 . 6 8 * *

7 Hours of b r i g h t  su n sh in e - 0.04*®

8 E vapora t ion — 0.18"S
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Table 27 -  (C o n td . )

1 2 3

3 .  T o t a l  p o p u la t io n  of  aphid v e c t o r s  o f
c h i l l i  v i r u s e s

1 R a i n f a l l -> 0.03^2
2 Maximum T em p e ra tu re . . - 0 .2 7 *

3 Minimuai T em p e ra tu re . . - 0 . 13^^

4 R e l a t i v e  hum idi ty  a t  &7 .20 hours + 0.10^^^

5 H e l a t i ^  hum id i ty  a t  1 4 .2 0  hours + 0 .28*

6 Wind speed km ph - 0.61*^^

7 Hours of b r i g h t  su n s h in e - 0 . 003^^

8 Evapora t ion - 0,66**

4 .  P o p u la t io n  of Aphis o ra c o iv o r a

1 R a i n f a l l — 0.08^^

2 Maximum Temper a t u r e . . _ 0 .26*

3 I'iiniiiium T e m p e ra tu re . . - 0.03^ '̂S

4 R e l a t i v e  humidity  a t  0 7 .20  hours 0.16^'S

5 R e l a t i v e  h u m id i ty  a t  14 .20  hours + 0 . 05^̂ ^

6 Wind speed km ph 0 .55**

7 Hours of I x i g h t  su n s h in e - 0 . 013**̂

8 i:;vapo ra t io n - 0 . 23*

5.  P o p u la t io n  o f  Aphis « o s s y p i i

1 Rainf a l l — O.Ol^'S

2 Maximum T em p e ra tu re . . - 0 .44^  +

3 Minimum Tem pera tu re .  . - 0.12^^ %T O
4 R e l a t i v e  hum idity  a t  07 . 20 hours 0.04^®

5 R e l a t i w  hum id i ty  a t  14 .20  h o u rs 0 .08^^

6 Wind speed km ph - 0.43*^
7 Hours o f  b r i g h t  sunsh ine - 0.19^^

8 E vapora t ion - 0.28*
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Table 27 -  (C o n td . )

1 2 3

1

6 . P o p u la t i o n  o f  t e h i s  f a b a e  

R a i n f a l l  . .  -f O.ll^'S

2 Maxiiauin T em p era tu re . . + 0 . 08^̂ ^

5 Minimum T em p e ra tu re . . + 0 .37**

4 R e la t iv e  hum id i ty  a t  07 .20  hours + O .l l^S

5 R e la t iv e  hum id i ty  a t  14 .20  hours + 0.13®^
6 Wind speed km phi| — 0.48**

7 Hours o f  b r i ^ 'h t  sunsh ine - O.O5NS

8 Evapora t ion - 0.14^^

7 .  P o p u la t i o n  of Auhis s p i r a e c o l a

1 R a in f a l + 0.15^^S

2 Maximum Teraperat’jr e . . - 0.25->^

3 Minimum T e m p e ra tu re . . — 0 . 01“ ®

4 R e la t iv e  hum idi ty  a t  07 .20  hours + 0 . 05^̂ ^

5 R e la t iv e  h u m id i ty  a t  14*20 h o u rs -f
0.18^S

6 Wind speed km ph — 0 . 2 5 *

7 Hours of b r i g h t  sunsh ine - 0 .18^^

8 Evapora t ion - 0 . 19“ ^

8 .  P o p u la t io n  of  Aphis spp. (To t a l )

1 R a i n f a l l + 0 . 04*̂ ^

2 Maximum T e m p e ra tu re . . + 0 .7 5 **

5 Minimum Temper a t u r  e . . + 0.51»*

4 K t l a t i v e  hum idity  a t  07 .20  hours + 0 ,90**

5 R e l a t i v e  hum ioi ty  a t  14 .20  hours + 0 .3 2**

6 Wind speed km ph - 0.35*>

7 H o u r s  o f  b r i^ ;h t  s u n s h i n e + o.ie '^^

8 Evaporation + 0 . 055 '̂^̂
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t o t a l  p o p u la t io n  o f  aphid  v e c t o r s  o f  p l a n t  v i r u s e s  t u t  

was s i g n i f i c c « t  o n ly  w i th  maximum te m p e ra tu re  and wind 

sp eed .

c ; T o ta l  -pOTjulation of  r e p o r t e d  aphid  v e o t o r s  o f  
o h i l l i  v i r u s e s

Here,  t o t a l  p o p u la t io n  of  aphid v e c t o r s  t ransm i ­

t t i n g  c h i l l i  v i r u s e s  were c a l c u l a t e d  and c o r r e l a t e d  w i th  

weather d a t a .  R e s u l t s  show t h a t  t h s r e  was p o s i t i v e  c o r r e ­

l a t i o n  te tw e sn  t o t a l  p o p u la t io n  of aphid  v e c t o r s  o f  c h i l l i  

v i r u s e s  and r e l a t i v e  hum id i ty  a t  07 .20  arid 14.20 h rs  b u t  

was s i g n i f i c a n t  only a t  14 .20  hr aid no t  a t  07 .20  h r .  Rain­

f a l l ,  maximum and minimuic t e m p e ra tu re ,  wind speed, sunsh ine  

and e v a p o ra t io n  showed n e g a t i v e  c o r r e l a t i o n  w i th  the t o t a l  

p o p u la t io n  of  aphid v e c t o r s  of c h i l l i  v i r u s e s  t u t  only 

maximum te m p e ra tu re  and e v a p o ra t io n  showed s i g n i f i c a n t  

c o r r e l a t i o n .  '

i d̂y & ( e ;  r o p u la tx o n  of Aphi s c r a c c i v o r a  aid A.^ o s s y p i i

I'op’j l a t i o n  o f  c r a c o iv o ra  and u .goss.vpii  showed 

p o s i t i v e  on ly  re/dcL^c A  bT^Lo

and 14.20 h r s ,  t u t  was n o t  s i g n i f i c a n t .  P o p u la t io n  o r  

c r a c c iv o r a  and A.^ o s s y p i i  was n e g a t i v e l y  c o r r e l a t e d  w ith  

r a i n f a l l ,  maximum and rainimum t e m p e ra tu re ,  v.-indspeed, sun-
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s h i n e  m d  r a t e  o f  e v a p o ra t io n ,  b u t  on ly  maximum tempera ­

t u r e ,  wind speed and e v a p o ra t io n  showed s i g n i f i c a n t  c o r r e ­

l a t i o n .

f )  P o p u la t i o n  of Aphis f a b a e

P o p u la t io n  of A.fabae  was p o s i t i v e l y  c o r r e l a t e d  w ith  

minimum te m p e ra tu re  a t  one per c e n t  l e v e l .  R a i n f a l l ,  maxi­

mum te m p e ra tu re ,  r e l a t i v e  h um id i ty  a t  07 .20  and 14.20 h r s  

showed p o s i t i v e  c o r r e l a t i o n  w i th  th e  p o p u la t io n  of A»fabae  

t u t  was i n s i g n i f i c a n t .  Windspeed, STjnshine and evap o ra t io n  

showed n e g a t iv e  c o r r e l a t i o n  b u t  was s i g n i f i c a n t  only  with 

wind speed.

g j l o p u l a t i o n  of  A;^hl^ s ^ j ; r ^ e £ o ^

P o p u la t i o n  o f  A.s p i r a e c o l a  showed p o s i t i v e  c o r r e l a ­

t io n  w ith  r a i n f : d . l ,  r e l a t i v e  humidity  a t  07-20 aid 14.20 h r s  

bu t  was i n s i g n i f i c e n t .

h ) P opu la t ion  o f  Aphis s p r .

Here t o t a l  p o p u l a t i o n  o f  a l l  th e  s p e c i e s  of Aphis was 

c a l c n l  ateu and was c o r r e l a t e d  witlri t h e  weather  f a c t o r s .  Re­

s u l t s  showed t h a t  waxiffium and minimum te m p e ra tu re s ,  and r e ­

l a t i v e  humidit:y a t  0 ? .2 0  and 14*20 h r s  showed s ig t i i f i . c a n t  

i^ o s i t iv e  c o r r e l a t i o n  w i th  th e  p o p u la t i o n  of s p e c i e s  o f  Aphis .
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K a i n f a l ,  sunsh ine  and evapo ra t ion  though showed p o s i t i v e  

c o r r e l a t i o n  w ith  t h e  to  tcrl p o p u la t io n  of a Aphis s p e c i e s  

b u t  was i n s i g n i f i c a n t .

B . I n f e c t i o n  P r e s s u r e  of D i f f e r e n t  c h i l l i  v i r u s e s  
on H e tba l  furm dur .Jife- 19So-81

This  s tua^ was maue to Know the  o ccu r re n c e  of  d i f f e ­

r e n t  v i r u s e s  on t h e  f  aria a t  d i f f e r e n t  p e r i o d s  du r ing  the  

y e a r .  G a l i f o r r i i a  Wonder p l a n t s  were used as t r a p  p l a n t s  

t h r o u ^ o u t  th e  studj? and the, i n f e c t i o n  p r e s s u r e  of  d i f f e ­

r e n t  v x ru s e s  on the larm i s  p re s e n te d  in  the  Table  28

I t  was found th  t t  t o t  11^’ f i v e  aphid t rans r f l i t t ed  and 

two {TRSV and TSWVj, non-a^.hid t r  an s tc i t ted  v i r u  ses occurred  

d u r in g  1980-61. jiEong the  aphid  t r a n s a i i t t e d  v i r u s e s i  maxi­

mum s i^ead  was due to  I'A f o i i o w t u  by Gi-iV, i  WVf PVMV and 

T h V .

T htre  were two peak p e r io d s  o f  i n f e c t i o n  by a l l  t h e  

aph id  borne v i rus t ,a  on the farm d u r i n g  the  y e a r ,  one was 

d u r in g  t h e  months of March, A pr i l  and May and second was 

dur in j ,  the  months of  O ctober ,  November, December and Janu­

a r y .  There was l e a s t  p r e s s u r e  of i n f e c t i o n  d u r in g  th e  

month 3 o f  J u l i  , August and September on Hebbal Farm. I n f e c ­

t i o n  p r t s t 'u r e  o l  j11 a i h i c  t r a n s m i t t e d  v i r u s e s  fo l lo w e d  a l -  

ffiott a s i m i l a r  p a t t e r n .  T h-re  was c o n s te n t  occu rrance  o f



00
I

o
00
<T\

t«0
C

■X3

B
M
cd

<a

rO
a.
X

c
o
to
d>
J3
3
M
•H
>

J3
o
4->
0) (0 
n
0) c
=M CO
tM —I
•H a
'O

TD
<« © 
o w

OS

Ui
0) -4-» 
M 3
p4  0)

y
c
O >H 
•H 0) 
4 J  P .  
Ou) a

83
Q)

I—I

H

O
Eh

«

-rJ 
o>

■ p  

-p ■H
a 
w
§ u 
M O 

■ P  w

■TJ Ci

A
(Ei
S3 
O

rH

O
H

W

>
(/>

u>
V
03
5̂

M
•H
>

X)
Q)
+J
•H

3
+»

-p
O
H

O

tH

X

t>

5>

fM

tn
J3
■ P
Co

i-H O 
CO

t r \ O o o c ^ i r \ r A ’̂ o a > o o p t ~

C M r ^ i H x J - O  i n o j  t ^ O  O O O  t rv

, - l r H O O O O O O O  ITNVOr-l

r H O i H - ^ O  I T \ C \ J  r r \ 0  r r \ - ^ C M

^ H a ^ l ^ ~ K ^ U ^ O O C ^ J ^ - ( T > C ^ J O O ■ ^  
KA CVJ t<A '—* rH I—1 '—̂ ^  r*̂

C T » t ^ I > - 0 0

O O O O O O  C ^ J ( < ^ r ^ O O

( r \ V O - ^ r H C \ J r H t \ » O v O C T > 0 0 < M

i r \ C ^ ' - ! > O i H  l < A ' i - r H C \ I V O C \ J

t r \ < T » O C \ | C \ I  r r \ p r N C M ^ C « J t n ^

o o o o o o o o o o i H r H

JC rH
O H

M W  >*
M iW 0) >» H

4J 4) ^  ^  M Co
w • ^  a  a  CO r?

0 > * 3 + 3 Q ® ® S 5 m

c t f S y S s s a ) 0  0 ® 3 a )
S < 5 - s : h ) i - a ^ c n 0  3 5 ? 5 ^ a 4

VO
CM

(T»

ir\
CM

LTN
CNJ
CM

■sfir\

CT»

+J
O

EH

CM
CJ

Cvl

VO
p-4

O

CV

m
[>-

*
X)

Lf\

VD
«

o

1>-
r-t

•
VO

OJ
'ii-

to

0>

H
0>

169



fO

>

0)

c

2:
CC
<

<
■a
OD
UJ
I

z
o

X
o

CO
u
cn
ZD
cn

o
UJ

cn

<  I 
CK o 
» 00

2?
0

1  ^  
Q- _

<  ce 
3  
Q

z
Ll )
q:
UJ

Q

u.
o

UJ
(X
=)
cn
cn
UJ
(X
Q.

o
f—
o
UJ
u .

*
o

i t



170

P7BV aiid PVX tn roughou t  th e  y e a r .  In c id e n c e  of  PVMV and 

GwV was n o t  found in  t h e  month o f  June and J u l y  resp^ec- 

t i v e l y . I n f e c t i o n  p r e s s u r e  was l e a s t  in TEV which occurred  

on ly  d u r in g  th e  iconths of  March, Octocer and DecemlDer.

f u r t h e r ,  to know t h e  r e l a t i o n  between d i f f e r e n t  aph id  

p o p u l a t i o n  arid i n f e c t i o n  p r e s s u r e  of d i f f e r e n t  v i r u s e s  dur ­

i n g  d i f f e r e n t  months oi' th e  y e a r ;  t o t a l  p o p u la t io n  of aph id  

s p e c i e s ,  aph id  v e c t o r s  of p l a n t  v i r u s e s  as  r e p o r t e d ,  aph id  

v e c t o r s  of c h i l l i  v i r u s e s  and the  im p o r t a n t  aphid v e c t o r s  

were grouped and p re s e n te d  in  th e  Table 29. C o r r e l a t i o n  co- 

e f f i j i e n t s  bt twe^n i n f e c t i o n  p re s s u re  o f  t o t a l  aiid i n d i v i d u a l  

v i r ’j ses was worked o u t  and the  d a t a  a re  p re s e n te d  in T ab le  3O,

By o b s e r v in g  tirie p o p u la t i o n  of  t o t a l  nuinber o f  ap h id s  

and aphid v e c t o r s  du r ing  d i f f e r e n t  n c n t h s  of  the  y e a r ,  i t  

IS found t h i t  the i n f e c t i o n  p re s s u re  of a l l  the  aphid t r a n s ­

m i t t e d  v i r u s e s  a t  d i f f e r e n t  months showed p o s i t i v e  c o r r e l a ­

t io n  w i t h  the t o t a l  p o p u la t i o n  o f  a p h id s ,  aphid  v e c t o r s  o f  

p l a n t  v i r u s e s ,  aphid v e c t o r s  r e p o r t e d  as  o f  Capsicum v i r u s e s ,  

Aphis c r a c c i y o r a , A.g o s s .v p i i , A.f a b a e , A.s p i r e c o l a  and t o t a l  

number of  Aphis s p p . , however,  i t  was n o t  s i g n i f i c a i t .  Simi­

l a r l y  i n f e c t i o n  p r e s s ’j r e  o f  IVbV at d i f f e r e n t  months a l s o  

showed p o s i t i v e  c o r r e l a t i o n .  I n f e c t i o n  pressure^,  of PVMV 

d u r in g  d i f f e r e n t  months showed p o s i t i v e  c o r r e l a t i o n  only 

w i th  the  p o p u la t i o n  of t o t a l  number o f  aphid  sp e c ie s^ a p h id



Q>
>

T J
•H

'S.
c8

’X3

la
X!
•H  ♦

a  43  
s  
o

<s
M  0) 
0) H  

O
Cm

•H
T3  o

(Q O
o  H

«  i 
00

S3
O  r - l
■H
+a

CO i40 
I—t C
r ;  H  
P< M  
O  D  

T3

cn
CM

0)

rH
, a
aJ

•
o «

•
iH P, p-
CC < P i
■P 0)
O  "in
Eh O

B 1
Ki Vi a>
0) O  <0 OS
Vi hi '— !

• -H o
1—1 O P o
CO a  «•
rO <
0)
®

s «H 0)
o O  CO

a .-s
M O  «M
O !2: V
-P <C|
o

«H W
O -H (0 •H
• 43 to •H

O  ^ p
S5 C «

1
v < •H
o '0 O

■H V as
• JS CO M
O P M o
a? O >

»] 1
M -H

O 'C O  ^
• -rt -M O  -1
o x: a r

a  P< <i) V t  r
CO > o

(0
tH  T3 M
o •H O
•JS -p
o A  o

JS5 CO tt>
>

(0

%
D
M

r H  t H  W
CO O  T3 

+ »  H
O  • S3
fri O Pn

s ;  as

<Q

5
co

r - (  O  

CO H !

K \  rH  
r H VO

r r \ ^ t - r - - ' ^ v o i r \ K N  
CVJ r^ 'i- IH tc\

.  .  IT \
fc\ ^  cvj

O c > - i H ( N O O O O O t ^ C y

CM ^  CO o  o  m o 03  rH
rH

m v o o o c n i r v c v c n c v j t o v o c o O
CM iH

o  c o f v i o o o c n t o v o a o o
rH  L A  r-«

ir\ u>

c o o o v i 3 i > - o o c ' J i r s - ^ O v o i r \ t ^
^ n O C \ J r - «

O O o O O O O O O O r H r H

JZ2 r H *
o  - H ®  ^  !  ’

3 Q 4 r t 3 : 3 g < B o o
S  S  -̂3 ^  c/5 o  ;;=5 p

O  Q  43
Q) OT 0>

FH

C V I t f N ' ^ t r \ y 3 l > 0 0 ( T > 0 CM

CM
c n
KN

o
VO

K ^
cn

o
iH
rH

CM
CO
CM

VO
t ^

VO
I—I
LTk

+>
o

e n

CM
t o

o
IT \

«
CM

ir\

u >
c -

c ^
rH

CTl

o
m

•
K >
CM

t o
l o

K >

KN
'4-

M
0)

.5

171

Q)

cd
t - i

M
+ j

a
o

- p
o
ctf



• H *H
X i x t

4-» -P
C C 
0) 0)
»H a  
<D 0)

5 - t tH  OJ 
Ph

•H -H 
"O XJ iH

CO
'M 'K  ^  
0  0 , 0

V
<U W 33 
Vi O
r . - H  3
w g  o  
w  c3
<U p  i - iu >»opftTJ T 

o
c  C CO 
o  o  cr»

•H - H r-t
- P  +>
O  CO 
0) -H O  

C5
C  p4  (0 
■H O Jfl

Ai4-» 
C  O  
0) X) O
0) a  a
S C3 

• P  CM 
to rH

r  a  
a  w
0 ) -H  »H

•H >  D  
y  r o  

- I  H 
'W.-l 03 
<Hr - l  M
0) -H O  
o  4-i 
O O c>

«»
a  TD !>
o  ® 
H +> a 

+ J + J  -H  
J 3

® ^  cf
^  s
M Qd ^  

••
o

0)
(H
,Q
CO

H

O Q

c3 r ;  
+3 M

•M
C
Q)
■H
O
•H

Cm
<U
O
o

c
o
•H

1o
I—I 
0) 
M 
M
o
o

s
o

r—t VO cn ir-
CM o

> o o o O
•

o
•

o
•

o
•

o

1 1 1 !

>

>

(U

t3
•H
Si
<

CO

o
CM

o

+

o

+

c - ^  
C\1

o

o

+

o

o

+

CO

o

+

o

+

8
o

4-

tA

CJ

o

+

KNr-i
o

o

* *
CVI KN VO
IfN VO VO
• • •

O O o

+ + +

VO
CM
o

o

I

m

<a 1+̂
'-0 o
•H 0)
S3 M VI
Of O o
at 4-> -p

O o
3> 0)

o > > (0
a»

M X t T3 U]
0> •H •H :3

a P « - H
n OJ Oj >
T>

H
o o r-(

t - l
• •H

o o o x:
trt o

I—1 CM

to
o
o

*
o

+

o

I

*■
*

00
VO

•
o

VO
o

o

+

o
m

o

+

c-

o

4-

o

&
«

o

I

tA

8
d

I

CM

C-
CVJ

•
O

+

o
VO
iH

•
o

+

c n
iH

o

+

CM
m
o

•
o

+

CJ> CM rH rH
in irv

• • • •
o o o o

+ + + +

C\J p-
<T>
O

ir\
o 8 o

o
• « • •

o o o o

1 1 + +

ir>
,-i lf\ VO ir\
1—1 CM CM r-4

• • • •
o o o o

1 + +

<T> I—i ta o CM o
rH 1—1 o rH CM CM

• • • • • • •
o o o o o o o

+ + + + + +

CO •
Vi A
O P i

> W
■H CB
o H w
o •H O •H
OS •H O JE3
Vi p CD 9
CJ CO ■=<

(Q CO Vi
m

•rH
03
Oj

•H
P o

JH tit 01
• • • •

>< <1 C l <1 o

o o o o rH

• • • • -p
o o o o o
i 3 2; cH

VO c~- 03

rH rH
0> Q)

t>
0> (U

rH rH

HJ
B a
0) o>
o o

Vi
CU 3)
P i P*

IT \ rH

+>
CO

•M
a

cO CO
o V

•H ■H
<v* tH
•H •H

§> § )
fH •H
OJ y>

* *

0>
■p
o
25

172



173

v e c t o r s  o f  p l a n t  v i r u s e s ,  A.f a b a e , A.s p i r e c o l a  and a l l  o f  

/ iphis spp. P o t a to  v irus-Y  showed p o s i t i v e  c o r r e l a t i o n

onl^ w ith  the  p o p u la t i o n  o f  A.s p i r a e c o l a  aid t o t a l  popula­

t i o n  o f  Aphis s p p .  j‘J3d CMV showed p o s i t i v e  c o r r e l a t i o n  only 

w i tn  th e  t o t a l  p o p u la t io n  of  a p h i d s ,  aphid  v e c t o r s  o f  p l a n t  

v i r u s e s ,  A.^ o s s y p i , A.s p i r a e o o l a  and of aphi  s ^ p .  I n f e c t ­

ion  p re s s u re  o f  TtV was p o s i t i v e l y  c o r r e l a t e d  w i th  th e  popu­

l a t i o n  of a l l  the  a i i i id s  and aph id  v e c t o r s  as  shown in the  

l a b l e  30, b u t  showed s i g n i f i c a n t  r e l a t i o n  on ly  w i th  the  popu­

l a t i o n  of aphid  v e c t o r s  o f  p l a n t  v i r u s e s ,  c h i l l i  v i r u s e s  and 

A .c r a c o i v o r a . Wo c o r r e l a t i o n  was found w ith  t h e  p o p u la t io n  

o f  Myzus p e r s i c a e  which occurred  i r r e g u l a r l y  on ly  from 23rd 

Septeinber to  7 t h  Merch. Only A.c r a c o i v o r a , A.g o s s y p i i  and 

A.f  abae were found to  be in  l a r g e  numbers th ro u g h o u t  the 

y e a r .  Howeyer, A.g o s s y p i i  an e a r l y  appear ing  aph id  v ec to r  

o c c u r re d  i n  t remendous numbers and showed marked co inc idence  

between i t s  p o p u l a t i o n  ana o c c u r r e n c e  of  v i r u s e s  in  th e  f i e l d ,  

i r e s e n t  s t u d i e s  showed t h a t  a l l  t h e  aphid t r a n a n i t t e d  v i r u s e s  

were reco rded  e a r l i e r  than the  appearance  of aph id  v e c to r s  

in  l a r g e  numbers.

C. Mature o f  sp read  o f  in  t h e  f i e l d

j i a r l i e r  exper im ents  showed t h a t  the most seve re  v i r u s  

of  Capsicum in  A a rn a t -k a  was . T here fo re  i t s  n a tu r e  of

spread  in t h e  f i e l d  was s tu d ied  i n  fou r  c rop  p e r i o d s  v i z . .
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March-May, June-A ugust ,  September-Kovem ber and Deoember- 

Fe'bru ary where from - l a n t i n g  to  end of t h e  experiment in  

each crop  per ioo  was 3 m onths .  The r e s u l t s  a r e  p re s e n te d  

in  the  T ab le s  51, A, B, C & D. I t  i s  c l e a r  from t h e ' f a b l e s ,  

t h a t  t h e r e  was g e n e r a l l y  1 t o  5 per  c e n t  d i s e a s e d  p l a n t s  

w i th  a  S in g le  i n f e o t o r  p l a n t  in  t h e  c e n t r e ,  a f t e r  24 to  

36 days o f  p l a n t i n g  of  th e  c h i l l i  in  each of  a l l  the  f o u r  

crops taken  in  one y e a r .  A fte r  37 to  42 da^^s o f  p l a n t i n g  

th e  sp read  of was 8 t o  21 per c e n t .  I t  was 38 .5  to

60.5  per  Cciit a f t e r  67-75 days of p l a n t i n g ,  and maximum 

spread was found in March t o  May crop (6 0 .5  per c e n t )  and 

l e a s t  was in  September to November crop  (3 8 .5  per c e n t ) .  

After  90 days o f  p l a n t i n g ,  t h e  spread  of IVMV was 60 to

7 0 .5  per c e n t .  Maximum sp re a d  ( 7 0 .5  per c e n t )  was found 

in  t h e  March to Ma  ̂ and June to  August c r o p s  as  compared 

to  o t h e r  p e r i o d s  (i ' ' ig .70>.

i  ) Rate of  spread o t  ITtlV

Katj  of  sp read  of  IWiV in  the  c h i l l i  crop tak&i in 

fo u r  periOQs during  1980-81 was c a l c u l a t e d  once i n  f i v e  

d ays  by u s in g  Van der P l a n k ' s  fo rm u la  as d i s c u s s e d  in 

M a te r i a l  and Methods. The r e s u l t s  a re  p r e s e n te d  i n  the  

Table  3 I  ( F i g .7 1 ) .

I t  can be seen  from t h e  T a b le  t h a t  g e n e r a l l y  t h e  

sp read  was more i n  t h e  beg inn ing  ( F i g . 7 0 ) .  From 24 to
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36 d ay s  a f t e r  p l a n t i n g  o f  c h i l l i ,  r a t e  of spread was 32 -36 .54  

pe r  c e n t  per day. From 37 to  42 days  a f t e r  p l a n t i n g  th e  r a t e  

o f  sp read  was 4 .O3 to 13*46 per cen t  per  day. I t  was on ly

2 .0 9  to  b .21 per c e n t  i n c r e a s e  in d i s e a s e d  p l a n t s  per  day 

froL, 67-73 days a f te r  p l a n t i n g  b u t  s t i l l  th e  r a t e  of sp read  

was h igh  i . e .  5.99 to 6 .21  in  June to  August and September 

to November c ro p s .  A f te r  90 days of p l a n t i n g ,  the  r a t e  of 

sp read  of  in  the  Gapsicuc: c rop taken  du r in g  March to

May, September to I'^ovem ber c*nd Loceinber to  Feb rua ry ,  came 

down to  1 .64 to  2 .2  pe r  c e n t  per day, b u t  i t  was s t a l l  h igh 

in June to  Augu -t c rop compared to in  o t h e r  p e r i o d s .

i i ; l a t t e r n  of s p r i c d  of I W V  i-n t h e  Gansicum f i e l d

To know the  n a t u r e  of  s p r e a d ,  a c t u a l  number of doub­

l e t s  or p a i r s  of d i sea sed  p l a n t s  were c a l c u l a t e d  once in  

f i v e  days .  And by u s ing  Van der  P l a n k ' s  fo rm u la  as d i s ­

cussed in  M a te r i a l  and Methods, expected nuinber o f  d o u b l e t s  

were c a l c u l a t e d  and a re  p r e s e n te d  in  t h e  Tabl,e 31*

R e s u l t s  show t h a t ,  in  the  b eg inn ing ,  i . e .  from 24-36 

days  a f t e r  p l a n t i n g ,  the a c t u a l  number o f  d o u b l e t s  were 

found to  be l e s s e r  than t h e  expected number of p a i r s .  That 

me^^ns, in t h e  spr '=ading s t a g e ,  I W V  behaved as i f  i t  sp read  

froffi o u t  s i d e  the  source  of inoculum. la im edia te ly  a f t e r  

n e x t  f i v e  days i t  provea t h a t  t h e  sp read  was found to  be
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i n t e r n a l  in  a l l  t h e  fo u r  c r o p s  p e r io d s  d u r i n g  1980-81. 

I h e r e a f t e r ,  a t  su b seq u en t  f i v e  day i n t e r v a l  up  io 90 days o f  

p l a n t i n g ,  counted d o u b l e t s  always showed s i g n i f i c a n t l y  more 

than the  expected number o f  p a i r s  i n d i c a t i n g  t h a t  t h e

sprtcid was w ith in  the crop ( F i g . 72 and 73 )•

i i i )  ijomaon aphid s p e c i e s  found in  Gap_^icum p l o t  
on the  farm

Prom each  c ro p  taken once in  th r e e  months du r ing  

1960-81, t o t a l l y  ten  a l a t e  a p h id s  a t  random were c o l l e c t e d  

and i d e n t i f i e d  to  know i f  t h e r e  were any aphid  s p e c i e s  

in t ro d u c e d  from o u t s id e  than th e  ones l i b e r a t e d  in the 

beg in n in g  of t h e  exper im ent .  The r e s u l t s  a re  p r e s e n te d  in th e  

Table 32. From th e  ^ a b l e ,  i t  i s  c l f ^ r  t h e t  t h e r e  were t o t a l l y  

e i g h t  d i f f e r e n t  s p e c i e s  p r e v a l e n t  on c h i l l i  crop on Hebbal 

fa rm . Aphid, Aphis c r a c c i v o r a  was found in maximum number 

in  a l l  the  f o u r  j r o p s  fo l low ed by A.g o s s y p i i  and Myzus 

p e r s i c a e . There was no A.fa b a e  d u r in g  June ,  J u ly  and 

August 1980. O the rs^  were .'..s p i r a e c o l a , H y s te ro n eu ra

s a t a r i a e ,  Rhopalosiphum r u f i a b d o m i n a l i s  were found only  
- j p

d u r in g  September,  October and November.

D. x^ffect o f  i n f e c t i o n  of PVMV on c h i l l i  
p l a n t s  o f  d i f f e r e n t  ages

I h i s  was s t ’jQied to know the  e f f e c t  of age of i n f e c ­

t i o n  o f  p l a n t s  on t h e i r  agronomic p a ra m e te r s  in  the f i e l d
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T h e re fo re  p l a n t s  of Byadgi c h i l l i ,  d u r in g  the course  of 

sp read  of PVÎ IV from a s in g le  i n f e c t o r  p l a n t  in the  c e n t r e  

o f  t h e  p l o t ,  were tagged whai they  s t a r t e d  showing i n i t i a l  

symptoms on 40- 4 5 , 7 0 -7 5  and 30 days  a f t e r  p l a n t i n g  and 

grouped in to  th re e  c l a s s e s .  F i n a l l y  90 days a f t e r  p l a n t ­

i n g  in  the  f i e l d ,  h e i g h t ,  g i r t h  o f  s tem , numter, green  and 

dry w eigh t  of l e a v e s ,  numter o f  t r a n c h e s ,  numter,  l e n g t h ,  

g reen  and dry w eight  of f r u i t s ,  l e n g t h ,  f r e s h  and d ry  

w e ig h ts  of  r o o t  were o t s e rv e d  and ana ly sed  s t a t i s t i c a l l y  

and th e  d a t a  a re  p r e s e n te d  in the T a t l e  5 3 .

The i n f e c t e d  p l a n t s  showed c o n s i d e r a b l e  r e d u c t io n  in  

most of t h e  growth p a ra m e te r s  ( F i g . 74 and 75)* But t h e  

p l a n t s  i n f e c t e d  a t  40-45  d ay s  showed maximum and s i g n i f i ­

c a n t  r e d u c t i o n  in  growth and y i e l d  c h a r a c t e r s  fo l low ed by 

those  of p l a n t s  i n f e c t e d  a t  70-75 days ( F i g . 7 6 ) .  L a te r  i n ­

f e c t i o n  d id  n o t  s igc ii f  i c a i  t l y  d ec rea se  th e  growth of  p l a n t s  

compared t o  h e a l th y  p l a n t s .

The i n t e r a c t i o n ,  between age of i n f e c t i o n  x crop 

p e r i o d  did n o t  show any s i g n i f i c a n t  e f f e c t  on growth of 

c h i l l i  crop.

h.  i^^ssessment of l o s s  in  y i e l d  of  Gajgsicum annuum c y r .
Byadglkaddi due to PVMV in  t h e  f i e l d

T his  experiment was conducted to  know how much l o s s  

would o c c u r  i f  PVI4V s p r e a d s  from a s i n g l e  i n f e c t o r  p l a n t  in
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•<4-10000 5 0 * ...................C V I C M C M iH C M  r H C M e O r H C M t O  CM

VO O  OIT\ ^  VD -sj-• • • •
^  VD fH

VO cn 
a  VO 

VO
o  »
rH ♦ O

VO r H ir v  rHCM
VD t o  C— (OVOI . . • ♦ . I ,
O  IH H  rHCU

00 CM t - 0 j : - CT» 1—t 0 •sj" VD 00 VO 00 VO CM
cr> 0 rH to 0 to a\ to 00 C- rH 0 "Xj- to

• • • • • • • • • • • • • • •
VO to 0 f- c- to 0 to to 0 to ̂  CM

rH rH rH rH

CO r\j O  
t o  (T> CM 00 

• • • • 
rH m  t o  o  
IT\ CM t-H

• *
VO *

CM

C~- CM l>- -^CM  
CM t o  t— CM ir v t ~• ♦

I
l o O  I

O O O O O O  O r H

rH VO CVJ CT» VO CM <T\ C M ^
CM lOcT> CVl lO O >  l O O

o  % • • • « • • ♦ • •
t o *  LT\ O  fO\ LT' O  r o  O r H

rH rH rH rH rHCM

■»4‘ cr> ro CM 
t o  CM rH

^  VO O  • • • •
to  CM <T> "Sf

cn cy> m 1—1 0  CM VO <T* 0 •<4- 00 0  0 0
'4" 0 rH CM 0  cr» t - 0 irv 00 t o  rH 00• • • • • • • • • • • • • • • •
to CM CM CM LO 10 CM to to CM CM CM ^0 CM rH rH

CO CM 0 0 0 0 0 0 VO VO VO 00
VO 00 0 o > ■M rH rH '4 - 00 to 00

« • • • • • • • • • • • •
CM ir\ 0 •s\ 00 CM VO to ̂ VO
to rH 1—1 CM to rH rH OJ to rH rH OM CM

4̂- CM 00 0 0 '4- CO 00 CO 0 vo 00 00 0• • • • • • « • ♦ • • • • • •
0 rH 0 IT\ rH 00 cr» CM o> VO oo LO CM CM 0>
ro CM r— CM rH i—t to rH 00 ro CM VO •<4- ir\

to CM VO to c - LO to to ■«4- to to

CM *

c n
rH

,-1 ♦ 
rH ^

in
t o

CM *

m
t o

o  *
CM ♦

CM
cr>

rHm *

c~ irv -s*-1>- iTv ^  ijf\ o
CD VO GO c ^ - *  c - ir \  I• • * • • •  ••
CM LO |>-CM LO C -  LTVrH

rH CM O  rH C M O  CM mO ^irvO'st'WO 
• * • ■ • •  S  • I I

O  H  r H O  r H r H  rH

rH C M CM r ^ ^ ^ C M C O C M
t o v o  o o t o ^ o o a v o

o  o  o  O  o  o • I I

■J3 CM vO CM VO t^lTVfOf-lOtO'/Jf-
CM L Of wC M  m c ^  CM

L O O  cy» • • ir\ 
t o  t ~

+> - P 4 »

§ § i 0
- I rH rH 000 • P4 A P« cr»

CO • rHa\ XJ "O X3
rH r-t r-H rH + »0 0 0 la
>J 3

0} OT m q£•«r< >s > »
!SS

0 'O T3 73
•p > » 0Si 0 to 1T\ 4J
J3 - p 'Tt f~ ■»4‘0 rH V
M as 1 1 Cta Q> 3̂

S3 •x; 0 0
C -̂ •<4-

• •
M at 0 •o M

M

rH CM to

■pI—IC3tt)

CSJ

•P
□

■p
Q

- p
c

9
1—1

ra
rH

3
rH

P< P4 A

TJ - o TJ
rH rH 1—1
0 0 0
n ra M

> » > »os .'iJT3 ’X3 'O
0 m
cr> c ^

6 c i
o -

0 ■a

VO 00

O

X>
§
&

a;
x>

•p
(Uy?

00

00C5>

>»
-P

0)

OJ

■p +> ■p
1—1

§ c

!—! 1—I rH
p . A P4 3

M
"O T3 rQ

rH 1—1 rH Q)
0 0 0
a OT to 0

>s >5 - p
CO 0) Of

T3 'O -o M
0)

0 t o  lf\
cn '4 - a

1 I U)
0 0 0
c -

0 T» •

00 CM CM 
^  GO C~ o  
• • • •

•«d- t o  -M CM

'O VO O  CM Ĉ- C- rH to 
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F i g .  N o . 7 4 .  O a p s io t t a  a n n u u a  o t«  B y a d g l  K a d d i  s y n p t o i u  

o n  p l a n t s  I n f e e t e d  w i t h  PVM T* 

f r o a  l e f t  t o  r i g h t .  a l l  a r t  o f  a x 9

1  m R o a l t h y
2  ■  I n f e o t t d  o n  9 0  d a y  a f t  o r  p l a n t i n g
3  ■  "  "  7 0 - 7 5  d a y  a f t a r  p l a n t i n g
4  •  "  "  4 0 - 4 5  "  »• "

F i g ,  H o . 7 5 .  0  a n n u t ta  o r ,  B y a d g l  K a d d l i  s t u n t i n g  o f  

x o o t a  o f  p l a n t s  I n f o o t a d  w i t h  P Y M 7 

? r o B  l a f t  t o  r i g h t ,  a l l  a r a  o f  s a a a  a g a

1  «  H e a l t b y
2  ■  I n f a o t a d  o n  9 0  d a y  a f t a r  p l a n t i n g
3  *  "  "  7 0 - 7 5  d a y  a f t a r  p l a n t i n g
4  •  "  •  4 0 - 4 5  "  "  •

F i g .  l o .  7 6 .  £ •  a n n u u a  o r ,  B y a d g l  K a d d l  t o t a l  n u a b a r  o f  

o h l l i i  f r u i t s  p a r  p l a n t  I n f a c t a d  w i t h  P V H Y  

F r p a  l e f t  t o  l i g h t ,  a l l  a r a  o f  s a a a  a g t

1  «  F r u i t s  f r o B  h e a l t h y  p l a n t
2  *  "  "  p l a n t  I n f e c t e d  o n  9 0  d a y  a f t e r

p l a n t i n g
3  «  F r u i t s  f r o a  p l a n t  i n f e c t e d  o n  7 0 - 7 5  d a y

a f t e r  p l a n t i n g
4  ■* F r u l t a  f r o a  p l a n t  i n f e c t e d  o n  4 0 - 4 5  d a y

a f t e r  p l a n t i n g





184

the c e n t r e  of the p l o t  o f  100 p l a n t s  emd develops  i n t o  an 

epidemic d u r in g  t h r e e  m onths '  crop p e r i o d .  The exper im ent  

was r e p e a t e d  fou r  t im es d u r in g  1980-81 on Hebbal farm w i th  

p roper  c o n t r o l s .  At th e  end of each p e r io d ,  y i e l d  of  g reen  

c h i l l i  per h e c t a r e  was worked o u t  and th e  r e s u l t s  a r e  

anali^seu and p re s e n te d  th e  T a t l e  34 ( l ’i g . 7 7 ) .  Average 

green j j i e ld  of  c h i l l i  per p l o t  w ith  one i n f e c t o r  p l a n t  o f  

P/w'/ hav ing  w i th  i n c id e n c e  by the  end o f  exper im ent  

gave 821.75 k g /h a ,  and was s i g n i f i c a i  t l y  l e s s a r  than the 

y ie ld  from t h e  p l o t  hav ing  no i n f e c t o r  p l a n t  w i th  17.3?S 

in c id e n c e  r e c o r d i n g  1237-87 k g /h a .  T h e r e f o r e ,  i t  accounted 

f o r  a l o s s  of  416.14 k g / h a  of  green c h i l l i  in  t h e  cvr . 

B yadg ikadd i .

J h i l l i  c rop  taken d u r in g  t h e  p e r io d  from DecoanlDer to 

February  s i g n i f i c a n t l y  gave lower y i e l d  than the  o th e r  t h r e e  

c ro p s .

14 ;  j:;tiolD^^.y o f  Murda malady of c h i l l i  in  K a r n a ta k a

Luring  the  survey of c h i l l i  mosaic  d i s e a s e s  in  f i v e  

e x t e n s iv e  c h i l l i  yrowing d i s t r i c t s  o f  K arna taka ,  t h i  s malady 

was d i sc u sa e a  w i th  t h e  fa rm ers  and ac q u a in te d  with the  

u i i f e r e n t  terminolOi^:^4different  symptoms of t h i s  d i s e a s e  in 

K a rn a ta k a .  Based on t h i s  background, young l e a v e s  of p l a n t s  

w i th  'i-iurda*, symptom were c a r e f u l l y  c o l l e c t e d  and brought
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to  the  l a b o r a t o r y .  A t o t a l  o f  two hundred f i f t y  t h r e e  

i s o l a t e s  showing m a lfo rm a t ion  of l e a v e s  and s tu n te d  growth 

of  p l a n t s  were c o l l e c t e d  from d i f f e r e n t  f i e l d s  of  f i v e  

d i s t r i c t s ,  Dharwad, Belgaurn, Shimoga, Mysore and Oulbarga .

a )  I d e n t i f i c a t i o n  o f  sap  t r a n s m i s s i b l e  p l a n t  v i r u s e s  
from the  c o l l e c t e d  i s o l a t e s

The t o t a l  o f  253 i s o l a t e s  showing ’murda' syndrome 

in  the  fa rm ers  f i e l d  were c o l l e c t e d  and numbered and sap 

i n o c u l a t e d  on ( J a l i fo rn ia  Wonder c h i l l i  p l a n t s .  Out o f  th e s e  

65 .13  per  cen t  i s o l a t e s  were s u c c e s s f u l l y  t r a n s m i t t e d  i n ­

d i c a t i n g  t h e  p resence  o f  sap  t r  ansa i s  s i  t l  e v i r u s e s  caus ing  

*hurda '  synorome in  the  f a rm e rs  f i e l d ,  and 34.87 per  cent 

i s o l a t e s  were n o t  t r a n s m i t t e d  i n d i c a t i n g  the  p resence  of 

non-sap  t r  ansmisti ib le  a g e n t s  in  the f i e l d .  Among th e  d i s ­

t r i c t s ,  Dharwad c o l l e c t i o n s  showed 72 .05  per  c e n t  t r a n s m i ­

s s io n  and l e a s t  p e rc e n t  afTt of  t r a n a n i s s i o n  of  57.89 p e r ­

c e n t  was o b ta in ed  w i th  th e  i s o l a t e s  from Gulbarga d i s t r i c t .

i u r t h e r  i d e n t i f i c a t i o n  of  i n d i v i d u a l  v i r u s e s  were 

made based on the  Key usea  f o r  the mosaic c a u s in g  v i r u s e s  

in  the p r e s e n t  s t u d i e s .  The r e s u l t s  a r e  p r e s e n te d  in  the  

Table i 'u r th e r  c o n f i r m a t i o n s  o f  t h e s e  v i r u s e s  were made

by s tu d y in g  th e  p h y s ic a l  p r o p e r t i e s ,  i n s e c t  t r a n s m is s io n ,  

s e ro lo g y  and electronmxcroacop;/  o f  the  r e p r e s e n t a t i v e  groups 

of t h e  v i r u s e s .  Table shows t h a t  o u t  of  253 i s o l a t e s
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51*07 pe r  c e n t  i s o l a t e s  belonged  to  GM7, 10.41 per cen t  t o  

P'/Y and 23*65 per c e n t  t o  P7MV. Out o f  68 i s o l a t e s  c o l l e o -  

ted  from Dharwad d i s t r i c t ,  35 .83 per c e n t  i s o l a t e s  belonged 

to  P7MV, 25 per cent  to  CMV aid 15.24 p e r  c e n t  to PVY. 

T h e re fo re  in  Dharwad d i s t r i c t  maximum i s o l a t e s  showing 

•Murda' syndrome were due t o  PVMV fo l low ed  by CMV and PVY 

which were sap t r a n s m i s s i b l e  v i r u s e s .  Maximum i s o l a t e s  

from Belgaum, Shimoga and Gulbarga showed CMV fo l low ed by 

P(/MV and PVY. Maximum i s o l a t e s  from Mysore i . e .  57.84 p e r ­

c e n t  i s o l a t e s ,  belonged t o  CM7 fo l lowed by PVY and PVMV.

Symptoms o f  each of  t h e s e  v i r u s e s  on C a l i f o r n i a  Wonder 

and Byadgikaddi has  a l read y  been d e sc r ib e d  in  d e t a i l  under 

Capsicum v i r u s e s .  A b r i e f  d e s c r i p t i o n  of  symptoms of each 

v i r u s  on C a l i f o r n i a  Wonder and Byadgikaddi i s  p r e s e n te d  in 

t h e  Table 36 ( F i g s . 7 « ,  79 aid 8 0 ) .

Out o f  253 i s o l a t e s  c o l l e c t e d  from the f i e l d  54 .87  p e r ­

c e n t  i s o l a t e s  were n o t  t r a n s m i t t e d  to  C a l i f o r n i a  Woilder 

s e e d l i n g s .  This  showed t h a t  t h e r e  m ig h t  be o th e r  f a c t o r s  

l i k e  t h r i p s *  m i t e s ^ e t c  . ,  which are  r e p o r t e d  to  be th e  causes  

or due to o th e r  unknown f a c t o r s  in  t h e  f i e l d .  So each 

f a c t o r  was t e s t e d  f o r  t h e  p ro d u c t io n  o f  Murda syndrome.

b ) E f fe c t  of S c i r t o th r ip s d o r s a l i s

Both a d u l t s  and nymphs o f  3 . d o r s a l i s  were found in
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190

s h e l t e r e d  b o a t  shaped cu r led  l e a v e s  and l e a f  b u d s .  Young 

ones  were found m o s t ly  on te n d e r  l e a v e s .  Most s e v e r e  

damage was observed  on tende r  s t e m s ,  buds and young l e a s e s .

The c h a r a c t e r i s t i c s  c u r l i n g  o f  l e a v e s  was seen e i g h t  days 

a f t e r  i n f e s t a t i o n  w i t h  t h r i p s  on Byadgikaddi  ( F i g . 8 1 ) .

D o r s a l  c u r l i n g ,  th e  most im p o r ta n t  symptom p i^duced  by 

t h r i p s ,  appeared  on 1 6 t h  day of  i n f e s t a t i o n  on p l a n t s .  The 

o t h e r  c h a r a c t e r s  obse rved  were i n t e r v ^ a l  w r i n k l i n g  and 

p u c k e r in g  o f  l e a v e s .  A f te r  20 days ,  a lm ost  a l l  young le a v e s  

showed p e c u l i a r  c u r l i n g .  T h r ip s  a l s o  feed  on f l o w e r s  and buds,  

v h i c h  dropped o f f .  I n o c u l a t i o n  w i th  sap from such l e a v e s  

i n f e s t e d  w ith  t h r i p s  to  C a l i f o r n i a  Wonder p l a n t s  f a i l e d  to 

p roduce  the symptoms (Table 3 6 ) .

c ) L f f e c t  o f  m i t e s , Folypha^otarsonemus l a t u s

Young m ite  i n f e s t e d  p l a n t s  were obse rved  by k eep in g  

them s e p a r a t e l y  in sm a l l  p l a s t i c  i  c ages  ( F i g . 8 )  and d a i l y  

r e c o r d s  were made.

Yellow c h l o r o t i c  g r a i n s  on th e  young l e a v e s  were the  

f i r s t  symptoms produced by m i t e s .  They caused  downward cur ­

l i n g  o f  th e  l am ina  to t h e  v e n t r a l  s id e  on 15 th  day ( F i g . 82) 

o f  i n f e s t a t i o n .  Such c u r l e d  l e a v e s  were t h i c k e r  and b r i t t l e .  

L a te r  th e s e  became brown in  c o lo u r  and e x h i b i t e d  b u r n t  

appearance .  Such cu r le d  l e a v e s  showed more e lo n g a te d  p e t i o ­

l e s  than the  h e a l th y  l e a v e s .  P l a n t s  were s t u n t e d .  A fter



F i g .  H o ,  8 1 ,  C a o e iw M i m m m m  o v «  B j a d g i  K a d d l  p l a n t  
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15th  day o f  i n f e s t a t i o n  t h e s e  c u r l e d  l e a v e s  s t a r t e d  dry­

in g .  Sap from such le a v e s  on i n o c u l a t i o n  to  h e a l t h y  

C a l i f o r n i a  Wonder and jbyadgikaddi p l a n t s  d id  n o t  show any 

d i s e a s e  symptoms.

Such i n f e s t e d  p l a n t s  by m i te s  and t h r i p s  vhen 

sp ray ed  w i th  0.2% K e l th an e  and Rogar, showed s i g n i f i c a n t  

r e c o v e r y  and proauced h e a l th y  l e a v e s  a f t e r  15 days .

T h e r e f o r e ,  the p r e s e n t  a n a l y s i s  o f  e t i o l o g i c a l  a g e n t s  

of  ’Murda’ r e v e a l e d  t h a t  t h e r e  were t h r e e  v i r u s e s  invo lved  

in  the  fa rm e rs  f i e l d  t o  c a n s e  ’Murda' syndrome, aid t h e  p r e ­

sen t  a r t i f i c i a l  i n f e s t a t i o n  o f  m i te s  and-|farips a l so  proved 

the syndrome found i n  th e  f a r m e r s ’ f i e l d .  A comprehensive 

d e s c r i p t i o n s  of  symptoms toy each agent  on C a l i f o r n i a  Wonder 

and -tJyadgikaddi a re  p r e s e n te d  in  th e  T a b le  5 6 . ’Murda’ 

syndrome was found to  be due t o  i n d i v i d u a l l y  o r  t o g e th e r  

of p n ,  I7M\r and CMV, m i t e s  and t h r i p s .  E s p e c i a l l y  the  

p l a n t s  i n f e s t e d  a t  40-45 days by each of  th e  v i r u s  showed 

•Murda’ syndrome.

1 5 > P reserva t ion  and sto ra g e  o f  Capsicum v ir u s e s

The inoculum for a l l  v i r u s e s  was a v a i la b le  by Janu­

ary lysO. Deepfreezed or ly o p h i l i z e d  ampoules were prepared 

fo r  a l l  the v iru ses  in  February 1980. Per cent r e te n t io n  of
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i n f e o t i v i t y ,  t e s t e d  on young s e e d l i n g s  o f  C a l i f o r n i a  Wonder 

was made, in  the  Iseginning,  once in  13 d a y s .  The r e s u l t s  of  

r e t e n t i o n  o f  i n f e o t i v i t y  a t  d i f f e r e n t  i n t e r v a l s  by each 

v i r u s  up to  450  days a r e  p r e s e n te d  in  th e  Table 37.

I t  i s  c l e a r  from the  t a b l e  t h a t  t h e  i n f e o t i v i t y  of 

JrVY, PTBV and PViyl/, was r e t a i n e d  up to  130 days when f r e s h  

l e a v e s  were s t o r e d  a t  -20°G. I n f e o t i v i t y  o f  TEV and CMV 

was r e t a in e d  u p to  120 days,  TRJVto 60 and TSWV to  45 days 

of  s t o r a g e .  Here when f r e s h  l e a v e s  were s t o r e d  a t  -20°C 

TSW\r com ple te ly  l o s t  i t s  i n f e o t i v i t y  a f t e r  45 d a y s .

When s tan d a rd  l e a f  e x t r a c t  o f  each v i r u s  in  b u f f e r ,  

s t o r e d  d i r e c t l y  a t  -20°C ,  most of the  v i r u s e s  l o s t  t h e i r  

i n f e o t i v i t y  e a r l i e r  th an  the  le a v e s  a t  -20°C- PVBV and 

PVMV r e t a i n e d  t h e i r  i n f e o t i v i t y  upto  120 days,  PVY t o  60, 

TEV to  45, CMV to 45, TRSV to  3O and TSWV to 3O d a y s .  CMV, 

THSV and TSWV l o s t  t h ^ i r  macimum i n f e o t i v i t y  in  3 O days 

of  s t o r a g e  in  b u f f e r e d  l e a f  e x t r a c t  w hereas  PVBV, TEV and 

TMV l o s t  t h e i r  maximum i n f e o t i v i t y  i n  45 days o f  s t o r a g e .

V iruses  s t o r e d  in  l y o p h i l i z e d  c o n d i t io n  a t  -20®C 

r e t a i n e d  t h e i r  i n f e o t i v i t y  f o r  lo n g e r  time than the  above 

two methods. PVBV, PVi4V and TLV r e t a i n e d  t h e i r  i n f e o t i v i t y  

u p to  300  days,  and PVBV and PVMV v i r u s e s  l o s t  t h e i r  maximum 

i n f e o t i v i t y  a f t e r  180 days  o f  s to ra g e  whereas TEV showed



Table 57s p e rc e n ta g e  r e t e n t i o n  of i n f e c t i v i t y  o f  d i f f e r e n t  
Car s i  cum v i r u s e s  by d i f f e r e n t  methods of s t o r a g e
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S I .  Virus 
No.

Method Hays of s t o r a g e
01 pr e -  
s e r v a t -  

ion 15 30 45 60 120 ISO 300 450

1 FVY A 70 80 50 40 20 10 00 00
B 50 30 20 20 00 00 00 00
C 40 60 50 20 20 20 00 00
D 80 50 30 70 40 40 20 30

2 PVE\T A 100 80 70 50 20 20 00 00
B 70 30 30 20 10 00 00 00
C 50 40 50 20 20 30 10 00
D 100 90 80 30 60 60 50 50

5 P W A 90 60 60 50 60 20 00 00
B 70 30 30 50 20 00 00 00
C 70 60 40 40 50 30 10 GO
D 60 50 90 CO 50 60 50 40

4 TE\T A 100 100 50 20 20 00 00 00
B 60 50 50 00 00 00 00 00
V • 70 80 30 00 30 40 50 00
D 80 80 70 30 80 50 20 40

5 TMV A 100 100 90 80 30 50 80 60
B 100 90 60 00 20 00 00 00
0 • 70 50 50 00 50 20 30 30
D 100 80 50 40 50 50 60 60

6 CH/ A 100 50 00 40 20 00 00 00
B 60 30 00 00 00 00 00 00
G 70 80 50 50 00 30 00 40
D 80 90 60 60 50 70 60 40

7 TRS7 A 80 70 30 10 00 00 00 00
B 60 70 00 00 00 00 00 00

50 40 00 40 30 20 00 00
D 70 70 80 60 50 50 40 00

8 TSWV A 30 40 20 00 00 00 00 00
B 00 20 00 00 00 00 00 00
'-I 00 30 30 00 20 00 00 00
D 40 50 00 00 30 10 00 00

n o te  s A = Leaf m a t e r i a l  s t o r e d a t  - 20® C
B * l e a f  e x t r a c t  in  b u f f e r  s t o r e d  a t  -20°C 
C = L io p h i l i z e d  l e a f  e x t r a c t  in  b u f f e r  s to r e d  a t  4®C 
D = Leaf b i t s  d r i e d  arid s to r e d  over CaClg a t  4®C
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i t s  maximum i n f e c t i v i t y ,  even a f t e r  5OO days of  s t o r a g e .

PVY and TRSV v i r u s e s  r e t a i n e d  t h e i r  i n f e o t i v i t y  on ly  up-  

to  180 d a y s .  By t h i s  m ethod,  TSWV r e t a i n e d  i t s  i n f e c t i ­

v i t y  u p to  120 days which o th e rw ise  l o s t  on 30 th  day of  

s to r a g e  by the  above method (F ig .9A ) .

When th e  l e a f  b i t s  of  i n f e c t e d  C a l i f o r n i a  Wonder 

p i u n t s  were d eh y d ra ted  over GaGl^ stored  in  g e l a t i n

c a p s u l e s  over CaCl^f most of t h e  v i r u s e s  remained a c t i v e  

f o r  longer  p e r io d  and showed more i n f e c t i v i t y  than . ’>any 

o f  th e  above m ethods .  V iru ses  v i z . ,  PVY, PVBV, TEV

and CMV retc iined t h e i r  icaximuin i n f e c t i v i t y  even a f t e r  450 

days  and TRSV and TSWV upto 3 OO and 180 days r e s p e c t i v e l y .

t r e s e n t  r e s u l t s  show t h a t  TSWV which l o s t  i t s  i n ­

f e c t i v i t y  in  a very  s h o r t  p e r io d  could be r e t a i n e d  i t s  i n ­

f e o t i v i t y  upto 180 days  by d eh y d ra t io n  of  t i s s u e  a id  

s to r a g e  over CaClg in  g e l a t i n  c a p s u l e s .  I t s  maximum i n ­

f e c t i o n  was r e t a i n e d  even upto  120 days  o f  s t o r a g e .  There ­

f o r e ,  among th e se  fo u r  methods of s t o r a g e  of  c h i l l i  v i r u s e s ,  

t i s s u e  d eh y d ra t io n  and s to r a g e  in  g e l a t i n  c ap su le s  over 

CaGl^ a t  4“ C vas  found to  be s u p e r io r  over  o th e r  methods 

t r i e d  h e re  ( F i g . 9 B).
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D IS C U S S IO N

b u r v y

The survey coaducteGi In connserjial c h i l l i  growing 

areas  v i z . t  Dharvadt Belgaum* Shiiaogai Mysore and Onlbarga 

d i s t r i c t s ,  which inc luded  122 f i e l d s  i n  28 T i l la g e s  o f  

Karnataka revealed  widespread occurrence of mosaic d ise a ­

s e s  on Japsicua Crop. A ainimuia in c id e n c e  of o o sa ic  

d is e a s e  o f  11.8 per cen t  was recorded in Dharwad d i s t r i c t  

and a maximuoi o f  3^ per c:entin(3ulbarga d i s t r i c t  compared to 

other a r e a s .  An average inc idence  o f  c h i l l i  mcsuic during  

1979 was 53»0 per cent in Karnataka. Further d i s e a s e  i n c i ­

dence var ied  froa  ta lu k  to taluk in  d i f f e r e n t  d i s t r i c t s .  

This d i f f e r e n c e  may be a t tr ib u ted  to d i f f e r e n t  c l im a t ic  

f a c t o r s ,  d i f f e r e n t  c u l t i v a r s  or c u l t i v a t i o n  p r a c t ic e s  or a 

combination of both . I t  may a l s o  be due to v a r ia t io n  in  

plant p ro tec t io n  p r a c t i c e s  followed the farmers. Some 

did not fo l lo w  p lan t  p ro tec t io n  p r a c t i c e s  ixom the beginn­

in g .  Therefore, n a tu r a l  inc idence  o f  c h i l l i  mosaic would 

have var ied  from f i e l d  to  f i e l d  in  the surveyed area.

A comparative study of d isea se  in c id en ce  was a lso  

made both in  ra in fed  and i r r ig a t e d  f i e l d s  in Karnataka. I t  

varied  from 1 1 .8  to 94 .8  and 34*0 to 8 0 .8  per cen t  i n  r a in -  

feo  and i r r ig a t e d  f i e l d s  r e s p e c t i v e l y .  The average i n c i ­

dence i n  rainfed f i e l d s  was §0.13 per cent whi îh was lower

CHAPTER ?
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than  t h a t  in  i r r i g a t e d  f i e l d s  i . e .  58.35 per  c e n t .  T h is  may 

be due t o  i n c re a s e d  sp read  of  v i r u s e s  due to  m echanica l  

h a n d l in g  o f  p l a n t s  d u r i n g  i r r i g a t i o n ,  a p p l i c a t i o n  o f  manures 

and d i f f e r e n t  i n t e r  c u l t u r a l  p r a c t i c e s ,  which a re  fo l lo w ed  

more i n t e n s i v e l y  i n  i r r i g a t e d  crops than  in  r a i n f e d  c r o p s .

In c id e n c e  o f  mosaic d i s e a s e  again v a r i e d  in  d i f f e r e n t  

c u l t i v a r s  i n  K arna taka .  I t  was found t h a t  c u l t i v a r s ,  K o l l e -  

g a l  l o c a l ,  Nyamati,  Konkani,  G h an n ag ir i ,  Byadgikaddif  Jw a la ,  

K a s ig a i ,  Samba ana Deyanoor showed an ave rage  in c id e n c e  of

25.9 to  40 per cen t  which i s  l e s s  than in o t h e r  c u l t i v a r s .  

Guntur v a r i e t y  was found to  be h ig h ly  s u s c e p t i b l e  showing 

72 .1  per  c e n t  in c id e n c e  fo l lo w ed  by Dabbi O f f i c e ,  Lodamugali,  

Umbragalli  anu o t h e r s .  T h e r e f o r e ,  the f i e l d  performance o f  

Devanoor, K a s ig a i ,  i j^amati and Byadgikaddi was cont inued  to  

be good w hereas  C hincho l i  c u l t i v a r  in  G ulbarga  showed 64.36 

per cen t  i n c i d e n c e .  This d i f f e r e n c e  m igh t  be due to d i f f e ­

re n c e s  i n  f i e l d  r e s i s t a n c e  o f  the  c u l t i v a r s  o r  crop manage­

ment p r a c t i c e d  by the  fa rm e rs  and a l s o  l o c a t i o n  of  the  f i e l d .

F ie ld  symptoiiis o f  c h i l l i  m osaic  in d i f f e r e n t  c u l t i ­

v a r s  v a r i e d  from m i ld  to severe m o t t l i n g ,  ve in  c l e a r i n g ,  

g re e n  vein bend ing ,  s m a l l in g  and shoe s t r i n g  or r a t  t a i l i n g ,  

and s l i ^ t  to  medium cupping of  l e a v e s ,  and s l i ^ t  to  severe  

s t u n t i n g  of p l a n t s .  The l e a f  sam ples  o f  d i s e a se d  p l a n t s  

c o l l e c t e d  from th e  f i e l d s ,  when i n o c u l a t e d  to  the s e e d l in g s
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of C a l i f o r n i a  Wonder and Byadgikaddi showed a marked d i f f e ­

r e n c e s  in  the symptoms from th o se  observed  in  t h e  f i e l d .

Thi s m i ^ t  be due to  d i f f e r e n c e s  in  the  age o f  p l a n t s  

when i n f e c t e d  in  the  f i e l d  or due to  i n f e c t i o n  by d i f f e ­

r e n t  v i r u s e s ,  e i t h e r  s i n g l y  or  in  com bina t ion .  S im i la r  

o b s e r v a t i o n s  were made by P rasada  Rao (1976) .and Pandu- 

rangecgowda (1 9 7 9 ) .  I t  may a l so  be due to  d i f f e r e n c e s  in 

c u l t i v a r s  or c l i m a t i c  f a c t o r s  p r e v a i l e d  in  th e  f i e l d s .  

T h e re fo r e ,  i t  i  s d i f f i c u l t  to i d e n t i f y  v i r u s e s  of c h i l l i  on 

the  b a s i s  of symptoms a lone  under f i e l d  c o n d i t i o n s .
}

C o l l e c t i o n  and e s t a b l i s h m e n t  of v i r u s  i s o l a t e s

Out of  1300 i s o l a t e s  c o l l e c t e d ,  8 0 .4 6  per c e n t  o f  

i s o l a t e s  were s u c c e s s f u l l y  t r a n s m i t t e d  and produced m osaic  

symptoms on C . annuum c v s . ,  C a l i f o r n i a  Wonder and Byadgi­

k a d d i ,  i n d i c a t i n g  the sap t r a n s m i s s i b l e  n a t u r e  o f  the p a th o ­

gen ic  a g e n t s .  The maximum t ra n s m is s io n  o f  91.00 per cen t  

was o b t a in e d  with  the i s o l a t e s  c o l l e c t e d  from Dharwad d i s ­

t r i c t  a id  l e a s t  o f  61 .10  per cen t  was w i th  t h e  i s o l a t e s  

from C u lb a rg a .  The rea so n  for  n o n - t r  an sm iss ion  of some of 

the i s o l a t e s  might be due to  p re snence  of  f a c t o r s  such as 

n on-sap  i n o c u l d s l e  l e a f  c u r l  v i ru s  or due to  damages by 

t h r i p s  and mites ( J o h n p u l l e ,  1939),  a s s o c i a t e d  w ith  t h e  

s y n d r o w ) ^ .
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Oroaita*, »nn i<l«BUilc»UoB of chtlU tlr»» i ta l tU t

I n i t i a l  ^o u }^ la^  o f  th«  i a o l a t « «  aitid« fe&sed on 

1̂ 41 s;^-»ptosti m  th «  ii««41ing8 o f  C f t l l fo ro ia  wcmd«r * Tb« 

v i r u *  iuoiviU$» %r«r« Gat«gorlft«<l i » t o  n io e  i^otfpa bM «4 on 

fiittilariW «i)y2s;vtaa«* Tbt syttptoess d«v*lop«dl io m 

y t i Q ^  01  oQ% ffio»th tkttttf iQ O ctt la t lo a  were co n e id « r« d  fo r  

t h i a  i m i o & i *  x a i t i i 4  g r o u p i c g s  & l« »  s a d *

i t U ! ^ 7 6 )  « n d  1 « m (3 u ra n g *c 0 < » fd «  (1979 } •

l u r t h « r »  c h i l l i  v i r * } » e s  Q O «jld  n o t  % t i d « n t i f i « d  b fts « < i 

On o o l ^  » y a p to @ »  I n  t h «  f l « l 4  m  i n  t h «  f l M i ^ G t i M  o n  •  

• i n g U  c u l t i v i ^ .  I h « r « f o r « t  i o i t l t t l l ^ »  o b i l l l  i l r t i o « «  w t r o  

i d « G t i f i « 4  t iy  p f t o s io g  a l l  H a t  f o p r « s « n t « t i < r «  i « o U t « »  o f  

t h «  ^ 0 ' i |0  t h r o u i ^  t b «  o « l « c t t d  d i f f « r « o t l a l  h o o t s  r « p o r t « 4  

b y  l r « a « d a f i i i i o  11976^, ? i l l « l « f }  U975>» ^ t t « r  (1972) .

and I i r o n *  ilt lS3 i»  ^ e o r 4 i o g l ^  n in o  fro«jpo 

%#«re i 6 « n t i f i « d  koa  numbtrod a« Oj ,̂ G y  0^, 0^ , 0^ , 0 ^ ,  

Gq  « o d  c o a p io *  g r o u p  o ^ .

£urib«rt c o n f ir a e t io a  of th«t«  v iv m ^ m  wfto do»« bao«d 

OQ ta% 4ett^il«d otudiits  oq bout r«tag#» tronaBlooloo i^bjroienl 

pxopwt^fiSf e l ^ i r o Q  aicroacop^ M toX^gg  v i t h  the r«* 

pros#i3 ta t iv «  i f i o l a t t  fxo!^ «ttch group*
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xh is  v i r u s  was r e a d i l y  t r a n s m i t t e d  by sap inocu-  

la t io r j  a id  aL ao by aphid  v e c t o r s ,  A.g o s s y p i i t A .c r a c c iv o ra ,  

M.p e r s i c a e  and H .s e t a r i a e  and no t  by R .m a ld i s  which r e ­

sembled PVY r e p o r t e d  by Mariappan ^  (1973) excep t  -/U

H - s e t a r i a e  v h ic h  i s  an a d d i t i o n a l  v e c to r  n o t  t r i e d  by 

e a r l i e r  w o rk e rs .  However, J e y a r a j a n  and Hamakrishnan (1969) 

r e p o r te d  A.g o s s y p i i  as  the  s o l e  v ec to r  o f  PVT on c h i l l i .

I M s  v i r u s ,  on young l e a v e s  of  C a l i f o r n i a  Wonder produced 

ve in  c l e a r i n g  fo l lowed by an i r r e g u l a r  and d i s c o n t in u o u s  

ve in  band ing  w ith  s l i g h t  cupp ing  o f  l e a v e s .  C r in k l in g  

and r a t  t a i l i n g  of le a v e s  was a l s o  seen in  some l e a v e s .

Ihe  symptoms, a re  s i m i l a r  t o  those  r e p o r t e d  157 e a r l i e r  

workers p roduced by on c h i l l i  (P ra sad a  Rao, 1976; 

Pandurange Gowda, 1979; and N agara ju ,  1977 ).

I t  i n f e c t e d  p l a n t  s p e c i e s  b e lo n g in g  to t h e  f a m i l i e s ,  

/ jnaran thaceae ,  Chenopodiaceae and S o la n a c e a e .  I t  produced 

n e c r o t i c  l o c a l  l e s i o n s  on i n o c u l a t e d  l e a v e s  of Chenopodium 

am aran t ico lenr, C.g u in e a  aid G.album and developed systemic 

symptoms on D a tu ra  m e t e l , P h y s a l i s  f l o r i d s n a , P . peruvianumt 

P e tu n ia  h y b r id  at Solanum n ig ru m , S. tuberosum , H ic o t ia n  a 

tabacum, c v s . 'W h i t e  b u r l e y '  and 'X a n t h i ' ,  N .r u s t i c a « 

. g l u t i n o s a , C .microcarpum, G . pendulum and G . f r u t a s o e n c e .

I t  produced s t a r  shaped b l a c k  n e c r o t i c  l e s i o n s  on de tached  

l e a v e s  o f  Solaium demissum ”A 6" p o t a t o .

Group 1
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This v i r u s  g roup  had a DEt between 1;1000 and 1:5000, 

TIP between 55-60“C m d  LIV of 24 h o u r s  a t  21-26®C. The DEP 

r e p o r t e d  by Mariappan e t  a l .  (1973) fo r  P7Y was 1:1000 to  

1 ;2000 arid Til  o f  t h e  same v i r u s  was 55°C.

The symptoms produced by t h i s  v i r u s  on Capsicmi annuua 

r e s e m d e d  those  produced by PVY on Capsicum re p o r te d  by 

David and Stormer (1941^ and Mariappan e t  a j . .  (1973) b u t  

s l i g h t l y  d i f f e r e d  from th e  s t r a i n s  of PVY on c h i l l i  r e p o r t e d  

b^ Raria eJL (1971/ and Ragozzino e t  (1 9 7 2 ) .  I t  a lso  

resembled P?Y re p o r te d  by Sakimura (1953 )» J a y a r a j a n  and 

Ramakrishnan (1969) arid L o ck h a r t  and F i s c h e r  (1974) in  i t s  

h o s t  range  and p h y s i c a l  p r o p e r t i e s .  The e l e c t r o n  m icroscopy 

o f  thfc p u r i f i e d  p r e p a r a t i o n  r e v e a l e d  t h a t  i t  c o n s i s t e d  of 

f l e x u o u s  ro d s  m easuring  681 x 12 .5  nm. T h is  i s  in conf i rm a­

t i o n  w i th  t h a t  o f  r e p o r t e d  by e a r l i e r  workers  (L a ird  

s i  SJ:*» 1^64; r u r c i f u l l  e t  » 1970; Nelson and V/heeler» 

1972; and P ra s a d  Rao, 1976),  a s  694 my« to  730 x 13 myu .

The s l i g h t  v a r i a t i o n  in  p r e s e n t  p a r t i c l e  morphology from 

t h e  above r e p o r t s  may be due t o  t h e  d i f f e r e n c e s  in  the  

methods of p u r i f i c a t i o n  followeci or may be due to  s t r a i n a l  

v a r i a t i o n .  This  v i r u s  p o s i t i v e l y  r e a c t e d  w i t h  t h e  s t a id a r d  

P n  an t ise rum  i n d i c a t i n g  i t s  r e l a t i o n s h i p  w i th  P^fY. There­

f o r e ,  from th e  above s t u d i e s ,  t h i s  v i r u s  has  been i d e n t i ­

f i e d  a s  a  s t r a i n  of PVY.
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Group 2

This v i r u s  was r e a d i l y  sap i n o c u l a b l e  and t r a n  ani-  

t t e d  by aphid v e c t o r s ,  M.p e r s i c a e , A.g o a s y p i i  and A.c r a c o i -  

y o ra  and no t  by R»m a id i s  and H .s e t a r i a e . On bath t h e  c u l t i -  

v a r s  of G .anntaum, i t  produced f a i n t  v e in  c l e a r i n g  symptons 

twelve  days a f t e r  i n o o u l a t i o n  fo l low ed  by a t y p i c a l  ve in  

band ing  symptoms, l a t e r  w i th  v a r i o u s  ty p e s  of  mosaic m o t t l ­

i n g  o f t e n  r e s u l t i n g  in  r a t  t a i l i n g .  T h is  v i r u s  had a ve ry  

r e s t r i c t e d  h o s t  r ange  l im i t e d  to f a m i l y  so lanaceae  o n l y .  I t  

produced systemic symptoms on D.m e t e l , I- . f  l o r i d a n a , I  . p e ru -  

y i  anum, S .nigrum, N . tabacum cy. 'W hite  b u r l e y ’ , P»h y b r i d a , 

O.m i c r o c a r p t o , G.pendulum and C .f r u t e s o e n c e . I t  had a DEP 

between 1 :5 ,000  to  1 :1 0 ,0 0 0 ,  TIP between 55-60®G and 11? of 

24 h o u rs  a t  21-26°C, w h i l e  PVB\T r e p o r t e d  by F rasada  Rao (1976) 

had DJ2P of e i g h t  hours  a t  21-28®G. The e l e c t r o n  m icroscopy  

of the  p u r i f i e d  p r e p a r a t i o n  of t h i s  v i r u s  shoved t h e  p re se n o e  

of f l e x u o u s  rod shaped p a r t i c l e s  m easur ing  677 x 13 nm. The 

PVBV c a u s in g  ve in  b and ing  symptoms on Capsicum sp .  s i m i l a r  

to  th o s e  o f  the v i r u s  group under s tu d y  has been r e p o r t e d  by 

Dale ( i y 5 4 ) ,  Simmonds and H arr ison  (1960) ,  L opezcarde t  and 

i i lanco (1972).  though the  v i r u s  under s tudy  resem bled  in  

i t s  symptomatology, t r a n s m i s s i b i l i t y  th ro t j j^  the  v e c t o r s  and 

h o s t  r a n g e ,  t h e  s t r a i n s  of PVBV r e p o r t e d  by Simons (1956) ,  

Bhargava  and J o s h i  (1961) ,  Jo s h i  and Bhargava (1962) ,  P ra sad a  

Rao (1976) ,  N agara ju  ^1977) and Pandurange Gowda (1979 ) ,  bu t
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i t  d i f f e r e d  s l i g h t l y  from them in  i t s  p h y s ic a l  p r o p e r t i e s  

and a l s o  n o t  i n f e c t i n g  N.g l u t i n o s a .

E le c t ro n  m icroscopy s t u d i e s  of t h i s  v i r u s  growp r e ­

v e a le d  f lex u o u s  rod  shaped p a r t i c l e s  m easuring  677 x 13 nm, 

which had c lo s e  resem blance  w ith  the  s t r a i n  of PVBV re p o r te d  

by I r a sa d a  Rao (1976) 759 x 13 nm, Nagara;)u (1 9 7 7 ) ,  648 x 29 

nm and Pandurange Gowda (1979) 450 x 20 nm. I t  showed p o s i t i v e  

r e a c t i o n  with  the s tan d a rd  a n t i s e ru m  of PVBV and n o t  w ith  

any o th e r  a n t i s e r a  t r i e d  i n d i c a t i n g  i t s  r e l a t i o n s h i p  w ith  TVBV. 

T h e re fo re ,  t h i s  v i r u s  v/as c o n s id e re d  a s  a s t r a i n  of PVBV on 

caps icum .

Group 3

- h i s  yiriJ s was r e a d i l y  t r a n a r i t t e d  by sap i n o c u l a t i o n  

and a l s o  by aphid v e c t o r s ,  M.p e r s i c a e , A.g o s s y p i i , A .c r a c c i -  

v o ra  and H. se t a r i  ae and n o t  by R.m a i d i s . Pepper v e i n a l  m o t t le  

v i r u s  was re p o r te d  t o  be t r a n s m i t t e d  by th e s e  aphid s p e c i e s i  

by Lana e t  eu. (1975/» Z i t t e r  (1975) and Ong ^  (1979) .

Prasada  Rao (1976) r e p o r t e d  M. per s i  cae and A.,e:ossypii and 

A.c r a c o iv o ra  by Pandurange Gowda (1979) a s  v e c t o r s  in  I n d i a .  

T h is  v i r u s  produced ve in  c l e a r i n g ,  mosaic m o t t l i n g  and 

f i l i f o r m  le a v e s  w i th  v a r io u s  t y p e s  of d e f o r m i t i e s  on bo th  

t h e  c u l t i v a r s  o f  C.annuum used in  th e s e  s t u d i e s
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The h o s t  range o f  t h i s  v i r u s  was r e s t r i c t e d  t o  th e

fa m i ly  so lanaceae  on ly  p roduc ing  mosaic m o t t l i n g  symptoms 

on G.microcqrpum, C.penduluiD« C.f r u t e s c e n c e , P . hyl3r i d a « 

S»nigrum and I-. Pe ruv ian  um. The v i r u s  had DfiP between 

1 :5 ,0 0 0  and 1 :10 ,000 ,  TKP te tween 55-60® C and LIV o f  

48 h o u rs  a t  21-25°C. The e l e c t ro n  m icroscopy o f  p u r i f i e d  

p r e p a r a t i o n  of t h i s  v i r u s  showed th e  p re s e n c e  of f le x u o u s  

rod  shaped p a r t i c l e s  m easuring  656 x 1 2 .5  nm.

The v i r u s e s  c a u s in g  v e i n ^ l  m o t t le  arjd o t h e r  symptoms 

on Capsicum s p . ,  simileo: to  th e  v i r u s  g roup  under s tudy ,  

have been r e p o r t e d  ty  many w orkers  as PVM7 (i-rasadaRao,1976j 

N agara ju ,  1977; Pandurange Gowda, 1979; B run t  and Kenten,1971 

an Cl Lana e t  , 1975)* This v i r u s  caused f i l i f o r m e d  le a v e s  

and v a r io u s  t y p e s  o f  m osaic  m o t t l i n g  symptoms on Capsicumt

1 . h.vTsrida. S .nigrum and was t r a n s m i t t e d  by M«p e r s i c a e , 

A.fe-ossypii and A.c r a o c i y o r a , and r i . s e t a r i a e . I t  a l s o  d i f f e ­

re d  s l i g h t l y  in i t s  p h y s i c a l  p r o p e r t i e s  from t h o s e  r e p o r t e d  

by o th e r  w orkers .

Pepper v e in a l  m o t t l e  v i r u s  has  been r e p o r t e d  to  be  

t r a n s m i t t e d  by M.p e r s i c a e  and A.g o s s y p i i  by Brun t  and Ken ten 

(1971) end a l s o  by A, c r a o c i v o r a  (Lana £ t  j l . ,  1975)* However, 

A.s p i r a e c o l a  and T .c i t r i c i d u s  have been r e p o r t e d a s  a d d i t i o n a l  

v e c t o r s  of P \m /  by W i j i s  (1975)- In  t h e  p r e s e n t  s t u d i e s  

H .s e t a r i a e  hats been found to  be an a d d i t i o n a l  v e c t o r .  F u r th e r ,
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Wigis (1973 J aad Lana e t  (1975) r e p o r t e d  t h a t  PVMV had

a l i m i t e d  h o s t  range  i n f e c t i n g  S o lanaceae  p l a n t s  only* w h i le  

B run t  and Kenten (1971) re p o r te d  t h a t  P\TIW produced l o c a l  

l e s i o n s  on Chenopodium amar a n t i  co lo r  t C . q u in o a t C.m ura l  e« 

Te tragon  a expan sa  and Amar an thus  c a u d a tu s  in  a d d i t i o n  t o  in ­

f e c t i n g  ffiany p l a n t  s p e c i e s  in S o lanaceae .

The e l e c t r o n  m icroscop ic  s t u d i e s  o f  t h i s  v i r u s  showed 

the  p resence  of  f lexuous  ro d s  which c l o s e l y  e q u a l  to  those  

of 1/ilV m easuring  776 x 15 nm (P ra sad a  R ao ,1976) ,  648 x 29 nm 

(N agara ju ,  1977 ) and d i f f e r e d  from th o se  r e p o r t e d  t y  Pandu- 

range  Gowua (1979 J 407 x 19 nm. This  v i r u s  p o s i t i v e l y  r e ­

a c ted  w ith  the  s t a n d a r d  an t ise ru m  conf i rm ing  i t s  i d e n t i t y  

w i th  PVJ4V. T h e re fo r e ,  th e  v i r u s  under study i s  co n s id e red  

as  a s t r a i n  of  PVMV on c h i l l i  i n  K arna taka .

Group 4

T h is  v i r u s  was sap in o c u la b l e  and t r a n a a i t t e d  by aphid  

s p e c i e s ,  M. per s i  c a e , A.g o s s y p i i  and A > c r a c c i v o r a .

The c h a r a c t e r i s t i c  symptoms of t h i s  v i r u s  on Gapsicum 

of bo th  c u l t i v a r s  were p rom inen t  ve in  c l e a r i n g  on young l e a v e s  

followed tjy' m ild  c h l o r o s i s  and ^jupping o f  l e a v e s .  After a month, 

young l e a v e s  showed g reen  v e i n  banding along th e  v e in s  of t h e  

base  o f  lam ina and f l a g g i n g  o f  o ld e r  l e a v e s .  In  ho t  days p l a n t s
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showed s t u n t e d n e s s  w i th  main stem much e l o n g a te d .  Cap s i  cum 

f r u te s c e n o e  Tabasco showed top n e c r o s i s .  These symptoms 

agree  w ith  t h o s e  d e sc r ib e d  f o r  a s t r a i n  of TE7 r e p o r t e d  by

McKeen on Japsisum spp.

The h o s t  range  of  t h i s  v i r u s  was con f in ed  to  Amarantha- 

c e a e ,  Chenopodiaceae and S o lanaceae ,  I t  produced n e c r o t i c  

l o c a l  l e s i o n s  on Chenopodium am ar a n t i  co lo r  a n d C .g u i n o a .  I n -  

f e c t i o n  was sys tem ic  pr oducing mosaic m o t t l i n g  on Capsicum 

m ic ro ja rp u m > G.pendulum, D a tu ra  m e t e l t D.stramonium, 

L . escu len tum , î ' . ph^ s a l o i d e s , P e t u n i a  hybrid  a , Phys a l i s  

f l o r i d a n a , Solanum nigrum, S . tuberosuxc and S . ise longena .

I t  produced mild n e c r o t i c  e t c h i n g  on »tabacum c v r -  'Xantlrii ' 

and 'White B u r l e y ' ,  . j t ; lu t in o sa , N. r u s t i c a  end l a t e r  develop­

i n g  mosaic m o t t l i n g .  The v i r u s  had DEF between 1 :1 ,0 0 0  aid 

1 :5 ,0 0 0 ,  TU b&tween 60-70°G and LI7  of  48 hours  a t  21-26®C.

The v i r u s  symptoms on Capsicum resembled th o  ^  of TBV 

r e p o r t e d  by o th e r  woriters ( G re e n le a f ,  1955» 1956 and McKeen, 

1954) .  Anderson and C o rb e t t  (1957 ) c a l l e d  t h e  d i s e a s e  caused 

by TEY as "V^ein band ing  c r i n k l e "  in  C en tra l  F l o r i d a .  McKeen

(1954) r e p o r t e d  M.p e r s i c a e  as t h e  p r i n c i p a l  f i e l d  v e c to r .  

L a i rd  and Dickson (1963; r e p o r t e d  K.p e r s i c a e , A.g o s s y p i i , 

Macro s i  phum s o l a n i f o l i l , M»pi s i  and A.s p i r a e c o l a  as  v e c t o r s .  

K assan is  (1941) and Herold (1970) t r a n s m i t t e d  i t  by

A.c r a c c i y o r a . The h o s t  range  was s i m i l a r  t o  th o s e  o f  TEV
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s t r a i n s  r e p o r t e d  by seve ra l  workers (HolmeSf 1946} Weinbamn 

and M i lb ra th ,  1976; Z i t t e r »  1972; and V i l l a l o n ,  1975)*

P r e s e n t  v i r u s  was a l s o  t r a n s m i t t e d  by A.g o s s y p i l  » d  A«oraco i»  

y o r a  in  conformity  w i t h  t h e  r e p o r t s  o f  the e a r l i e r  workers.  

P h y s i c a l  p r o p e r t i e s  of t h i s  v i r u s  s l i g h t l y  d i f f e r e d  from 

t h o s e  of  the s t r a i n s  of  TEV r e p o r t e d  by o th e r  w o rk e rs  (Verma 

and Lai I 1964; K a s s a n i s ,  1941; H e ro ld ,  1970). E le c t ro n  

m ic ro s c o p ic  s t u d i e s  of t h i s  v i r u s  showed th e  p re s e n c e  o f  

f l e x u o u s  ro d s  m easu r in g  623 x 12 nm. The v i r u s  i n  i t s  mor­

phology and s i z e  resem bled  th e  TEV r e p o r t e d  Tqy above w orkers .  

Based on th e s e  c h a r a c t e r s ,  t h i s  v i r u  s i s  co n s id e red  as  TB7 

on c h i l l i .  However* t h e  s e r o l o g i c a l  s tu d ie s  were n o t  con­

d u c ted  because  o f  t h e  n o n - a v a i l a b i l i t y  o f  th e  a i t i ^ s o r u m .  

i ' ia tu ra l  occu r ren ce  o f  TLV on Cap s i  cum sp .  has  n o t  been r e ­

p o r t e d  e a r l i e r  from I n d i a .

Group 5

T h is  v i r u s  was e a s i l y  sap t r a n s m i s s i b l e  b u t  n o t  by 

any o f  t h e  aphid s p e c i e s ,  t e s t e d  v i z . ,  A.g o s s y p i i , A .c r a c c i -  

v o r a , M.p e r s i c a e , R .m a i d i s , and H.s e t a r i a e .

On sap i n o c u la t i o n  to  C a l i f o r n i a  Wonder and Byadgi- 

k a d d i ,  i t  p roduced n e c r o t i c  l e s i o n s  on i n o c u l a t e d  le a v e s  

fo l low ed by aark s t r e a k s  on t h e  stem, f i n a l l y  r e s u l t e d  in 

d ropp ing  o f  l e a v e s .  The p l a n t s  showed v a r i o u s  t y p e s  of  mosaio 

m o t t l i n g  on younger le a v e s  and b i g  yellow p a tc h e s  on o ld e r

1 e a v e s .
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I t  had a wide h o s t  range i n f e c t i n g  many p l a n t  s p e c i e s  

be long ing  to  f a m i l i e s ,  Am a ran th a c e a e ,  C u c u rb i ta c e a e ,  Cheno- 

p o d iaceae ,  iPabaceae and Solan aceae.  I t  p roduced o h l o r o t i c  to 

n e c r o t i c  l o c a l  l e s i o n s  on i n o c u la t e d  le a v e s  o f  G.g lo b o s a , 

iJhenopodium amar a n t i  c o l o r . G .g u in o a ,  C. album and P. v u lg a r  i s  

v a r .  P i n t o ,  Capsicum micro ca r  pun., C . pendulum, Datura  s t ram o ­

nium, ii .m e te l , an d Di.g l u t i n o s a . I t  produced w h i te  c h l o r o t i c  

sp e c k s  on i n o c u la t e d  cotj^lendonary l e a v e s  of Gucumis s a t i v u s .

I t  produced n e c r o t i c  l o c a l  l e s i o n s  fo l low ed by sy s te m ic  

symptoms on l\i»tabacum y a r . 'X a n th i* ,  whereas system ic  symptoms 

were proauoed on L . esculenturn , iMioandra p h y s a lo id e s  an d on 

l<icotii:U3a tabacum v a r .  ’ White bur  l e y ’ i n i t i a l l y  v e in  c l e a r i n g  

fo l low ed  by mosaic  m o t t l i n g .

T h is  v i r u s  had a DEP between 1 :2 5 0 ,0 0 0  and 1 :5 0 0 ,0 0 0 ,

TIP between 95-100“C. The p u r i f i e d  p r e p a r a t i o n s  of t h i s  v i r u s  

under e l e c t r o n  m ic roscope  r e v e a le d  th e  p resence  of r i g i ^  rod  

shaped p a r t i c l e s  m easu r ing  278 x 15 nm. The symptoms produced 

on c h i l l i  by t h i s  v i r u s  were s i m i l a r  to  -those o f  TMV r e p o r t e d  

by e a r l i e r  workers (Palm, 1925; Holmes, 1937; Nakata and 

Takimoto, 1940; D o o l i t t l e  and B eeche r ,  1942; Kovaohevsky, 1942; 

McKinney, 1954; Adsuar ejt 1971; Feldnan and Oremianer,

1972) .  G reen - lea f  e t  (1964) r e p o r t e d  a Samsun l a t e n t  

tobacco mosaic v i r u s  p ro duc ing  l o c a l  l e s i o n s  on N»tabacum var .  

•Samsun’ and ’X a n th i ’ , N i c o t i a n a  r u s t i c a , N .g l u t i n o s a .
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stramonium and G »am ar a n t i  co lo r  which could  no t  i n f e c t  

L . e scu len tu m , aid had DEP between 1 :1 0 ,0 0 ,0 0 0  and 1 :1 ,0 0 ,0 0 ,0 0 0  

and T ip  between 85 and 95®C. The v i r u s  under s tudy  had c lo s e  

re sem blance  w ith  th e  TMV s t r a i n  r e p o r t e d  by them in h o s t  

r ange  and p h y s i c a l  p r o p e r t i e s  e x cep t  th e  p r e s e n t  v i r u s  was 

a b l e  to  i n f e c t  L . esculeutum  p ro d u c in g  l e a f  d i s t o r t i o n .  This 

v i r u s  under s tudy  had a l so  resem bled  th e  s t r a i n s  o f  TMV r e ­

p o r t e d  by I rasadaR ao  (1976),  N agara ju  (1977) and Pandurange- 

Gowda (1979) on Capsicum sp .  in symptomatology, h o s t  range  

and p h y s i c a l  p r o p e r t i e s .  I t  a l s o  r e s e m b le s  in  p h y s i c a l  p ro ­

p e r t i e s  w ith  th o se  of TMV r e p o r t e d  by s e v e r a l  w orke rs  (Nakata 

and Takimoto, 1940; D o o l i t t l e  and B eecher ,  1942; E skarous ,

1971 and Peldrnja and Oremianer,  1 9 7 2 ) .

The e l e c t r o n  m ic ro s c o p ic  s t u d i e s  o f  TMV on pepper r e ­

p o r ted  by M i l le r  arid Ih o r n b e r ry  U 9 5 8 )  and P rasada  Rao (1976) 

on c h i l l i  showed the  p re s e n c e  of  r i g i d  r o d s  measuring  3 OO x  

15 nm and 525 x 15 nm on b e l l  pepper by Nagaraju  (1977) and 

26'3 X 29 nm on c h i l l i  by Pandurange Gowda (1979) .  P r e s e n t  

v i r u s  a l so  showed p o s i t i v e  r e a c t i o n  a g a i n s t  s ta n d a rd  a n t i ­

serum o f  TMV i n d i c a t i n g  i t s  r e l a t i o n s h i p  with T1*1V. However, 

i t  v a r i e d  s l i g h t l y  in  some of th e  physicsfl. p r o p e r t i e s  and 

h o s t  range  from TiIV r e p o r t e d  by o th e r  w orkers .  S ince  i t  showed 

r e s e n b la n c e  i n  many c h a r a c t e r s  w ith  t h e  s t r a i n s  o f  TMV r e ­

p o r te d  by th e  above w o rk e rs ,  i t  was c o n s id e re d  as a s t r a i n  

of TMV on c h i l l i .
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Group 6

I t  was r e a d i l y  t r a n s m i s s i b l e  by  sap i n o c u l a t i o n  and 

a l s o  by aphid  v e c t o r s ,  M.p e r s i o a e « A.g o s s y p i i  and A.c ra c o o i -  

y o ra  and no t  b^ B .m a id is  and H»8 e t a r i a e . This  v i r u s  produced 

vexn c l e a r i n g  fo l low ed  by m osaic  m o t t l i n g  and l a t e r  r a t  

t a i l i n g  of l e a v e s .  Leaves became s n a i l  w i th  l i ^ t  green 

c o lo u r .  This  v i r u s  had a wide h o s t  range  i n f e c t i n g  a l a r g e  

number of s p e c i e s  in Ghenopodiaceae,  C u c u rb i ta c e a e ,  Fabaceae 

and Solan  aceae.  I t  p roduced j h l o r o t i c  to  n e c ro t i c  l o c a l  

l e s i o n s  on C . a m a r a n t i c o l e r . C . g u in e a , C . album and r e d d i s h  

brown n e o r o t i c  l e s i o n s  on / . s i n e n s i s  v a r .  'B lack  Eye’ . I t  

produced m osa ic  m o t t l in g  symptoms on G.s a t i y u s , N. g l u t i n o s a # 

tac_c£um va r  . ’ White Bur i ^ y ’ and 'X a n t h i ' ,  N . p h y s a l o i d e s .

S . nigrum, C.mic ro ca rp u m , C .pendulum and G.f r u t e s c e n s .

T h is  v i r u s  had a DKP between 1 :1 0 ,0 0 0  to 1 : 5 0 ,0 0 0 , TIP 

between 65-70“ G and L i /  of  48 hours  a t  21-26®C. The e l e c t r o n  

m ic ro g rap h s  r e v e a le d  the  p resence  of sp h e r ic a l  p a r t i c l e s  with 

a d iam ete r  of 30 nm. S e r o l o g ic a l  t y p in g  showed a c l e a r  p r e c i ­

p i t a t i o n  band a g a i n s t  s ta n d a rd  GM  an t ise ru m  i n d i c a t i n g  i t s  

r e l a t i o n  w ith  GhV.

D o o l i t t l e  and Walker (1923 aid 1925) d esc r ibed  symptoms 

of CMV on c h i l l i  which in c lu d ed  downward c u r l i n g  of l e a v e s  

w ith  l i g h t  green c o lo u r  l e a d i n g  to  mosaic m o t t l i n g  which were 

s i m i l a r  to  the  o b s e r v a t io n s  made w ith  th e  v i r u s  under study.
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Jha  and Raychaudhuri  (1956) r e p o r t e d  o h i l l i  mosaic v i r u s  

hav ing  TIP o f  55-60®C, DEF o f  Ix25f000 -  1»30,000 and U 7  

o f  15-22  d ay s  at room te m p e ra tu re  and a p a r t  from o th e r  h o s t s ,  

a l s o  i n f e c t i n g  G .m elo, C r o t a l a r i a  juncea  and c a r r i e d  sympto­

matology on B e ta  v u l g a r i s . P r e s e n t  v i r u s  under s tudy  d i f f e r e d  

from i t  both in  p h y s ic a l  p r o p e r t i e s  and a l s o  i n  i t s  n o n - in -  

f e c t i v i t y  to C.melo, C.j^uncea and B .y r i l g a r i s .

T h is  v i r u s  showed c l o s e  resem blance  to t h e  v i r u s  r e ­

p o r ted  by Mishra (1965 ) i n  i t s  t r a n s m is s io n  t h r o u ^  A.goss.VDli 

and A.cr a c o iv o ra  and in i t s  p h y s ic a l  p r o p e r t i e s .  I t  a l s o  

resembled  CM\T s t r a i n  of  c h i l l i  r e p o r t e d  by Anjaneyulu and 

Appa Rao (1967) in  symptomatology, h o s t  range  and  t r a n a n i -  

ss ion  th rough  A.gossyTiii and A.oraocivorfa b u t  d i f f e r e d  i n  

h o s t  ran g e  and s l i g h t l y  i n  p h y s ic a l  p r o p e r t i e s .  Sza lay  Marzso 

and Solymossy (1963 > a l so  r e p o r t e d  th e  t r a n s m is s io n  o f  a 

s t r a i n  of CMV on c h i l l i  th ro u g h  M.p e r s i c a e  and A.cr a c o i v o r a .

In many c h a r a c t e r s  the  v i r u s  under s tudy  had c lo se  resem - 

t l a n c e  w i t h  th o se  of t h e  s t r a i n s  of GMV on c h i l l i  r e p o r te d  by 

I r a s a d a  Rao ( lb 7 6 ) i  Mag&raju (1377) an d F an dur an ge Gowda(l979).

The e l e c t r o n  m icroscopy s t u d i e s  of the p r e s e n t  v i r u s  

i n d i c a t e d  th e  p re s e n c e  of s p h e r i c a l  p a r t i c l e s  w i th  av e rag e  

d iam e te r  3^ nm i n  confo rm it j  w i th  th e  measnrenients of CM7 r e ­

po r ted  by e a r l i e r  workers as  3 O + 1 nm (vai  R egenm or te l ,1961), 

30 nm (Lookhart  and  F i s c h e r ,  1976) and 28-30 nm (PrasadaRao,
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1976) .  The s e r o l o g i c a l  s t u d i e s  f u r t h e r  aonfirmed t h a t  t h e  

p r e s e n t  v i r u s  i s  r e l a t e d  to  CMV on c h i l l i *  ThuSy t h i s  v i r u s  

i s  c o n s id e re d  as a s t r a i n  o f  GMV on c h i l l i *

Group 7

This  v i r u s  was e a s i l y  t r  an an i t  ted  by sap in o cu la t io n *  

b u t  n o t  by a p h i d s .  I t  was a l s o  n o t  t r a n s m i t t e d  through c h i l l i  

s e e d s .  T h is  v i ru s  producea v e in  c l e a r i n g  a f t e r  6-7 d a y s  of 

i n o c u l a t i o n  fo l low ed  by v e in  n e t t i n g  and s m a l l  d i l o r o t i c  

r i n g s  l i m i t e d  by v e i n s  which l a t e r  d i f f u s e d  i n t o  back ground 

w i th  i im e ,  on ly  on C a l i f o r n i a  Wonder and no t  on B yadg ikadd i . 

Leaves produced l a t e r  became abnormal i n  d iap e .

This  v i r u s  had a DBF between 1:5*000 to 1 :1 0 ,0 0 0 ,  TIP 

between 60-65°G> and LIV of 24 h o u rs  a t  21-26® C. This  v i r u s  

g roup  had a wide h o s t  range i n f e c t i n g  th e  p l a n t  s p e c i e s  

b e lo n g in g  to fan i l ie s^ j '  Amaranthaceae, A s te ra c e a e ,  Chenopodia- 

c e a e ,  C u c u rb i ta c e a e ,  Fabaceae and Solan aceae.

I t  produced c h l o r o t i c  to  n e c r o t i c  l e s i o n s  on G.g lo b e s  a, 

Chenopodium a m a r a n t i c o l e r » C*q u in o a , y . s i n e n s i  s and N .r u s t i c a * 

I t  becamt systemic pr  oducing mo saic m o t t l i n g  on 2«e leg an  s, 

Cuvjumi s s a t i v u  s, Q.m e lo , Cucurbi ta  maxima, Ga-psicum m ic ro -  

carpum, C .f r u t e s c e n c e ,  D .stramonium, L . escu len tum ,N. tabacum 

Gvs. 'X a n th i '  and ’White B u r l e y ' ,  P e t u n i a  h y b r i d a , P h y s a l i s  

f l o r i d  an a, P . p e ru v ia n a  and S .melongena*

S ev e ra l  workers haire r e p o r t e d  r i n g  s p o t s  on p ep p e rs .
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Nakata aad Taklmoto (1940) r e p o r t e d  TMV p ro duc ing  r i n g  s p o t s  

which had TIP of 90®G, DBP of 1 :1 0 ^ .  D o o l i t t l e  and ^aumayer 

(1953 ) r e p o r t e d  a r i n g  spo t  s t r a i n  of CMV which was t ran  an i -  

t t e d  t y  M.p e r s i c a e  and D o r s a l i s  f r a n g u l a e t and (Rao e t  a l . « 

1970) r e p o r t e d  a r i n g  s p o t  s t r a i n  o f  PVX which had TIP of  

72-75®C, DEP o f  1:10^ to  1:10^ and LIV of 18*20 days a t  

20-50®C. But t h e  p r e s e n t  v i r u s  d i f f e r s  from a l l  t h e  above 

in  i t s  n a t u r e  of  t r a n s m is s io n  th rough  aph ids  aid p h y s i c a l  

p r o p e r t i e s .

However, t h i s  v i r u s  showed resem blance  in  some of i t s  

p r o p e r t i e s  id  tobacco r i n g  s p o t  v i r u s  i s o l a t e d  from Solanum 

caps ica s t ru m  (Smith, 1951),  Anemone cor on a r i a  ( R o l l in g s ,  1965) 

and TRSV r e p o r t e d  by McDaniel £ t  a l .  , (1 9 7 1 ) .

There a r e  s e v e r a l  r e p o r t s  a b o u t  the  t r a n  an is  s i  on o f  

TRSV by m i te s ,  nem atodes (F u l to n ,  1962; Sauer,  1 9 6 6 ) ,  sphids 

(Shyama Rani e t  a l . . , 1969; Smith, 1931)» bu t  th e  v i r u s  s tu d ie d  

h e re  d i f f e r s  from a l l  t h e  r e p o r t s ,  i n  i t s  i n a b i l i t y  t o  be 

t r a n s m i t t e d  by a p h i d s .

TRSVfrom Anemone c o r o n a r i a , g l a d i o l u s  and b r l n j e d  had
t

been p u r i f i e d  a id  obse rved  under e l e c t r o n  m icroscopy by 

s e v e r a l  w orkers  ( H o l l in g s ,  1965 and S a s t r y ,  1974).  P ra s a d  

Rao (1976) r e p o r t e d  TRSV which produced o n ly  c h l o r o t i c  sm all  

r i n g s  r e s t r i c t e d  Ijy v e i n s  bu t  he d id  mention  f u r t h e r  deve­

lopment o f  f a i n t  c h l o r o t i c  r i n g  l i n e s  a f t e r  one m n th .
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Perhaps  he m igh trhaye  observed  only s m a l l  r i n g s ,  or the  

s t r a i n  under  s tudy  m i ^ t  be a d i f f e r e n t  one from t h a t  

r e p o r te d  by PrasadaRao (1 9 7 6 ) .  In many c h a r a c t e r s ,  th e  

p r e s e n t  v i r u s  resembled w ith  those  o f  th e  s t r a i n  o f  TRSV 

r e p o r t e d  by PrasadaRao (1 9 7 6 ) .  The e l e c t r o n  microscopic  

s t u d i e s  o f  t h i s  v i r u s  r e v e a l e d  the p re se n c e  o f  innum erab le  

number of s p h e r i c a l  p a r t i c l e s  w i th  an average  d i a n e t r e  o f  

27-28 nm. But  t h e re  a re  no r e p o r t s  of p u r i f i c a t i o n  o f  

TRSV from Capsicum spp. I t  r e a c t e d  p o s i t i v e l y  w i th  the  

s ta n d a rd  TRSVantiserum i n d i c a t i n g  i t s  r e l a t i o n  w ith  TRSV 

on c h i l l i .  Thus,  from t h e  above s t u d i e s  i t  i s  c l e a r  t h a t  

i t  had c lo s e  resemblance w i th  th e  s t r a i n  o f  TRSV re p o r te d  

on Capsioum by P rasada  Rao (1976) b u t  d e v i a t e d  s l i g h t l y  

in symptom p ro duc t ion  on C a l i f o r n i a  Wonder and p h y s ic a l  

p r o p e r t i e s .  T h e re fo re ,  i t  i s  co n s id e red  as  a s t r a i n  o f  

TRSV on Capsicum.

Group 8

T his  v i r u s  was t r a n s m i t t e d  by sap i n o c u la t io n  b u t  a t  

a  low l e v e l  of  only  10 -20  per c e n t .  Only the  nymphs o f  

T h r ip s  t a b a c i  i s o l a t e d  from and m a in ta in e d  on onion p l a n t s  

t r a n s m i t t e d  i t  to C. ecinutovcvs C a l i f o r n i a  Wonder aid Byadgi- 

k add i  and n o t  by S c i r t o t h r i p s  d o r s a l i s . Repeated i n s e c t  

t r a n s m is s io n  showed t h a t  a d u l t s  o f  t h r i p s  d id  n o t  t r a n a n i t  

t h i s  v i rus*
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This  v i r u s  f i r s t  produced pin head s i z e d  n e c r o t i o  s p o t s  

on i n o c u l a t e d  l e a v e s .  Ten to  twelve days  a f t e r  i n o c u l a t i o n ,  

young l e a v e s  showed c h l o r o t i c  m o t t l i n g  w i th  dense co a le sc e d  

smdLl r i n g s  and i ^ o t s .  One month o ld  p lan t®  showed, on o ld e r  

l e a v e s ,  an a l l  r i n g s  end c o n c e n t r i c  r i n g s  i n s i d e .  T h e b r i ^ t  

yellow c h l o r o t i c  r i n g s  became l a t e r  n e c r o t i c .  Subsequent 

l e a v e s  became sm a l l .  F r u i t s  a l so  showed some c o n c e n t r i c  r i n g s ,  

l i r o n e  (1935) aid  Sakimura (1940) a l s o  made s i m i l a r  o b s e r v a ­

t i o n s  on Capsicum spp. i n f e c t e d  w i th  TSWV. Th is  v i r u s  had 

a DEL- between 1;500 and 1 :1 ,0 0 0 ,  TIP between 40 and 50®C and 

LI7 of 2 h r s  a t  21-26“G. I t  had a wide h o s t  range i n f e c t i n g  

the  p l a n t  sp e c ie s  b e l o n g in g  to  f a m i l i e s  i ' \maranthaceae,

B o ra g in a c e a e ,  Chenopodiaceae ,  G u c u rb i t a c e a e ,  Fabaceae and 

Solan aceae p roduc ing  c h l o r o t i c  to n e c r o t i c  sp o ts  on G.g lo b o s a . 

Z .e l e g a n s , Ghenopodium album, G. a m a r a n t i c o l o r « G»q u in o a « 

G r o t o l a r i a  juncea  L . ,  Pisum sativum , V .u n g u ic u la t a  cv.  C-152, 

Y .s i n e n s i s  cv- Black Eye, Micandra p h y s a l o i d e s # N ic o t la n a  

tabacum cv.  ’White B u r l e y ' ,  N.r u s t i c a . P e tu n ia  h y b r i d a , 

P h y s a l i s  f l o r i d a n a  aid S .m elongena . I t  p roduced system ic  

c h l o r o t i c  r i n g s  on leaves  15 d a y s  a f t e r  i n o c u l a t i o n .  I t  

produced f i r s t  n e c r o t i c  s j o t s  which became system ic  in  

£;.s o n c h i f o l i a , A.hypog-^eai , D.stramoniumt L . e8culentum.i 

N . tabacum cv.  'X a n th i* ,  N .g l u t i n o s a ,  P . p e ru v ia n a  and 

Cichorium i n t y b u s . T h i s  v i r u s  caused ,  f i r s t  b ig g e r  brown 

n e c r o t i c  spo ts  w ith  c o n c e n t r ic  m ark ings  on N.g l u t i n o s a .
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These sp o ts  were very  fevi in  number on i n o c u la t e d  l e a v e s  and 

w e l l  d i f f e r e n t i a t e d  from th o se  produced  "hy TM/ on N«g l u t i n o s a . 

On L . esoulentum c v r . Pusa  Ruby, i t  produced b i g  brown necro ­

t i c  s p o t s  and l a t e r  th e  young l e a v e s  became bronze  in colour* 

A f te r  2 months,  young s h o o t s  produced abnormal t h i c k  l e a v e s .

On tomato f r u i t s ,  i t  induced w e l l  deve loped  c h l o r o t i o  concen­

t r i c  r i n g s .  S im i la r  o b s e r v a t i o n s  have been made by P i ro n e

(1955) on Capsicum and P rasad  Rao ^  a ^ » , (1980) on tomato.

T ran sm iss io n  o f  t h i s  v i r u s  th rough  T. t a b a c i  aid F r a n k l l -  

n i e l l a  l y c o p e r s i c i  and by ru b b in g  method o f  m echan ica l  in o c u ­

l a t i o n  w i th  expressed  p l a n t  j u i c e  was r e p o r t e d  P i t tm an  

( 19 27 ),  Samuel e t  a l .  ( 193O) and Bald and Samuel (1931)*

L a te r ,  t r a n s u i s s i o n  v,:. th ro u g h  T . t d a a c i  on tomato (Todd e t  a l « , 

1975)f i ' . s o h u l t z e r i  and S c i r t o t h r i p s  d o r s a l i s  by Ghanekar e;^ 

(1979v and S .d o r s a l i s  by PrasadaRao e t  a l .  (1980) on tomato 

and g roundnut  was r e p o r t e d .  Gardner and Whipple (1934) r e ­

p o r te d  n o n - t r a n s m i s s i b i l i t y  o f  t h i s  v i r u s  th rough  the  seed s  

of tom ato ,  pepper and D a t u r a .

P r e s e n t  v i r u s  i s o l a t e  re sem b led  in t h e  h o s t  range the  

s t r a i n s  of  TSWV r e p o r t e d  by e a r l i e r  workers (G ardner  and 

Whipple, 1934; SeUcimura, 1940} P l o p e r ,  1948; Kendrick e t  a l . .

1 9 5 1 ) .  According to Le (1964) TSWV had a TEP o f  42-45®C

DEP = 1:10000, and LIV of 5 hours  a t  20®C. Prasadcx Rao e t  al» 

(1980) r e p o r t e d  DEP u p to  10“ ^ ,  TIP = 45-50®C and U V  o f  1-2

hours  a t  10-28®C of tomato i s o l a t e  of TSWV.
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From tomato Le (1964)» Van Kammer e t  a_l. (1966),  Milne 

(1970),  P a l iw a l  (1974) end PrasadaRao e t  a l . (1980) had p u r i ­

f i e d  TSWY and observed i t  t h ro u g h  the  e l e c t r o n  m icroscope .  

According to  them th e  v i r u s  c o n s i s t e d  of  s ^ i i e r i c a l  shaped 

p a r t i c l e s  of ahout 70-90 nm in  d ia m e te r .  However, the  

a t t e m p ts  made in t h e  p r e s e n t  s t u d i e s  to  p u r i f y  t h i s  v i r u s  

did n o t  su cceed .

From the  a to v e  s t u d i e s  i t  i  s s  een t h a t  th e  p r e s e n t  

v i r u s  i s o l a t e  resembled in  many ch a r  a s t e r s  w i th  t h e  s t r a i n s  

o f  TSWV r e p o r t e d  by e a r l i e r  w o rk e r s .  T here fo re  t h i s  v i r u s  

i s o l a t e  has  been co n s id e red  a s  a s t r a i n  of TSWV i n  Karna­

t a k a .  I t s  n a t u r a l  o ccu rrence  on Capsicum sp .  has  n o t  been 

r e p o r t e d  e a r l i e r  i n  I n d i a .

Developiaient o f  d i f f e r e n t i a l  key f o r  th e  
i d e l i t i f i c a t i o n  of v i r u s e s  o c c u r r i n g  on c h i l l i

D ev is ing  d i f f e r e n t i a l  key f o r  t h e  p l a n t  v i r u s  i d e n t i ­

f i c a t i o n  i s  a d i f f i c u l t  p r o p o s i t i o n .  This  i s  because o f  the  

f a c t  t h a t  many p l a n t  v i r u s e s  have been in c o m p le te ly  ch a ra c ­

t e r i s e d  and secondly  because  o f  t h e  p re se n c e  of s t r a i n s .  

T h e r e f o r e ,  no one has been s u c c e s s f u l  in  d e v i s in g  a workable 

key f o r  a l l  the  known p l a n t  v i r u s e s .

In  the  e a r l y  days ,  symptomatology was t h e  f o i e  

c r i t e r i o n  f o r  i d e n t i f i c a t i o n  o f  p l a n t  v i r u s e s .  As t h e  in ­

fo rm a t ion  on t h e  v i r u s e s  began accum ula t ing ,  i t  became



a p p a re n t  t h a t  a  v i r u s  cou ld  cause w idely  d i f f e r e n t  symptoms 

on d i f f e r e n  t  h o s t  p l a n t  s p e c i e s .  S i m i l a r l y ,  d i f f e r e n t  

v i r u s e s  can produce s i m i l a r  symptoms in a g iven  h o s t  and 

t h a t  d i f f e r e n t  s t r a i n s  o f  the  same v i r u s  a l s o  could c a u s e  

d i f f e r e n t  symptoms on th e  sane  h o s t .  Moreover,  t h e  symptoms 

induced a given v i r u s  s t r a i n  in a g iven  h o s t  sp e c ie s  can 

vary  g r e a t l y  under d i f f e r e n t  env ironm en ta l  cond i t ions*

Gross inocu l a t i o n s  m ade by A l la rd  (1914) dem onstra ted  

t h a t  d i f f e r e n t  v i r u s e s  h-ve d i f f e r e n t  h o s t  r a n g e s .  C ross  i n ­

o c u l a t i o n s  w i th  o th e r  h o s t s  combined w ith  symptomatology on 

d i f f e r e n t  s p e c i e s  proved a b e t t e r  method fo r  v i r u s  d i a g n o s i s  

r a t h e r  than  symptoms on the o r i g i n a l  s p e c i e s  a l o n e .

Brandes (1966) s t a t e d  t h a t  a g r e a t  number o f  i s o m e t r i c  

p l a n t  v i r u s e s  have a d iam ete r  o f  about 25-30 nm* S ince  "ftiere 

i s  y>a. reason  why t h e i r  m o rp h o lo g ica l  d i f f e r e n t i a t i o n  i s  so 

d i f f i c u l t .  In  such  c a s e s ,  t h e  d i f f e r e n t i a l  r e a c t i o n s  produced 

on the  t e s t  p l a n t s  b y  d i f f e r e n t  v i r u s e s  or t h e  d i f f e r e n t  

s t r a i n s  o f  th e  same v i r u s  are t h e  m ost  r e l i a b l e  means for  

i d e n t i f i c a t i o n  and g ro u p in g  of the  v i r u s e s .  C h a r a c t e r i s a t ­

ion of  c e r t a i n  v i r u s e s  was f u r t h e r  made on the  b a s i s  of 

m ethods of  t r a n s m is s io n  anc p h y s i c a l  p r o p e r t i e s  in cru<3e 

p lan t  s a p .

2 V
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I t  i s  im p o r t a n t  to  de te rm ine  h o s t  range w h i le  descril}** 

i n g  or i d e n t i f y i n g  new v i r u s  i s o l a t e s .  But t h i s  p ro p e r ty  o f  

v i r u s  seems to be n o t  q u i t e  c o r r e l a t e d ,  w ith  i t s  o t h e r  

p r o p e r t i e s .  G itbs  and H a rr i so n  (1976) s t a t e d  t h a t  even 

c l o s e l y  r e l a t e d  v i r u s e s  may have t o t a l l y  d i f f e r e n t  h o s t  

r a n g e s .  Howeverf c e r t a i n  widely used t e s t  p l c n t s  a r e  impor­

t a n t  f o r  v i r u s  i d e n t i f i c a t i o n .

Attempts were made by p re v io u s  workers to  d i f f e r e n ­

t i a t e  and i d e n t i f y  V i^ ious  v i r u s e s  based  on h o s t  r an g e  and 

d i f f e r e n t i a l  h o s t  r e a c t i o n s  ( F i e r c e ,  1935J K rylov ,  1969; 

S e n e v i r th e  aid l o s n e t t e ,  1970 ; M i lb r a th  and Cook, 1971 and 

Z i t t e r ,  1972).  Some of t h e  o th e r  w orkers  s tu d ie d  i n s e c t  

t r a n s m is s io n  and p h y s i c a l  p r o p e r t i e s  in  a d d i t i o n  to  d i f f e ­

r e n t i a l  r e a c t i o n s  ( /d n sw o r th ,  1935» 1940; Cohen and N itza r j : ,  

1963>and Horvath ,  1969) .  D i f f e r e n t i a l  r e a c t i o n s  and se ro logy  

a lone  were used by a few o t h e r s  (Gooding and Todd, 1967; 

Z i t t e r ,  1973* Makkouk and Gumpf, 1974 and Gooding, 1975; 

GuQ^rial  1977 ) .  D i f f e r e n t i a l  h o s t  p l a n t s  r e a c t i o n

on ly  were used to d i f f e r e n t i a t e  and i d e n t i f y  legume v i r u s e s  

^Hampton, e_t , 1978).

Serology and e l e c t r o n  m icrossopy in  a d d i t i o n  to h o s t  

r e a c t i o n  or p h y s i c a l  p r o p e r t i e s  or b o th  were also used by  

o th e r  workers  (K aitosow a,  1969; Milne ^ t  1969; Demski,



1973; L a s t r a  U z c a te g u i ,  19755 Marco, 1975)* There a re  

r e p o r t s  about th e  d i f f e r e n t i a l  r e a c t i o n s  o f  a  s i n ^ e  h o s t  

p l a n t  d i f f e r e n t l y  to  d i f f e r e n t  v i r u s e s .  For example, D a tu ra  

stramonium r e a c t s  by p roduc ing  l o c a l  l e s i o n s  t o  TMV, s y s t e -  

m i c a l l y  to  CMV, PVX and TSV and immune to PVY. R eac t io n s  on 

D .stramoniug!(] ĉ[ G »f r u t e s j e n  s var . Tabasco were used in  

d i f f e r e n t i a t i n g  P / i  and TE7 on c h i l l i  ( - f i t t e r ,  1971J 1972} 

Mukkouk and Gumpf, 1974).  P o t a t o  (A-6) a lone  was found to  

be very  u s e f u l  i n  d i f f e r e n t i a t i n g  PVA, PVX a n d  PVY o c c u r r in g  

on p o ta to  (Bokx, 1972).  Gooding C1975) used N ic o t ia n  a tabacum 

c v r .  B urley  21, Cucumxs s a t i  vus c v r . N a t io n a l  P i c k l i n g  and 

D.stramonium f o r  i n i t i a l  g ro u p in g  of t h e  v i r u s e s  o c c u r r i n g  

on tab acco  in North C a r o l i n a  and l a t e r  used  se ro logy  fo r  

t h e i r  i d e n t i f i c a t i o n .  K ir iyam a and Nish im ura  (1969) used

11 t e s t  p l a n t s  and s e r o lo g ic ;a l  t e s t s  for the  i d e n t i f i c a t i o n  

of  tobacco  v i r u s e s  o c c u r r in g  in  North E a s te rn  J a p a i .  P ra s a d  

Hao ( 1 9 7 6 ) used 5 d i f f e r e n t i a l  h o s t s ,  C .a m a r a n t i c o l a r ,

C . s a t i v u s , N .-physa lo ides , N . g l u t i n o s a  and D.m ete l  f o r  i d e n t i ­

f i c a t i o n  of s i x  c h i l l i  v i r u s e s .  Madhusudan (1978) used t h r e e  

h o s t s  C . s a t i v u s , L . escu len tum  and D .s t ram on iua  to  d i f f e r e n t i a t e  

s i x  tobacco  v i r u s e s .

Any d i f f e r e n t i a l  key b a s e d  on any s i n g l e  c r i t e r i o n  may 

n o t  be of p r a c t i c a l  u t i l i t y .  However, t a k i n g  one c r i t e r i o n  

as  s tan d a rd  and t e s t i n g  i t  a g a i n s t  th e  o th e r  a v a i l a b l e  

c h a r a c t e r i s t i c s  may prove u s e f u l .  The i d e a  to  u se  a  s e t  of
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d i f f e r e n t i a l  h o s t s  to i d e n t i f y  the v i r u s e s  of c h i l l i  was 

taken  m ainly  because  of t h e  e x i s te n c e  o f  s e v e r a l  v i r u s e s  on 

c h i l l i .  T h e re fo re ,  i n  th e  p r e s e n t  s t u d i e s  a d i f f e r e n t i a l  

key c o n s i s t i n g  seven d i f f e r e n t i a l  h o s t  p l a n t s  has been 

evolved to d i f f e r e n t i a t e  and i d e n t i f y  8 Capsicum v i r u s e s *  

o c c u r r i n g  in  KarnatcJca. The r e a c t i o n s  o f  these  t e s t  p l a n t s  

were c r o s s  checked w ith  the  o th e r  c h a r a c t e r i s t i c s  l i k e  t r a n s ­

m iss ion   ̂ e l e c t r o n  m icroscopy  and se ro lo g j r .  The d i f f e r e n t i a l  

h o s t  p l a n t s  used in  t h i s  key were s e l e c t e d  a f t e r  i n o c u l a t i n g  

a l a r g e  number of h o s t  p l a n t s  and t h e i r  r e a c t i o n s  s tud ied*

The p l a n t s  s e l e c te d  f o r  th e  key a r e  -  Ghenopodium amarant i~  

c o l a r » Cucuffiis s a t i v u s i  K icandra  p h y s a l o i d e s « N io o t ia n a  

g l u t i n o s a . Capsicum annuum c v r . C a l i f o r n i a  Wonder, Datur a 

stramonium and D.m e t e l . V iru se s  were c a t e g o r i s e d  in to  e ig h t  

groups on th e  b a s i s  o f  symptoms developed as u n d e r :

A. G h lo r o t i c / N e c r o t i c  l o c a l  l e s i o n  on
Ghenopodiua amar a n t i  co lo r

B. Sys tem ic  mosaic m o t t l i n g  on Cuouais a a t i v u s

C. Systemic  m o t t le  coupled w i th  c r in k le d  
p u c k e r in g  and f i l i f o r m  le a v e s  on
H icandra  p h y sa lo id ea  . ,  . . CMV

CC.No r e a c t i o n  on H.p h y s a l o i d e s . .  . .  1RS7

BB.No sys tem ic  mosaic m o t t l i n g  on C.s a t i v u s

D.Systemic mosaic w i th  p u ck e r in g ,  b l i s t e r i n g  
and de fo rm at ion  of l e a v e s  of N lc o t l a n a  
g l u t i n o s a  . .  . .  PVY

DD.i^ecroti^ l o c a l  l e s io n  on g l u t i n o s a
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xi .C oncen tr ic  yel low  r i n g s  on both l e a v e s  and 
f r u i t s  of  Capsicum annuum c v r .  C a l i f o r n i a  
Wonder . • . .  TSWV

EE . B r i g h t  yellow p a t c h e s  on young l e a v e s  of
C. annuum c v r . C a l i f o r n i a  Wonder . .  TMV

DDD.Systemic mosaic m o t t l i n g  w i th  f i l i f o r m
le a v e s  on D a tu ra  stramonium . .  TEV

AA. No r e a c t i o n  on C .a m a r a n t i c o la r

F .  Vein c l e a r i n g  fo l low ed  by mosaic m o t t l i n g
and f i l i f o r m  leav es  on D a tu ra  m ete l  . .  PVBV

FF. Ko r e a c t i o n  on D .m etel  . .  PVMV

R epeated ly  new v i r u s  i s o l a t e s '  from th e  f i e l d  were 

c o l l e c t e a  and i n o c u la t e d  to  the  d i f f e r e n t i a l  h o s t s  in  

o rd e r  to  t e s t  the d i a g n o s t i c  key .  The e f f i c a c y  o f  t h i s  

d i a g n o s t i c  key was c ro s s -c h e c k e d  by s e ro lo g y .  I t  was found 

t h a t  t h e  d i f f e r e n t i a l  key was e f f i c i e n t  i n  i d e n t i f y i n g  th e  

commonly o c c u r r in g  e i g h t  Capsicum v i r u s e s  so  f a r  known in  

th e  s t a t e .

i » i s t r i  bution of v i r u s e s  caus ing  c h i l l i  mosaic in 
K a rn a ta k a

I r e s e n t  s t u d i e s  showed th e  n a t u r a l  o ccu r re n c e  of n ine  

g roups of c h i l l i  v i r u s e s  v i z . ,  FVY, PVBV,PV>1V, TEV, TMV,CMV, 

TRSV, TSWV and m ix tu re  of TMV + CMV on Capsicum s p .  in 

joffiinercial c h i l l i  growing a r e a s  of  K arna taka .

The pe rcen tage  in c id e n c e  of  th e s e  in  the  f i e l d s  has  

been worked o u t .  The most p r e v a l e n t  was PVB/ accoun t ing
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f o r  19*08 p e r  c e n t  fo l lo w e d  t y  CMV ( l j . 1 5  per cent)* PVMV 

(12.38 p e r  c e n t ) ,  TMV (9 .9 2  per c e n t ) ,  P7Y (9 .61  per  c e n t )*

TEV (5 .4 6  per c e n t ) ,  TRSV (5*38 per  c e n t )*  TSWV (3*38 p e r ­

c e n t )  and m ix tu re  of  TMV + CMV (2 .08  p e r  c e n t ) .  The p e r ­

cen tage  o ccu rrence  o f  t h e s e  v i r u s e s  in  f i v e  d i s t r i c t s  of 

commercial  c h i l l i  growing a r e a s  r e v e a l e d  t h a t  PVBV was more 

p r e v a l e n t  in  Shimoga (2 3 .0 5  per c e n t )  fo l lo w ed  lay Mysore 

(21 .15  per  c e n t ) ,  Dharwad (20.98 per  c e n t ) ,  Belgaum (16 .97  

per c e n t )  and Gulharga (11 .1 1  per c e n t ) .  P u r th o r  among 

d i f f e r e n t  d i s t r i c t s ,  e x c e p t  Gulbarga in  a l l  t h e  d i s t r i c t s  

th e  laaximum occu rrence  was o f  PVBV, whereas  in Gul’barga  

maximum was t h a t  of GMV (18.18  per c e n t ) .  While TSWV was 

l e s s  p r e v a l e n t  w ith  a maximum o f  5*90 p e r  cen t  in Belgaum 

and 4 .63  p e r  cen t  in  Dharwad d i s t r i c t .  However, i t  was 

l e a s t  in Shimoga (1 .17  p e r  c e n t )  and G ulbarga (1 .51  p e r ­

c e n t ) .  Mixed i n f e c t i o n  o f  TMV + CMV was found to  be maximum 

in  Belgaum (5*9 per  c e n t )  and Mysore ( 2 .4  per c e n t ) .  How­

ev e r ,  i t  was n o t  observed  i n  Gulbarga d i s t r i c t .

Again, th e  d i s t r i b u t i o n  o f  t h e s e  v i r u s e s  in  d i f f e ­

r e n t  t a l u k s  o f  each d i s t r i c t  v a r i e d  from t a l u k  to  t a lu k .

C h i l l i  c w l t i v a r ,  Yedakota showed maximum i n f e c t i o n  by PVBV 

fol low ed by Konkani,  Samba, C hannag ir i ,  Nyamati ,  Byadgi Dabbi 

and J)H 7 - 6 - 6 .  Some c u l t i v a r s  had a l l  the  v i r u s e s  and some 

o t h e r s  showed a very few of t h e  v i r u s e s .  Devanoor and 

Sankeshwar c u l t i v a r s  showed maximum i n f e c t i o n  by TSWV compared
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to  Others. C h i l l i  cultivars, Dabbi o f f i c e ,  K o l leg a l  l o c a l  

and Gundakai showed maximum i n f e c t i o n  lay TMY whereas Konkani* 

Sankeshwar, Raibag l o c a l ,  Umbragalli  and J w a la  showed maoci- 

mum i n f e c t i o n  bi' m ix tu re  o f  TM7 + CMV.

Prasad  Rao (1976) r e p o r t e d  t h e  ocourrence  of s i x  c h i l l i  

v i r u s e s  in  a d d i t i o n  to  TMV + CMV m ix tu re  on CaTPSicum In South 

I n d i a ,  FVi-lV b e in g  th e  most p r e v a l e n t  one fo l low ed by P?Y,CM?, 

TRSV, PVBV and TMV in  the su rveyed  a r e a .  N agara ju  (1977) 

r e p o r t e d  th e  o ccu r re n c e  of four  v i r u s e s  on b e l l  pepper around 

B anga lo re .  According t o  him, PVMV was th e  m os t  p r e v a l e n t  

one fo l low ed by PVBV, TMV and CMV. According t o  Pandurange- 

Gowda (1979) ,  in  Kolar d i s t r i c t ,  the  most p r e v a l e n t  vLrus was 

PVBV (32.53 per c e n t )  f o l lo w e d  by PVY, PVMV, TMV and CMV. In 

th e  p r e s e n t  s t u d i e s ,  e i g h t  v i r u s e s  in a d d i t io n  to  the  m ix tu re  

o f  TMV + ®V, were found in commercial c h i l l i  growing a r e a s  

o f  K arna taka ,  i n c lu d i n g  the  a d d i t i o n a l  v i r u s e s  (TEV and TSWV) 

over s i x  v i r u s e s  r e p o r te d  by P ra s a d a  Rao (1 9 7 6 ) .  PVBV was 

more p r e v a l e n t  than  o th e r  v i r u s e s  on Capsicum in  Karnatsfea. 

S i m i l a r l y ,  Pandurange Gowda (1979) a l s o  r e p o r t e d  t h a t  PVBV 

to  b e more p r e v a l e n t  t h a  t h e  o th e r  v i r u s e s  on Capsicum in  

K olar  d i s t r i c t .

D i f f e r e n t e s  in the  o ccu rrence  o f  d i f f e r e n t  v i r u s e s  in  

d i f i e r e n t  c u l t i v  ars  were s tu d ie d  and a n a ly s e d .  This a s p e c t  

w as ' is tud ied  by the e a r l i e r  workers .  T h i s  survey throws l i g h t



224

on th e  occu r ren ce  o f  d i f f e r e n t  v i r u s e s  on a l l  t h e  im p o r ta n t  

p o p u la r  c h i l l i  c u l t i v a r s .

V a r i e t a l  r e a c t io n  to  s ev e re  a t r a i n  of PYBV

After  comparing the  e f f e c t  o f  few i s o l a t e s  of t h e  

most p r e v a l e n t  PVBV th e  most severe  i s o l a t e  was s e l e c te d  

as  a se v e re  s t r a i n  t a s e d  on i t s  r e a c t i o n  on the  populai^ c v r .  

i iyadgikaddi and used i n  t h i s  s tu d y .

U h i l l i  c u l t i \ a r ,  Mifsore s e l e c t i o n  showed only vein  

o lea i i in g  even a f t e r  r e i n o c u l a t i o n  showing t o l e r a n c e  to  

sev e re  s t r a i n  of PVBV.

Genotype P e n th a  G-1 (Top) was found to  t>e m odera te ly  

s u s c e p t i b l e .  The rem a in ing  were e i t h e r  s u s c e p t i b l e  o r  very  

s u s c e i - t i b l e  to s e v e r e  s t r a i n  of  PVBV. Jha  (1955 ) r e p o r t e d  

t h a t  c h i l l i  v a r i e t i e s  WP-20 and NP-25 as  more r e s i s t a n t  t o  

c h i l l i  mosaic v i r u s  than the o th e r  52 v a r i e t i e s .  Anand 

e t  a l . (1951) have sc reened  152 v a r i e t i e s  of c h i l l i  be long­

ing^ to  s i x  d i f f e r e n t  s p e c i e s  and r e p o r t e d  t h a t  v a r i e t i e s  

P u r i  r e d ,  P u r i  o ra n g e ,  Kondiverum, G2 and a l o c a l  v a r i e t y  

were r e s i s t a n t  a g a i n s t  c h i l l i  m o sa ic .  Ramanujam e t  

(1965) r e p o r t e d  t h a t  P u r i  r e d  showed h ig h  r e s i  s tance  to l e a f  

m o sa ic .  P an t  G-1 and Pan t  C-2 were found to  be r e s i s t a n t  

to  l e a f  g u r l  v i r u s  (Mathei e t  a l . ,  1971) .  Singh (1975) 

s c r e e n e d  IO5 d i f f e r e n t  v a r i e t i e s  and 5 s p e c ie s  o f  c h i l l i
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a g a i n s t  c h i l l i  mosaic and r e p o r t e d  t h a t  p u r l  r e d )  p u r l  

orange^ G2» Kondiverum and Suryamukhi a s  r e s i s t a n t .  S e l e c t ­

i o n s  made from NP-46A x P u r i  red  i s  known t o  be  m osaic  r e ­

s i s t a n t  and has been r e l e a s e d  as 'Jw ala*  i n  1973 (Tewari 

and Ramaiujatn, 1974; Tewari aid An and, 1977).  However a l l  

t h e s e  genotypes  r e p o r t e d  ty e a r l i e r  workers to be r e s i s t a n t  

t o  one o r  th e  o t h e r  v i r u s  were n o t  found tobe r e s i s t a n t  or 

t o l a r  S31 to PVj3V in  t h i s  s t u d y .

L f f e c t  o f  seve re  s t r a i n  of PVBY on growth 
o f  Uapsl ĉum. cu l t i y a r s

There has  been no r e p o r t  o f  any s y s t e m a t i c  study 

conducted in I n d ia  w ith  r e g a r d  to  e f f e c t  of any v i r u s  

c a u s in g  c h i l l i  mosaic on t h e  growth p a ra m e te r s  of c h i l l i  

c u l t i v a r s .  In the  p r e s e n t  study e f f e c t  o f  s e v e r e  s t r a i n  of 

PVBV V . ’c in Karnataka on the  growth w ith  r e s p e c t  to 

f lo w e r in g ;  h e i g h t ;  g i r t h ;  number, green and d r y w e i ^ t  of 

l e a v e s ,  number of b ranches ,  number, l e n g th  and green and 

dry w eight  of f r u i t s ,  l e n g t h ,  f r e s h  and dry w e i ^ t  of r  oo ta  

of d i f f e r e n t  c h i l l i  c u l t i v a r s  was i n v e s t i g a t e d .

The r e s u l t s  showed t h a t  th e  s e v e r e  s t r a i n  of PVB7 

s i g n i f i c s n t l y  reduced  the growth o f  t h e  o h i l l i  c u l t i v a r s  

w i th  v a ry in g  d e g r e e s .  U sua l ly  the v i r u s  i n f e c t e d  p l a n t s  

showed 1-16 days d e lay  in f l o w e r in g  and alaa s t u n t e d  growthi
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C h i l l i  geno types ,  P e n th a  C-1 (T op) ,  P e re n n ia l  c o n i c a l ,  Mysore 

s e l e c t i o n .  L in e  7 Green S e l -2 ,  EC 127967, X200, Line 9 Green 

Se l-4»  Line 13 Green S e l -2  and NP46A were found l e s s  a f f e c t e d  

due to  i n f e c t i o n  coiapared to  o t h e r s .

DH7-6-6 d id  n o t  p roduce  f r u i t s  a t  a l l  and some c u l t i v a r s  

v i z . ,  G4 and X 197 were s t im u la ted  to  prouuce more a x i l l a r y  

k>rar.ches and heoame s tu n te d  and bushy i n  appearance* Byadgi 

(Kungagol) which i s  a  commercial c u l t i v a r  i n  K arna taka  showed 

94.74 p e r  cent r e d u c t io n  in  i t s  green w e igh t  o f  f r u i t s  per 

p l i n t  due to i n f e c t i o n .  Among a l l  t h e  c u l t i v a r s ,  Mysore 

s e l e c t i o n  was found to  be l e a s t  a f f e c t e d .

There a r e  r e p o r t s  on th e  r e d u c t i o n  o f  g ro w th  of c h i l l i  

due to P7Y i n f e c t i o n  ( J e y a r a j a n ,  and Ram akr id inan ,  1961).  

A il laud  (1971) r e p o r te d  the  p ro d uo t ion  of abnormal f lo w ers  o f  

c h i l l i  p l a n t s  due to  CMV i n f e c t i o n .  TEV red u ced  th e  f r u i t  

y i e l d  of b e l l  pepper from 6-53 per  cen t  ( V i l l a l a n ,  1972).

Jo s h i  and Dubey (1977) r e p o r t e d  l e s s  m o is tu re  and more dry  

m a t te r  c o n t e n t  of c h i l l i  p l a n t s  i n f e c t e d  w i th  CMV compared 

to  h e a l th y  p l a n t s .

Marsh e ^  al..  (1977) s tu d ie d  t h e  e f f e c t  of PVMV on 

Gap s i  cum and r e p o r t e d  t h a t  i n o c u l a t e d  p l a n t s  produced s m a l l e r ,  

l i g h t e r  end d i s t o r t e d  f r u i t s  which r i p e n e d  unev en ly .  I t  

caused  l o s s e s  of 4 6 -9 0  per c en t  de pen ding upon t i m e o f
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i n o c u l a t i o n .  Same t h i n g  i s  a l  so t r u e  w i th  the  p r e s e n t  r e ­

s u l t s  where in  Byadgi ( K u n d ^ o l ) c v .  t h e  green w eight  o f  

f r u i t s  was reduced  upto  94.74 per  c e n t .

According t o  T iw ar i  and Anand (1977 )» mo s t  o f  th e  

c u l t i v a t e d  v a r i e t i e s  o f  c h i l l i  in  I n d i a  are s u s c e p t i b l e  

to o h i l l i  mosaic v i r u s  and tobacco l e a f  c u r l  v i r u s .  The 

h ig t i ly  r e s i s t a n t  Jw ala  (NF 46-A x P u r i  r e d )  gave s i g n i ­

f i c a n t l y  h ighe r  d ry  f r u i t  y i e l d  than NP 46-A due to c h i l l i  

mosaic in f i e l d  (Tewari and Anand, 1 9 7 7 ) .  In t h e  p r e s e n t  

s t u Q i e s ,  t h e  severe  s t r a i n  of P\TiJV s i g p i f i c a i  t l y  a f f e c t e d  

th e  grow th  of the  c h i l l i  c u l t i v a r s  and th e  e f f e c t  v a r i e d  

w ith  d i f f e r e n t  v a r i e t i e s  s u g g e s t in g  t h a t  th e re  i s  a  g r e a t  

deg ree  of v a r i i ^ i l i t y  a / a i l a b l e  in  o h i l l i  germplasm and t h e r e  

i s  p o s s i b i l i t y  of  g e t t i n g  r e s i s t a n t  geno types  f o r  many of 

the  v i r u s e s  o c c u r r in g  on c h i l l i .  In  t h e s e  s tu d ie s*  Mysore 

s e l e c t i o n  appears  to  p rov ide  r e s i s t a n c e  t o  PVBV.

JiFIDEMOLOGY

A. l o p u l a t i o n  d.vnaaijs  of  d i f f e r e n t  aphid 
s p e o i e s  and ap h id  v e c t o r s  on Hebbal farm

Aphids form the l a r g e s t  group of v e c t o r s  among the  

i n s e c t s  t r a n s m i t t i n g  t h e  p l a i t  v i r u s e s .  About t h r e e  hundred 

s p e c i e s  a r e  in v o lv e d  as p l a n t  v i r u s  v e c t o r s  (Mandahar, 1978) .  

We have l i t t l e  d e t a i l e d  u n d e r s t a n d in g  o f  s t a b i l i t y  and change 

in  f i e l d  p o p u l a t i o n s  of aphids b u t  only  c e r t a i n  f e a t u r e s  o f
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aphid  p o p u la t io n  dynamics hare  been r e v e a l e d  (Dixon, 1977),  

S ince  most o f  th e  p l a n t  v i ru se s  s t u d i e d  a re  known to  be 

t r a n s m i t t e d  by ap h id s  (Kennedy e t  a ^ . , 1962; H a r r i s  and 

Maramorosch, 1977) in  o rd e r  to know the  p reva lence  o f  d i f f e ­

r e n t  aph id  Q)eci es a:id a^Aiid v e c t o r s  on H eb ta l  fa rm ,  aph ids  

were t rap p ed  d a i l y  and c o l l e c t e d  once in f i v e  days  from 17th 

March, 1980 to  12 th  March, 1981.

d i f f e r e n t  aphid s p e c i e s  were i d e n t i f i e d  and p o p u la t io n  

counted and p re s e n te d  i n  T ab le  29 and F i g . 67 . Curing the  yea r  

of c o l l e c t i o n  t h i r t y  two d i f f e r e n t  aphid  s p e c i e s  were en­

coun te red  on the  farm, /jnong theE, p o p u la t i o n  o f  A.c r a c c i v o r a  

was maxiEUE fo l low ed b^ A.g o s s . \ r . i i , Aphis s p p . ,  A.fa b a e .

M.p e r s i c a e , A.s p i r a e c o l a  and M.v2 0 o a l l i s  p o ly c h a e tu s  and 

r e v e a le d  as major forms on Hebbal  farm fo l low ed  by  o t h e r s .  

However, in  some aphids  v i z .  R.nymphaeae, N .oircumfleacue»

H .p r u n i i , G. a r t o c a r p i  and D .com positae  on ly  one i n d i v i d u a l  

was t r a p p e d  in  each c ase i n  a y e a r .  I t  i s  seen  t h a t ,  f l i g h t  

of A.cracoivora cou ld  be obse rved  from 8 t h  September to 1 s t  

May, bu t  w as  a b s e n t  d u r in g  May to J u ly  1980^ maximum d u r in g  

i'Jovember 1980. P o p u la t io n  o f  A.g o s s y p i i  was uniform th rough ­

ou t  t h e  yea r  and showed maximum p o p u la t io n  d u r in g  November 

to  i ' e b ru a ry .  A.fab ae  was observed  th ro u g h o u t  t h e  year b u t  

was a b s e n t  between 11th  May and lOth August.

i o p u l a t i o n  of  M.p e r s i c a e  was c o m p le te ly  absentfrom



229

1 s t  May to  23rd September 1980; o th e rw ise  i t s  f l i g h t  was 

o b se rv ed  in  o th e r  p e r i o d s  i r r e g u l a r l y .

S r i v a s t a v a  e t  a l .  (1971) r e p o r t e d  t h a t  the popu la ­

t i o n  o f  M.p e r s i c a s t A.g o s s y p i i  aid A.f a b a c  in c re a se d  from 

f o u r t h  week of Ja n u a ry  to f o u r t h  week o f  February  in  p l a i n s .

In m ost  o f  th e  aph id  spp ,  peak p e r io d  of f l i g h t  was d u r i n g  

th e  months of  November, March and A p r i l  of 1980. Pandurange-  

Gowda (1979) r e p o r te d  t h e  m acimum f l i g h t  of  aph ids  d u r in g  

September to DJovember and from Jan u a ry  to  March 1978 on 

hebba l  fa rm . Gonzalez and Hawlins (1969) r e p o r t e d  the 

c a p t u r e  o f  peak number o f  a l a t e s  i n c l u d i n g  M.p e r s i c a e  in  

Moericke t r a p s  in  New York d u r in g  August and September.

The t o t a l  numbfcr<|aphid s p e c i e s  t r a p p e d  were grouped a s  

v e c t o r s  of p l a n t  v i r u s e s  based  on l a t e s t  r e f e r e n c e s  made by 

G a r te r  (1975 )f Mandahar (1978) and Maramorosch (1969) are 

p re s e n te d  in  Table  T o t a l l y  seventeen  a p h id  s p e c ie s  of

th e  c o l l e c t i o n  were i d e n t i f i e d  as v e c t o r s  of p l a n t  v i ru s e s  

and they  were found to be more in number th a a  o t h e r s .  Among 

the  v e c t o r s ,  A>o r a c c iv o r a  was found i n  maximum numbers 

fo l lowed by A.g o s s ^ p i i t A.f  abae , M.p e r s i c a e t  A. s p i r a a e c o l  eu 

R»msjdis« R.p a d i » H .c o r i a n d r i t H. s e t a r i a e t A.n e r i i t B .b r a s s l c a e t 

T . c i t r i c i d u s , T . a u r c j a t i i . A . n a s t a r t i i > R .nymphaeae, N .c lrcum- 

f l e x u s  and h . p r u n i . Based on th e  l i t e r a t u r e ,  anong v e o to rs
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t r a p p e d  M.p e r s i c a e  comes f i r s t  in  t r a n s m i t t i n g  maxi mum 

number o f  p l a n t  v i r u s e s  fo l low ed  "by A.f a b a e « N .circum- 

f l e x u s , A«g o s s y p i i t B .Torass icae , A^c r a c c i v o r a , A.n a s t a r t i i t 

R«m a ld i s  and A»s p i r a e c o l a  fo l low ed by  o t h e r s  (Table  

On H eb ta l  farm oommon v i r u s e s ,  v i z . ,  CMV, PWV, PVY, TEV 

and PVBV a r e  found on C apsicum .

H a r r i s  and Maramorosch (1977 ) r e p o r te d  A .fabae ,  

A.^ o s s y p i i , M«p e r s i o a e  and T .a u r a n t i l  as more po lyphagus  

a p h id s .  The enormous r e p r o d u c t iv e  p o t e n t i a l  and b e h a v io u ra l  

p a t t e r n s  o f  a p h id s  ensure  t h e i r  wide d i s p e r s a l  among popu­

l a t i o n  o f  v i r u s  h o s t  p la r i t s .  T h e re fo r e ,  po lyphagus  aphids 

a r e  b e t t e r  f i t t e d  than o l igophagous  aph ids  fo r  f i e l d  sp read  

of  inanA/' aphid bo rne  v i r u s e s  (Kennedy 1959 ) .  Ong

e t  (1979) s tu d i e d  the  aphid  v e c t o r s  o f  PVIIV in  Penin ­

s u l a r  M alaysia  v i z . ,  A.c r a c o i v o r a , T . c i t r i c i d u s , A.s p i r a e c o l a . 

A.goss .y p i i , M.p e r s i c a e ,  R.m a id is  and H .s e t a r i a e , which were 

r e s p o n s i b l e  fo r f i e l d  j^read  o f  c h i l l i  v i r ’j s .  L a i rd  aad 

i>ickson (1965 ) a l s o  r e p o r t e d  th e  f i e l d  sp read  of TEV and 

PVY in  i>outhern C a l i f o r n i a  by M.p e r s i c a e , A.^ o s s y p i i » and 

A.s p i r a e c o l a . Canko and P r a s l l j k a  (1369) s tu d ie d  th e  occu­

r r e n c e  o f  aph ids  p a r t i c u l a r l y  M.p e r s i c a e  and A.n a s t a r t i i  and 

t h e i r  im portance  a s  v e c t o r s  of CMV on Capsicum. M a r i^ p a n  

e t  a l . (1973 ) r e p o r t e d  A.g o s s ^ p i i , A.o r a c c i v o r a , A.n e r l i  and 

and M.per s i c  ae as  v e c t o r s  of PVY of c h i l l i  and A.g o s s y p i l  as
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m ost  e f f i c i e n t  v e c t o r .  In P o land ,  G ab r ie l  (1961) found 

A.n a s t a r t i i  to  be a more im por t  a i t  v e c to r  o f  P7Y than  

M.p e r s i c a e * In c o n t r a s t ,  Rasocha (1966) in C sech o s lo v d c ia  

r e p o r t e d  M»p e r s i c a e  a s  more im p o r t a n t  v e c to r  than A»n a g t a r t i l  

in  p o ta to  p l o t s .  In  t h e  p r e s e n t  s t u d i e s ,  A.c r a c o i y o r a .

A.g o s s y p i i , A.f a b a e , and A.s p i r a e c o l a  were found to  be th e  

im p o r ta n t  v e c to r s  o f  p la r i t  v i r u s e s  on H ebtal  fa rm .  However, 

M.p e r s i c a e  though r e p o r t e d  to be an im p o r ta n t  v e c t o r  in 

p o p u la t i o n  i t  s to o d  f i f t h  in  t h e  p r e s e n t  s t u d i e s .

Attempts were made to  j o r r e l a t e  t o t a l  number o f  

aphid spp .  t ra p p e d ,  aph id  v ec to rs  o f  p l a n t  v i r u s e s  and 

v e c t o r s  o f  c h i l l i  v i r u s e s  and same im p o r ta n t  i n d iv i d u a l  

aphid  v e c to r s  r e p o r t e d  so f a r ,  w ith  s e v e r a l  m e te o ro lo g ic a l  

f a c t o r s  c o l l e c t e d  from m e te o r o l o g ic a l  o b s e r v a to r y  in  Hebbal 

farm*

a ;  T o ta l  p o p u la t i o n  of  aph id  a p e c i e s

The in c r e a s e  in  p o p u la t io n  o f  aph id  sp ec ie s  was p o s i ­

t i v e l y  c o r r e l a t e d  w ith  h ig h ,  maximum and minimum tempera turey  

r e l a t i v e  humidity a t  07 .20  and 14 .20  h o u rs ,  sunsh ine  and 

e v a p o ra t io n  a t  one per  c en t  l e v e l  and was n e g a t iv e l y  o o r r e - '  

l a t e d  w ith  wind speed .

b )  T o ta l  aphid v e c t o r s  o f  p l a n t  v i r u s

The i n c r e a s e  in  p o p u la t i o n  o f  aphid v e c t o r s  o f  p l a a t  

v i r u s e s  was p o s i t i v e l y  c o r r e l a t e d  w i t h  h ig h  r e l a t i v e  humidity
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a t  0 7 .2 0  and 1 4 .2 0  h o u rs  b u t  was s i g n i f i c a n t  on ly  w ith  

minisium te m p e ra tu re .  Maximum te m p e ra tu re  and wind speed 

on ly  showed s i g n i f i c a n t  n e g a t iv e  c o r r e l a t i o n  w ith  t h e  

p o p u la t io n  of aph id  v e c t o r s  of  p l a n t  v i ru s e s .

c ) T o ta l  aphid v e c t o r s  of C a p s ^ um v i r u s e s

T o ta l  p o p u la t io n  o f  aphid v e c t o r s  o f  Capsicum v i r ’jses  

showed p o s i t i v e  c o r r e l a t i o n  w ith  r e l a t i v e  hum idity  a t  07 .20  

and 1 4 .2 0  hours  b u t  was s i g n i f i c a n t  o n ly  a t  14.20 and no t  

a t  07 .2 0  h o u rs .  P o p u la t io n  of aphid  v e c t o r s  o f  Capsicum 

v i r u s e s  showed n e g a t iv e  c o r r e l a t i o n  w i th  t h e  remaining 

m e te o r o l o g ic a l  f a c t o r s  b u t  showed s i g n i f i c  a i t  c o r r e l a t i o n  

onli '  w i th  inaximuia t e m p e ra tu re  aid / e v a p o r a t io n .

d)  P o p u la t io n  of A .c r a c o iv o ra  and A .g o ss y p i i

P o p u la t i o n  o f  A.c r a c o i v o r a  and A.g o s s y p i i  showed p o s i ­

t i v e  c o r r e l a t i o n  only w i th  r e l a t i v e  hum id i ty ,  a t  07 .20  and 

14.20 h o u rs  b u t  was n o t  s i ^ i f i c a i t .  P o p u la t i o n  o f  t h e s e  

two sp e c ie s  of ap h id s  showed n e g a t iv e  c o r r e l a t i o n  w ith  the 

rem aining  f a c t o r s  b u t  ^owed s i g n i f i c a n t  only w i th  maximum 

tem p era tu re ,  wind speed and e v a p o r a t io n .

e ) P o p u la t io n  o f  A . £ a b ^

Popu la t ion  o f  A.fabae  showed p o s i t i v e  c o r r e l a t i o n  on ly  

w i th  minimum te m p e ra tu re  and n e g a t i v e  c o r r e l a t i o n  w i th  t h e  

r e m a in in g  m e t e o r o l o g i c a l  f a c t o r s .
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f ) P o p u la t i o n  o f  A . s ^ j^ a e c o j ^

T h is  i^owed p o s i t i v e  c o r r e l a t i o n  on ly  w ith  r a i n f a l l ,  

r e l a t i v e  hum id i ty  a t  07 .20  and 14 .20  hou rs  b u t  was i n s i g n i ­

f i c a n t .

g j  T o ta l  p o p u la t io n  o f  Aphis spp .

Here t o t a l  p o p u la t io n  of  a l l  s p e c i e s  of Aphis showed 

p o s i t i v e  c o r r e l a t i o n  w i th  a l l  m e te o r o lo g ic a l  f a c t o r s  v s tud ied  

e x c e p t  wind s p e e d . '  The c o r r e l a t i o n  was i n s i g n i f i c a n t  w ith  

r a i n f a l l ,  su n s h in e  and e v a p o ra t io n .

The p r e s e n t  r e s u l t s  s u p p o r t  th e  o b s e r v a t i o n s  made by 

Delong and Mathewson Davies (1935),  Thomos and

V evail  (1940) ,  Broadbent (1 9 4 9 ) ,  S ta p le y  (1949) and Dixon 

(1975).

Broadbent (1949) observed low p o p u la t io n  o f  ap h id s  in  

humid r e g io n s  in  wet  season and c la im ed  t h a t  h ig h  hum id i ty  

p ro b a b ly  a f f e c t e d  t h e  p o p u la t io n  by d e p r e s s in g  m u l t i p l i c a t i o n  

r a t h e r  tha:) i n h i b i t i n g  f l i ^ ^ t .

Delong and Mattvewson (1925) r e p o r t e d  t h a t  h igh  humi­

d i t y  combined with  low te m p e ra tu re  was a p p a re n t ly  the  most  

im p o r ta n t  combination of  f a c t o r s  fo r  r e t a r d i n g  the d e v e lo p -  

m ait  o f  a p h i d s .  Optimum c o n d i t i o n s  were h ig h  tem pera tu re  

and low h u m id i ty .  The p r e s e n t  f in d in g s  ag ree  w i th  the



234

o b s e rv a t io n  of  Delong and Mattewson (1925) .  S t a p le y  (1949) 

r e p o r t e d  t h a t  aph id  m ig ra t io n  t a k e s  p lace  under  c e r t a i n  con­

d i t i o n s  where tem p e ra tu re  was n o t  lower th aa  65®F and humi­

dity ' no t  h ig h e r  than 70 per  c e n t .  R a i n f a l l  was found t o  be 

negatively? c o r r e l a t e d  w ith  aphid  p o p u la t io n  w hich  su p p o r ts  

t h e  s ta tem en t  made by Dixon (1973 ) t h a t  pea ap h id s  feed in g  

on buds,  stem and on upper s u r f a c e  of le a v e s  were g r e a t l y  

reduced .

i:jctraordin ary w eather c o n d i t i o n s ,  p a r t i c u l a r l y  tempe­

r a t u r e s  c ai have a marked e f f e c t  on aphid  numbers. Wind 

and r a i n  have a g r e a t e r  e f f e c t  on aph id  numbers. N a tu ra l  

enemies can i n f l u e n c e  the  r a t e  o f  b u i l d  up o f  aohids  and by 

in  t e r  a c t i n g  wi th  o t h e r  f a c t o r s  can shape  th e  dynamics of 

c e r t a i n  aphid  s p e c i e s  ( D i x o n 1977 ) .

f a c t o r s  a f f e c t i n g  movement o f  v e c t o r s  a r e  a complex 

of  b i o t i c  and p h y s i c a l  f a c t o r s .  For th e  ^ h i d s ,  Davies (1935) 

dem onstra ted  with c o n t r o l l e d  l a b o r a t o r y  expe r im en ts ,  t h a t  h ig h  

h u m id i t i e s  i n h i b i t e d  f l i g h t  o f  K .p e r s io a e  and tem pera t t r  e s  

from 70° to  90®F were t h e  most f a v o u r a b le .  C a r t e r  (1961) r e ­

p o r ted  t h a t  changes in  hum id i ty  to a lower l e v e l  in c r e a s e d  

th e  a c t i v i t y ,  bu t  ap h id s  a d ju s te d  to h u m id i t i e s  between 50 

and 80 per  c e n t ,  and f lew  r e a d i l y  a t  t h e s e  h u m id i t i e s  and 

te m p e ra tu re s  of 80“F. High hum idity  and h ig h  tem pera tu re  

(90°F) some t imes i n h i b i t e d  f l i g h t .  C a r t e r  (1961) r e p o r t e d
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t h a t  f o r t y  t h r e e ,  twenty and e leven  took o f f  per  minute  

of B»b r a s s i c a e  w ith  f u l l  s u n s h in e ,  t h in  c lo u d s  acd dense 

c louds  r e s p e c t i v e l y .  Swenson (1968) r e p o r te d  t h a t  tiie 

lo w es t  t e m p e ra tu re s  a t  which any a^jhid was olsserved to  

t a k e  o f f  was 15*5®G.

In most of the  o a s e s  aphid f l i g h t  was maximum d u r i n g  

th e  months of November, March and A p r i l ,  1980, when the 

w ea the r  f a c t o r s  were c o n g en ia l  f o r  aph id  f l i g h t s .  P r e s e n t  

r e s u l t s  ag ree ,  w i th  th e  r e p o r t s  of the  above w orke rs .  And

A.c r a c o i v o r a  came f i r s t  in  i t s  p o p u l a t i o n  and A.g o s s y p i i  

was found  t h r o u ^ o u t  t h e  year  u n i fo rm ly  on Hebbal fa rm .  

M.p e r s i o a e  though an im p o r ta n t  v e c t o r ,  i t s  occu r ren ce  on 

Hebbal farm was e r r a t i c  and l o s e s  i t s  importance as a 

major v e c to r  on the  farm.

B . I n f e c t i o n  p re s u re  of d i f f e r e n t  toEM_cum v i r u s e s  
on Hebbal farm d u r in g  1980-81

T h is  was s tud ied  to  know th e  o c c u r re n c e  o f  d i f f e r e n t  

v i r u s e s  on t h e  farm a t  d i f f e r e n t  p e r io d s  d u r in g  t h e  y e a r .  I t  

was observed t h a t  t o t a l l y  f i v e  aphid  t r a n s m i t t e d  and two non ­

aphid  t r a n s m i t t e d  v i r u s e s  o c c u r r e d  d u r in g  1980-81.  Among the  

aph id  t r a n e m i t t e d  v i r u s e s ,  maximum was o f  PVY followed by  

GMV, FVBV, PVMV and TJiV.

There were two peak p e r i o d s  o f  i n f e c t i o n  by a l l  th e  

aphid  borne v i r u s e s  on the  farm d u r i n g  th e  y e a r ,  one was
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d u r in g  the  months from March to  May, and second was d u r in g  the 

m o n th s  from Octoloer to  Janua ry .  There was l e a s t  i n f e c ^ o n  

d u r in g  t h e  months of  Ju ly»  August and September on t h e  farm* 

t h a t  m ight be due t o  h ig h  r a i n f a l l  and  h ig h  hum id i ty  of  

90 per  c e n t  which i n h i b i t e d  th e  a p h id  f l i g h t .  I n f e c t i o n  pre ­

s s u r e  o f  i n d i v i d u a l  aphid  t r a n s m i t t e d  v i r u s e s  fo l low ed  t h e  

same p a t t e r n  as  tlaat o f  t o t a l  number o f  a p h i d - t r a n s m i t  ted 

v i r u s e s .  There was c o n s t a n t  p r e s s u r e  of PYBV and PVY t h r o u ^ -  

o u t  the  year s u g g e s t i n g  t h a t  th e s e  two v i r u s e s  a re  more 

p r e v a l e n t  in t h i s  a r e a .  However, i n  d i s t r i b u t i o n  in  the 

su rveyed  a re a ,  th<r«e two v i r u s e s  rank  1 s t  and 5 th  r e s p e o -  

t i v e l y .  Inc idence  o f  PVMV and CM7 was however, n o t  found in  

th e  month of June and J u l y  r e s p e c t i v e l y .  Tobacco e t c h  v i ru s  

was found only in the  m onths of  March, October and December.

I n f e c t i o n  p re s s u re  of a l l  th e  aphid t r a n s m i t t e d  v i r u s e s  

on the  farm showed p o s i t i v e  c o r r e l a t i o n  w ith  the  t o t a l  popu­

l a t i o n  o f  £{)hida, aphid v e c t o r s  of p l a n t  v i r u s e s ,  aphid 

v e c t o r s  o f  Jap s i  cum v i r u s e s ,  A.c ra c c iy o r  a , A.g o s s y p i i , A.f  a b a e , 

A.s p i r a e c o l a  and t o t a l  number o f  Aphis sp p .  S im i l a r l y ,  i n ­

f e c t i o n  p r e s s u r e  of PVBV a t  d i f f e r e n t  months a l s o  showed p o s i ­

t i v e  c o r r e l a t i o n .  P o ta to  v i r u s  Y showed p d s i t i v e  c o r r e l a t i o n  

on ly  w ith  th e  p o p u la t io n  o f  A.s p i r a e c o l a  and t o t a l  p o p u la t io n  

o f  Aphis spp.  No c o r r e l a t i o n  was found w ith  t h e  po p u la t io n  

of  M.p e r s i c a e  which occurred o n ly  from 23rd September to  7 th  

March and was s c a t t e r e d .  Only A.cr a c c i y o r  a , A.g o a s y p i i  and
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A.fab ae  were found to  be i n  l a r g e  numbers t h r o u ^ o u t  the 

y e a r .  However, A.g o s s y p i i  an e a r l y  a p p e a r in g  aphid  

occu rred  i n  tremendous numbers and showed marked c o in c i ­

dence in  i t s  p o p u la t io n  w i th  sp read  of  v i r u s e s  in t h e  f i e l d .

S i t i n g  a p h id s  w i l l  land on any a v a i l a b l e  p l a i t  r e g a r d ­

l e s s  of sp e c ie s  a:2d thqy a re  u n a b l e  to d i s t i n g u i s h  h o s t  

p l a i t s  from n o n - h o s t s  |>efore l a n d i n g  (M uller ,  1 9 6 2 ) .  Host 

s e l e c t i o n  occurs  a f t e r  a r r i v i n g  on p l a n t  s u r f a c e  (Swenson, 

1968) .  The numbers and d i s t r i b u t i o n  o f  i n f e c t e d  p l a n t s  w ith  

aph id  borne v i r u s e s  r e f l e c t  t h e  numbers aad a c t i v i t y  o f  

aph id  v e c t o r s  (Swenson, 1968).  These are r e s p o n s i b l e  f o r  

t h e  g e n e r a l  d i s s e m in a t io n  o f  n o n - p e r s i s t e n t  p l a i t  v i ruses*

Occurrence and development o f  i n s e c t  t r a n s m i t t e d  

v i r u s e s  i n  f i e l d  depends on the a p p ea ran ce  and t h e  b u i ld  tip 

of  t h e  v e c to r  p o p u la t io n  i n  n a tu r e  (Danko and P r a s l i d c e ,  

1969; Gonzalez and R aw l in s ,  1969; S r i v a s t a v a  e t  a l . ,  1971 

and Z i t t e r ,  1971).

Gonzalez and Rawlins (1969)  observed th e  r e l a t i o n  of 

aphid  p o p u la t i o n  to t h e  f i e l d  spread  o f  l e t t u c e  mosaic v i r u s  

in  liew York. L arger  number o f  i n f e c t e d  p l a n t s  were d e teo ted  

on ly  in  l a t e  August and ^September, the  t im e a t  which tiie 

g r e a t e s t  number of a l a t e s  were cap tu red .  The o th e r  workers 

found t h a t  s|)hid numbers a lo n e  do n o t  i n d i c a t e  the  l i k e l y  

i n c id e n c e  o f  a p a r t i c u l a r  v i r u s  (Plumb, 1976; Dickson and
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iiHird, 1959 ; .  Other f a c t o r s  c o n s id e re d  im p o r t a n t  a re  the 

h igh  p o t e n t i a l  and e a r l y  m ig r a t io n  a s s o c i a t e d  w i th  fi^hid 

v e c t o r s  CGiHf li^70}, t h e  d i r e c t i o n  of aph id  m ig ra t io n  

(A dlerz t  1978) and th e  long  d i s t a n c e  f l i g i i t s  o f  r i r u l l -  

f e r o u s  aph ids  (W allin  and Loonan, 1971).

van Hoof (1977 ) s t u d ie d  th e  i n f e c t i o n  p r e s s u r e  of 

PVY in  a  c rop  o f  ware p o t a to e s  in  t h e  c e n t r e  of N e th e r ­

la n d s  "by u s in g  tohacoo p l a n t s  a s  b a i t s  and s a id  t h a t  aph id  

s p e c i e s  o th e r  th a i  i4.p e r s i c a e  were respon  s i b l e  f o r  t h e  in ­

f e c t i o n  observed .  J’u r t h e r ,  t h a t  R .pad i  and Acyrthosiphum 

pisum f lew  much e a r l i e r  than  M.p e r s i o a e  aid  were v e c t o r s  

of  PVY , The i n f e c t i o n  p r e s s u r e  of n o n - p e r s i s t e n t  PVY n o t  

on ly  depended on t h e  type  and p re v a le n c e  of i t s  s o u r c e s  o f  

i n f e c t i o n  but a l s o  on i t s  spread  from th e  so u rce s .  In Poland 

G a b r ie l  (1961) found A.n a s t a r t i i  to  be a  much more im p o r ta n t  

v e c t o r  of PVY, t h a i  M.p e r s i o a e . In c o n t r a s t ,  Rasocha (1966) 

in  C z e c h o s lo v a k ia  n o te d  th e  c o r r e l a t i o n  between th e  occu­

r r e n c e  of PVY in  tobacco  b a i t  p l a n t s  and f l i g h t  of 

M.p e r s i c a e  b u t  n o t  t h a t  o f  A.n a s t a r t i i  during  1962-64 

in  p o ta to  p l a n t s .  Van Hoof (1979) s t u d i e d  t h e  i n f e c t i o n  

p r e s s u r e  o f  I-YY i n  p l o t s  w i th  b e e t ,  w hea t  and seed  p o t a t o e s ,  

Mo d i f f e r e n c e s  were found e i t h e r  between i n f e c t i o n  in

th e  b o r d e r  and t h a t  i n  the  middle of a f i e l d ,  p lan ted  with 

ware p o t a t o e s .  7an Hoof (1979) r e p o r t e d  th e  i^read o f  PVY
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b^sfore the  f l i g h t .  In the  p r e s e n t  s tu d y  a l so  i n c id e n c e  o f

c h i l l i  v i r u s e s  was found b e fo r e  th e  f l i g h t  o f  aphid  vec­

t o r s  on t h e  farm . By th e s e  s t u d i e s  t h e  more im p o r t a n t  

v e c t o r s  were found to  be A .cracc ivor&  and A.g o s s y p i i  than 

M.p e r s i c a e . P u r t h e r ,  i n f e c t i o n  p r e s s u r e  of th e  v i r u s e s  caa 

be s t u d i e d  more e f f i c i e n t ly ^  by use  of the C a l i f o r n i a  Wonder, 

t r a p  p l a a t s  than by t r a p p in g  aphids a lone  i s  i n d ic a t e d *

C .N a tu re  of sp read  o f  pyMV i n  f i e l d

C h i l l i  v i r u s ,  PVM'/ which i s  s e v e re  in  Karnataka was 

s tu d ie d  f o r  i t s  spread  k e e p in g  a s i n g l e  i n f e c t o r  p l a i t  in  

the  c e n t r e  of  th e  f i e l d  a long  w ith  few ap h id s  of M.p e r s l o a e . 

This was r e p e a t e d  by t a k i n g  fo u r  c ro p s  of t h r e e  months du­

r a t i o n  each  dijring 1980-81.

There was 1 t o  5 per c e n t  d i s e a s e d  p l a n t s  w ith  a 

s i n g l e  i n f e o t o r  p l a n H n  th e  c e n t r e  a f t e r  24 to  36 days of 

p l a i t i n g  of the  c h i l l i  in  each o f  a l l  the fo u r  c r o p s  taken 

in  a y e a r .  By 37 t o  42 days ,  sp read  was from 8 to  21 p e r ­

c e n t  and i t  was 38*5 t o  60 .5  p t r  c e n t  between 67 to  73 

days of p l a n t i n g  and maximum sp read  was found i n  March to 

May (60 .5  per c e n t ;  and l e a s t  was in  September t o  November 

crop (3 8 .5  per c e n t ) .  After  90 days of  p l a n t i n g ,  the 

sp read  o f  iWiV was 60 to 7 0 .5  per cen t  the  l a t e r  b e in g  in 

March to  May and June to August Crops compared t o  o t h e r  two 

p e r i o d s .
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Rate  of  spread  of PVMV in  the  c h i l l i  c rop ta k e n  i n  

fou r  p e r i o d s  dur ing  1980-81 was worked o u t  by  t a k in g  o b se r ­

v a t io n s  once in f i v e  d a y s .  In  t h e  b e g in n in g  t h e t e  was 

f a s t e r  r a t e  o f  spread o f  PVMV. By 24 to  36 d ay s  o f  p l a n t ­

i n g  o f  c h i l l i #  r a t e  of sp read  was 3 2 -56 .54  p e r  cen t  p e r  day. 

/ l i t e r  37 to  42 o f  p l a n t i n g  the r a t e  of sp read  was o n ly

4 .0 3  to 1 3 .4 6  per  c e n t  p e r  day aad i t w a s  2 .09 to  6 .21 p e r ­

c en t  between 67 to 73 days  of p l a n t i n g .  At 90th day o f  

p l a n t i n g  t h e  r a t e  o f  sp read  o f  VWV c a l c  u f̂eted i n  the 

Ca-psicuia crop taken d u r i n g  March to  May, September t o  

November and December to Fetruaary cane down to 1.64 to  2 . 2  

per c en t  p e r  day. The r a t e  o f  spread p e r  day became 

sm a l le r  as more number o f  d i s e a se d  p l a n t s  wer^cxvailalsle 

in the  f i e l d  which i  s in agreement with th e  r e p o r t s  o f  

e a r l i e r  w orke rs .  Spread o f  v i r u s  in t h e  f i e l d  depends on 

movement o f  v e c t o r s ,  from a nearby i n f e c t e d  source  and 

in t h i  s r e s p e c t  M.p e r s i c a e  i s  found to  be a good v e c t o r  

a s  r e p o r t e d  by Bald £ t  a ^ .  (1946).

The r a t e  a t  which the  v i r u s  sp reads  between p l a n t s  

v a r i e d  w idely  a c c o r a i n g  to t h e  type of v i r u s ,  j r o p  environ­

ment and mode o f  t r a n s m is s io n .  The spread of Biany v i r u s e s  

among woody p l a n t s  i s  r e l a t i v e l y  slow (Thresh ,  1974a) .

mature of tVhiV i n  c h i l l i  f i e l d  was s tu d ie d  by  u s in g  

th e  fo rm ula  o f  vander  P laak  (l i^46). In t h e  b eg in n in g  i . e .
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between 24 tand 36 days of p l a n t i n g ,  t h e  a c t u a l  number of

d o u b l e t s  were found t o  be n o n s i 0 : i i f i c  t l y  l e s s e r  than th e

expected  number o f  p a i r s .  Immediately a f t e r  nex t  f i v e  d ay s ,

i t  p roved  t h a t  t h e  s p r e a d  was i n t e r n a l  in  a l l  the fo u r  orop

p e r i o d s .  T h e r e a f t e r ,  a t  subsequen t ,  f i v e  day i n t e r v a l  up to

90 d ays  a f t e r  p l a n t i n g  t h e r e  was a good e v id e n c e  t h a t  s i g n i ­

f i c a n t  sp read  from p l a n t  to  p l a n t  was w i th in  t h e  c r o p .  These 

r e s u l t s  a r e  in  agreemant w i th  the  r e p o r t s  o f  many w orkers  

(P u ran ik  e t  , 1973; H o l l i n g s ,  1960; and Deshpande a l« , 

1972).

Some v i r u s e s  a r e  known to  sp read  b o th  i n t o  and w i th in  

th e  c ro p s  and nearby  i n f e c t e d  p l a n t s  soon became fo c i  f o r  

secondary sp read  (Thresh ,  1 9 7 4 a ) .

• In the  p r e s e n t  s t u d i e s ,  c h i l l i  p l a n t s  ha rbourod  t o t a l l y  

e i g h t  d i f f e r e n t  aphid  spp. A.c r a o o i v o r a . A.g o s s y p i l , 

M.p e r s io a e ,  A.s p i r a e c o l a , H .s e t a r i a e  are  known v e c t o r s  o f  

c h i l l i  v i r u s e s  among them. They ^ s o  might hare  invo lved  

in  the  secondary  spread o f  FWV in  the f i e l d  in  a d d i t io n  to 

M. pe r  s i c  a e , which was i n i t i a l l y  l i b e r a t e d .

F u r t h e r ,  an a n a l y s i s  of  t h e  o c c u r r e n c e  o f  v i r u s e s  

c a u s i n g  t h e  d i s e a s e  in  » th e  a f f e c t e d  p l a n t s  a t  t h e  end 

o f  each  crop p e r io d  in  c o n t ro l  p l o t s  a s  w e l l  a s  those  w ith  

i n f e c t o r  p l a n t s  ^ow ea  on an average  t h a t  th e re  were 8 .3 0
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p e r  c e n t  p l a i t s  showing PVY, GIW sni TEY v i r u s e s j 2 . 3 5  p e r ­

cen t  w i th  lYY arid CMV v i r u s e s  r e s p e c t i v e l y .

By t h i s ,  i t  i s  e v id e n t  t h a t  fo r  th e  sp read  o f  th e  

d i s e a s e  i n  t h e  p l o t  n o t  on ly  th e  aph ids  which were i n i t i a l l y  

l i b e r a t e d  i n  the  p l o t s  were r e s p o n s ib l e  b u t  a l so  o th e r s  

which came in  from o u t s i d e .  However, t h e  r o l e  o f  o t h e r s  

b r in g in g  in  the v i r u s e s  was very  low as evidenced by t h e  

d a t a  ( l a b l e  5 1 )*

C ons ide r ing  t h e  t o t a l  p o p u la t io n  o f  PVMV in  p l o t s  

w i t h  the  source  arid without t h e  source  the p a t t e r n  of 

sp re a d  was l i k e  t h a t  w ith in  th e  p l o t s  with the  i n f e c t o r  

p l a : i t .  However, such d i s e a s e s  seldom spread  for lo n g  in  

a  manner c l o s e ly  ana logous  w ith  th e  lo g a r i th m ic  i n c r e a s e  o f  

c a p i t a l  a t  compound r a t e s  of  i n t e r e s t .  With v i r u s  d i s e a s e s ,  

t h e  t o t a l  amount o f  i n f e c t i o n  u s u a l l y  i n c r e a s e s  in  a s?.gmoid 

mainer w i th  t ime (T hresh ,  1 974a ) .  Thresh (1974b) r e p o r t e d  

t h e  e a r l y  appearance  and r a p i d  sp re a d  o f  n o n - p e r s i s t e n t  

v i r u s e s  depending upon th e  ocourrdnoe  of l o c a l  s o u rc e s  o f  

i n f e c t i o n  w i th in  the  c ro p  or nea rby  d i s t r i b u t i o n  o f  such 

p r im ary  i n f e c t i o n  determ_.nes t h e  p a t t e r n  o f  sp re a d .

I n i t i a l  phase of sp read  i ^ r u e l y  l o g a r i t h m i c  in  v i r u s  

d i s e a s e s  when t h e  number o f  new i f e c t i o n s  t h a t  appear i s  

d i r e c t l y  p r o p o r t i o n a l  to  th e  t o t a l  number o f  i n f e c t i o n s
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a l r e a d y  p r e s e n t .  7 a lu e s  of  ' r*  i . e . ,  r a t e  of 8pread« a r e  

u s u a l l y  g r e a t e s t  d u r i n g  e a r l y  sp read  when th e re  i s  a p ro ­

g r e s s i v e l y  i n c r e a s i n g  number of i n f e c t e d  p l a n t s  from which 

f u r t h e r  sp read  c&a occur  and a c o r r e s p o n d in g  decrejtjein t h e  

im por tance  o f  o u t s id e  s o u r c e .  Spread i  s f  a c i l i t a t e d  espe ­

c i a l l y  i n  annua ls ,  hy i n c r e a s i n g  th e  p l a n t  s i z e  aid a l s o  t h e  

number and a c t i v i t y  o f  v e c t o r s  (Thresh ,  1974a) .

i ) E f f e c t  of PVMV I n f e c t i o n  on c h i l l i ,  a t  
d i f f e r e n t  ages o f  ^ o w t h

H a n t s  of Byadgi c h i l l i  in  t h e  f i e l d  w ere  tagged a s  

i n f e c t e d  a t  40-45» 70-75f and 90 days o f  ^ e s  and s tu d ie d  

t h e i r  ^ o n o m i c  y. p a ra m e te r s .  P l a n t s  i n f e c t e d  a t  40-45 days 

showed s i g n i f i c a n t l y  l e s s e r  in most o f  growth characters .

In  most o f  t h e  Ccises, p l a n t s  i n f e c t e d  a t  90 d ay s  of age,  

d id  riot show any s i g n i f i c a n t  dec rea se  in  g ro w th  over th o se  

of h e a l th y  p l a n t s .  But t h e  p l a n t s  i n f e c t e d  a t  40-45 days 

showed maximum re d u c t io n  in  grow th  and y i e l d  fo l low ed  by 

th o se  of  p l a n t s  i n f e c t e d  a t  70-75  d a y s  and l a t e r  i n f e c t i o n  

d id  not  s i g n i f i c a n t l y  d e c re a s e  t h e  growth, o f  p l a n t s  com­

pared to  h e a l th y  p l a n t s .

Imoto (1975) r e p o r t e d  l e s s  y i e l d  when the  c ro p  was 

i n f e c t e d  dur ing  e a r l y  growth. S i m i l a r l y ,  PrasadaRao (1976) 

a l so  r e p o r t e d  t h a t  p l a n t s  i n f e c t e d  a t  e a r ly  s t a g e s  were 

s e v e r e l y  a f f e c t e d .
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i i ) Aasessment o f l o s s e s  in  y i e l d  of q h l l l l  cvr 
Byadgi Kaddl due t o  the  epidemic; o f  PYMY 
i n  th e  f i e l d s

T h is  was s tu d ie d  to know how much l o s s  would occur 

i f  PVMV sp read  from a s i n g l e  i n f e c t o r  p l a n t  in  the f i e l d  

d ev e lo p in g  i n t o  an epidemic in th r e e  months p e r io d .  At t h e  

end o f  each  p e r i o d ,  y i e l d  o f  g reen  o h i l l i  per  ha was worked 

o u t .  I t  i s  c l e a r  from t h e  l a t l e  5i|».that green y ie ld  of 

By adgi Kaddi c h i l l i  w i th  o n e  i n f e o t o r  p l a n t  of PVMV in  th e  

c e n t r e  of th e  p l o t  w i th  65 per  j e n t  i n c id e n c e  gave 821.73  

kg /ha  which Wc.s s i ^ i f i  a. n t ly  l e s s e r  than  t h e  p l o t  h a v in g  no 

i n f e c t o r  p l a n t  witii  17 .3  per  c e n t  i n c id e n c e  which gave 1237.87 

k g /h a  j i e l d .  T h e re fo re ,  t h e r e  was a l o s s  o f  green d i i l l i  of 

416.14 k g / h a  of  By adgi Kaddi hav in g  one i n f e c t o r  p l a n t  in  the  

c e n t r e  o f  the  f i e l d  d i i r in g  t h r e e  months p e r i o d .

i:. tiology o f  'Murda* malad.^ o f  c h i l l i  i n  K arnataka

I d e n t i f i c a t i o n  and g ro u p in g  o f  sap t r a n s m i s s i b l e  i s o ­

l a t e s  c o l l e c t e d ,  i n t o  d i f f e r e n t  v i ru s e s  conf i rm ed  t h a t  o u t  

o f  253 i s o l a t e s  31-^7 per  c e n t  i s o l a t e s  be longed  t o  CM7,10.41 

per  cent to PVY and 23.65 p e r  c e n t  to  PVMV and t h e  r e s t  were 

n o n -s s^  t r a n s m i s s i b l e .  Out o f  t h e  i s o l a t e s  c o l l e c t e d  from 

■^haarwad d i s t r i c t  showing ’Murda’ syndrome maximum were due 

to  PVi'lV fo l lo w ed  by CMV and PVY. Maximum i s o l a t e s  from 

Belgaum, Shimoga ati d t iu lbarga  were found to be CMV followed 

by PV14V and PVY. Maximum i s o l a t e s  from Mysore belonged to  

CMV fo l low ed  b y  PVY and PVMV.
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The term murda r e f e r s  to v a r i o u s  m alform ations o f  

l e a v e s  aid the p l a n t  in c h i l l i .  In v o lv em ai t  o f  t h r i p s  

and m i te s  in  m ost  c a se s t  v i r u s e s  in  r a r e  oases  in t h e  

cause  of t h i s  malady- i n  K arn a tak a  was quoted t y  P u t t a -  

r u d r a i a h  (1959)* White f l y  t r a n s m i t t e d  l e a f  c u r l  v i r u s  

was r e p o r te d  tty Hussa in  (1932) ,  Vasudeva (1954) ,  M ishra  

e t  (1965 ), Capoor (1967) and Dhanraj  e t  (1968) .

Moghe (1^71) i n v e s t i g a t e d  th e  causes  of  'Churda 

murda’ d i s e a s e .  Symptoms d e sc r ib e d  by hi® inc luded  c u r l ­

i n g ,  c r i n K i in g  m o t t l i n g  and pucker ing  o f  l e a v e s .  He con­

firmed th e  causes  o f  t h i s  a s  due to  t h r i p s  and m i te s  and 

some t i i c e s  i n f e c t i o n  was acoompaiied ty a v i r u s  s e r o l o g i ­

c a l l y  r e l a t e d  to GMV.

From th e  p r e s e n t  i n v e s t i g a t i o n s  i t  can be d e f i n i t e l y  

e s t a b l i s h e d ,  fo r  t h e  f i r s t  t ime t h a t  two more v i r u s e s ,  PVY 

and PVI'IV to  cause Murda syndrome in  f i e l d s  in  ad d i t io n  t o  

CM7 and tobacco l o a f  c u r l  virus<-s r e p o r t e d  by e a r l i e r  w orkers .

Among t h e  i s o l a t e s  c o l l e c t e d  from d i f f e r e n t  a r e a s  

many i s o l a t e s  f a i l e d  to b e  sap  t r a n s m i s s i b l e .  Since t h e s e  

i s o l a t e s  were discc.rded^ t h r i p s  and m i te s  from c h i l l i  were 

used  i n  the  i n v e s t i g a t i o n s  to  f i n d  ou t  th e  d i f f e r e n c e  i f  any 

in symptans from t h o s e  produced by GMV, P7Y and PVMV.
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Nymphs of S c i r to t f a r iD s  d o r s a l i s  when t r a n s f e r r e d  t o  

h e a l th y  c h i l l i  s e e d l i n g s  produced s p e c i f i c  ’Murda' symptoms. 

The t h r i p s  were found to be s h e l t e r e d  in  b o a t  shaped o u r le d  

l e a v e s  arid l e a f  buds which were the  r e s u l t  o f  t h e i r  own i n ­

f e s t a t i o n s .  They were found  to  cause s e v e r e  dam ^e  on t e n d e r  

stemsy buds and young l e a v e s .  According t o  Ramachandra Rao 

(1929) ,  S . d o r s a l i s  caused twi s t i n g  and de fo rm a t io n  of le  ares 

when s u c c e s s iv e  le a v e s  were a t t a c k e d ,  th e  p l a n t s  became 

s t u n t e d  aid d r i e d  (Park and Fernando,  1939).

1:0 lyph ago t a r  son emus l a t u s  m i t e s  when enc lo sed  on c h i l l i  

s e e d l in g  caused yellow c h l o r o t i c  g r a i n i n g  on young l e a v e s  

fo l low ea by downward c u r l i n g  of lamina on 15 th  day o f  in ­

f e s t a t i o n ,  and o t h e r  a b n o r m a l i t i e s .

fimin (1979) dem ons tra ted  t h a t  murda symptoms co u ld  be 

caused by t h r i p s  and m i t e s  by a r t i f i c i a l  i n f e s t a t i o n  and 

f u r t h e r  s t a te d  t h a t  they  were t h e  o n ly  causes o f  murda. How­

ever in  the  p r e s e n t  i n v e s t i g a t i o n  i t  i  s c l e a r l y  e s t a b l i s h e d  

t h a t  t h r ip s *  m i te s ,  CMV, PVY and PVMV, a l l  can c a j s e  in d e ­

p e n d e n t ly  'MurdCf-' symptoms arid on c l o s e r  o b s e r v a t io n  t h e  

symptoms can be d i f f e r e n t i a t e d  from one another (Table  3 6 ) .  

However, symptoms produced by th e s e  eigents in combination 

were n o t  s t u d i e d .
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T hrip  and m ite  induced  l e a f  cu r l  i s  due to  meohanical  

i n j u r y  to  t h e  l e a f  su r fa c e  aad pe rhaps  a l s o  by a to x ic  sub ­

s t a n c e s  in t r o d u c e d  by t h e  t h r i p s  and m i te s  w i th  the s a l i v a  

i n t o  t h e  l e a f ,  d u r ing  f e e d i n g  ( P e i r i s ,  1944, 1953)* Hence, 

th e  ’Murda* syndrome by m i t e s  and t h r i p s  i s  e a s i l y  c o n t r o l l e d  

by s p r a y in g  chem ica ls  l i k e  Rogar and K elthane  whereas v i r u s  

i n f e c t e d  p l a n t s  a r e  no t  cured  by th e s e  c h e m ic a l s .  Moreover 

v i r u s  cause  may be p rev en ted  by s p r a y in g  i n s e c t i c i d e s  

( j e u t t a ru d ra i a h ,  1959).

P r e s e r v a t i o n  and s to r a g e  o f  Ca p s ic u m v i r u s e s

T h is  was s t u d i e d  to  know t h e  b e s t  method o f  p r e s e rv a ­

t i o n  and s to r a g e  of  c h i l l i  v i r u s e s ,  fo r  f u r t h e r  l a b o r a t o r y  

experim urits . The r e s u l t s  showed t h a t  PVY» PVBV a n d  PVMV 

r e t a i n e a  t h e i r  i n f e c t i v i t y  upto 180 day s when f r e s h  le a v e s  

were s to re d  a t  -20®C, however, TSWV com ple te ly  l o s t  i t s  

i n f e c t i v i t y  a f t e r  45 days .  When s t a n d a rd  l e a f  e x t r a j t  of 

e ach  v i r u s  in b u f f e r  s to r e d  d i r e c t l y  a t  -20®C, most of the 

v i r u s e s  l o s t  t h e i r  i n f e o t i v i t y  e a r l i e r  than th e  above method. 

V iru ses  when s t o r e d  i n  l y o p h i l i z e d  co n d i t io n  a t  -20®C t h e i r  

i n f e c t i v i t y  l a s t e d  longe r  than  t h e  above two m ethods.  PVBV, 

P7MV aad TEV r e t a i n e d  t h e i r  i n f e c t i v i t y  up to  300 days .  PVBV 

and PVMV v i r u s e s  l o s t  t h e i r  maximum i n f e c t i v i t y  a f t e r  180 days 

of s t o r a g e ,  whereas TiiV i&iiQ showed i t s  macimum i n f e c t i v i t y  

even a f t e r  300 days of s t o r a g e .  PVY and TRSV v i r u s e s
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r e t a i n e d  t h e i r  i n f e c t i v i t y  o n ly  up to  180 d a y s .  By t h i s  

method, TSWV r e t a i n e d  i t s  i n f e c t i v i t y  up to 120 days*

When the  l e a f  b i t s  of i n f e c t e d  C a l i f o r n i a  Wonder 

plcorjts were d eh y d ra ted  over GaClg aid s to re d  i n  g e l a t i n  

c a p s u le s  over CaCl^* most o f  th e  v i r u s e s  r e t a i n e d  f o r  

lo n g e r  p e r io d  and i^iowed more i n f e c t i v i t y  than any of the

above methods.  V iru se s  '^ iz . ,  PVY, PVBV, PVMV, TE7 ^ d  CMV,
'1

r e t a i n e d  t h e i r  maximum i n f e c t i v i t y  even a f t e r  450  days and 

TRBVand TSWV up to 300 and 180 days r e s p e c t i v e l y .

i r e s e n t  r e s u l t s  shoved t h a t  TSWV which had l o s t  i t s  

i n f e c t i v i t y  in  45 d ay s  could  r e t a i n  i t s  i n f e c t i v i t y  up to  

180 days by d e h y d ra t io n  of t i s s u e  and s to r a g e  over CaCl2 i n  

g e l a t i n  c ^ s u l e s .  I t s  maximum i n f e c t i o n  was cont inued  

even up to  120 days  of s t o r a g e .  T h e r e f o r e ,  among t h e s e  

four  methods of s to ra g e  of c h i l l i  v i n e  es^ t i s s u e  d e h y d ra t ­

ion and s t o r a g e  in  g e l a t i n  capsu le s  over CaClg a t  4®C was 

found to  be s im pler  and s u p e r i o r  over o t h e r  methods.

According to Lewijs  andBachmann (1979) f r e e z e  dry­

i n g  i s  s u p e r io r  than deep f r e e z i n g  in  PVY and remained 

a c t i v e  for 4 y e a r s  a t  4°C. A s im ple  b u t  e f f e c t i v e  o f  p r e s e r ­

v in g  many p l a n t  v i r u s e s  i s  to  dehyd ra te  i n f e c t e d  t i s s u e  

c h a n i c a l l y  n e a r  1®G'(McKinney ejt , 1965 ) .  Chemical
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dehydra t ion  o f  v i r u s  c o n t a in i n g  p l a n t  t i s s u e ,  a v i r u s  p re ­

s e r v a t io n  method developed by McKinney e t  j d .  (1965) proved 

to  be as  good or even b e t t e r  f o r  the lo n g  te rm  p re se rv e*  

t i o n  o f  PVY and s e v e r a l  v i r  us es (Bos» 1969) t h  ai freesse dry­

i n g  of c l a r i f i e d  sap b u t  a  d e c re a s e  in  i n f e c t i v i t y  s t i l l  

o j c u r r e d  w i th  P7Y and o th e r  v i r u s e s .  Bos (1969) p u b l ish ed  

some s u c c e s s f u l  r e s u l t s  g a in e d  in  N e th e r l a n d s  w ith  a  o o l -  

l e o t i o n  of 21 p l a n t  v i r u s e s  in  l e a f  m a t e r i a l  verj, simple 

d r i e d  and s t o r e d  over CaCl^*
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SUMMARY

1. The su rvey  conducted  to  f i n d  o u t  t h e  In c id e n c e  o f  

c h i l l i  moselo r e v e a l e d  t h a t  in c id e n c e  ranged from 11.8 to 

94 .8  per cen t  w i th  an average o f  5 3 per  o e n t .  On sn ave­

r a g e  t h e  i n c id e n c e  was lo w es t  in  Shimoga (40 .62  p e r  c e n t )  

fo l low ed  Dharwad, Belgaum, Mysore and G ulharga  d i s t r i c t s  

o f  K arnataka.

2.  The average  in c id e n c e  of mosaic  was lower i n  ra in >  

fe d  crop (50«13 per c e n t )  than in  i r r i g a t e d  crop (58 .33  p e r ­

c e n t ) .
«

3> Among th e  p o p u la r  commercial c h i l l i  c u l t i v a r s  

grown in  Karnataka* th e  average  in c id e n c e  o f  mosaic was 

l e a s t  in  c v r . Nyamati (35*71 per  c e n t )  aid h i g h e s t  in  o v r . 

U iinuho li  (64*36 per o e n t ) .

4 .  A t o t a l  of 122 f i e l d s  d i s t r i l w t e d  in 28 v i l l a g e s  

i n  t h e  afcove d i s t r i c t s  were v i s i t e d  and a t o t a l  of 1 ,30 0  

i s o l a t e s  of which 367, 271, 256, 208 and 198 were o o l l e c t e d  

from Dharwad, Belgaum, Shimoga, Mysore and G ulbarga  d i s ­

t r i c t s  r e s p e c t i v e l y .  Of t h e s e  8 0 .4 6  per c e n t  of i s o l a t e s  were 

s u c c e s s f u l l y  sap t r a n s m i t t e d  w h i le  the o t l :^ rs  were n o t .

5. Based on th e  s tu d ie s  on i n s e c t  t r a n s m is s io n ,  r e ­

a c t i o n  o f  h o s t  d i f f e r e n t i a l s ,  p h y s i c a l  p r o p e r t i e s ,  e l e c t r o n

CHAPTER V
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m icroscopy and s e r o lo g y ,  e i ^ t  g r o u p s  o f  v i ru s e s  were 

i d e n t i f i e d  a s  PVY, FVBV, PVM7, TiiV, TMV, CMV, TRSV and 

TSWV and th e  n i n t h  group was found to  Toe a m ix tu re  o f  

TMV and CMV.

5a .  P o ta to  v i r n s  Y(G^) produced f a i n t  v e i n - c l e a r i n g  

off the young le a v e s  fo l lo w e d  by mosaic m o t t l i n g ,  i r r e g u ­

l a r  v e in -b a n d in g  in the c u l t i v a r s ,  C a l i f o r n i a  V/onder ar^

B:/adgi Kaddi . Some l e a v e s  developed d a r k  gr  e e n . J. 

r a i s e a  b l i s t e r s  w ith  a l i g h t  upward b end ing ,  c r i n k ; ^ i n g  and 

r a t  t a i l i n g .  I t  was t r a n s m i t t e d  by Myzus p e r s i c a e . Aphis 

g o s s y p i i , A.c r a c c i v o r a  and l iy s te ro n e u ra  s e t a r i a e . Host 

range was conf ined  to Amaranthaceae,  Chenopodiaceae and 

S o lan aceae .  The v i r u s  had DliT of 1 :1 ,000  to  1 :5 ,0 0 0 ;  TIP 

o f  60-65®G and LIV o f  24 h o u r s .  The p u r i f i e d  p r e p a r a t i o n  

c o n ta in ed  fl<ixuous ro d s  m easu r ing  681 .0  x 1 2 .5  nm and was 

s e r o l o g i c a l l y  r e l a t e d  t o  iVY.

5b. Pepper v e in -b an d in  g v i r u s  (Gg) produced a very  

f a i n t  v e i t i - o l e a r i n g  on young l e a v e s  fo l low ed by dark green 

con t inuous  ve ia -band  rng, v a r i o u s  ty p e s  o f  mosaic x m o t t l i n g  

of l e a v e s ,  and s t u n t e d  growth in  b o th  t h e  c u l t i v a r s  o f  

Capsicum. I t  was t r a n a n i t t e d  by M .^ e r s ic a e ,  A.g o s s y p i l  and 

A. c r a c o i y o r a . The v i r u s  had a r e s t r i c t e d  h o s t  r a n g e  l im i te d  

to  S o laaaceae .  I t  had EEi o f  1 : 5 ,0 0 0  to  1 :1 0 ,0 0 0 ;  TIP of 

55-60®C and LIV of 24 h o u r s .  The p u r i f i e d  p r e p a r a t i o n
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r e v e a l e d  f l e x u o u s  ro d s  m easu r ing  677 x  15 nm and was s e r o ­

l o g i c a l l y  r e l a t e d  to  iViiV.

5c. Pepper  v e i n a l  m o t t l e  v i r u s  produced  v e in -

c l e a r i n g  fo l low ed  tiy mosaic  m o t t l i n g ,  l a t e r  d ev e lo p in g  dark 

green p a tc h e s  i n  an i r r e g u l a r  f a s h io n  on th e  l e a v e s  aid sub ­

seq u en t ly  d i s t o r t i o n .  L a t e r a l  buds produced f i l i f o r m  leavea  

and p la j i t s  were se v e re ly  s t u n t e d .  I t  was t x a n a n i t t e d  by 

M.p e r s i c a s i  A.g o s s y p i i « A.c r a c c i v o r a  and H»s e t a r i a e . The 

v i r u s  had a r e s t r i c t e d  h o s t  r a n g e  co n f in in g  t o  a few s p e c i e s  

of S o lanaceae .  This had DEP of 1 :5 ,0 0 0  t o  1 : 1 0 ,0 0 0 ;  TIP of 

60-65®C and LIV of 48 h o u r s .  The p u r i f i e d  p r e p a r a t i o n  o f  the 

v i r u s  co n ta in e d  f l e x u o u s  ro d s  m easuring  656 x 1 2 .5  nm and was 

s e r o l o g i c a l l y  r e l a t e d  to PVMV.

5d. Tobacco e t c h  v i r u s  (.G^) produced in b o th  t h e  c u l -  

t i v a r s  a prominent v e i n - c l e a r i n g  o f  young l e a v e s .  L a te r  they 

became m ild ly  c h l o r o t i c  w ith  p rom inent  t o  moderate cupping*

In  some o a s e s ,  l e a v e s  showed m arg ina l  waviness  and f l a g g i n g  

o f  o ld e r  le a v e s  aid e lo n g a t io n  of  th e  main b ranch .  This  v i ru s  

was t r a n s m i t t e d  by M»p e r s i o a e , A.g o s s y p i i  and A.c r a c c l v o r a * 

Host ran g e  o f  t h i s  v i r u s  was conf ined  to Amaranthaceae, 

Chenopodiaceae and S o la ia c e a e  o n ly ,  i t  had DEF of 1 :1000  to  

1 : 5 0 0 0 , TIP of 65-70°G and LIV of 48 h o u r s .  The p u r i f i e d  p re ­

p a r a t i o n  o f  t h e  v i r u s  r e v e a l e d  the  f l e x u o u s  rods  m easu r ing  

623 X 12 nm.



253

^e .  Tobacco mosaic v i r u s  (G_) produced n e c r o t i c  l e s i o n s
p

on i n o c u l a t e d  le av es  w i t h in  3 - 4  days  a f t e r  i n o c u la t i o n  which 

dropped l a t e r .  The n e c r o s i s  extended t o  t h e  s tem  a long  the  

p e t i o l e .  P l a n t s  which s u r v i v e d » w«re p a l e ,  o h lo ro t io  and 

developed y e l lo w is h  i r r e g u l a r  p a tc h e s  on l e a v e s .  Bie v i r u s  

was n o t  t r a n s m i t t e d  by aiy of t h e  ap h id s  t e s t e d .  I t  had a 

wide h o s t  range  i n f e c t i n g  s e v e r a l  s p e c i e s  b e lo n g in g  to  

Amaranthaceae, Ghenopodi aceae ,  C u c u rb i ta c e a e ,  Fabaceae and 

Solan aceae.  I t  had DMf of 1 :250,000 to 1 j5 0 0 ,0 0 0 ,  TIP of 

90-100“ G and LIV of 11 weeks a t  l a b o r a t o r y  c o n d i t i o n s .  The 

p u r i f i e d  p r e p a r a t i o n  co n ta in e d  r i g i d  ro d s  m easuring  278 x 15 

nm and s e r o l o g i c a l l y  r e l a t e d  to TMV.

5 f .  Gucumter mosaic v i r u s  (G^) produced v e i n - c l e a r i n g  

of  th e  ^oung l e a v e s ,  fo l lowed bi- mosaic m o t t l i n g  and in  some 

c a s e s  e x h i b i t i n g  r a t  a  t a i l i n g .  Thi s v/as t r a n s m i t t e d  by 

M. per  s i c  ae, A.g o s s y p i i , and A.or a c o i y o r a . I t  had a wide h o s t  

ran g e  i n f e c t i n g  p l a n t  s p e c i e s  b e lo n g in g  to  Chenopodiaceae,  

G ucurb i taceae ,  i ’abaceae  and Solan  aceae .  I t  had DEP o f  l t l 0 , 0 0 0  

to  1 :5 0 ,0 0 0 ;  Tip  of 65-7Ô C and LIV o f  48 h o u r s .  The p u r i f i e d  

p r e p a r a t i o n  r e v e a l e d  s p h e r i c a l  p a r t i c l e s  w i th  d iam eter  o f  

30  nm. I t  was s e r o l o g i c a l l y  r e l a t e d  to  cucumber mosaic v i r u s .

5g. Tobaooo r i n g  s^^ot v i r u s  (Ĝ ) produced v e i n - c l e a r ­

in g  on young l e a v e s  fo l low ed ty sm a l l  c h l o r o t i c  r i n g s  l im i t e d  

by v e i n s  which l a t e r  tu rn e d  in to  wavy l i n e s .  P l a n t s  were n o t
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much s t u n t e d .  The v i r u s  was n o t  t r a n s m i t t e d  by any o f  the 

f i v e  a p h id s  t e s t e d .  I t  had a wide h o s t  range i n f e c t i n g  the 

s p e c i e s  i n  Amaranthaoeae, A sfe raceae ,  Chenopodiaceae» Cticur- 

b i t a c e a e ,  Fabaceae and S o lanaceae .  I t  had D£P o f  l t 3 , 0 0 0  to  

1 :1 0 ,0 0 0 ;  TIP o f  60-65®C and LIV o f  24 h r s .  The p u r i f i e d  

p r e p a r a t i o n  confirmed p re se n c e  of s p h e r i c a l  p a r t i c l e s  w i t h  

d ia m e te r  o f  27-28 nm. I t  was s e r o l o g i c a l l y  r e l a t e d  to  t o ­

bacco r i n g  spo t  v i r u s .

5h. Tomato s ; ,o t ted  w i l t  v i r u s  (Gg) produced on inocu ­

l a t e d  l e a v e s  a few s c a t t e r e d  p in  head n e c r o t i c  s p o t s  f i v e  

days a f t e r  i n o c u la t i o n  fo l lo w e d  by mosaic m o t t l i n g  w ith  dense  

sm all  r i n g s  and s p o t s .  Older le a v e s  showed c o n c e n t r ic  yellow 

r i n g s  which l a t e r  becarue n e c r o t i c .  F r u i t s  o f  pepper  a l s o  

showea such ch lo ro tL c  c o n c e n t r ic  r i n g s .  I t  was t ran  a n i t t e d  

by the  nymphs o f  T h r ip s  t a b a c i  from onion and no t  by any of 

t h e  apiiids t e s t e d .  I t  had a wide h o s t  range  i n f e c t i n g  p l a n t  

s p e c i e s  b e lo n g in g  to Ainar<=(nthaceae, A s te r a c e a e ,  B o rag inaceae ,  

Chenopodiaceae, Fabaceae and S o lanaceae .  I t  had DEP o f  I 15OO 

to  l i l , 0 0 0 ,  TIP of  45- 50® G and LIV o f  tto© h o u r s .  Atteaapts 

made to  p u r i f y  t h e  v i r u s  were no t»  s u c c e s s f u l .

6. A d i f f e r e n t i a l  d i i ^ o s i t i c  key was developed  with  

seven d i f f e r e n t  h o s t s  v i z . ,  Ghenopodium a s a r a n t i c o l a r «

Qucumis s a t i v u s , l i i c a n d ra  p h y s a l o i d e s t I^ ico t iana  ^ l u t i n o s a .
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Capsicum apnuum cv .  C a l i f o r n i a  Wonder, D atura  stramonium 

and D.m e te l  t o  i d e n t i f y  the  e i ^ t  y i r u s e s .

7* S tu d ie s  on d i s t r i b u t i o n  and p re v a le n c e  of c h i l l i  

mosaic v i r u s e s  i n  K a rn a ta k a  r e v e a le d  t h a t  PVBV to  b e most 

p r e v a l e n t  fo l low ed  toy GMV, P7MV, T m ,  PVY, TEV, TRS7, TSWV 

and mixed v i r u s e s  (TM7 end CMV). Pepper ve in  band ing  v i r u s  

was more p r e v a l e n t  i n  ^ Dharwad, Belgaum, Shlmoga and Mysore 

d i s t r i c t s ,  whereas GM was more p r e v a l e n t  in  Gulbarga d i s ­

t r i c t  t h a n  o th e r  v i r u s e s .  V a r ia t io n  in t h e  p rev a len ce  of  

th e se  v i r u s e s  in  d i f f e r e n t  t a l n k s  i n  each d i s t r i c t  and in  

a i f f e r e n t  c u l t i v a t e d  v a r i e t i e s  was obse rved  i n  the f i v e  d i s ­

t r i c t s .

8 .  i i f f e c t  o f  severe  i s o j  a te  o f  PVBV on Capsic^ia geno­

ty p e s  v a r i e d  among th a u s e lv e s  a g a i n s t  t h i s  v i r u s .  Geno­

ty p e s ,  IG 13 2 5 6 , Lac 27 , Line 6 Green S e l - 2 ,  L ine  8 Green 

Sel-:5, NP 46-A, Pentha  u-1 (T o p j ,  P e r e n n ia l  c o n i c a l  and P u r i  

r e d  showed b e t t e r  perform snce a g a i n s t  t h i s  i s o l a t e .  Ctoly one 

genotype ,  Myaare s e l e c t i o n  was found to  be t o l e r a n t  aid

the  r e s t  were e i t h e r  s u s c e p t i b l e  o r  v e ry  s u s c e p t i b l e .

9 . Analysis  of  g row th  p a ra m e te r s  i n f l u a i c e d  by th e  

s e v e r e  s t a a i n  of PVBV r e v e a l e d  t h a t  t h e  i n f e c t io n  in v o lv e d  

r e d u c t i o n  in  h e i g h t  o f  p l a n t ,  g i r t h  o f  stem, number, g reen  

and dry  weight of l e a v e s  aid f r u i t s  and delayed f l o w e r i n g  t o
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a v e ry  g t e a t  e x t e n t  in  many o f  t h e  y a r i a t i e s  t e s t e d .  How> 

ever ,  in  one v a r i e t y  f lo w er in g  was advanced by t h r e e  d ay s .

10. S t u d ie s  on p o p u la t i o n  dynamics o f  d i f f e r e n t  aphid  

s p e c i e s  end aphid  v e c to r s  on Hebbal farm from the 1 7 th  March 

1980 to  the 12th March 1981 r e v e a l e d  th e  o c c u r re n c e  of 32 

d i f f e r e n t  aphid  s p e c i e s .  Among the a p h id s ,  p o p u la t io n  o f  

Aphi s  £x c r a c c i v o r a  was maximum fo l low ed  by A.g o s s y p i l ,

Aphis s p p . ,  t^yzus p e r s i c a e  and o t h e r s .  F l i g h t  of A .c r a c c iv o ra  

was observed from 8 t h  September to  1 s t  May. P o p u l a t i a i  o f  

A.go s s y p i i  was un i fo im  t h r o u ^ o u t  th e  y e a r .  In  m ost  o f  the 

a p h id s ,  peak p e r i o d  o f  f l i g h t  w as  du r in g  th e  aoonths of 

i\iovember, March and A p r i l  1980.

11 .  Among th e  aph id  s p e c ie s  p r e v a l a a t  on Hebbal fa rm , 

t o t a l l y  17 aphid s p e c i e s  were found to  be  the v e c to r s  o f  

p l a n t  v i r u s e s ,  o f  which^ Aphi s c r a c c i v o r a , ft.g o s s y p i i  end 

A.fab ae  were found in  maximum numbers th ro u g h o u t  t h e  y ea r .  

Among the  17 s p e c i e s ,  Myzus p e r s i c a e , A.f a b a e , Keomyius

c i r c u m f le x u s  and A.g o s s y p i i  a re  r e p o r t e d  t o  t r a n  a u i t  maximum 

number o f  p l a n t  v i r u s e s .

12 .  On Hebbal fa rm , GMV, PVMV, PVY, TEV and PVB7 a re  

th e  common a ^ h id -b o rn e  v i r u s e s  found on c h i l l i  c u l t i v a r s .

13* C o r r e l a t i o n  s tu d y  was a l s o  c a r r i e d  o u t  between 

t o t a l  p o p u la t io n  of a p h id s ,  a fh id  v e c to r s  o f  p l a n t  v i r u s e s
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and c h i l l i  v i r u s e s  and a l s o  im p o r ta n t  i n d i v i d u a l  aph id  veo-  

torSf  and th e  weather f a c t o r s  on Hehhal fa rm .  I n  most o f  

the  c a s e s ,  t h e s e  showed p o s i t i v e  c o r r e l a t i o n  w i th  h igh  tapapt- 

r a t u r e  and r e l a t i v e  h u m id i ty  b u t  showed n n a t i v e  c o r r e l a t i o n  

w ith  t h e  wind speed.

14. S t u d ie s  on i n f e c t i o n  p r e s s u r e  o f  d i f f e r e n t  c h i l l i  

v i r u s e s  on Hebbal farm d u r in g  th e  y ea r  re v ea led  the oocu- 

r r e n j e  o f  f i v e  Q)hid t r a n s m i t t e d - .v i r u s e s  (TRSV and TSWY^Yiaf^M 

Among t h e  ^ h i d  t ran  a n i t t e d  v i r u s e s ,  maximum p r e s s u r e  was 

of PVY fo l low ed ty  CMV, IV3V, PVMV ax3 TEV. Aphid-borne 

v i r u s e s  had two peak p e r i o d s ,  one d u r in g  March to May a n d  

the o th e r  in October t o  J a n u a ry .  There was co n s ta n t  p r e s s u r e  

of PVBV and PYY th ro u g h o u t  th e  y e a r .  I n f e c t i o n  p r e s s u r e  o f  

a l l  th e  aph id  t r a n s m i t t e d  v i ru s e s  o c c u r r e d  a t  d i f f e r e n t  

months showed p o s i t i v e  c o r r e l a t i o n  w i th  p o p u la t io n  o f  a p h id s .  

Aphis g o a s y p i i , an e a r l y  a p p e a r in g  aphid  v ec to r  occu r red  in 

l a r g e  numbers and showed co inc idence  between i t s  p o p u la t io n  

and p r e s s u r e  of  v i r u s e s .  >iphid t r a n s m i t t e d  v i r u s e s  were r e ­

corded e a r l i e r  than th e  appearance  o f  aLates o f  aphid spp .  

in  good numbers.

15* N a tu re  of spread o f  PVMV in t h e  f i e l d  o f  cv. Byadgi-  

Kaddi was s tu d ie d  during  1980-81 on Hebbal fa rm .  S tu d ie s  on 

sp read  o f  P7M/ i n  c h i l l i  s t a r t i n g  w ith  a s i n g l e  i n f e c te d
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p l a i t  a l o n g  w i th  i n i t i a l  p o p u la t i o n  of  M»p « r s l c a e  in  p l o t s  

of 100 p l a n t s  each was made. The com paris ion  w ith  c o n t r o l  

p l o t s  w i t h o u t  i n f e c t o r  p l a n t  r e v e a l e d  t h a t  t h e  sp read  was 

more of i n t e r n a l  n a t u r e  a:id g r e a t e r  In p l o t s  w i th  i n i t i a l  

sou rce  of v i r u s e s  and v e c t o r s .  Secondly the  r  a t e  o f  sp read  

was f a s t  in  th e  beg in n in g  a f t e r  the  i n t r o d u c t i o n  of  inoculuffl 

so u rce  b u t  became slower w ith  t im e  as the number of p l a n t s  

i n f e c t e d  went on i n c r e a s i n g .

16. In spL te  of b a r r i e r  c ro p s  of sorghum and  Sunhemp 

t h e r e  was i n t r o d u c t i o n  o f  v i r u s e s  by v e c t o r s  i n t o  th e  p l o t  

as  e v id e n c e d ,b y i  ( a )  th e  in c id e n c e  o f  mosaic in  c o n t r o l  

p l o t s  w ithou t  the  sou rce ,  ( b ) O ccurrence of o ther  aphid

t r  an a n i s s i  b le  v i r u s e s  in the  e x p e r im e n ta l  p l o t s ,  ( c )  P re ­

sence  of d i f f e r e n t  s p e c i e s  of a p h id s  o th e r  thaa M.p e r s i c a e  

w hich  was in t ro d u c e d  i n i t i a l l y .

17 .  S tu d ie s  on t h e  age of p l a i t s  a t  the tLrce of  i n ­

f e c t i o n  of c h i l l i  on v i e l d  re v e a le d  t h a t  t h e  c rop  e x p e r i e n c e s  

h ig h e r  y i e l d  l o s s  i f  i n f e c t e d  e a r l y ,  b e f o r e  40-45  days and 

lower when i n f e c te d  between 70 and 75 days  and n e g l i g i b l e  

whai i n f e c t e d  90 d a y s  a f t e r  p l a n t i n g .

18. S t u d ie s  on l o s s  per  h e c t a r e  in a p l o t  of c h i l l i  

i n f e c t e d  by I'WiV r e v e a l e d  t h a t  on 90 day o ld  c ro p  when the
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i n c id e n c e  was 68 per c e n t ,  the y i e l d  de term ined  was 

821.17 k g /h a  a s  compared to 1 ,2 3 7 .8 7  kg /ha  in  a p l o t  

h a v in g  on ly  17*3 pe r  cen t  i n c i d e n c e .

19 .  I t  i s  c l e a r l y  e s t a b l i s h e d  t h a t  'Murda* syndrome 

c o m p r is in g  g e n e r a l ly  of  many d a n o r m a l i t i e s  of l e a f  and 

p l a n t  a r e  caused by t h r i p s  and m i t e s ,  aiad tobacco l e a f  

c u r l  an d  cucumber m osa ic  v i r u s e s  r e p o r t e d  e a r l i e r .  The 

p r e s e n t  i n v e s t i g a t i o n s  r e v e a le d  t h a t  p o ta to  v i r u s  Y, and 

pepper  v e i n a l  m o t t le  v i r u s  a re  a l so  r e s p o n s i b l e  in  caus ­

i n g  t h i s  type  of syndrome. Though t h e  g r o s s  symptoms a re  

co n fu s in g ,  i t  i s  p o s s i b l e  to  d i f f e r e n t i a t e  the symptoms 

produodd by eaoh one s e p a r a te l y  in  g l a s s  house.

20. Among th e  four methods of p r e s e r v a t i o n  and 

s to r a g e  of c h i l l i  v i r u s e s  s t u d i e d ,  t i s s u e  d e h y d ra t io n  and 

s to r a g e  in g e l a t i n  c a p s u le s  over CaClg a t  4®G was found to  

be  s u p e r io r  fo l low ed by l y o p h i l i z a t  io n .
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Table 1 :  Area a id  p ro d u c t io n  (k g /h a )  o f  c h i l l i e s  and
peppers  (Green C h i l l i )  in  d i f f e r e n t  c o u n t r i e s
(Anonymous, 1979)

2PFEND1X I

Area 
’000 ha

P roduc t ­
ion  »000 

to n s

Kg/ha

World 1716 7182 7497

A f r i c a 124 1032 6980

N ig e r i a 68 620 9119
T un is i  a 55 128 3657
Ghana 23 70 3043
s ^ y p t 10 165 15894

iijlorth C e n t r a l  America 80 780 9735

Mexico 53 474 8943
USA 22 248 10908
->anada 3 32 11250

South America 18 155 8706

Argen t i n  a 8 79 11000
Peru 8 14 5538
B o l i v i a 2 4 1952
Chile 2 23 10952

Asia 1318 3097 5228
I n d i a 826 511 619*
China 142 1340 9443
Korea 70 112 1600
P a k is ta n 52 82 1577
^ r i i a n k a 50 43 780
Turkey 47 480 10213
J a p a i 4 186 42318

i.urope 152 2117 13914
Y u g o s lav ia 40 340 8500
Spain 28 537 19179
Koiaani a 22 182 8273
I t a l y 20 486 24831
Hungary 18 200 11111
B u lg a r i a 17 260 15291
Greece 3 39 13133
USSR 60 677 11738

♦Dry r i p e  c h i l l i e s
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Table 2 i  Area and p ro d u c t io n  of dry c h i l l i e s  i n  d i f f e r e n t  
S t a t e s  and Im p o r ta n t  d i s t r i c t s  o f  In d ia  ; 1979-80

Area 
•000 ha

P roduc t ion  
>000 to n s Kg/ha

ANDHRA PHADESH

Kamman 
Gun tu r  
War an gal 
Krishna 

Karimn agar 
Kurnool 
Adilabad 
i'Jellor e 
Mahbutnagar 
W. Godavari 
k i akasam

MAHARASHTRA

Nagpur
i^anded
Chandrapur
Osmanabad
Kolhapur
•Dhule
Aurangabad
Amsravati

KARI\IAT.JCA

Dharwad
Belgaum
^himoga
Mysore
C h i t r a d u r g a
Gulbarga

T.MillLNADU
Ramanathpur
T i r u n a l v e l i
l i r u c h a n a p a l l i
Madurai
Coimbatore

ORISSA
Koraput 
Cu t t a c k  
K alehand i  
Sambalpur 

MADHYA PRAI/i^SH
West Nimar 
Dh ar
Shohajpur

158.5 162.4 1025
17.1 17 .0 994
16iO 2 3 .6 1475
14 .9 11.4 765
12.7 13.8 1086
12.4 14.6 1177
8 .9 8 .1 910
8 .5 5 .1 600
7 .8 12.6 1616
7.7 4 .9 636
7 . 5 7 .2 960
7 .0 11.1 1585

148.8 7 4 .0 498
2 5 .0 2.8 112
18.7 5.7 305
10 .9 3 .9 358

9.7 3 .4 350
8 . 2 1 .9 231
7 .5 6 .0 800
6 .8 2.7 397
6 .4 6 .7 1046

139.3 41.8 300
60.3 14 .4 239
14 .4 6 .6 458
11.8 0 .6 51

7 . 5 0 .6 80
5 .4 1 .5 278
5.3 8 . 0

i o e . 8 8 2 .9 762
3 2 . 0 21.3 666
26.0 25.7 988
1 8 .0 11.4 630

8 . 0 6.5 812
4 . 0 1 .4 350

68.4 44 .7 654
10.7 8 .3 776

9 . 3 5.3 570
8 . 6 3 . 6 419
7 . 0 5 .4 771

48 .6 6 .6 136
5 .2 1 .0 192
4 .0 0 .5 150
3 . 5 0.3 86
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Area 
‘ 000 ha

Produo t i o n  
•000 to n s

Kg/ha

RiW ASIAN 48 .6 6 .6 136
Jodhax^ur 4 .9 1 .2 245
C h i to rg a rh  . . 3 .7 1 .0 270
Kotah 3 .4 1 .2 253
Jha lw ar 3 .3 0.7 212

UTTAR tHADESH 22,3 8 .1 363
f a r r u k h a b a d . . 4 .4 1 .4 318
Kan pur 1.8 0.6 333
Moradabad 1 .6 0 .5 312
Kherl 1 .4 0.8 571

GUJAR AT 13.1 8 .4 641
Bhavanagar . . 1.8 1.1 611
Jaxanagar 1.3 0 .8 615
K a ira 1 .2 0 .9 750

BIHAR 12.9 11.3 876
Sam astip ’j r  .# 4 .4 2 .5 568
B e g a sa ra i 2 .4 2 .8 1167

iiAHYAI^A 12 .2 13.0 1065
Kaxnal 3 .4 3.7 1088
Sonepat 2 .1 2.3 1095
Ambala 2 .1 2 .0 952

ASSAFi . 10.5 6 .2 590
Kamrup 2.7 1.6 593
uoalpur 2 .1 1 .3 619

X JAij . . 1C .7 9 .1 850
P a t i a l a 3 .1 _
Sangrur 2 .5 - -

HlMAChii PRiiDESa •• 0 .8 0 .2 250
Stramapur 0 .2 0 .1 500

KKRAijA . . 1 .2 1 .1 917
Canaanore 0 .8 0.7 875

JAMMU AT«I; KAShMIR. . . 1 .2 0.3 250
o r ln a g a r 0.4 0 .1 250

MALaPUK 2.5 1.5 600
IKDIA . .  826.3 510.9 618



Tdale  5* Area and 
I n d ia  in

o

p ro d u c t io n  o f  d ry  c h i l l i e s  in  
d i f f e r e n t  y e a r s

Year •000 h a
Pro d u c t ­
ion  *000 

ton s

Kg/ha

1964-65 716 475 665
1965-66 654 364 574

1^^66-67 921 418 580

1967-68 788 501 636

1968-59 665 899 601

1969-70 682 895 579

1970-71 783 520 664

1971-72 753 494 656

1972-75 682 412 603^

1973-74 789 497 675

1974-75 686 441 642

1975-76 740 526 711

1976-77 781 419 586

1977-78 791 543 687

1978-79 806 658 792

1979-80 826 511 618
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Table 6 :  T o ta l  area under c h i l l i  in  d i f f e r e n t  t a l u k s
o f  Gulbarga d i s t r i c t  in  h e c t a r e s  d u r in g  1977-78

S I .
No. Taluk s

Area Taluk s
l a p o r t a n t  

c h i l l i  growing 
v i l l a « « »

1 /ifza lpu r 384 1 Aland Lodnugali

2 A1 an d 850 Aland

3 Ghincholi 2020 2 d i i n c h o l i ChiasBjanuchode

4 C h it tap u r 820 G hincho l i

5 Gulbarga 500 3 Chi t t a p u r Kalgi

6 Jew argi 216 C h i t tap u r

7 Sedam 141

8 Sah apur 129 4 Sedam N e e l h a l l i

9 Shorapur 95 Malakhed

10 ^ ad g i r 293

T ota l 6069
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Table l i  T ota l area  under o h i l l l  in  d i f f e r e n t  ta lu k s  o f  
ShiiBOga d i s t r i c t  in  h e c ta r e s  during 1977-78

SI
No<

Taluks
•

Area Taluks lap ortan t c h i l l i  
growing T i l l a g e s

1 Bhadravathi 236 1 Channagiri Marinkatti
2 Channagiri 3868 H ebbligeri

3 Hon n a li 3523 Duoai
4 ho sanagar - Kalkeri

N a r a s h e t t ih a l l i

5 Sagar 50 2 Honnali Say alanga
Nyaaathi

6 iihikar ipur 3095 Honnali

7 Shimoga 1048 5 Shikar ipur Hosur
8 Soraba 1189 N ellik o p p a

Koggu

9 T ir th a h a l l i - Shikaripur

Total 13009 4 Shimoga Kommin alu
Bannikere

Honnikeri
Boodigere

5 Sor aba Kupp sgadde
Hoya

Hasbi
Jadi

Boom an a l l i
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Table 8 t  T o ta l  a r e a  under o h i l l i  in  d i f f e r e n t  t a lu k s  of  

Dharwad d i s t r i c t  in  h e c t a r e s  d u r i n g  1977-1978

SI
No. T a luks Area T a luks

l a p o r t a n t  
c h i l l i  grow- 
ing Tillages

1 Byadagi 4547 1 Byadagi By adagi
2 Dharwad 1985 Guman ahal l i

3 Gadag 953 T ered f th a l l i

4 Ho3 ^ a l 3487 2 Dh GTwad H eb b a l l i

5 Haveri 9768 Maradgi

6 H ire k e ru r 8949 P u d u k a lk a t t i

7 Hubli 5558 Karadiguddi

8 KaiaghatagL 1189 Y ad awad

9 Kundagol 8722

3 Haveri

Lakmapur

Haveri

10 I’iunuargi 282 A la k a t t i

11 iltiaragund 212 D ev ag ir i

12 Naval agund 1318 Negalur

13 Ranebennur 1069 H o s a r i t t i

14 Hon a 246 4 H irekerur H i r e k e r u r

15 Savanoor 4939 Masoor

16 Shiggon 1977

17 S h i r a h a t t i

T o ta l

2021

58222

5

6

Hubli 

Kun dago 1

Hubli

B id a n a l
Adar agun chi

Sher ewad

H alyal

Kundagol
Devanoor
Kubyal
Y eliw al

Area i n  thousand h e c t a r e s  undsr dry c h i l l i  crop in  Dharwad d i  s t r i  ot

1969-■70 1970-71 1971-72 1972-73 iy73-•74 1974-75 1975-76 1976-77 77-78
31 .^1 79 .9  34 .7 34.1 35..9 40.9 4 4 .6  51.7 58 .2
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T ab le  9* T o ta l  a r e a  under o h i l l i  in  d i f f e r e n t  
t a l u k s  o f  Mysore d i s t r i c t  i n  h e e t a r e e  
d u r in g  1978-79

SI .
No.

Taluks Area T a luks Im p o r ta n t  c h i l l i  
growing v i l l a g e s

1 Ghamar a jan ag a r 372 1 H.D.Kote Onbr a g a in

2 Gundlupet 795 H.D.Kote

5 H.D. Kote 680 2 Ko 1 le g a l Sand a : ipalle

4 Eunaur 882 K o l l e g a l

3 K ollega l 585
3 Mysore Yedakota

6 K .H Jiagar 108 Nagawala

7 Mysore 942 M a rb a l l i

8 Nan j  an agud 1795 4 Nan jangud B a s a r a t a g i

9 P e r i y a p a t a a 648

10 T.-^*arasipura 162

11 Yelandur

T o ta l

18

6987
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T ab le  10: T o ta l  a r e a  under c h i l l i  in d i f f e r e n t  t a l u k s
o f  flelgaum d i s t r i c t  i n  h e c t a r e s ,  d u r in g  1977-78

SI.
No.

Taluics Area T a luks Im p o r tan t  c h i l l i  
g row ing  v i l l a g e s

1 Athani 1601 1 B a i ihonga l B aiihonga l

N esarag i

2 Baiihonga l 1453 2 Belgaum Belgaum

3

4

Belgania

Chiickodi

1480

2094
3 Chikkodi

Sambra

±3alekundri

Chikkodi

5 Qo&ak 1136 N ip p a j i

6 Hukjieri 3678 4 Hukkeri Hukkeri

7 Khanapur 703 Sankeshwar

8 waibcig 1386 N ero l i

9 Hamadurgti 73 5 Raibag Raibag

10 Soun d a t t i  

T o ta l

456

14,045

N a g a ra l
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