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INTRODUCTION

C o t t o n  (G o ssy p iu m  h i r s u t u m . L ) , t h e  v a l u a b l e  

f i b r e  c r o p  and  b la c k g r a m  (V ig n a  m ungo, L . , H e p p e r ) , t h e  

i m p o r t a n t  p u l s e  c r o p  a r e  c u l t i v a t e d  e x t e n s i v e l y  i n  many 

p a r t s  o f  I n d i a .  A t  p r e s e n t  in  I n d i a  i t  c o v e r s  an a r e a  

o f  a b o u t  1 0  m i l l i o n  h e c t a r e s ,  w i th  an a n n u a l  p r o d u c t i o n  

o f  a b o u t  5 m i l l i o n  t o n s  o f  f i b r e  (Rangaswam i', 1 9 8 4 ) .

T a m il  Nadu a c c o u n t s  f o r  8 . 0  p e r  c e n t  o f  t h e  t o t a l  

p r o d u c t i o n  o f  c o t t o n  i n  t h e  c o u n t r y  ( f o u r  la k h  b a l e s  o f  

l i n t )  w h ich  i s  r e l e a s e d  f ro m  3 .5  la k h  h e c t a r e s  (Annonym ous, 

1 9 8 8 ) .  In  1 9 8 6 ,  t h e  a r e a  u n d e r  b l a c k  gram was 3 .1 2  

m i l l i o n  ha and  p r o d u c t i o n  was 1 .2 4  m i l l i o n  t o n n e s  w h ic h  

a c c o u n t s  f o r  13 p e r  c e n t  o f  t o t a l  p u l s e  a r e a  and 10 p e r  c e n t  

p r o d u c t i o n  i n  I n d i a  ( S a i n i  and  Sharm a, 1 9 8 6 ) .  The y i e l d  

p o t e n t i a l  o f  th e  c r o p  i s  875 k g /h a  a g a i n s t  t h e  a c t u a l  

a v e r a g e  y i e l d  o f  312 k g /h a  l e a v i n g  a p e r f o r m a n c e  ga p  o f  

64 p e r  c e n t  (Ashok  kum ar, 1 9 8 6 ) .  One o f  t h e  c o n s t r a i n t s  

i n  a c h i e v i n g  th e  e x p e c t e d  y i e l d  o f  t h e s e  c r o p s  i s  v a r i o u s  

d i s e a s e s  l i k e  l e a f  s p o t ,  r o o t  r o t ,  w i l t  and  s e v e r a l  v i r u s  

d i s e a s e s  t h a t  a f f e c t  t h e  c r o p s .

C o t t o n  and b la c k g r a m  grown a s  i r r i g a t e d  o r  r a i n f e d  

c r o p s  a r e  o f t e n  s e v e r e l y  a f f e c t e d  b y  r o o t  r o t  c a u s e d  b y
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R h i z o c t o n i a  s o l a n i  kuhn and fa r m e r s  a r e  n o t  in  a p o s i t i o n  

t o  t a k e  up c h e m i c a l  c o n t r o l  M o r e o v e r /  t h e r e  i s  n o  

s u i t a b l e  r e s i s t a n t  v a r i e t y  f o r  t h i s  p a t h o g e n .  H e n c e ,  

t h e r e  i s  a n e e d  t o  e v o l v e  a s u i t a b l e ,  c h e a p  and 

e f f e c t i v e  c o n t r o l  m e a s u r e s .

In  r e c e n t  y e a r s ,  u s e  o f  b i o l o g i c a l  a g e n t s  t o  

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

p o s s i b i l i t y .  B i o l o g i c a l  c o n t r o l  i s  t h e  r e d u c t i o n  o f  

in o c u lu m  d e n s i t y  o r  d i s e a s e  p r o d u c i n g  a c t i v i t i e s  o f  a 

p a t h o g e n  o r  p a r a s i t e  in  i t s  a c t i v e  o r  d o rm a n t  s t a t e ,  b y  

one  o r  m ore o r g a n i s m s ,  a c c o m p l i s h e d  n a t u r a l l y  o r  t h r o u g h  

m a n i p u l a t i o n  o f  th e  e n v i r o n m e n t ,  h o s t ,  o r  a n t a g o n i s t ,  o r  

b y  m ass i n t r o d u c t i o n  o f  on e  o r  m ore a n t a g o n i s t s  (B a k e r  

e t  a l . , 1 9 7 4 ) .

T h e r e  h a v e  b e e n  r e p o r t s  on  s u c c e s s f u l  u s e  o f  

a n t a g o n i s t  a g a i n s t  R h i z o c t o n i a  s o l a n i  (C h e t  and B a k e r ,  

1 9 8 1 ;  E la d  e t  a _ l . , 1 9 8 1 ) .  B i o l o g i c a l  c o n t r o l  o f  

R h i z o c t o n i a  s o l a n i  was d e m o n s t r a t e d  w i t h  o r g a n i c  s o i l  

amendm ents c o n t a i n i n g  T r ic h o d e r m a  s p p  (S a n g e e t h a  P a n i c k e r ,

1 9 0 8 ;  S e s a n  e t  a l . , 1 9 8 8 ) .
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The e x a c t  r o l e  o f  t h i s  a n t a g o n i s t  a g a i n s t  

R h i z o c t o n i a  s o l a n i  and  v a r i o u s  b i o c h e m i c a l  c h a n g e s  d u e  t o  

t h e s e  o r g a n is m s  h a v e  n o t  b e e n  s t u d i e d  in  d e t a i l .  H en ce  

t h e  f o l l o w i n g  l i n e  o f  i n v e s t i g a t i o n  w e re  c a r r i e d  o u t .

1 .  D e t e r m in in g  t h e  mode o f  a n t a g o n is m  o f  T r i c h o d e r m a  

v i r i d e  a g a i n s t  R h i z o c t o n i a  s o l a n i  k uhn .

2 . S tu d y  i t s  p o t e n t i a l  u s e  f o r  t h e  c o n t r o l  o f  

d a m p i n g - o f f  and r o o t  r o t  in  b l a c k  gram and  i n  c o t t o n .

3 .  E f f e c t  o f  t o x i n  o f  a n t a g o n i s t  on s e e d  g e r m i n a t i o n .

4 .  E f f e c t  o f  t o x i n  on th e  g r o w th  o f  th e  p a t h o g e n .

*
5 .  To f i n d  o u t  w h e t h e r  t h e  a n t a g o n i s t  a f f e c t  t h e

p l a n t  g r o w th  o r  n o t .

6 . B i o c h e m i c a l  c h a n g e s  in  c o t t o n  and  b l a c k  gram  d ue

t o  T r ic h o d e r m a  v i r i d e  and R h i z o c t o n i a  s o l a n i

a p p l i c a t i o n .
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REVIEW OF LITERATURE

The r e v i e w  o f  l i t e r a t u r e  p e r t a i n i n g  t o  t h e  s t u d y  

o f  " B i o l o g i c a l  c o n t r o l  o f  p l a n t  d i s e a s e  c a u s e d  b y  

R h i z o c t o n i a  s o l a n i " Kuhn u s i n g  " T r i c h o d e r m a  v i r i d e  i s  

p r e s e n t e d  u n d e r  t h e  f o l l o w i n g  h e a d i n g s :

1 .  E f f i c a c y  o f  t h e  a n t a g o n i s t i c  o r g a n is m  a g a i n s t

v a r i o u s  d i s e a s e s .

2 .  Mass p r o d u c t i o n  o f  a n t a g o n i s t

3 .  M echanism  o f  b i o l o g i c a l  c o n t r o l

4 .  E f f e c t  o f  c u l t u r e  f i l t r a t e  o f  T r ic h o d e r m a  s p p .  on

p l a n t  p a t h o g e n s .

5 .  B i o c h e m i c a l  c h a n g e s  due t o  T r i c h o d e r m a  s p p  and

R h i z o c t o n i a  s o l a n i .

1 . E f f i c a c y  o f  t h e  a n t a g o n i s t i c  o r g an ! sm a g a i n s t  v a r i o u s  
d i s e a s e s .

The l i t e r a t u r e  on t h e  e f f i c a c y  o f  a n t a g o n i s t i c  

o r g a n is m  i n  c o n t r o l l i n g  v a r i o u s  d i s e a s e s  c a u s e d  b y  

R . s o l a n i  in  d i f f e r e n t  c r o p s  i s  b r i e f l y  r e v i e w e d  b e l o w .
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i )  C o t t o n :

S e sa n  e t  a l  (1 9 8 8 )  r e p o r t e d  t h a t  t h e  a p p l i c a t i o n  

o f  T r i c h o d erm a v i r i d e  r e d u c e d  th e  i n f e c t i o n  c a u s e d  b y  

R . s o l a n i  in  c o t t o n .  H o w e l l  and  s t i p a n o v i c  (1 9 7 9 )  f o u n d  

t h a t  Pseudom onas  f l u o r e s c e n s  was a n t a g o n i s t i c  t o  R . s o l a n i  

in  c o t t o n  and t i n t  t r e a t i n g  c o t t o n  s e e d s  w i t h  

P . f l u o r e s c e n s  i n c r e a s e d  s e e d l i n g  s u r v i v a l  f ro m  30 t o  70  

p e r  c e n t .  S e e d  c o a t i n g  o f  c o t t o n  w i t h  T r i c h o d e r m a  s p p .  was 

as  e f f e c t i v e  as  PCNB t r e a t m e n t  in  c o n t r o l l i n g  R . s o l a n i  

(E la d  e t  a l . , 1 9 8 2 ) .  A k h t a r  e t  a l .  ( 1 9 8 2 )  r e p o r t e d  t h a t  

a d d i t i o n  o f  T . h a r z ia n u m  f o l l o w e d  b y  a p p l i c a t i o n  o f  

s u b s t r a t e  a l o n e  b e f o r e  s o w in g  g a v e  s a t i s f a c t o r y  c o n t r o l  

o f  R h iz o c t o n i a  r o o t  r o t .  L e w is  and  P a p a v i z a s  (1 9 8 5 )  

f o u n d  t h a t  m y c e l i a l  p r e p a r a t i o n  o f  t h e  i s o l a t e s  o f  

T r ic h o d e r m a  and G l i o c l a d i u m  v i r e n s  r e d u c e d  s u r v i v a l  o f  

R. s o l a n i . T h ey  a l s o  fo u n d  t h a t  T .ham atum  and. G. v i r e n s  

w ere  m ore e f f e c t i v e  than  T . h a rz ia n u m  o r  T . v i r i d e .

A la g a r s a m y  e t  a l .  (1 9 8 7 )  r e p o r t e d  t h a t  s e e d  p e l l e t i n g  o f  

c o t t o n  w i t h  a n t a g o n i s t s  l i k e  T . v i r i d e  and  T . h a rz ia n u m  

i n c r e a s e d  g e r m i n a t i o n  and  r e d u c e d  p o s t  e m e r g e n c e  m o r t a l i t y .

i i .  P u l s e s :

The r o l e  o f  T .h a r z ia n u m  in  b i o c o n t r o l  o f  b e a n s
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d a m p i n g - o f f  h a s  b e e n  r e p o r t e d  b y  a num ber o f  s c i e n t i s t s  

(H adar e t  a l .  , 1 9 7 9 ;  E l a d ,  1 9 8 3 ;  D 'E r c o t e  e t  _al. / 1 9 8 5 ) .  

S e e d  t r e a t m e n t  o f  s o y b e a n  w i t h  T . h a r z ia n u m  o r  T . p r e u d o -  

k o n i n q i i  and m e th y l  c e l l u l o s e  i n c r e a s e d  g e r m i n a t i o n  

p e r  c e n t  and r e d u c e d  R . s o l a n i  i n c i d e n c e  (Wu, 1 9 8 0 ) .

Tu and V a a r t a j a  (1 9 8 1 )  r e p o r t e d  t h a t  G l i o c l a d i u m  

v i r e n s  fo r m e d  a p p r e s s o r i a  when i t  cam e i n  c o n t a c t  w i t h  

R. s o l a n i / p e n e t r a t e d  th e  h y p h ae  and  c a u s e d  c o l l a p s e  and

d e a t h  o f  th e  p a t h o g e n  in  w h i t e  b e a n s .

M a r s h a l l  (1 9 8 2 )  r e p o r t e d  t h a t  b i o c o n t r o l  o f  b e a n s  

d am p in g  -  o f f  u s i n g  T . h a r z ia n u m  d e p e n d e d  on  s o i l  r e a c t i o n  

and in o c u lu m  c o n c e n t r a t i o n  o f  t h e  p a t h o g e n  and  t h a t  th e  

a n t a g o n i s t  was m o s t  e f f e c t i v e  a t  pH 3 . 5 .  Kommendahl and  

W in d e ls  (1 9 7 6 )  e v a l u a t e d  th e  e f f e c t  o f  B i o l o g i c a l  s e e d  

t r e a t m e n t  f o r  c o n t r o l l i n g  r o o t  r o t  o f  p e a  c a u s e d  b y  

R . s o l a n i  and fo u n d  37 i s o l a t e s  o f  f u n g i  and  22 i s o l a t e s  

o f  b a c t e r i a  w e re  v e r y  e f f e c t i v e .  S e e d  t r e a t m e n t  o f  

r a d i s h  and p e a  w i t h  T . hamatum in  a m e t h o c i l  s lu r r y -  

p r o t e c t e d  s e e d s  and  s e e d l i n g s  f ro m  R . s o l a n i . I t  g a v e  a 

c o n t r o l  e q u i v a l e n t  t o  f u n g i c i d a l  t r e a t m e n t .  S e e d  

t r e a t m e n t  w i t h  a c o m b i n a t i o n  o f  T . hamatum and G h a e to m iu m 

g l obosum  was more e f f e c t i v e  th an  e i t h e r  u s e d  a l o n e
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(Harman e t  a l . , 1 9 8 0 ) .  S u b s e q u e n t l y  in  1981 t h e y

r e p o r t e d  t h a t  t r e a t i n g  s e e d s  w i t h  T . hamatum s p o r e
0

s u s p e n s i o n  c o n t a i n i n g  1 0  c o n i d i a / m l  was m ore e f f e c t i v e  

and  i n c r e a s e d  p o p u l a t i o n  d e n s i t y  o f  a n t a g o n i s t  in  s o i l .  

A d d i t i o n  o f  c h i t i n  o r  c e l l  w a l l  o f  R . s o l a n i  t o  s e e d  

c o a t  i n c r e a s e d  t h e  a b i l i t y  o f  m y c o p a r a s i t e .  Chu an d  Wu 

(1 9 8 1 )  r e p o r t e d  t h a t  p e a  s e e d s  when t r e a t e d  w i t h  a 

b i n d i n g  s u b s t a n c e  and  T . p s e u d o k o n i n g i l  o r  T . hamatum 

d e c r e a s e d  d i s e a s e  s e v e r i t y  and i n c r e a s e d  s e e d l i n g  w e i g h t .

i i i )  P o t a t o :

Chu and Wu (1 9 8 0 )  r e p o r t e d  t h a t  h y p h a e  o f  

T r i c h o d e r m a  p s e u d o k o n i n q i i , T . l o n q i b r a c h i a t u m , T . hamatum 

and P e n i c i l l i u m  s p p .  f ro m  f i e l d  s o i l s  and  p o t a t o  t u b e r s  

t w i s t e d  ro u n d  R . s o l a n i  and t h e y  p r o d u c e d  a n t i b i o t i c s  

i n h i b i t o r y  t o  R . s o l a n i .  S e e d  d i p  o f  p o t a t o  in  a s u s p e n s i o n  

o f  T r i c h o d erma s p p .  o r  G l i o c l a d i u m  i n c r e a s e d  y i e l d  and  

r e d u c e d  c a n k e r  i n c i d e n c e  (Logam e t  a l . , 1 9 8 3 ) .  In  l o n g  

A s t o n ,  p o t a t o  t u b e r s  t r e a t e d  w i t h  s p o r e  s u s p e n s i o n  o f  

T . y i r i d e  o r  T . h a r z ianum  h a d  much l e s s  b l a c k  s c u l f  i n c i d e n c e .  

B e a g le  e t  a l . , (1 9 8 5 )  r e p o r t e d  t h a t  b o t h  s o i l  b o r n e  and

t u b e r  b o r n e  p r o p a g u l e s  o f  R . s o l a n i  w e re  e f f e c t i v e l y  

c o n t r o l l e d  b y  s e e d  t r e a t m e n t  a s  w e l l  a s  s o i l  a p p l i c a t i o n  

o f  f e r m e n t o r  b io m a s s  o f  T . y i r i de and  Q . y i r e n s  in  a m ix t u r e  

o f  p u l v e r i z e d  p r o p h y l i t e .
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i v )  V e g e t a b l e s ;

M ih u ta  and Rowe (1 9 8 5 )  e v a l u a t e d  d i f f e r e n t  

d e l i v e r y  s y s te m s  f o r  T r i c h o d e r m a  i n  c o n t r o l l i n g  R . s o l a n i  

in  r a d i s h  and  fo u n d  t h a t  f l u i d  d r i l l i n g  o f  T r i c h o d e r m a  

s u s p e n s i o n  a d d ed  w i t h  s e e d  t o  g e l  m a t r i x  n a t r o s o l  was 

e f f e c t i v e  on a l l  t y p e s  o f  s o i l  and  w i t h  a l l  i s o l a t e s .  

C u l t u r i n g  T r i c h o d erma on w h e a t  b r a n  f o r  2 -3  d a y s  and  

th e n  p l a c i n g  them i n  s h a l l o w  f u r r o w s  p r i o r  t o  s o w in g  

was n o t  v e r y  e f f e c t i v e .  D r i l l i n g  o f  d r y  s e e d s  p r e v i o u s l y  

c o a t e d  w i t h  T r i c h o d e r m a  s p o r e s  in  m e t h o c e l l u l o s e  and  

d r e n c h i n g  th e  s o i l  w i t h  T r i c h o d e r ma s u s p e n s i o n  was 

i n t e r m e d i a t e  i n  t h e i r  e f f e c t .

2• Mass p r o d u c t i o n  o f  A n ta g o n i s t ;

D i r e c t  p u r p o s e f u l  i n t r o d u c t i o n  o f  a n t a g o n i s t i c  

m i c r o o r g a n i s m s  f o r  b i o l o g i c a l  c o n t r o l  h a s  b e e n  s t i m u l a t e d  

b y  t h e  p r o g r e s s  made i n  b a c t e r i z a t i o n  o f  l e g u m in o u s  s e e d s .  

B u t on e  o f  th e  o b s t a c l e s  t o  b i o l o g i c a l  c o n t r o l  o f  p l a n t  

p a t h o g e n s  b y  d i r e c t  m a s s iv e  s o i l  a u g u m e n t a t io n  h a s  b e e n  

th e  lack : o f  s u i t a b l e  s u b s t r a t e  a s  w e l l  a s  m ethod  f o r  mass 

c u l t u r i n g  and d e l i v e r y  o f  a n t a g o n i s t s  t o  s o i l .  S c i e n t i s t s  

a r o u n d  th e  w o r l d  a r e  a t t e m p t i n g  t o  f i l l  up t h i s  l a c u n a .
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W e l l s  e t  _al. / (1 9 7 2 )  u s e d  g r a i n  b r a n  medium f o r

g r o w in g  T . h a r z ianum f o r  c o n t r o l  o f  S c l e r o t i u m  r o l f s i i .

The medium c o n s i s t e d  o f  1 g  g r o u n d  a n n u a l  r y e  g r a s s  s e e d s  

( L o l ium  m u l t i f l o r u m ) , 10 g  T i f t o n  s a n d y  loam  s i f t e d  

t h r o u g h  a 2 rnm mesh s c r e e n  t o  2 ml w a t e r  a u t o c l a v e d  f o r  

1 h a t  1 2 0 °C .  f o r  tw o  s u c c e s s i v e  d a y s .  T h i s  medium was 

s e e d e d  w i t h  T . h a r z ian u m  and sh a k en  f o r  10 d a y s .  I t  was 

com m in u ted  w i t h  an e q u a l  am ount o f  medium j u s t  b e f o r e  u s e .  

Backman e t  a / .  (1 9 7 5 )  u s e d  d ia t a m a c e o u s  e a r t h  g r a n u l e s  

im p r e g n a t e d  w i t h  1 0  p e r  c e n t  m o l a s s e s  s o l u t i o n  f o r  g r o w th  

o f  T . h a r z iann m . T h i s  a n t a g o n i s t  was grow n on  t h e  s t e r i l e  

g r a n u l e s  f o r  f o u r  d a y s  and  a p p l i e d  t o  f i e l d  70  -  1 00  d a y s  

a f t e r  p l a n t i n g  g r o u n d n u t  a t  t h e  r a t e  o f  140 k g / h a .  T h i s  

was f o u n d  t o  b e  a s  e f f e c t i v e  as  a p p l i c a t i o n  o f  PCNB g r a n u l e s  

a t  t h e  r a t e  o f  112 k g / h a .  T h ey  f o u n d  t h a t  u s e  o f  g r a n u l a r  

c a r r i e r  was b e t t e r  th a n  o r g a n i c  f o o d  b a s e  f o r  T . h a r z ia n u m  

15 g  m o l a s s e s  and 2 . 5  g  o f  b r e w y e r ' s  y e a s t #  m ix e d  w i t h  

500 ml w a t e r  and a u t o  c l a v e d  a t  121 °C  f o r  1 h f o r  tw o 

s u c c e s s i v e  d a y s .  To t h i s  medium T r i c h o d e r m a  and G l i o c l a d ium 

w e re  i n o c u l a t e d  and sh a k en  in  a r o t a r y  s h a k e r  f o r  f i v e  d a y s .

U padhyay and M ukhopadhyay (1 9 8 6 )  u s e d  sorghum  

g r a i n  s u b s t r a t e  f o r  m u l t i p l i c a t i o n  o f  T . h a r z i a n um. Sorghum  

g r a i n s  w e re  p r e  s o a k e d  in  2 p e r  c e n t  s u c r o s e  s o l u t i o n
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o v e r n i g h t  and s t e r i l i z e d  a t  126°C  f o r  30 m in . T o  t h i s  

T . h a r z i anum was i n o c u l a t e d  and i n c u b a t e d  a t  30°C f o r  

15 d a y s .  T h ey  w ere  th e n  m ix e d  w i t h  e q u a l  am ount o f  

f r e s h l y  b o i l e d  sorghum  s e e d s  8 h p r i o r  t o  s o i l  a p p l i c a t i o n .  

T h i s  was a p p l i e d  t o  s o i l  a t  th e  r a t e  o f  3 0 g /m e t e r  row  

b e f o r e  s o w in g  f o r  c o n t r o l  o f  3 c l e r o t j am r o l f s i i  c a u s i n g  

r o o t  r o t  o f  s u g a r  b e e t .

R o o t  r o t  o f  s u g a r c a n e  s e e d l i n g s  was e f f e c t i v e l y  

c o n t r o l l e d  b y  a p p l i c a t i o n  o f  T . y l r i d e  m u l t i p l i e d  i n  

s a n d -s o r g h u m  medium. A m ix t u r e  o f  2 0 g  sorghum  s e e d s  

and lOOg san d  w ere  m o i s t e n e d  and s t e r i l i z e d .  To t h i s  

T . y i r i d e  was i n o c u l a t e d  and  i n c u b a t e d  f o r  s e v e n  d a y s .

T h i s  was then  m ix e d  w i t h  2 k g  s o i l  and  a p p l i e d  a t  2 2 0 g  

p e r  b e d  (45  x  26 cm) b e f o r e  s o w in g  (Padmanabhan and 

A l e x a n d e r /  1 9 8 7 ) .  K o u s a ly a  and J e y a r a j a n  (1 9 8 0 )  u s e d  

T a p i o c a  r i n d  o r  t h i p p i  a s  s u b s t r a t e  f o r  T . y i r i d e  and 

T . h a r z i a n u m f o r  c o n t r o l  o f  r o o t  r o t  o f  b la c k g r a m  c a u s e d  

b y  R .b a t a t i c o l a .  T h i s  medium was p r e p a r e d  b y  m i x i n g  50 g  

o f  p o w d e r e d  t a p i o c a  r i n d  w i t h  50 ml t a p  w a t e r .  I t  was 

a u t o c l a v e d  a t  126°C  f o r  2 h f o r  tw o s u c c e s s i v e  d a y s .  To 

t h i s  T . v i r i d e  o r  T . h a r z i a num was i n o c u l a t e d  and i n c u b a t e d  

f o r  15 d a y s .  T h i s  in o c u lu m  was a p p l i e d  t o  s o i l  a t  f i v e  

p e r  c e n t  l e v e l  b e f o r e  s o w in g .  They  a l s o  r e p o r t e d  t h e  u s e  

o f  s a n d -m a iz e  medium f o r  g ro w th  o f  L . a r v a l i s  f o r  b i o c o n t r o l  

o f  r o o t  r o t  o f  b la c k g r a m  c a u s e d  b y  R . b a t a t i c o l a .
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K r is h n a m o o r t h y  (1 9 8 7 )  u s e d  sorghum  g r a i n  c u l t u r e  

f o r  th e  mass p r o d u c t i o n  o f  T . v i r i d e  t T . h a r z i a num and  

L . a r v a l i s  f o r  b i o c o n t r o l  o f  d a m p i n g - o f f  o f  t o m a to  

s e e d l i n g s  c a u s e d  b y  P y th iu m  i n d i c u m .

M ukhopadhyay e t  a l .  (1 9 8 7 )  d e v e l o p e d  a s t a n d a r d  

p r e p a r a t i o n  o f  r . h a r z ia n u m  and T . k o n i n g i i  i n  w h e a t  

b r a n - s a w  d u s t  medium w h ic h  ca n  b e  v e r y  c o n v e n i e n t l y  grow n 

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

Huang (1 9 8 0 )  u s e d  a u t o c l a v e d  b a r l e y ,  r y e  and s u n f l o w e r  

s e e d s  f o r  the  m u l t i p l i c a t i o n  o f  T . v i r i d e .

Some o f  th e  g r o w th  m edi 

p r o d u c t i o n  o f  th e  a n t a g o n i s t  -

G ro wth medium

G r a in  b r a n  

W heat s t r a w  

Wheat b ra n  

W heat b r a n -S a w d u s t  

Sorghum  g r a i n

W heat b r a n -S a w d u s t  
m o d i f i e d  medium

u s e d  f o r  t h e  mass 

T r i c hoderm a s p p .  w e r e .

R e f e r e n c e

W e l l s  e t  a l . , 1 9 7 2 .

A k h t a r ,  1 9 7 7 .

H e n is  e t  a l . , 1 9 7 8 .

E l a d  e t  a l . /  1 9 8 0 .

M ukhopadhyay and  
U padhyay 1 9 8 3 ,  1 9 8 6 .

M ukhopadhyay e t  a l ,  1 9 8 6 .
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L i q u i d  f e r m e n t a t i o n
T e c h n o l o g y  ( m o l a s s e s  P a p a v i z a s  e t  a l . , 1 9 8 4 .
and  b r e w e r ' s  y e a s t )

L i g n i t e  and S t i l l a g e  J o n e s -  e t  a l . ,  1 9 8 4 .

C . M echanism  o f  b i o l o g i c a l  c o n t r o l

In  p l a n t  p a t h o l o g y  th e  o v e r w h e lm in g  h y p e r t r o p h y  

o f  t h e  d i s e a s e  t r i a n g l e  i n v o l v i n g  i n t e r a c t i o n s  o f  

p a t h o g e n s ,  h o s t  e n v i r o n m e n t  and v e c t o r s  p r o v i i e s  m ore 

c o m p l i c a t e d  s y s t e m .  B i o l o g i c a l  c o n t r o l  a g e n t s  a r e  a l s o  

g r e a t l y  i n f l u e n c e d  b y  t h e s e  t r i a n g l e  f a c t o r s  ( G a r r e t t ,  

195 5 ) a r e  p r e s e n t e d  in d i a g r a m m a t i c  f o r m .

B i o l o g i c a l  
c o n t r o l  a g e n t

T r ic h o d e r m a  s p p .  c o n t r o l  m a i n l y  b y  b e i n g  

m y c o p a r a s i t i c  and a g g r e s s i v e  c o m p e t i t o r s  w i t h  p a t h o g e n s ,  

g r o w th  o f  m y c e l i a  o f  T r ic h o d e r m a  s p p .  a l o n g  and  c o i l e d  

a r o u n d  h y p h a e  o f  h o s t  f u n g i  h a s  b e e n  o b s e r v e d  b y  many 

w o r k e r s  (C h e t  e t  a l .  , 1 9 8 1 ;  L iu  and B a k e r ,  1 9 8 0 ;  

W e i n d l i n g ,  1 9 3 2 ) .
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Much o f  th e  e a r l y  l i t e r a t u r e  a t t r i b u t e d  t h e  

b i o l o g i c a l  c o n t r o l  b y  T r i c h o derma v i r i d e  ( T . v i r i d e ) b y  

th e  p r o d u c t i o n  o f  th e  a n t i b i o t i c s  g l i o t o x i n  and v i r i d i n .

Some T r i c hoderm a i s o l a t e s  d o  p r o d u c e  a n t i b i o t i c s /  

e s p e c i a l l y  a t  lo w  pH (D e n n is  and W e b s t e r ,  1 9 7 1 a ,  1 9 7 1 b ) .

K r is h n a m o o r t h y  (1 9 8 7 )  r e p o r t e d  t h a t  T . v l r i d e , 

T . h a r z ianum and L . a r v a l i s  show ed  g r e a t e r  a n t a g o n is m  

t o w a r d s  P yth iu m  i n d icu m  i s o l a t e s  and  h e  f o u n d  t h a t  T . v i r i d e  

and L» a r v a l i s  p a r a s i t i z e d  P . in d ic u m  b y  c o i l i n g ,  

p u n c t u r i n g  and i n v a d i n g  t h e  h o s t  h y p h a e  T . h a r z i a n u m 

i n h i b i t e d  P yth ium  b y  p r o d u c i n g  an e x t r a c e l l u l a r  t h e r m o s t a b l e  

c o m p o n e n t .

C h e t  and B a k e r  (1 9 8 0 )  show ed  t h a t  T . h a r z ia n u m  and  

T . hamatum a c t i n g  a s  m y c o p a r a s i t e  o f  R . s o l a n i  and S . r o l f s i i  

p r o d u c e d  B ( 1 - 3 )  g l u c a n a s e  and  c h i t i n a s e  t h a t  c a u s e d  

e x o l y s i s  o f  t h e  h o s t  h y p h a e ,  a n t i b i o s i s  was n o t  o b s e r v e d .  

T .ham atum  a l s o  p r o d u c e s  c e l l u l a s e ,  w h ich  p e r h a p s  e x p l a i n  

i t s  a b i l i t y  t o  p a r a s i t i z e  P y th iu m  s p p  (C h e t  and  B a k e r ,  1 9 8 1 ) .

J o n e s  and W atson  (1 9 6 9 )  f o u n d  t h a t  B ( 1 - 3 )  g l u c a n a s e  

p r o d u c e d  b y  T . v l r i de  s o l u b i l i z e d  m y c e l i a  o f  S c l e r o t i n i a  

s c l e r o t j orum . R i d o u t  e t  a l  (1 9 8 7 )  f o u n d  t h a t  C h i t i n a s e ,
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B ( 1 - 3 )  g l u c a n a s e  p r o d u c e d  b y  T . v i r i d e  and  T . h a r z ia n u m  

may b e  i n v o l v e d  in  th e  d e g r a d a t i o n  o f  R h i z o c t o n i a  s o l a n l  

c e l l  w a l l .

U padhyay e t  a l  (1 9 8 5 )  sh ow ed  t h a t  t h e  t y p e  o f  

i n t e r a c t i o n s  b e tw e e n  t h e  a n t a g o n i s t  and p a t h o g e n  w e re  

h y p h a l  c o i l i n g ,  e n t r y  t h r o u g h  h a u s t o r i a  l i k e  s t r u c t u r e  

and d i r e c t  e n t r y  i n  t h e  h y p h a e  and s c l e r o t i a  o f  S . r o l f s i i  

t h e  h o s t  f u n g u s .

M ukhopadhyay (1 9 8 5 )  s t u d i e d  a n t a g o n i s t i c  

a c t i v i t i e s  o f  an i s o l a t e  o f  T . h a r z ia n u m  R i f a i  a g a i n s t  

t o b a c c o  i s o l a t e  o f  P y th iu m  a p h a n iderm atum , h e  f o u n d  

t h a t  T .h a r z ia n u m  d i r e c t l y  a t t a c k s  t h e  h y p h a e  o f  P y th iu m  

ap h an i d e rmaturn c a u s i n g  l y s i s .

M orsh ed  (1 9 8 6 )  r e p o r t e d  t h a t  th e  g r o w th  o f  T . v i r i d e  

was v i g o r o u s  in  d u a l  c u l t u r e  and i t  was an e f f e c t i v e  

h y p e r p a r a s i t e ,  p e n e t r a t i n g  and  c o i l i n g  i t s  h y p h a e  a r o u n d  

th e  h o s t  p a r a s i t e .  U padhyay and  R a i  (1 9 8 6 )  r e p o r t e d  

t h a t  h y p h a l  c o i l i n g  was r e c o r d e d  i n  R . s o l a n i  b y  T . v i r i d e .

Wu e t  a l  (1 9 8 7 )  r e p o r t e d  t h a t  t h e  T . h a r z ia n u m  

c a u s e d  l y s i s  o f  R . s o l a n i  b y  c o i l i n g  v e r y  t i g h t l y  r o u n d  t h e  

h y p h a e  o f  R. s o l a n i , he^ a l s o  r e p o r t e d  t h a t  h y p e r p a r a s i t i s m  

was a l s o  e v i d e n t  in  n a t u r a l  s o i l s .
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D. E f f e c t  o f  c u l t u r e  f i l t r a t e  T r i c h o d e rma spp  on p l a n t  
p a t h o g e n s .

' D e n n is  and W e b s t e r  (1 9 7 1 )  r e p o r t e d  t h a t  i s o l a t e s

fro m  d i f f e r e n t  s p e c i e s #  g r o u p s  o f  T r i c h o derma w e re  t e s t e d  

f o r  p r o d u c t i o n  o f  n o n - v o l a t i l e  a n t i b i o t i c s #  b y  an a g a r  

l a y e r  t e c h n i q u e .  Many i s o l a t e s  p r o d u c e d  n o n - v o l a t i l e  

a n t i b i o t i c s  a c t i v e  a g a i n s t  a r a n g e  o f  f u n g i .  The a b i l i t y  

t o  p r o d u c e  su cn  a n t i b i o t i c s  v a r i e d  b e t w e e n  i s o l a t e s  o f  

t h e  same s p e c i e s  g r o u p  a s  w e l l  a s  b e t w e e n  i s o l a t e s  o f  

d i f f e r e n t  s p e c i e s  g r o u p s .

The t o x i c  m e t a b o l i t e s  p r o d u c e d  b y  T r i c h o d e r m a  sp p  

h a v e  b e e n  th e  s u b j e c t  o f  i n t e n s i v e  s t u d y  e v e r  s i n c e  

w e i n d l i n g  (1 9 3 4 )  r e p o r t e d  t h a t  c u l t u r e  f i l t r a t e s  o f  

T . l i q n o r um w e re  t o x i c  t o  R . s o l a n i .

Pande (1 9 8 6 )  f o u n d  - t h a t  t h e  c u l t u r e  f i l t r a t e s  o f  

3 s p e c i e s  o f  As p e r g i l l u s  and  T . v i r i d e  r e t a r d e d  g r o w t h  o f  

A l t e m a r i a a l t e m a t a # R. s o l a n i  and  S c l e r o t i u m  r o l f  s i i .

The e f f e c t  o f  the  f i l t r a t e  was p r o p o r t i o n a l  t o  t h e i r  

c o n c e n t r a t i o n  in  p o t a t o  d e x t r o s e  a g a r  m edium .

K r is h n a m o o r t h y  (1 9 8 7 )  r e p o r t e d  t h a t  T . h a r z ia n u m

i n h i b i t e d  P yth ium  sp p  b y  p r o d u c i n g  an e x t r a c e l l u l a r  t h e r m o ­
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s t a b l e  c o m p o n e n t .  He a l s o  r e p o r t e d  t h a t  t h e  c u l t u r e  

f i l t r a t e  o f  T . h a r z i anum i n  a s y n t h e t i c  medium s u p p r e s s e d  

t h e  l i n e a r  g ro w th  o f  P . ap h an i d e r maturn b y  83 p e r  c e n t  

co m p a re d  t o  8 p e r  c e n t  i n h i b i t i o n  b y  t h e  c u l t u r e  f i l t r a t e  

o f  T.hamaturn

L e w is  and P a p a v i z a s  (1 9 8 6 )  r e p o r t e d  t h a t  th e  

m y c e l i a l  p r e p a r a t i o n s  o f  T r i c h o derma s p p  and  G .v i r e n s  . 

r e d u c e d  t h e  p o p u l a t i o n s  o f  R . s o l a n i

L e w is  and P a p a v i z a s  (1 9 8 7 )  r e p o r t e d  t h a t  t h e  

w a t e r  e x t r a c t s  o f  g e r m l i n g s  (Y ou n g , a c t i v e l y  g r o w in g  

h y p h a e  on b r a n )  o f  i s o l a t e s  o f  Tr i c h o d e rma sp p  and  

G . v i r e n s  a f f e c t e d  g r o w th  o f  R . s o l a n i  i n  l i q u i d  c u l t u r e .  

T . v i r i d e  i s o l a t e  p r e v e n t e d  t h e  g r o w th  a s  e f f e c t i v e l y  a s

0 .2  mM Hg C l 2 .

B i o c h e m i c a l  A n a l y s i s  o f  P l a n t  M a t e r i a l s :

1• Affect on s h o o t  l e n g t h  an d  R o o t l e n g t h :

A p a r t  f r o n  c o n t r o l l i n g  P . in d ic u m  t r e a t m e n t  w i t h  

T . v i r i d e  and T . h a r z ia n u m  i n c r e a s e d  t h e  s h o o t  and  r o o t  

l e n g t h  and a l s o  d r y  m a t t e r  p r o d u c t i o n  o f  t o m a to  s e e d l i n g s  

(K r is h n a m o o r t h y ,  1 9 8 7 ) .  B e d la n  (1 9 8 6 )  r e p o r t e d  t h a t  t e s t s  

w i t h  T . v i r i d e  a n a t u r a l  a n t a g o n i s t  o f  R . s o l a n i , g a v e  some
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y i e l d  i n c r e a s e  and some r e d u c t i o n  o f  i n f e c t i o n  c o m p a re d  

w i t h  u n t r e a t e d  c o n t r o l .

2• E f f e c t  on C a r b o h y d r a t e  c o n t e n t

P a t e l  and V a is h n a v  r e p o r t e d  t h a t  t h e r e  i s  an 

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

when co m p a re d  t o  c o n t r o l .  S i m i l a r  t r e n d  was r e p o r t e d  

b y  R ed d y  and  R am agopal ( 1 9 8 2 ) ,  E k b o t e  and Mayee ( 1 9 8 3 ) .

T h e r e  i s  i n c r e a s e  i n  r e d u c i n g  s u g a r  w i t h  a g e  i s  

m ore i n  s u s c e p t i b l e  c u l t i v a r s  th a n  in  r e s i s t a n t  o n e .  B ut 

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

g r o u n d n u t  p l a n t s  a f f e c t e d  b y  t i k k a  d i s e a s e  (B ra h m a ch a r i  

and K o t t e #  1 9 8 7 ) .

3 .  E f f e c t  on  p h e n o l  c o n t e n t :

T o t a l  p h e n o l s  c o n t i n u e  t o  d e c r e a s e  w i t h  a g e  o f  

p l a n t s  i n  b o t h  r e s i s t a n t  an d  s u s c e p t i b l e  v a r i e t i e s  

( 1 9 8 7 ) .  B ut t h e r e  was a r e v e r s e  i n

c a s e  o f  OD p h e n o l .

G an gop ad h yay  and W y l l i e  (1 9 7 4 )  r e p o r t e d  t h a t  t o t a l  

and w a t e r  s o l u b l e  p h e n o l i c  com pou nds  w e re  h i g h e r  i n  

i n t e m o d a l  th a n  in  n o d a l  t i s s u e  o f  c o t t o n  p l a n t s  i n f e c t e d
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b y  R h i z o c t o n i a  s o l a n i . R o o t  t i s s u e  h a d  l e s s  p h e n o l i c  

com pou n d s  th a n  th e  a b o v e  g r o u n d  t i s s u e  and  t h e  m ore  r e s i s t a n t  

v a r i e t i e s  h a d  g r e a t e r  q u a n t i t i e s  th a n  m ore s u s c e p t i b l e  

v a r i e t i e s .  M urugesan  and  M ahadevan (1 9 8 2 )  r e p o r t e d  t h a t  

t o t a l  p h e n o l s  w e re  i n c r e a s e d  w i t h  a g e  i n  c o t t o n  p l a n t s ,  

g r o u n d n u t  p l a n t s  and  a l s o  in  R. s o l a n i  and  A l t e m a r i a  s p p .  

i n f e c t e d  p l a n t s .  He a l s o  r e p o r t e d  t h a t  t o t a l  p h e n o l s ,  

p h e n o l a s e  w e re  fo u n d  t o  b e  i n c r e a s e d  i n  p l a n t s  i n o c u l a t e d  

w i t h  t r a c e  e l e m e n t s  f o r  t h e  c o n t r o l  o f  R .b a t a t i c o l a .

4 .  E f f e c t  on P r o t e i n  and  am ino a c i d  c o n t e n t __

P a t e l  and V a is h n a v  (1 9 8 6 )  r e p o r t e d  t h a t  t h e r e  i s  

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

c o m p a re d  t o  h e a l t h y  l e a v e s .

I n c r e a s e  i n  p r o t e i n  was r e p o r t e d  b y  e a r l i e r  

w o r k e r s  (R ed d y  and R a m a g o p a l ,  1 9 8 2 ;  E k b o t e  and M a y ce ,  1 9 8 3 ) .

T h e r e  i s  an i n c r e a s e  in  am in o  a c i d  c o n t e n t  i n  

i n f e c t e d  t i s s u e s  when co m p a re d  t o  c o n t r o l  (M u rugesan  and  

M ahadevan , 1 9 8 2 ) .

B i o c h e m i c a l  s t u d i e s  w e re  d o n e  b y  l e w i s  and 

P a p a v i z a s  (1 9 8 7 )  u s i n g  t h e  c u l t u r e  f i l t r a t e  o r  t h e
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germling extracts of Trichoderma spp on the growth of 
R.solani» They reported that the leakage of compounds 
from mycelial mats of R.solani was induced after mats 
were exposed to germling extract of T.viride. The 
chemical composition of the leaked materials (soluble 
protein, carbohydrates, aminoacids and salts) were 
determined. The rate of leakage indicated an immediate 
and gradually increasing loss of materials from the 
pathogen hyphae, leakage was accompanied by a reduction in 
the mycelial weight of R.solani.



materials and ffiethads
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MATERIALS AND METHODS

The materials and methods pertaining to the 
study of studies on the effect of T.viride and R.solani 
on cotton and blackgram is presented under the following 
headings.

I. Isolation of Pathogen and Antagonist:

a. Isolation of pathogen
b. Isolation of Antagonist

II. Preparation of Culture Media

a. Potato Dextrose Agar (PDA) medium
b. Czapek's - Dox Medium (Czapek's Sucrose -

nitrate medium)
c. Preparation of media for soil application
d. Mass production

III. Effect of toxin from Trichoderma viride (T.viride)on host and^pathoqen. " ~
a. Extraction of toxin
b. Purification of toxin
c. Effect of toxin on Rhlzoctonia solani
d. Effect of toxin on cotton and blackgram

i. Leaf spot bioassay
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IV.

i i .  Seed g e r m i n a t i o n  i n h i b i t i o n  a s s a y  

i i i .  Radicle and Plumule i n h i b i t i o n  a s s a y

Effeet' o f  Trichoderma viride 
solani Tr .S) and T.V + R.S. 
seedlings on application.

(T.V), RhizQctonia 
on cotton and

a. Seed germination inhibition assay
b. Radicle and plumule inhibition assay
c. Biochemical changes -in cotton and blackgram due

to application of T.V# R.S. and T.V. + R.S.

a. Extraction of plant tissues in alcohol
b. Evaporation of the alcohol from the extract
c. Estimation of carbohydrates

i. Estimation of total soluble sugars
ii. Estimation of Reducing sugar

iii. E stimation of starch

d. Estimation of Proteins
i. Estimation of total soluble proteins

ii. Estimati on of Aminoacids.

e. Estimation of Phenol



, 3. 1Culture of R.solan1
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MATERIALS AND METHODS

a. Isolation of pathogen

Pathogen Rhizoctonia solani (R.solani) were 
isolated from the respective host plants viz./ cotton and 
blackgram and used as test organism in the present study. 
Portions of infected tissues were cut into small bits, 
surface sterilized with 0 . 1 %  Mercuric chloride solution 
for 2 min, washed in three changes of sterile distilled 
water, plated on potato dextrose agar (PDA) medium and 
incubated under laboratory conditions (28 * 3°C). On 
the second day, the fungal growth from the infected 
tissues were transferred to PDA slants. The isolates were 
further purified by the hyphal tip method, identified and 
maintained on PDA with periodic subculturing. These two 
isolates were tested for the pathogenecity on the 
respective host plants, reisolated and found to be stable 
in their virulence.

b. Isolation of Antagonist

Trichoderma viride (T.viride) was isolated from 
cotton field soil by dilution plate technique on peptone 
dextrose - rose bengal agar medium (Martin, 1950).



23

II. Preparation of Culture Media:

a. Potato Dextrose Agar (PDA) Medium:

Peeled and Sliced potato • 250.00 g
Dextrose •• 20.00 g

Agar •• 20.00 g
pH •• 6.8 - o*C"

Cooked the peeled and sliced potato in 500 ml 
of water in a steamer or boiled for 30 min. killered 
the broth through cheese cloth and make upto 500 ml.
At the same time# melted the agar in 500 ml of water 
by autoclaving or heating in a steamer. Based the 
potato broth into the agar and restored to 1000 ml 
with distilled water, added and dissolved the sugar. 
Adjusted the pH to 6.8 - 7.0. Sterilized the medium in 
an autoclave.

Czapek's - Dox Medium (Czapek's sucrose
medium)

kh2 po4 1.00 g
Na No3 2.00 g
MgSo4. 7H20 0.50 g
KC1 0.50 g
FeS04, 7 H20 0.01 g



<&4 «.

s culture of R.solani T.vlrlde4 .  Mas
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Sucrose : 30.00 g
Distilled Water : 1 litre
pH : 6,8 - 7.0

C. Preparation of Media for soil application:

Sorghum : 1 kg
Sucrose : 20 g
Water : 1 litre

Sorghum grains were soaked in 2% sucrose 
medium and allowed it to stand overnight and then 
they were transferred to conical flasks and they were 
autoclaved.

d. Mass production;

The sterilized flasks were inoculated with 
5 mm disc of T.viride and R.solani in separate flasks. 
This was done in duplicates. Then the flasks were 
incubated at room temperature for 7 days.
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III. Effect of toxin from T.vlride on host and 
pathogen

a. Extraction of toxin:

The fungus T.viride was grown in Czapek's - Dox 
liquid culture media. Fifty ml of the medium was 
taken in each 250 ml Erlenmeyer flask and inoculated 
with 5 mm disc of inoculum, grown on potato dextrose 
agar medium. The flasks were incubated at room 
temperature for 10 days. Cell free culture filtrate of 
10 day old culture was obtained by filtration through 
Whatman No.l filter paper. This culture filtrate was 
used as the source of toxin.

b. Purification of toxin:

The toxin was purified by extraction with 
Chloroform in a separatory funnel. Solvent was 
conveniently used in three portions each equal to the 
volume of the filtrate. After distilling the chloroform 
from the seeds soaked in sterile water served as control. 
The percentage of seed germination was recorded 72 hrs 
after incubation.



\
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C. Effect of toxin on RhizOctonia solani

The toxin was added at 1 % , 3%, 6% and 9% 

concentrations separately into the sterilized Czapek's- 
Dox liquid media. Then 5 mm disc of the pathogen was 
inoculated into the liquid media, 15 days after incubation 
the dry mycelial weight of the pathogen was assessed.

d. Effect of toxin on cotton and Blackgram: 

i. Leafspot bioass'ay:

Leafspot bioassay was done by detached leaf 
technique. Cotton and blackgram leaves were kept in moist 
chamber and inoculated with toxin (80)0 or without pinprick 
injury. Sterile water served as control. Symptom 
development was recorded at an interval of one hour for 
6 hours.

ii. Seed germination inhibition assay?

Blackgram and cotton seeds were soaked separately 
for 5 hours in toxin (80%). Ten seeds from each were 
transferred to sterile filter paper inside the petridish.
The filter papers were moistened with toxin and incubated 
at room temperature (28 1 3°C). Seeds soaked in sterile 
water served as control. The percentage of seed germination 
was recorded 72 hrs after incubation.
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iii. Radicle and plumule inhibition assay:

Cotton and blackgram seeds were soaked 
separately in toxin for 5 hrs. The soaked seeds were 
incubated inbetween moist filter papers in a petridish. 
Seven days after incubation the length of the plumule 
and radicle were measured. Seeds soaked in sterile 
water served as controls.

IV. Effect of Trichoderma viride (T.V), RhizQctonia
solani (R.S) and T.V + R.S. on cotton and blackgram 
seedlings.

Hundred grams of sorghum grain culture of 
T.V, R.S. and T.V + R.S. were added separately into 
earthem pots containing 1 kg of sterilized soil. Ten 
seeds of cotton and blackgram were sown separately in 
each pot. This was done in replicates.

Cotton and blackgram seeds were soaked 
separately in toxin for 5 hrs. Ten seeds were sown 
separately in each pot. This was done in replicates.
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a • S e e d  g e r m i n a t i o n  I n h i b i t i o n  a s s a y ;

The p e r c e n t a g e  o f  s e e d s  g e r m i n a t e d  was 

r e c o r d e d  6 d a y s  a f t e r  s o w in g .

b .  R a d i c l e and Plumu l e  i n h i b i t i o n  a s s a y :

The shoot and root lengths of the plants were 
measured 10, 20 and 30 days after sowing.

c. Biochemical changes in cotton and blackgram due 
to application of T.V, R.S. and T.V + R.S.

Hundred gram of sorghum grain culture of T.V,
R .S  and T.V + R.S were added separately into earthem 
pots containing 1 kg of sterilized soil. Ten seeds of 
cotton and blackgram were sown separately in each pot. 
Cotton and blackgram seeds were soaked separately in 
toxin for 5 hrs. Ten seeds were sown separately in each 
pot. All these were done in replicates.

Biochemical changes that occur were studied 
intrends of total soluble sugars, reducing sugars, starch 
protein, amino acids and phenol. These were estimated in 
both cotton and blackgram plants on 10, 20 and 30 days 
after sowing.
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a. Extraction of plant tissues in alcohol

Materials : Fresh cotton and Blackgram plants.
Cheese cloth.
Whatman No.41 filter paper.

Reagent : Distilled ethylalcohol (96% , 80%).

M eth od :

Cut the tissues into pieces of 1-2 cm 
immediately plunged them in boiling ethyl alcohol and 
allowed to boil for 5-10 mm. Used 5 - 10 ml of alcohol 
for every gm of tissue. The extraction was done on top 
of a steambath or hot plate under a hood. Cooled the 
extract in a pan of cold water, crushed the tissues 
throughly in a mortar with pestle or in a blendor for 
5 - 1 0  min. Passed through two layers of cheese cloth 
and reextracted the ground tissues for 3-10 min in 
boiling 80 per cent alcohol using 2-3 ml of alcohol for 
every gm of tissue. This second extraction ensures 
complete removal of alcohol soluble substances. Cooled 
and passed through cheese cloth. Pooled both extracts 
and filtered through whatman No.41 filter paper. Raised 
the volume with 80 per cent ethanol to reduce the volume 
of the extract by evaporating it to represent 5-10 ml of
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the extract for every gm of tissue” used. This extract 
("alcohol soluble") contains reducing and non-reducing 
sugars, some glycosides, amide and aminonitrogen, other ' 
forms of soluble nitrogen, phenols, flavones, tannins, 
oils, lipids, chlorophylls, carotene and Xanthophylls.

b .  E v a p o r a t i o n o f  t h e  a l c o h o l  from t h e  e x t r a c t :

Transfered the extract to a large beaker and 
placed on a hot water bath under the hood. Evaporated 
the extract till the volume is reduced by 80 - 90 per cent. 
Added a few ml of water and continued to evaporate.
Check the volume and if no reduction in the volume of the 
extract is noted, cooled the extract, filtered through 
Whatman No.41 filter paper and adjusted the volume if 
necessary by adding distilled water to represent 1 g of 
tissue for every ml of the final extract.

T h i s  e x t r a c t  i s  q u a n t i t a t i v e l y  and q u a l i t a t i v e l y  

a n a l y s e d  f o r  r e d u c i n g  and n o n - r e d u c i n g  s u g a r s ,  amino  

a c i d s ,  t o t a l  s o l u b l e  s u g a r s ,  p r o t e i n s  and p h e n o l s .

c .  E s t i m a t i o n  o f  c a r b o h y d r a t e s :

i) Estimation of total soluble sugars

The amount of total soluble sugars present in
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the extracts can be estimated by anthrone and phenol- 
sulphuric acid (Dubois et al./ 1951) reagents. There is 
no need to hydrolyze the sample. The total soluble 
sugar was estimated by anthrone method.

Anthrone method:

Anthrone# 10 - Keto - 9, 10 - dihydroanthracene, 
a reduction product of anthroquinone, reacts by condensing 
with carbohydrates furfural derivative to produce a green 
colour in a dilute solution and a blue colour in a 
concentrated solution.

Reagent:

Anthrone reagent: Dissolved 2.0 g of anthrone in 1 1 of
Cone. H2S04* (Prepared freshly)

Method:

1.0 ml of the extracts were pipetted out into 
test tubes. To each tube 4.0 ml of the anthrone reagent 
was added by allowing the reagent to rundown the side of 
the test tube. The loss of water due to evaporation was 
prevented by placing a glass marble on top of each tube. 
The tubes were kept in a boiling water bath for 10 min.
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The tubes were removed and brought to room temperature 
by keeping them in a water bath. A Reagent blank was 
also treated similarly. The absorbance of the blue-green 
solution was measured at 625 nm. The amount of total 
soluble sugar present in the extract was calculated by 
using a standard curve prepared from glucose (1.0 ml of 
the working standard solution contained mg of
glucose).

11. Estimation of reducing sugars:

A convenient and sensitive method for the 
estimation of reducing sugars, particularly when large 
number of samples are to be analyzed, was developed by 
Miller (1972) and involved the use of dinitrosalicylic 
acid reagent.

Reagents:

DNS reagent: Dissolved simultaneously, 1.0 g of
dinitrosalicylic acid, 200 mg of crystalline phenol and 
50 mg of sodium sulfite placed in a beaker with 100 ml 
of 1% solution by NaOH by stirring. (Prepared freshly).
40/4 Solution of Rochelle Salt (Sodium potassium tartrate).
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Method:.

3.0 ml of the extracts were pipetted out into 
test tubes. To this 3.0 ml of DWS reagent was added.
The mixture was heated for 5 min in a boiling water bath. 
After the colour was developed# to each tube 1.0 ml of 
404 Rochelle salt was added# when the contents of the 
tubes were still warm. The tubes were cooled under 
running tap. The absorbance was measured at 575 nm. The 
amount of reducing sugar was calculated using standard 
prepared from glucose (1.0 ml of the standard solution 
contains mg of glucose).

iii. Estimation of starch:

Method:

Placed 100 mg of dried sample into a 50 ml 
centrifuge tube. To this 25 ml of 80 per cent ethanol 
was added and heated the tubes in a waterbath at 80-85°C 
for 10 min. Centrifuged at 2#000 g for 15 min. The 
supernatant was decanted into a 50 ml beaker. The 
extraction was repeated three times. The residue 
contained starch.

5.0 ml of water was added to the residue left 
behind in the centrifuge tubes# followed by 6.5 ml of 52
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per cent perchloric acid. Stirred the contents constantly 
with a glass rod for 5 min. and then occasionally for 
the next 15 min. To this 20-ml of water was added and 
centrifuged. The supernatant was decanted into a 100 ml 
volumetric flask. To the residue 5.0 ml of water was 
added and repeated the extraction with perchloric acid. 
Stirred occasionally for the next 30 min. The contents 
of the tubes were transferred to the volumetric flasks.
The volume of the flasks were made up to 100 ml with 
water and filtered through Whatman No.42 filter paper.
An aliquot i f the filtrate was diluted to a known volume 
with w a te r  and the sugar was analysed with anthrone 
reagent. The sugar content was calculated in terms of 
glucose equivalent and a conversion factor of 0.9 was 
med to convert the values of glucose to starch.

d. Estimation of Proteins;
i. Estimation of total soluble proteins;

Lowry's method for Protein determination:

Lowry et al (1951) introduced a colorimetric method 
to determine protein. This method is based on the 
principle that different proteins contain different 
amounts of aromatic residue which react with Folin- 
ciocatteu reagent, giving a blue colour, which is read 
in a colorimeter.
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R e a g e n t s :

A. A l k a l i n e  Sodium C a r b o n a t e  s o l u t i o n  :

2% Na2 C03 in 0.1 N NaOH.

B. C o p p e r  s u l p h a t e  sodium p o t a s s i u m

taitrate solution

0.5% CuSo4- 5 H30 in 1% Rochellesalt, 
prepared freshly.

C. A l k a l i n e  c o p p e r  r e a g e n t  : 50 ml of r e a g e n t  A

and 1.0 ml of reagent 
B were mixed. Prepared 
freshly.

D. Foiin-ciocalteu reagent : Dissolved 100 g of
sodium tungstald (Na2« Mo^. H20) and 25 g 
sodium molybdate (NaMo 0^. 2 H20) in 700 ml 
water in 11 flask. To this 50 ml of 85% 
O-phosphoric acid (H3P04) and 100 ml of Cone. 
Hcl. was added. The contents of the flask was 
refluxed gently for 10 hr cooled and then 150mg 
of lithium sulphate (Li2So4) dissolved in 5.0 ml 
water and 4-5 drops of liquid bromine was added. 
Cooled and diluted to volume with water and
filtered.
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The reagent was golden yellow in colour. One 
volume of this stock solution was diluted with 2 volumes 
of water just before use. E. I N  NaOH.

Method;

The protein sample was suspended in 1 ml of 
r

1 N NaOH at 100°C for 4.5 min. To this 5 ml of reagent 
C was added and the mixture was allowed to stand at 
room temperature for 10 min. To this 0.5 ml of Folin- 
Ciocalteu reagent was added rapidly and the contents were 
mixed immediately. The absorbance was measured after 
30 min at 750 nm. The amount of protein in the samples 
were estimated using a standard prepared from Bovineserum 
albumin. (1.0 ml of the standard contained 500^ug of 
Bovine serum albumin).

ii. Estimation of Aminoaclds;

Ninhydrin method (Moore and Stein, 1948).

Amino groups react with ninhydrin (triketo 
hydrindene hydrate) to give a coloured derivative, 
diketohydrindylidene diketohydrindamine. This derivative 
has an absorbance maximum at 570 nm.
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Method:

1 ml of the samples were pipetted out into 
tubes, to this a drop of methyl red indicator was added 
and the sample was neutralized with 0.1 N NaOH. To all 
the tubes 1.0 ml of ninhydrin reagent was added and 
mixed thoroughly, glass marble was placed on top of 
each tube. The contents of the tubes were boiled for 
20 min. in a waterbath. 5.0 ml of the diluting solution 
was added to the mixture while still in the waterbath.
1,0 ml of distilled water served as blank. The tubes 
were removed and cooled under che running tap and the 
contents were mixed thoroughly. The purple colour 
developed was measured at 570 nm. The amount of aminoacid 
present in the samples were calculated by using a standard 
curve prepared from glycine (1.0 ml of standard contains 
100 y U q of glycine).

6. . Estimation of Phenol:

Estimation of phenols with Folin-Ciocalteu 
reagent was based on the reaction between phenols and an 
oxidizing agent phosphomolybdate which results in the 
formation of a blue complex. (Bray and Thorpe, 1954).
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The intensity of the colour was measured in a colorimeter 
at 550 nm.

R e a g e n t s ;

1. Folinciocalteu reagent
2. 20Yo sodium carbonate

Method;

To 1.0 ml of the extract in a graduated 
tube added 1.0 ml of Folin-ciocalteu reagent followed 
by 2.0 ml of Na2 Co^ solution. The tubes were heated 
for exactly 1 min. in a boiling waterbath/ cooled under 
a running tap. The blue solution, was diluted to 25 ml 
with water and the absorbance was measured at 550 nm in 
a colorimeter. A blank containing all the reagents 
except the plant extract was used to adjust the absorbance 
to zero. (1.0 ml of the standard contained lOO^ug of 
catechol).



Results anb discussion
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experimental results

The influence of Trichoderma virlde/ T.viride + 
Rhlzoctonia solani, R.solani and T.viride toxin on 
seed germination, shoot length, root length and 
biochemical changes in cotton and blackgram were studied 
and presented here in.

The effect of T.viride toxin at 1, 3, 6 and 9 
per cent was tested against R.solani and the results are 
presented in Table - I. The data revealed that T.viride 
toxin at all concentrations significantly reduced 
mycelial dry weight of R.solani when compared to control.

LEAP SPOT BIOASSAY

Trichodeirma viride toxin at various concentrations 
did not produce leaf spot symptom when tested on cotton 
and blackgram leaves.

In vitro EFFECT OF TOXIN ON SEED GERMINATION

The results of this experiment are shown in 
Table - II. The seed germination of cotton and blackgram 
was not significantly inhibited by T.viride toxin.
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TA3LE - I

In vitro EFFECT OF TOXIN ON R.solani.

Treatment Dry mycelial Weight (mg)

Control 700.15
T.viride toxin 1% 650.30
T.viride toxin 3% 545.00
T.viride toxin 6% 280.15
T.viride toxin 9/o 110.07

★
iMean of 3 replications

TABLE - II

In vitro EFFECT OF TOXIN ON SEED GERMINATION

Treatment

Control

% of inhibition 
Cotton Blackgram

T. viride toxin 
C.D (5%)

9.0
1 2 . 2

18.0

0

10 .0
12 . 2
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In  V i^ tro EFFECT OF TOXIN ON SHOOT AND ROOT IENGTH OF 
COTTON AND BLACK GRAM PLANTS

Table - III presents the ijn vitro effect of 
toxin on shoot and root length of cotton and black 
gram plants.

TABLE - III

In  v i t r o  EFFECT OF TOXIN ON SHOOT AND ROOT LENGTH OF 
COTTON AND BLACKSRAM PLANTS

Cotton Blackgram
Treatment Shoot

length
(cm)

Root
length
(cm)

Shoot
length(cm)

Root
length

(cm)

Control 8. 5 5.5 10.0 4.8
T.viride toxin 5.5 4.5 7.5 2.5
C.D (5% ) 0.85 0.86 1.06 0.51

The result of this experiment revealed that
T.viride toxin significantly reduced the shoot and 
root lengths of cotton and black gram.
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EFFECT OF TREATMENTS ON SEED GERMINATION:

The effect of various treatments on the 
germination of cotton and black gram seeds is presented 
in Table IV.

TA3LE - IV

EFFECT OF TREATMENTS ON THE *GERMINATION OF COTTON 
AND BLACKGRAM SEEDS

% of inhibition

Control

Cotton

15.9

Blackgram

5.7
T. viride 19.2 11.3
T.viride + 
R.solani 28.5 12.7

R.solani 50.9 25.0
T.viride toxin 26.3 5.7
C.D (5%) 9.3 10.8

* 6 days after sowing
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The r e s u l t  r e v e a l e d  t h a t  5 0 .9  p e r  c e n t  and 

25 p e r  c e n t  i n h i b i t i o n  was r e c o r d e d  on c o t t o n  and 

b la c k g r a m  r e s p e c t i v e l y  d u e  to~ R . s o l a n i  a s  a g a i n s t  1 5 .9  

p e r  c e n t  and 5 .7  p e r  c e n t  in  c o n t r o l .  H o w ev er > 2 8 .6  

p e r  c e n t  and 1 2 .7  p e r  c e n t  s e e d l i n g  m o r t a l i t y  was 

r e c o r d e d  r e s p e c t i v e l y  in  c o t t o n  an d  b la c k g r a m  du e t o  

c o m b in e d  a p p l i c a t i o n  o f  T . v i r id e  and R . s o l a n i .  T h e re  

was n o  s i g n i f i c a n t  r e d u c t i o n  in  s e e d  g e r m in a t io n  o f  

c o t t o n  and  b la c k g r a m  due t o  T . v l r i d e .

EFFECT OF TREATMENTS ON SHOOT AND ROOT LENGTHS OF 
COTTON PLANT

The i n f l u e n c e  o f  v a r i o u s  t r e a t m e n t s  on  s h o o t  

and r o o t  le n g t h  o f  c o t t o n  p l a n t  i 3  p r e s e n t e d  in  T a b le  -  V .



4 4 : 0 -

5 . E f f e c t  o f  T r e a tm e n ts  on  s h o o t  and r o o t  le n g t h s  
o f  c o t t o n .

A - T.virlde B. T . y l r i d e  +  R . s o l a n l

C C o n t r o l D R . s o l a n !
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TABLE -  V

EFFECT OF TREATMENTS ON SHOOT AND ROOT LENGTHS OF
COTTON PLANT

T r e a tm e n t
S h o o t  l e n g t h  

(cm)
R o o t  l e n g t h  

(cm )

10 DAS 20 DAS 30DA3 10
DAS

20 30 
DAS DAS

C o n t r o l - 1 0 .0 0 2 2 .5 0 2 6 .5 0 1 2 .0 0 1 4 .0 0 1 6 .0 0

T . v i r i d e 1 1 .0 0 1 9 .0 0 2 6 .0 0 8 .0 0 1 1 .0 0 1 8 .0 0

T . v i r i d e  
R . s o l a n i

+ 1 3 .0 0 1 6 .0 0 2 3 .0 0 6 .7 5 1 1 .0 0 1 8 .9 0

R. ;s o la n i 5 .8 0 1 4 .5 0 1 7 .0 0 4 .0 0 7 .0 0 1 0 .0 0

T . v i r i d e t o x i n 1 4 .9 0 1 9 .8 0 2 5 .5 0 6 .8 0 1 1 .0 0 1 5 .8 0

C .D  ( S % ) 1 .5 0 1 .3 7 1 .0 7 0 .8 6 0 .8 0 0 .1 4

DAS -  D ays A f t e r  S ow in g

S h o o t  le n g t h  o f  10 d a y  o l d  c o t t o n  p l a n t  w as 

s i g n i f i c a n t l y  i n c r e a s e d  b y  th e  t r e a t m e n t s .  T . v i r i d e  + 

R . s o l a n i  and  T . y i r i d e  t o x i n  when co m p a re d  t o  th e  c o n t r o l .  

T h e re  was n o  s i g n i f i c a n t  e f f e c t  on s h o o t  l e n g t h  d u e  t o  

T . v i r i d e .  H ow ever, d r a s t i c  r e d u c t i o n  o f  s h o o t  l e n g t h
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was r e c o r d e d  in  R. s o l a n j  i n o c u l a t e d  p o t  c u l t u r e  s o i l .

But t h e r e  was a s i g n i f i c a n t  r e d u c t i o n  in  s h o o t  l e n g t h  

b y  a l l  t h e  t r e a t m e n t s  on 2 0  d a y  o l d  s e e d l i n g s  when 

co m p a re d  to  c o n t r o l .  and T« v i r i d e  + R. s o l a n l

s i g n  i f  i c .a n t l y  r e d u c e d  th e  s h o o t  l e n g t h  o f  th e  30 d a y  o l d  

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

The r o o t  l e n g t h  o f  10 d a y  o l d  p l a n t  was s i g n i f i c a n t l y  

r e d u c e d  b y  a l l  t h e s e  t r e a t m e n t s .  Same t r e n d  was a l s o  

o b s e r v e d  on  20 d ay  o l d  p l a n t s .  H o w e v e r ,  t h e r e  was 

s i g n i f i c a n t  i n c r e a s e  in  r o o t  l e n g t h  was o b s e r v e d  on  30 

d a y  o l d  p l a n t s  due t o  a p p l i c a t i o n  o f  T . v i r i d e  and 

T . v i r i d e  + R . s o l a n i . From the  d a t a  i t  was c l e a r  t h a t  

T . v i r i d e  in d u c e d  r o o t  l e n g t h  o f  c o t t o n  p l a n t s  and  i t s  

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

EFFECT OF TREATMENTS ON SHOOT AND ROOT LENGTHS CF 
BLACK GRAM PLANTS

The e f f e c t  o f  t r e a t m e n t s  on  s h o o t  and r o o t  

l e n g t h s  o f  b la c k g r a m  i s  p r e s e n t e d  i n  T a b le  -  V I .
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TA3LE -  V I

EFFECT OF TREATMENTS ON SHOOT. AND ROOT LENGTHS 
OF BLACK GRAM PLANT

S h o o t  l e n g t h  (cm) R o o t  l e n g t h  (cm)

10DA3 20DAS 30DAS 10DAS 20DAS 30DAS

C o n t r o l 1 3 . 8 0 2 0 . 0 0 3 2 . 0 0 1 2 .7 0 1 4 .0 0 2 3 .0 0

T . v i r i d e 1 4 .0 0 2 3 .0 0 3 4 .0 0 1 3 .0 0 1 4 . 0 0 2 2 . 0 0

T . v i r i d e  
R . s o l a n i

+ 1 3 .0 0 2 2 . 0 0 3 0 . 0 0 7 . 5 0 1 2 . 0 0 2 0 .5 0

R . s o l a n i 9 . 5 0 1 4 .5 0 2 0 . 0 0 5 .5 0 1 1 . 0 0 1 7 . 5 0

T . v i r i d e t o x i n 1 5 .0 0 2 5 .0 0 3 1 .0 0 4 . 5 0 1 4 . 0 0 2 3 .0 0

C .D  (5%) • 1 . 9 0 0 .8 5 0 .2 5 1 .5 0 1 .0 4 0 .8 7

DAS -  Days A f t e r  S o w in g

I n i t i a l l y  t h e r e  was n o  s i g n i f i c a n t  i n c r e a s e  

i n  s h o o t  l e n g t h  ( 1 0  d a y  o l d )  due  t o  t h e  t r e a t m e n t s  

e x c e p t  R . s o l a n i  w h ic h  r e c o r d e d  d r a s t i c  r e d u c t i o n  i n  

s h o o t  l e n g t h .  S i g n i f i c a n t  ( P < 0 . 0 5 )  i n c r e a s e  in  s h o o t

i
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l e n g t h  was r e c o r d e d  b y  T . v i r i d e  t o x i n  and  T . v i r i d e  on 

20 and 30 day  o l d  s e e d l i n g s  when co m p a re d  t o  c o n t r o l .  

T h e re  was no s i g n i f i c a n t  i n c r e a s e  in  r o o t  l e n g t h  b y  

T . v i r i d e  when co m p a re d  t o  c o n t r o l .  I t  was c l e a r e d  t h a t  

in  b la c k g r a m  T . v i r i d e  i n c r e a s e d  o n l y  t h e  s h o o t  l e n g t h  n o t  

r o o t  l e n g t h .

BIOCHEMICAL CHANGES IN COTTON AMD BLACKGRAM DUE TO' THE 
APPLICATION OF T . v i r i d e ,  R . s o l a n l , T . v i r i d e  +  R . s o l a n i  

AND T . v i r i d e  TOXIN

EFFECT OF TREATMENTS ON TOTALJSOLUBUS SUGARS;

The i n f l u e n c e  o f  v a r i o u s  t r e a t m e n t s  on  t o t a l  

s o l u b l e  s u g a r  c o n t e n t  in  c o t t o n  and b la c k g r a m  i s

p r e s e n t e d  i n  T a b l e s  V I I  and V I I I .
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The d a t a  r e v e a l e d  t h a t  in  10 d a y  o l d  c o t t o n  

r o o t s  and s te m s ,  th e  t o t a l  s o l u b l e  s u g a r  c o n t e n t  was 

s i g n i f i c a n t l y  h ig h  in  R . s o l a n i  - i n o c u l a t e d  p o t  c u l t u r e  

s o i l .  T h e r e  was d r a s t i c  r e d u c t i o n  o f  t o t a l  s o l u b l e  

s u g a r  in  T . v i r i d e  i n o c u l a t e d  s o i l  and  on p a r  w i t h  un 

i n o c u l a t e d  c o n t r o l .  Same t r e n d  was a l s o  o b s e r v e d  fro m  

t h e  c o t t o n  l e a v e s .  In  g e n e r a l  t h e  t o t a l  s o l u b l e  s u g a r  

c o n t e n t  was g r a d u a l l y  i n c r e a s e d  w i t h  i n c r e a s e  in  t h e '  a g e  

o f  t h e  c r o p .  In  b la c k g r a m  (T a b le  -  V I I I )  a s i m i l a r  

o b s e r v a t i o n  was a l s o  r e c o r d e d  in  t h e  r o o t ,  s tem  and  l e a v e s .

EFFECT OF TREATMENTSjON_REDUCINS SrJ3AR CONTENT OF COTTON 
AND_B^^CKC3RAM_PtANTS

The r e d u c i n g  s u g a r  c o n t e n t  i n  c o t t o n  and  b la c k g r a m  

due t o  v a r i o u s  t r e a t m e n t s  i s  p r e s e n t e d  in  T a b l e s  IX  and  X.
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In  r o o t s  o f  c o t t o n  and b la c k g r a m  t h e  r e d u c i n g

s u g a r  c o n t e n t  was s i g n i f i c a n t l y  h ig h  in  R . s o l a n i  i n o c u l a t e d  

s o i l  and t h i s  was f o l l o w e d  b y  T . v i r i de + R . s o l a n i . T h e re  

was s i g n i f i c a n t  r e d u c t i o n  in  r e d u c i n g  s u g a r  c o n t e n t  in  

T . v i r i d e  i n o c u l a t e d  p o t  c u l t u r e  s o i l  and i n  T . v i r i d e  t o x i n  

and w e r e  on  p a r  w i t h  un i n o c u l a t e d  c o n t r o l .  Same t r e n d s  

w e re  o b s e r v e d  in  s te m s  and l e a v e s  o f  c o t t o n  and b l a c k g r a m .

EFFECT OF TREATMENTS .ON STARCH CONTENT OF COTTON AND 
BLACKGRAM PLANTS

The r e s u l t s  on s t a r c h  c o n t e n t  o f  c o t t o n  and  b l a c k  

gram due t o  v a r i o u s  t r e a t m e n t s  a r e  p r e s e n t e d  in  T a b l e  -  X I .

TABLE -  XI

EFFECT OF TREATMENTS ON STARCH CONTENT OF COTTON AND BLACK
GRAM PLANTS

S t a r c h  m g /g

T r e a t m e n t C o t t o n B la ck g r a m

10DAS 20DAS 30DAS 10DAS 20DAS 30DAS

C o n t r o l 2 8 . 0 0  3 5 . 2 0  6 0 . 0 0  2 2 .5 0  2 7 .1 0  3 6 . 0 0

3 2 . 0 0  3 8 . 0 0  6 5 . 0 0  2 4 . 6 0  2 8 .5 0  3 7 . 2 0T . v i r i d e  

T . v i r i d e  + 1 4 .8 3  3 8 .3 3  5 5 .0 0  1 8 . 0 0  2 4 .3 0  3 2 .4 0R . s o l a n i  
R . s o l a n i  
T .  v i r i d e

1 6 . 0 0  2 0 .0 0  3 0 . 0 0  1 3 . 5 0  1 9 . 8 0  2 7 . 0 0

2 4 . 8 0  3 1 .3 3  6 1 . 5 0  2 4 .3 0  2 7 .0 0  3 6 . 0 0t o x i n  
C .D  ( 5 Yo) 1 .9 2  1 .7 6  2 .9 4  0 .1 1  0 . 0 9  0 .4 2
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The s t a r c h  c o n t e n t  was g r e a t l y  i n f l u e n c e d  b y

T . v i r i d e  when co m p a re d  t o  c o n t r o l .  T h e r e  was d r a s t i c

r e d u c t i o n  o f  s t a r c h  c o n t e n t  due  t o  R . s o l a n i  i n o c u l a t i o n .

In  g e n e r a l  s t a r c h  c o n t e n t  o f  th e  c r o p s  was f o u n d  t o  b e

i n c r e a s e d  w i t h  a g e  o f  th e  c r o p .
1

EFFECT OF TREATMSNTS ON PROTEIN CONTENT OF COTTON AND 
BLACK GRAM PLANTS

The p r o t e i n  c o n t e n t s  o f  th e  r o o t ,  s tem  and 

l e a v e s  o f  c o t t o n  and  b la c k g r a m  w e r e  g r e a t l y  i n f l u e n c e d  

b y  a l l  t h e  t r e a t m e n t s  e x c e p t  R . s o l a n i  ( T a b l e  X I I  and  X I I I ) .  

P r o t e i n  c o n t e n t  was s i g n i f i c a n t l y  r e d u c e d  in  R . s o l a n i  

i n o c u l a t e d  s o i l .  T h e r e  was s i g n i f i c a n t  i n c r e a s e  in  

p r o t e i n  c o n t e n t  in  T . v i r i d e , T . v i r i d e  + R . s o l a n i  

i n o c u l a t e d  s o i l .  T h e y  w ere  on  p a r  w i t h  un i n o c u l a t e d  

c o n t r o l  and T . v i r i d e  t o x i n .
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EFFECT OF TREATMENTS ON AMINOACID CONTENT OF COTTON AND 
BLACKGRAM PLANTS ' *

The am ino a c i d  c o n t e n t  was m ore in  10 d a y  o l d  

c o t t o n  r o o t  when c o m p a re d  t o  20 and 30 d a y  o l d  r o o t s .

Among th e  t r e a t m e n t s  t h e  am ino a c i d  c o n t e n t  was 

s i g n i f i c a n t l y  h i g h  i n  R . s o l a n i  i n o c u l a t e d  s o i l  ( T a b l e  -  

X I V ) . T h e r e  was n o  c h a n g e  in  a m in o a c id  c o n t e n t  d ue  t o  

T . v i r i d e  when co m p a re d  t o  c o n t r o l .  T h e r e  was n o  

s i g n i f i c a n t  d i f f e r e n c e  in  a m in o a c id  c o n t e n t  i n  s te m  and  

l e a v e s .  In  b l a c k  gram  t h e  a m in o a c id  c o n t e n t  was m ore 

in  20 d a y  o l d  r o o t s  when c o m p a re d  t o  10 and  30 d a y  o l d  

r o o t s  (T a b le  -  XV) Among t h e  t r e a t m e n t s  R. s o l a n i  

i n o c u l a t e d  s o i l  r e c o r d e d  s i g n i f i c a n t l y  h i g h  am ount o f  

a m in o a c id .  T h i s  was f o l l o w e d  b y  T . v i r i d e  + R . s o l a n i .

T h e r e  was no  c h a n g e s  in  a m in o a c id  c o n t e n t  d ue  t o  T . v i r i d e .

When co m p a re d  t o  un i n o c u l a t e d  c o n t r o l .  A m in o a c id  

c o n t e n t  was more i n  1 0  d a y  o l d  s te m  when co m p a re d  t o  2 0  

and 30 d a y  o l d  s te m . B u t in  t h e  l e a v e s  maximum am ount 

o f  am ino a c i d  was r e c o r d e d  i n  30 d a y  o l d  p l a n t s .  In  b o t h  

s tem  and l e a v e s  a p p l i c a t i o n  o f  R . s o l a n i  g r e a t l y  i n f l u e n c e  

t h e  a m in o a c id  c o n t e n t .  T h i s  was f o l l o w e d  b y  T . v i r i d e  +

R . s o l a n i .
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EFFECT OF TREATMENTS ON PHENOL CONTENT OF COTTON AND 
BLACKGRAM PLANTS:

The r e s u l t s  on  p h e n o l i c  c o n t e n t ,  i n  c o t t o n  and  

b la c k g r a m  p l a n t s  due t o  various t r e a t m e n t  i s  p r e s e n t e d  

i n  T a b l e s  XVI and X V I I .

The d a t a  c l e a r l y  show ed  t h a t  i n  r o o t s ,  s te m  

and l e a v e s  th e  p h e n o l i c  c o n t e n t  was s i g n i f i c a n t l y  h i g h  

due t o  T . v i r i d e  a p p l i c a t i o n  when c o m p a re d  t o  c o n t r o l  

and R . s o l a n i  i n o c u l a t e d  p o t  c u l t u r e  s o i l .  Same t r e n d  

was o b s e r v e d  in  b l a c k  gram, a l s o .
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DISCUSSION

R h i z Q c t o n i a  s o l a n i  Kuhn, t h e  i m p e r f e c t  s t a t e  

o f  Th a n a t e p h o  ru  s c u c u m e r i s  (F ran k ) Donk h a s  g a i n e d  t h e  

r e p u t a t i o n  o f  b e i n g  w i d e s p r e a d  and d e s t r u c t i v e  d i s e a s e  

o f  c o t t o n  and b la c k g r a m  in  T a m il  Nadu. B i o l o g i c a l  

c o n t r o l  o f  R . s o l a n i  i s  r a p i d l y  b e c o m in g  an a c c e p t a b l e  

t e c h n o l o g i c a l  a p p r o a c h  i n  r e c e n t  y e a r s  ( P a p a v i z a s ,  1 9 8 1 ;  

C o o k  and  B a k e r ,  1 9 8 3 ) .  B i o l o g i c a l  c o n t r o l  o f  p l a n t  

p a t h o g e n s  a c c o m p l i s h e d  th r o u g h  h o s t  r e s i s t a n c e  and 

c o n t i n u e  t o  b e  a p r e d o m in a n t  i i s e a s e  c o n t r o l  s t r a t e g y .  

Though t h e r e  h a v e  b e e n  s e v e r a l  r e p o r t s  o f  s u c c e s s f u l  

u s e  o f  T r ic h o d e r m a  s p p .  a g a i n s t  R . s o l a n i  (C h e t  and  

B a k e r ,  1 9 8 1 ; E la d  e t  a l . , 1 9 8 1 ) ,  s o  f a r  n o  w ork  h a s  b e e n  

i n i t i a t e d  t o  s t u d y  t h e  r o l e  o f  T r i c h o d e r m a  s p p .  on  

h o s t  p h y s i o l o g y .  I t  was a g a i n s t  t h i s  b a c k g r o u n d  t h a t  

th e  p r e s e n t  s t u d y  was u n d e r t a k e n  an d  t h e  r e s u l t s  a r e  

d i s c u s s e d  c r i t i c a l l y .

The r o l e  o f  t o x i n  in  t h e  p a t h o g e n e s i s  h a s  b e e n  

e s t a b l i s h e d  b y  s e v e r a l  w o r k e r s  (J a n s e n  and L i v i n g s t e n ,  

1 9 4 9 ;  Gnanumanickam and P a t i l ,  1 9 7 6 ) .  T h e r e f o r e ,  s t u d i e s  

on  th e  t o x i g e n e c i t y  o f  T r i c h o d e r m a  v i r i d e  was i n i t i a t e d .



6 4

T . v i r i d e  t o x i n  a t  1 ,  3 ,  6 and  9 p e r  c e n t  c o n c e n t r a t i o n s  

s i g n i f i c a n t l y  r e d u c e d  m y c e l i a l  d r y  w e i g h t  o f  R . s o l a n i  

when co m p a re d  t o  c o n t r o l .  U padhyay and M ukhopadhyay 

(1 9 8 6 )  r e p o r t e d  t h a t  t h e  p r o d u c t i o n  o f  e x t r a c e l l u l a r  

enzym es  (B ( 1 / 3 )  -  g l u c a n a s e  and c h i t i n a s e )  c a p a b l e  

o f  d e g r a d i n g  R . s o l a n i  c e l l  w a l l s .  The i n h i b i t o r y  e f f e c t  

o f  T r ic h o d e r m a  s p p .  h a v e  a l s o  b e e n  r e p o r t e d  b y  H ad ar  

e t  a l . , 1 9 7 9 ;  U padhyay and M ukhopadhyay , 1 9 8 3 .  The 

i n h i b i t o r y  e f f e c t  m ig h t  b e  due t o  t h e  p r e s e n c e  o f  t o x i c  

m e t a b o l i t e s  l i k e  v i r i d i n  o r  g l i o t o x i n .  ( P a r p a n s i ,  I 9 6 0 ;  

C h oh an , 1971 and  1 9 7 4 ) .  The t o x i c  m e t a b o l i t e s  p r o d u c e d  

b y  T r i c h o d e r m a  s p p .  h a v e  b e e n  th e  s u b j e c t  o f  e x t e n s i v e  

s t u d y  e v e r  s i n c e  W e i n d l i n g  (1 9 3 4 )  r e p o r t e d  t h e  c u l t u r e  

f i l t r a t e  o f  Tr i c h o d e r m a  w e re  t o x i c  t o  R . s o l a n i  and  o t h e r  

f u n g i  e v e n  a t  h ig h  d i l u t i o n .  O n ly  2 g  o f  9 i s o l a t e s  o f  

T r i c h o d e r m a s p p .  t e s t e d  b y  D e n n is  and  W e b s t e r  (1 9 7 1 )  

c a u s e d  a p p r e c i a b l e  i n h i b i t i o n  o f  fe w  f u n g i  o t h e r  th a n  

P y th ium  aphan iderm aturn . M ukhopadhyay and  U padhyay (1 9 8 1 )  

r e p o r t e d  th e  r e l e a s e  o f  n o n - v o l a t i l e  a n t i b i o t i c  com pou nds  

b y  T r i c h o d e r m a  s p p .  w e re  i n h i b i t o r y  t o  t h e  g r o w th  o f  

S c l e r o t i u m  r o l f s i i  in  v i t r o , w h ere  a s ,  H ad ar  e t  a l .  ( 1 9 7 9 ) ,  

C h e t ,  e t  a l ,  (1 9 7 9 )  and  c h e t  and B a k e r  (1 9 8 1 )  c o u l d  n o t  

d e t e c t  a n t i b i o t i c  a c t i v i t y  o f  T r i c h o d e r m a  s p p  i n  v i t r o .

T h i s  may b e  d ue  t o  i n s u f f i c i e n t  p e r i o d  o f  i n c u b a t i o n  o f  

t h e  a n t a g o n i s t .
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The t o x i n  e x t r a c t e d  f ro m  T . v i r i d e  was t e s t e d  

f o r  i t s  p a t h o g e n i c i t y  on  c o t t o n  and b la c k g r a m  l e a v e s .

The t o x i n  a t  v a r i o u s  c o n c e n t r a t i o n s  d i d n o t  p r o d u c e  an y  

3 ymptom on h o s t  p l a n t s  t e s t e d .  H o w e v e r /  i t  s i g n i f i c a n t l y  

i n h i b i t e d  th e  r o o t  and  s h o o t  l e n g t h .  T h i s  i n h i b i t o r y  

e f f e c t  was n o t  p r o n o u n c e d  on  s e e d  g e r m i n a t i o n .  S i m i l a r  

o b s e r v a t i o n  was a l s o  made when T . v i r i d e  was a p p l i e d  i n  

s o i l .  H ow e v e r /  when i t  c o m b in e d  w i t h  R . s o l a n i / 2 8 .6 %  

and 1 2 .7 %  i n h i b i t i o n  o f  s e e d  g e r m i n a t i o n  o f  c o t t o n  and  

b la c k g r a m  was r e c o r d e d  r e s p e c t i v e l y  a s  a g a i n s t  5 0 .9 %  

and  25% i n  R . s o l a n i  a l o n e - i n o c u l a t e d  s o i l .  M ore o v e r ,  

i n  c o t t o n  t h e  r o o t  l e n g t h  was s i g n i f i c a n t l y  i n c r e a s e d  

and i t s  i n f l u e n c e  h a s  n o t  b e e n  p r o n o u n c e d  i n  s h o o t  

l e n g t h .  On c o n t r a r y  i n  b la c k g r a m  i t  i n c r e a s e d  o n l y  t h e  

s h o o t  l e n g t h  b u t  n o t  t h e  r o o t  l e n g t h .  On s u p p o r t  o f  t h e  

p r e s e n t  f i n d i n g  M ukhopadhyay e t  a l .  (1 9 8 6 )  r e p o r t e d  t h a t  

T r i c h o d e r m a  s p p .  s i g n i f i c a n t l y  i n c r e a s e d  th e  s e e d  

g e r m i n a t i o n  o f  t o b a c c o  when a p p l i e d  i n  s o i l  a l o n g  w i t h  t h e  

p a t h o g e n .  I n c r e a s e  i n  s h o o t  and r o o t  l e n g t h  d u e  t o  

T r i c h o d e r m a  sp p  was a l s o  r e p o r t e d  b y  K r is h n a m o o r t h y  ( 1 9 8 7 ) .

Many p a t h o g e n s  p r e f e r  s u g a r s  f o r  t h e i r  g r o w th  

(V id h y a s e k a r a n  and P a ra m b aram an i,  1 9 7 1 a ,  V id h y a s e k a r a n  

and D u r a i r a j ,  1 9 7 1 b )  and  h e n c e  t h e  q u a n t i t y  and  q u a l i t y
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o f  s u g a r s  may p l a y  an im p o r t a n t  r o l e  in  t h e  d i s e a s e  

r e s i s t a n c e .  The r e s u l t s  o f  t h e  p r e s e n t  s t u d y  show ed  

t h a t  t h e  t o t a l  s o l u b l e  s u g a r s  'and r e d u c i n g  s u g a r s  w e re  

s i g n i f i c a n t l y  l e s s  due  t o  T . v i r i d e  i n o c u l a t i o n  when 

co m p a re d  t o  R . s o l a n i  i n o c u l a t i o n .  C h an ges  i n  s u g a r  

c o n t e n t  o f  h o s t  t i s s u e  due t o  i n f e c t i o n  b y  p a t h o g e n i c  

f u n g i  i s  w e l l  known. The p r e s e n t  f i n d i n g  i s  w e l l  

s u p p o r t e d  b y  th e  w ork  o f  R o s a l i s  ( 1 9 8 7 ) .  He r e p o r t e d  

t h a t  th e  t o t a l  s o l u b l e  s u g a r  and  r e d u c i n g  s u g a r  c o n t e n t s  

w ere  i n c r e a s e d  i n  t o m a t o  p l a n t s  a f f e c t e d  b y  Sc l e r o t i u m  

r o l f s i i .  B a sh ia n  (1 9 8 4 )  r e c o r d e d  h i g h e s t  am ount o f  

s o l u b l e  s u g a r s  and r e d u c i n g  s u g a r s  i n  a l l  t h e  n i n e  

s o y b e a n  v a r i e t i e s  s u s c e p t i b l e  t o  M acrQphom ina p h a s e o l i n a  

on  t h e  c o n t r a r y  s e v e r a l  w o r k e r s  r e p o r t e d  t h a t  t h e r e  was 

a d e p l e t i o n  o f  t o t a l  and  r e d u c i n g  s u g a r  c o n t e n t s  d ue  t o  

p a t h o g e n i c  i n v a s i o n .  B h a sk a ra n  e t  a l .  ( 1 9 7 5 ) .  C h op ra  

and J h o o t y  (1 9 7 4 )  r e c o r d e d  t h e  r e d u c e d  l e v e l  o f  t o t a l  

s o l u b l e  s u g a r  and r e d u c i n g  s u g a r  due  t o  p a t h o g e n i c  

i n f e c t i o n .

The p r e s e n t  s t u d y  r e v e a l e d  t h a t  t h e r e  was a 

m arked r e d u c t i o n  in  t h e  s t a r c h  c o n t e n t  o f  c o t t o n  and  

b la c k g r a m  d ue  t o  R . s o l a n i  i n f e c t i o n .  H igh  l e v e l  o f
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s t a r c h  c o n t e n t  was r e c o r d e d  in  T . v i r i d e  i n o c u l a t e d  s o i l .  

B h a sk a ra n  (1 9 7 6 )  a l s o  o b s e r v e d  s u c h  d e p l e t i o n  w i t h  

A l t e m a r i a  h e l i a n t h i  on s u n f l o w e r .  C e r c o s p o r a  l e a f  s p o t  

and p o w d e r y  m ild e w  i n f e c t i o n  h a v e  a l s o  b e e n  r e p o r t e d  t o  

c a u s e  s e v e r e  r e d u c t i o n  in  s t a r c h  c o n t e n t  in  g r e e n  gram 

(V id h y a s e k a r a n  and Kandaswamy, 1 9 7 2 ) .  I t  i s  p r o b a b l e  

t h a t  t h e  r e d u c t i o n  in  s t a r c h  c o n t e n t  may due t o  i n h i b i t i o n  

o f  p h o s p h o r y l a s e ,  t h e  s t a r c h  s y n t h e s i z i n g  enzym e i n  t h e  

i n f e c t e d  t i s s u e s .

P r o t e i n  c o n t e n t s  o f  r o o t s ,  s te m s  and  l e a v e s  o f  

c o t t o n  and b la c k g r a m  w e re  s i g n i f i c a n t l y  i n c r e a s e d  b y  

T . v i r i d e  when co m p a re d  t o  R . s o l a n l .  T h i s  f i n d i n g  a g r e e d  w e l l  

w i t h  t h e  o b s e r v a t i o n  o f  B a s t i a n  ( 1 9 8 4 ) .  A c o m p a r a t iv e  

b i o c h e m i c a l  s t u d y  was d on e  b y  him  w i t h  n i n e  s o y b e a n  v a r i e t i e s  

in  r e l a t i o n  t o  t h e i r  s u s c e p t i b i l i t y  t o  M acro p h o m in a 

p h a s e o l l n a  show ed t h e  p r e s e n c e  o f  h i g h  l e v e l  o f  p r o t e i n  

in  n o n - i n f e c t e d  t i s s u e  o f  a l l  v a r i e t i e s .

An e x t e n s i v e  r e v i e w  on  t h e  r o l e  o f  am ino  a c i d s  

i n  p l a n t  d i s e a s e s  h a s  b e e n  made b y  Van A n d e l  ( 1 9 6 6 ) .

Am ino a c i d  c o n t e n t s  o f  p l a n t s  h a v e  b e e n  r e l a t e d  t o  t h e i r  

s u s c e p t i b i l i t y  and  r e s i s t a n c e  t o  t h e  d i s e a s e  i n  s e v e r a l
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s t u d i e s  (L a k sh m in a ra y a n ,  1 9 5 5 ,  S t r e c h  and C h a p p e l l i n i ,  

1 9 6 5 ) .  In  th e  p r e s e n t  s t u d y ,  h ig h  l e v e l  o f  am ino a c i d  

was r e c o r d e d  in  R . s o l a n i  i n o c u l a t e d  s o i l  when co m p a re d  

t o  T . v i r i d e  i n o c u l a t i o n .  C h anges  in  a m in o a c id s  in  

r e s p o n s e  t o  i n f e c t i o n  b y  p a t h o g e n i c  f u n g i  h a v e  b e e n  

r e p o r t e d  b y  s e v e r a l  w o r k e r ' s  (Chandram ohan e t  a J - . , 1 9 6 7 ;  

C h o p ra  e t  a l . , 1974 and  B h a sk a r a n ,  1 9 7 6 ) .  R agu n ath an  

e t  a l . (1 9 6 6 )  f o u n d  t h a t  th e  i n c r e a s e d  l e v e l  o f  am in o  a c i d  

i s  due  t o  p a t h o g e n i c  i n v a s i o n .  From t h i s  s t u d y  i t  

a p p e a r s  t h a t  im m e d i a t e l y  a f t e r  i n f e c t i o n ,  f r e e  a m i n o a c i d s  

a r e  t r a n s p o r t e d  t o  t h e  s i t e  o f  i n f e c t i o n  f o r  th e  

d e v e lo p m e n t  o f  th e  p a t h o g e n .  The a c c u m u l a t i o n  o f  am ino  

a c i d s  i n  t h e  i n f e c t e d  t i s s u e  h as  b e e n  r e p o r t e d  b y  P a t e l  

and W a lk e r  (1 9 6 3 )  and  K rishnasw am y ( 1 9 6 8 ) .  T h i s  may b e  

due t o  t h e  b reak d ow n  o f  p r o t e i n s  b y  p r o t e o l y t i c  en zym es  

o r  t h e  fu n g u s  may s y n t h e s i z e  t h e  am ino  a c i d s  and  t h u s  

h e l p  i n  t h e i r  a c c u m u l a t i o n .

P h e n o ls  a r e  t h e  known f u n g i t o x i c  s u b s t a n c e s  

( P a t i l  e t  a l . , 1 9 6 4 ;  W i l s o n  and  S r i v a s t a v a ,  1 9 6 9 ) .  

M ahadevan (1 9 6 6 )  r e p o r t e d  t h a t  p a t h o g e n i c  i n v a s i o n s  

i n v a r i a b l y  r e s u l t s  i n  th e  a l t e r a t i o n s  o f  p h e n o l i c  

c o n s t i t u e n t s  o f  p l a n t s  and t i s s u e s .  S u s c e p t i b i l i t y  and  

r e s i s t a n c e  a r e  v e r y  o f t e n  c o r r e l a t e d  w i t h  p l a n t  p h e n o l i c s .  

The p r e s e n t  i n v e s t i g a t i o n  show ed  t h a t  p h e n o l i c  c o n t e n t
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was s i g n i f i c a n t l y  l e s s  i n  R . s o l a n i  i n o c u l a t e d  s o i l .  

T . v i r i d e  s i g n i f i c a n t l y  i n c r e a s e d  th e  p h e n o l s  in  b o t h  

c o t t o n  and b la c k g r a m .  M a n y .w o rk e r s  a t t r i b u t e d  th e  

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

t h e  d i s e a s e d  t i s s u e .  P h e n o ls  i n v o l v e d  in  m e t a b o l i c  

c h a n g e s  in  h o s t  p l a n t s  (Tomiyama e t  a l  1 9 6 7 ) .  Q u in o n e s  

a r e  h i g h l y  t o x i c  e v e n  a t  l o w e r  c o n c e n t r a t i o n s  and  i t  i s  

r e s p o n s i b l e  t o  p o s t u l a t e  t h a t  q u in o n e  f r o m  p h e n o l s  may 

b e  m ore r e s p o n s i b l e  f o r  r e s i s t a n c e  ( P a t e l  e t  a l#  1 9 6 4 ) .  

Q u in o n e s  p r o d u c e d  w i t h  p h e n o l i c  o x i d a t i o n  a r e  o f  h i g h  

p h y s i o l o g i c a l  a c t i v i t y  and ca n  p r e v e n t  t h e  d e v e lo p m e n t  

o f  m ic r o o r g a n is m s  b y  i n a c t i v a t i n g  t h e i r  enzym es  (R u b in  

and A r t s i k h o u s k a y a ,  1 9 6 4 ) .  Many w o r k e r s  h a v e  t r i e d  t o  

a t t r i b u t e  s e a s o n s  f o r  t h e  r e d u c t i o n  i n  t h e  l e v e l  o f  

p h e n o l i c s  i n  t h e  d i s e a s e d  t i s s u e .  M ahadevan (1 9 7 4 )  

p o i n t e d  o u t  t h a t  many p a t h o g e n i c  f u n g i  a r e  a b l e  t o  c l e a v e  

th e  b e n z e n e  r i n g  o f  p h e n o l s  o x i d a t i v e l y  and  th e  r e s u l t i n g  

c i s - c i s  m u c o n ic  a c i d  i s  u t i l i s e d  a s  an e n e r g y  s o u r c e .

The g r o w th  o f  s e v e r a l  f u n g i  w i t h  some o f  t h e  p h e n o l i c  

com pou n d s  ca n  b e  t a k e n  in  s u p p o r t  o f  t h i s  (McLean e t  a l . , 

1 9 6 1 ;  S iv a p r a k a s a m ,  1 9 7 2 ;  N a t s r a ja n ,  1 9 7 3 ;  Padm anaban,

1973 and  B h a sk a ra n ,  1 9 7 6 ) .  S i m i l a r l y ,  in  t h e  p r e s e n t  

c a s e  a l s o  a p o r t i o n  o f  t h e  p h e n o l i c  com pou n d s  m ig h t  h a v e  

b e e n  d e t o x i f i e d  and u t i l i z e d  a s  e n e r g y  s o u r c e  b y  R . s o l a n i .
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SUMMARY AND CONCLUSION

V a r i o u s  p h y s i o l o g i c a l  c h a n g e s  i n  c o t t o n  an d  

b la c k g r a m  due t o  T r i c h o d e r m a  v i r i d e  t o x i n #  T . v i r i d e ,

T . v i r i l e  + R h i z o c t o n i a s o l a n i  w e re  s t u d i e d  in  d e t a i l  and 

t h e  r e s u l t s  h a v e  b e e n  su m m a rized .

T . v i r i d e  t o x i n  a t  v a r i o u s  c o n c e n t r a t i o n s  

d r a s t i c a l l y  r e d u c e d  m y c e l i a l  d r y  w e i g h t  o f  R . s o l a n i  

in  v i t r o .

T h e r e  was n o  s i g n i f i c a n t  r e d u c t i o n  in  s e e d  

g e r m i n a t i o n  due t o  T . v i r i d e  t o x i n .  The s h o o t  l e n g t h  

and r o o t  l e n g t h  o f  c o t t o n  and  b la c k g r a m  w e re  s i g n i f i c a n t l y  

r e d u c e d  b y  t h e  T . v i r i d e  t o x i n .

The e f f e c t  o f  v a r i o u s  t r e a t m e n t s  v i z . #  T . v i r i d e , 

T . v i r i de  + R . s o l a n i ,  R . s o l a n i  and T . v i r i d e  t o x i n  on  s e e d  

g e r m i n a t i o n  r e v e a l e d  t h a t  R. s o l a n i  c a u s e d  5 0 . 9 ’/6 and  25?S 

i n h i b i t i o n  on c o t t o n  and  b la c k g r a m  r e s p e c t i v e l y .

E f f e c t  o f  v a r i o u s  t r e a t m e n t s  bn s h o o t  and  r o o t  

l e n g t h  o f  c o t t o n  r e v e a l e d  t h a t  T . v i r i d e  in d u c e d  r o o t  

l e n g t h  and  i t s  i n f l u e n c e  h a s  n o t  b e e n  p r o n o u n c e d  in
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s h o o t  l e n g t h .  C om bin ed  a p p l i c a t i o n  o f  T . v i r i d e  and 

R . ^ o l a n i  i n f l u e n c e d  r o o t  l c n g c h  when co m p a red  t o  c o n t r o l  

and R . s o l a n i .

The p r e s e n t  s t u d y  r e v e a l e d  t h a t  t h e  a p p l i c a t i o n  

° f  T . v i r i d e  in d u c e d  t h e  s h o o t  l e n g t h  o f  b la c k g r a m  p l a n t s  

and  t h e r e  was no s i g n i f i c a n t  i n c r e a s e  in  r o o t  l e n g t h .

The c o m b in e d  a p p l i c a t i o n  o f  T . v i r i d e  and R . s o l a n i  c a u s e d  

i n c r e a s e  i n  s h o o t  l e n g t h  co m p a re d  t o  R . s o l a n i . T . v i r i d e  

t o x i n  a l s o  i n c r e a s e d  t h e  s h o o t  l e n g t h  o f  b la c k g r a m  

co m p a re d  t o  R . s o l a n i .

The r e s u l t s  o f  th e  p r e s e n t  s t u d y  show ed t h a t  

t h e  t o t a l  s o l u b l e  s u g a r s  and r e d u c i n g  s u g a r s  w ere  

s i g n i f i c a n t l y  l e s s  due t o  T . v i r i d e  i n o c u l a t i o n  th a n  t h a t  

d ue  t o  R . s o l a n i  i n o c u l a t i o n .

A m arked r e d u c t i o n  in  t h e  s t a r c h  c o n t e n t  o f  

c o t t o n  and b la c k g r a m  due t o  R . s o l a n i  i n f e c t i o n  was n o t i c e d .  

H igh  l e v e l  o f  s t a r c h  c o n t e n t  was r e c o r d e d  in  T . v i r i d e  

i n o c u l a t e d  s o i l .  C om bin ed  a p p l i c a t i o n  o f  T . v i r i d e  and  

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

b la c k g r a m  when c o m p a re d  w i t h  th e  a p p l i c a t i o n  o f  R . s o l a n i  

a l o n e ,  w h ich  r e v e a l e d  th e  a n t a g o n i t i c  e f f e c t  o f  T . v i r i d e  

on R . s o l a n i .
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P r o t e i n  c o n t e n t  o f  r o o t s ,  s te m s  and l e a v e s  o f  

c o t t o n  and b la c k g r a m  was f o u n d  t o  b e  s i g n i f i c a n t l y -  

i n c r e a s e d  b y  T . v i r i d e  when com p a re d  t o  R . s o l a n i . When 

T . v i r i d e  was ad d ed  a l o n g  w i t h  R . s o l a n i  p r o t e i n  c o n t e n t  

o f  b o t h  c o t t o n  and b la c k g r a m  p l a n t s  w e re  much more 

i n c r e a s e d  th a n  t h a t  c a u s e d  b y  R . s o l a n i  a l o n e  and c o n t r o l .

In  t h e  p r e s e n t  s t u d y ,  h i g h  l e v e l  o f  a m i n o a c i d  

was r e c o r d e d  i n  p l a n t s  grow n i n  R . s o l a n i  i n o c u l a t e d  s o i l  

when co m p a re d  t o  t h o s e  grow n i n  T . v i r i d e  i n o c u l a t e d  s o i l .

The p r e s e n t  i n v e s t i g a t i o n  show ed  t h a t  p h e n o l i c  

c o n t e n t  was s i g n i f i c a n t l y  l e s s  in  R . s o l a n i  i n o c u l a t e d  

s o i l .  T . v i r i d e  s i g n i f i c a n t l y  i n c r e a s e d  th e  p h e n o l s  in  

b o t h  c o t t o n  and b la c k g r a m .  C om bin ed  a p p l i c a t i o n  o f  

T . v i r i d e  and R . s o l a n i  a l s o  i n c r e a s e d  t h e  p h e n o l i c  c o n t e n t  

o f  b o t h  c o t t o n  and b la c k g r a m  p l a n t s .  T h i s  r e v e a l e d  t h a t  

T . v i r i d e  a n t a g o n i s e s  R . s o l a n i . I t  o f f e r s  r e s i s t a n c e  b y  

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

T h i s  i n v e s t i g a t i o n  c l e a r l y  i n d i c a t e s  T . v i r i d e  

a s  an e f f i c i e n t  a n t o g o n i s t  o f  R . s o l a n i . I t  r e v e a l e d  t h a t  

T . v i r i d e  b r i n g s  a b o u t  t h e  c o n t r o l  o f  t h e  d i s e a s e  i n
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c o t t o n  and b la c k g r a m  a s  i n d i c a t e d  b y  t h e  s i g n i f i c a n t  

i n c r e a s e  in  s h o o t  and  r o o t  l e n g t h  o f  t h e s e  p l a n t s  b y  

c o m b in e d  a p p l i c a t i o n  o f  T . v i r i d e  and R . s o l a n i . A l s o  

t h e  b i o c h e m i c a l  p a r a m e t e r s  l i k e  s t a r c h ,  p r o t e i n  and 

p h e n o l s  c o n t e n t s  i n c r e a s e d  w h i l e  t o t a l  s o l u b l e  and  r e d u c i n g

su g a r  c o n t e n t s d e c r e a s e d .
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i n t e r a c t i o n s  w i t h  R . s o l a n i  
and P y th iu m  s p p .  M i c r o b .  E c o l .  
7 ; 29 _  3 8 .

1 9 8 1 .
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C h ohan ,

C h ohan ,

C h ohan /

Chu, F .F

Chu , F .F

C l i g g ,

Conway /

C o o k ,  R.

c* * 1971a
J .  R e s .  P b . A g r i c .  U n iv .  
B o ta n y  and P l a n t  P a t h o l o g y  
s u p p le m e n t  7 : 561 -  5 6 6 .

J .  3
1971b

L a b d e v .  J .  3 c i .  & T e c h .  
9 : 10 -  1 6 .

J .  3
1974

R e c e n t  a d v a n c e s  in  d i s e a s e s  
o f  g r o u n d n u t  in  I n d i a :  
C u r r e n t  t r e n d s  in  p l a n t  
p a t h o l o g y #  p p .  171 -  1 8 4 .

. and  Wu, W .S . B i o l o g i c a l  and c h e m i c a l
1 9 8 0 .  .. c o n t r o l  o f  p o t a t o  b l a c k

s c u r f .  P l a n t .  P r o t .  B u l l . /  
T a iw a n ,  22 : 269 -  2 8 6 .

. and Wu, W.3 
1 9 8 1 .

B i o l o g i c a l  and  c h e m i c a l  
c o n t r o l  o f  R . s o l a n i  b y  p e a  
s e e d  t r e a t m e n t .  M em oirs  o f  
th e  c o l l e g e  o f  A g r i c u l t u r e ,  
N a t i o n a l  T a iw an  U n i v e r s i t y  
21 : 19 -  2 8 .

.M. 1 9 5 6 .  The a p p l i c a t i o n  o f  th e
e n t h r o n e  r e a g e n t  t o  th e  
e s t i m a t i o n  o f  s t a r c h  i n  c e r e a l s .  
J . S c i .  F o o d .  A g r i c .  7 : 40 -  4 4 .

K .T .  1936 . Use o f  f l u i d - d r i l l i n g  g e l s
t o  d e l i v e r  b i o l o g i c a l  
c o n t r o l  a g e n t s  t o  s o i l .
P l an t  P i s . 70  : 835  -  8 3 9 .

J .  and B a k e r ,  K .F .  The n a t u r e  and  p r a c t i c e  o f
1 9 8 3 .  B i o l o g i c a l  c o n t r o l  o f  p l a n t

p a t h o g e n s .  A m e r ica n  
P h y t o p a t h o l o g i c a l  S o c . , s t .  p .
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D a r p o u x ,  H. I 9 6 0 , P l a n t  p a t h o l o g y ,  
T r e a t i s e )  V o .  3 ,  
P r e s s ,  New Y o r k ,

(A n a d v a n ce  
A c a d e m ic  
p p .  1 2 3 .

D e n n is ,  C . and l o b s t e r ,  J .
1971 a .

A n t a g o n i s t i c  p r o p e r t i e s  o f  
s p e c i e s  g r o u p s  o f  T r i c h o d e r m a ,  
P r o d u c t i o n  o f  non  v o l a t i l e  
A n t i b i o t i c s .  T r a n s ,  B r i t .
Myc. S o c .  57 : 2 5 - 3 9 .

D e n n i s ,  C . and W e b s t e r ,J  A n c a g o n i s t i c  p r o p e r t i e s  o f
1 9 7 1 b .  s p e c i e s  g r o u p s  o f  T r i c h o d e r m a

p r o d u c t i o n  o f  v o l a t i l e  
a n t i b i o t i c s .
T r a n s .  B r i t .  M yc. S o c .  5 7 :  4 1 - 4 8 .

D 'S r a o l e ,  N. , N i p o l i , P  
and S p o r t e l l i ,  M.

1 9 8 5 .

The u se  o f  T . h a r z ia n u m  i n  th e  
c o n t r o l  o f  R h i s o c t o n i a b e a n  r o t .  
D i f e r a  d e l l a  p i a n t e ,  8 :
141 -  1 4 6 .

D u b o i s ,  M. G i l t e s ,  K. 
H a m i l t o n ,  J . K .  R e b e r ,  
P .A .  and S m ith ,  ? .

1 9 5 1 .

A c o l o r i m e t r i c  m ethod  f o r  
d e t e r m i n a t i o n  o f  s u g a r s ,  
N atu re  158 : 1 5 7 .

D u m it r a s ,  L. and 
S e s a n ,  T .

1980

F e a t u r e s  o f  a n t a g o n is m  o f  
T . v i r i d e  t o  R . s o l a n i . S t u d i i  
s i  c e r c e t a u r i  de  B i o l o g i e ,  
B i o l o g i e  V e g e t a l a  32 : 8 7 - 9 2 .

E k b o t e ,  A .V .  and 
M ayee, C .D .

B i o c h e m i c a l  c h a n g e s  in  R u s t  
i n f e c t e d  p l a n t s .

1983

In d ia n  P h y to p a th .  36 194
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E l a d ,  Y .  C h e t ,  I .  and T . h a r z i anum: A b i o c o n t r o l
K a ta n ,  J .  1 9 8 0 .  a g e n t  e f f e c t i v e  i g a i n s t

c S c l e r o t i u m  r o l f s i i  and  R . s o l a n i  
P h y t o p a t h o l o g y  70 : 119 -  1 2 1 .

E l a d ,  Y .  C h e t ,  I .  and 
H e n is ,  Y .

1 9 7 9 .

A r e l e c t i v e  medium f o r  
i m p r o v i n g  q u a n t i t a t i v e  i s o l a t i o n  
o f  T r i c h o d e r m a  spp  f ro m  
s o i l .  P h y t o p a r a s i t i c a  9 :
224 - 2 5 4 .

E l a d ,  Y . , H ad ar , Y . H ad ar ,  
E . C h e t ,  I .  and H e n i s ,  Y .

B i o l o g i c a l  c o n t r o l  o f  R . s o l a n i  
b y  T .h a r z ia n u m  in  c a r n a t i o n .  
P l a n t  d i s e a s e ,  65 ; 675 - 6 8 0 .

1 9 8 1 .

E l a d ,  Y . ,  C h e t ,  I .  and 
H e n is ,  Y . 1981 b .

B i o l o g i c a l  c o n t r o l  o f  R . s o l a n i  
in  s t r a w b e r r y  f i e l d s  b y  
T .h a r z ia n u m .  P l a n t  s o i l  60  : 
245 - 2 5 4 .

E l a d ,  Y .  K a l f o n ,  A . and 
C h e t ,  I .  1 9 8 2 .

C o n t r o l  o f  R . s o l a n i  i n  c o t t o n  
b y  s e e d  c o a t i n g  w i t h  T r i c h o ­
derma s p p .  s p o r e s .  P l a n t  
S o i l ,  66 : 279  - 2 8 1 .

E l a d ,  Y .  H ad ar ,  Y . 
C h e t ,  I .  and  H e n is ,  Y .

1 9 8 2 .

P r e v e n t i o n  w i t h  T .h a r z ia n u m  
o f  r e i n f e s t a t i o n  b y  S.r o l f s i i  
b y  s o i l  f u m i g a t i o n  w i t h  m e t h y l  
b r o m id e  and im p ro v e m e n t  o f  
d i s e a s e  c o n t r o l  i n  t o m a t o e s  
and  p e a n u t .  C r o p  p r o d u c t i o n  
1 : 199 -  2 1 1 .

G a n g o p a d h y a y, S. 
W y l l i e ,  T .D .  1 9 7 3 .

I n d ia n  J o u r n a l  o f  M y c o lo g y  
and P l a n t  P a t h o l o g y ,  p p  1 3 1 - 1 4 0 .

G a r r e t t ,  S .D .  1 9 6 5 . Tow ard  b i o l o g i c a l  c o n t r o l  o f  
s o i l  b o r n e  p l a n t  p a t h o g e n s  
P h y t o p a t h o l o g y  4 : 1 7 .
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G nanam anickam , S . S .  
and P a t i l  S . S .  1 9 7 6 .

B a c t e r i a l  g r o w t h ,  t o x i n  
p r o d u c t i o n  and l e a v e s  o f  
O r n i t h i n e  c a r b o m o y l t r a n s -  

f e r a r e  i n  s u s c e p t i b l e  and  
r e s i s t a n t  b e a n  l e a v e s  i n o c u l a t e d  
w i t h  P seu d om on as  p h a s e o l i c o l a  
P h y t o p a t h o l o g y  66 : 290  -  2 9 4 .

G ray» D. 1981

i

F l u i d  d r i l l i n g  o f  v e g e t a b l e  
s e e d s .  H o r t i c .  R e v .  3 :  1 - 2 7 .

H a d a r /  Y .  C h e t /  I .  and 
H e n i s /  Y .  1 9 7 9 .

B i o l o g i c a l  c o n t r o l  o f  R . s o l a n i  
d am p in g  o f f  w i t h  w h e a t  b r a n  
c u l t u r e  o f  T .h a r z ia n u m .  
P h y t o p a t h o l o g y  69 : 64  -  6 8 .

H a d a r /  Y .  Harman/ G .E .  
and T a y l o r ,  A .G .

1 9 8 4 .

E v a l u a t i o n  o f  T . k o n i n g i i  and
T .h a r z ia n u m  fro m  Ney Y o r k
s o i l s  f o r  b i o l o g i c a l  c o n t r o l  j

o f  s e e d  r o t  c a u s e d  b y  P yth iu m
s o p .  P h y t o p a t h o l o g y  74 :
106 -  1 1 0 .  . !

Harman, G .E .  C h e t ,  I .  
and B a k e r ,  R. 1 9 8 0 .

T .ham atum  e f f e c t s  on  s e e d  and  
s e e d l i n g  d i s e a s e s  in d u c e d  i n  
r a d i s h  and p e a  b y  p y th iu m  s p p .  
o r  R . s o l a n i .
P h y t o p a t h o l o g y  70 : 1167  - 1 1 7 2 .

H a r t l e y ,  C . 1 9 2 1 . Dam ping -  o f f  in  f o r e s t  
n u r s e r i e s .  ( J .S .D e p t .  A g r i c .  ' 
B u l l .  934 : 1 -  9 9 .

H e n i s ,  Y . G h a f f a r ,  A 
and  B a k e r ,  R. 1 9 7 8 .

I n t e g r a t e d  c o n t r o l  o f  R . S o l an i  
d am p in g  o f f  o f  r a d i s h :  E f f e c t  
o f  s u c c e s s i v e  p l a n t i n g s ,  PCNB 
and T .h a r z ia n u m  on pathocren .-arid  
d i s e a s e s .  P h y t o p a t h o l o g y  68 : 
900 -  907 . .
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Hoch# H .C . and 
A k a w i# G. S .

1979

B i o l o g i c a l  c o n t r o l  o f  p y th iu m  
r o o t  r o t  o f  t a b l e  b e e t  w i t h  
C o r t i c i u m  s p p .  P h y t o p a t h o l o g y  
69 : 417 -  4 1 9 .

H o w e l l#  C .R .  and 
S t i p a n o v i c #  R .D .

1979

C o n t r o l  o f  R . s o l a n i  on  c o t t o n  
s e e d l i n g s  wTth Pseudom onas 
f  l u o r e s c e n s  and "w ith  an 
a n t i b i o t i c  p r o d u c e d  b y  th e  
b a c t e r i u m .  P h y t o p a t h o l o g y  69 : 
480  -  4 8 2 .

Huang# 1 9 8 0 .  C o n t r o l  o f  s c l e r o t i n i a  w i l t
o f  s u n f l o w e r  b y  H y p e r p a r a s i t e s  
C an . J o u r .  P l a n t .  P a t h o l .  2 :
26 -  3 2 .

J e n s e n #  J .  Hand 
L w in g s t o n ,  J . E .  1944

V a r i a t i o n  i n  sym ptom s p r o d u c e d  
b y  i s o l a t e s  o f  Phytom onas  
m e d i c a g i n i s  P h y t o p a t h o l o g y  44 : 
476 -  4 8 0 .

J o n e s ,  D. and  Watson# D
1 9 6 9 .

P a r a s i t i c  and  l y s i s  o f  b y  s o i l  
f u n g i  o f  S c l e r o t i r i a  3 c l e r o t i o r u m  
N ature#  224 : 287 -  2 8 8 .

J o n e s ,  R.W. P e t l i t #  R. L i g n i t e  and  s t i l l a g e  c a r r i e r
E ru d  T a b o r ,  R .A .  1 9 8 4 .  a s  s u b s t r a t e  f o r  a p p l i c a t i o n

o f  f u n g a l  b i o c o n t r o l  a g e n t s  t o  
s o i l .  P h y t o p a t h o l o g y  74  :
1167 -  1 1 7 0 .

K err#  A . 1 9 8 2 .  B i o l o g i c a l  c o n t r o l  o f  s o i l  b o r n e
m i c r o b i a l  p a t h o g e n s  and  n e m a t o d e s .  
A d v a n c e s  i n  A g r i c u l t u r a l  
M i c r o b i o l o g y  : 429 -  4 6 4 .

K r ish n a sn m y  , V . 1 9 6 8 .  S t u d i e s  on  B l a s t  D i s e a s e  o f
R i c e  -  F a c t o r s  c o n t r i b u t i n g  t o  

t h e  b re a k d o w n  o f  r e s i s t a n c e  in  
t h e  b l a s t  r e s i s t a n t  v a r i e t y  C o . 2 9 .  
D e s s e r t a t i o n #  U n iv -M a d r a s ,
I n d ia #  62 p p .
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K r is h n a m o o r t h y , A .S . B i o l o g i c a l  c o n t r o l  o f  Dam ping 
o f f  d i s e a s e  o f  T om ato  c a u s e d< 1 9 8 7 . b y  P y th iu m  I n d ic u m ,  
Balakirirshnan, M .Sc ( A g . )
T h e s i s ,  T a m il  Nadu A g r i c u l t u r a l  
U n i v e r s i t y ,  C o im b a t o r e ,  I n d i a .

Kommendahl, T .  and 
W i n d e l s ,  C .E .

1 9 7 8 .

E v a l u a t i o n  o f  b i o l o g i c a l  
s e e d  t r e a t m e n t  f o r  c o n t r o l l i n g  
r o o t  d i s e a s e s  o f  p e a .  
P h y t o p a t h o l o g y  68 : 1 0 6 7 - 1 0 9 5 .

K o u sa ly a #  G. and 
J e y a r a j a n ,  7 .  1 9 8 8 .

T e c h n iq u e s  f o r  mass m u l t i p l i ­
c a t i o n  o f  T . v i r i d e  p e r s .  P r .  and 
T .h a r z ia n u m  R i f a i ,  N a t i o n a l  
s e m in a r  on M anagement o f  c r o p  
d i s e a s e  w i t h  p l a n t  p r o d u c t s ,  
B i o l o g i c a l  a g e n t s  on  J a n  1 1 - 1 2 ,  
1 9 8 8 ,  TNAU, A .C .&  R . I . ,
M a d u r a i /  p .  32 -  3 3 .

Kundu, P .K . and 
N a n d i /  B.

1 9 8 4 .

C o n t r o l  o f  c a u l i f l o w e r  
d am p in g  -  o f f  b y  u s i n g  
a n t a g o n i s t  c o a t e d  s e e d s .  
P e d o b i o l o g i a  27 : 43 -  4 8 .

L a r s e n ,  H . S . ,  B o o s a l i s ,  
M.G. and K e r r ,  E .D .

1 9 8 5 .

T e m p o ra ry  d e p r e s s i o n  o f  
R . s o l a n i  f i e l d  p o p u l a t i o n  b v  
s o i l  amendment w i t h  
L a e t i s a r i a  a r w a l i s .  P l a n t  D i s .  
69  : 347 -  3 5 0 .

L a k sh m in a ra y a n a n ,  K.
1 9 5 5 .

Some b i o c h e m i c a l  a s p e c t s  o f  
V a s c u l a r  w i l t s .  Sym posium  
on s o i l  m i c r o  o r g a n is m  and 
p l a n t  w e l l  b e i n g .  P r o c . I n d i a n  
A c a d .  S c i .  41 (6 )  : 97 -  1 5 4 .

L e w is ,  J . A .  and 
P a p a v i z a s ,  G .C . 1 9 8 5 .

E f f e c t  o f  m y c e l i a l  p r e p a r a t i o n s  
o f  T r i c h o d e r m a  and G l t o c l a d i u m  
on p o p u l a t i o n s  o f  R h i z o c t o n i a  
s o l a n i  and th e  i n c i d e n c e  o f  
d am p in g  o f f .  P h y t o p a t h o l o g y  
75 : 812 -  8 1 7 .
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L ew is*  J . A .  and 
P a p a v iz a s - ,  G .C .

1 9 8 7 .

P e r m e a b i l i t y  c h a n g e s  in  
h v p h a e  o f  R h i z o c t o n i a  s o l a n i  
i n d u c e d ,  b y  g e r m l i n g  

- p r e p a r a t i o n s  o f  T r i c h o d e r m a  
and G l i o c l a d i u c n  P h y t o p a t h o l o g y  
77 : 699 -  7 0 3 .

L o g a n ,  C . ,  C o o k e ,  L .R .  
C o p e l a n d ,  R .E .  and 
M i l l s ,  P .R .  1 9 8 3 .

P o t a t o  d i s e a s e .  In  a n n u a l  
r e p o r t  on  R e s e a r c h  and  
T e c h n i c a l  w ork  o f  th e  
D e p a r tm e n t  o f  A g r i c u l t u r e  
f o r  N o r t h e r n  I r e l a n d ,  1 9 8 2 .  
B e l f o r t ,  N o r t h e r n  I r e l a n d ,  
OK ( 1 9 8 3 ) :  201 -  2 0 5 .

L iu ,  S .D .  and  
B a k e r ,  R.

1 9 8 0 .

M echan ism  o f  b i o l o g i c a l  
c o n t r o l  in  s o i l  s u p p r e s s i v e  
t o  R h i z o c t o n i a  s o l a n i  
P h y t o p a t h o l o g y  7 0 :  4 0 4 - 4 1 2

L u d u rg ,  R .A .  1 9 5 7 . T o x i n  p r o d u c t i o n  o f  
H e lm in th o sp o r u m  s a t iv u m  and 
i t s  s i g n i f i c a n c e  in  d i s e a s e  
d e v e l o p m e n t .  C a n a d ia n  J .  
B o t .  35 : 291 -  3 0 3 .

L u k e , H.H. and 
W h e e le r ,  H .E .

1 9 5 5 .

T o x i n  p r o d u c t i o n  b y  
H e lm in t h o s p o r iu m  v i c t o r i a l  
P h y t o p a t h o l o g y ,  45 : 453 -  458

M ahadevan, A.
1 9 6 6 .

B i o c h e m i s t r y  o f  i n f e c t i o n  
and  r e s i s t a n c e .
P h y t o p a t h o l o g y ,  268  : 7 3 - 8 0 .

M ahadevan , A.
1 9 7 4 .

D e t o x i f i c a t i o n  m ech a n ism s  
o f  p l a n t  p a t h o g e n s .  J . S c i .  
I n d .  R e s .  33 : 131 -  1 3 8 .
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M a r s h a l l /  D .S .
«=■ 1982

E f f e c t s  o f  T r ic h o d e r m a  
h a r z ia n u m  s e e d  t r e a t m e n t  and  
R h i z Q c t o n i a  s o l a n i  in o c u lu m  
c o n c e n t r a t i o n  o f  d a m p in g  o f f  
o f  sn ap  b e a n s  in  a c i d i c  s o i l .  
P l a n t  D i s . /  66 : 788  -  7 8 9 .

M a r t i n , J . P .
1950

Use o f  a c i d /  r o s e  b e n g a l  
and s t r e p t o m y c i n  i n  t h e  p l a t e  
m e th o d  f o r  e s t i m a t i o n  o f  
s o i l  f u n g i .
S o i l  S c i e n c e  69  : 215 -  2 3 3 .

Mew, T .W . and 
R o w a le s ,  A . h .

1984

R e l a t i o n s h i p  o f  s o i l  m i c r o  
o r g a n is m  t o  r i c e  s h e a t h  b l i g h t /  
d e v e lo p m e n t  i n  i r r i g a t e d  an d  
d r y l a n d  r i c e  c u l t u r e s .
T e c h n i c a l  B u l l e t i n  No. 79  11 p p .

M ih u ta  -  Grimm, L. T r i c h o d e r m a  s p p .  as  b i o c o n t r o l
and Row e, R .C .  1 9 8 5 .  a g e n t s  o f  R h i z o c t o n i a  d am p in g

o f f  o f  r a d i s h  in  o r g a n i c  s o i l  
and c o m p a r i s o n  o f  f o u r  
d e l i v e r y  s y s t e m s .
P h y t o p a t h o l o g y  75 : 306 -  3 1 2 .

M i l l e r ,  G .L .  1959 P r o t e i n  d e t e r m i n a t i o n  f o r  
l a r g e  num bers  o f  s a m p le .  A n a l .  
Chem. 31 : 9 6 4 .

M i l l e r ,  G .L .  1972 Use o f  d i n i t r o s a l i c y l i c  a c i d  
r e a g e n t  f o r  d e t e r m i n a t i o n  
o f  r e d u c i n g  s u g a r .  A n a l .  
Chem. 31 : 426 -  2 8 .

I n v i t r o  a n t a g o n is m  o f  d i f f e r e n t  
s p e c i e s  o f  T r i c h o d e r m a  on  some 
s e e d - b o r n e  f u n g i  o f  b e a n .
R e v .  P l a n t .  P a t h o l o g y  65 : 3 4 5 ,  
1 9 8 6 .

M o r s h e d ,  M. S
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M o o r e ,  S . and 
S t e i n ,  W.H.

1 9 4 8 .

P h o t o m e t r i c  m eth od  f o r  
u s e  i n  th e  c h r o m a t o g r a p h y  o f  
am ino a c i d s .

.J .  B io l .C h e m .  176 : 376 -  3 8 8 .

M o r to n ,  D. J .  and 
S t r o u b e ,  W.H.

A n t a g o n i s t i c  and s t i m u l a t o r y  
e f f e c t s  o f  m i c r o o r g a n i s m s  
upon  s c l e r o t i u m  r o l f s i i .

1 9 5 5 . P h y t o p a t h o l o g y  45 : 417 -  4 2 0 .

M ukh opadhyay , A .N . 
and  U padhyay , J . P .

1 9 8 1 .

M echanism  o f  r e d u c t i o n  o f  
S c l e r o t i u m  r o o t  r o t  o f  
s u g a r b e e t  t h r o u g h / n i t r o g e n o u s  
amendm ents and  e x p l o i t a t i o n ,  
o f  T .h a r z ia n u m  a s  p o t e n t i a l  
b i o c o n t r o l  a g e n t .  P h y t o ­

p a t h o l o g y  68 : 14 -  1 8 .

M ukhopadhyay, A . N. 
B ra h m b h a tt ,  A . and 
P a t e l ,  G .J .  1 9 8 6 .

T r ic h o d e r m a  h a r z ia n u m  a 
p o t e n t i a l  b i o c o n t r o l  a g e n t  f o r  
T o b a c c o  d a m p in g  o f f .  
P h y t o p a t h o l o g y  12 : 2 6 - 3 5 .

O d v o d y ,  G .N . ,  B o o s a l i s ,  
M.G. and K e r r ,  E .D .

B i o l o g i c a l  c o n t r o l  o f  R h i z o c t o n i a  
s o l a n i  w i t h  s o i l  i n h a b i t i n c r  
b a s i d i o m y c e t e s .

1 9 8 0 . P h y t o p a t h o l o g y ,  70  : 655 -  6 5 8 .
t

Padm anaban, P. and 
A l e x a n d e r ,  K .C .

1 9 8 8 .

C o n t r o l  o f  r o o t  r o t  o f  s u g a r c a n e  
s e e d l i n g s  b y  a n t a g o n i s t i c  
o r g a n is m ,  T r ic h o d e r m a  v i r i d e .  
N a t i o n a l  S e m in a r  on M anagem ent 
o f  C r o p  d i s e a s e s  w i t h  p l a n t  
p r o d u c t s / B i o l o g i c a l  A g e n t s  on  
Jan  1 1 - 1 2 ,  1 9 8 8 .  T .N .A .U ,
A .C .  & R . I . ,  M a d u r a i .

P a n d e ,  A . 1 9 8 6 . B i o c o n t r o l  c h a r a c t e r i s t i c s  o f  
some m o u ld s .  B i o c o n t r o l  News 
and i n f o r m a t i o n  4 : 2 4 1 .
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P a p a v i z a s ,  G .C . and 
L u m iden , R .D .

c

1 9 8 0 .

B i o l o g i c a l  c o n t r o l  o f  s o i l  
b o r n e  f u n g a l  p r o p a g u l e s .  
Ann. R ev . P h y t o p a t h o l o g y ,  
18 ; 389 -  4 1 3 .

P a o a v i z a s ,  G .C .
1 9 8 1 .

T r i c h o d e r m a  & G l i o c l a d i u m  
B i o l o g y ,  E c o l o g y  and  p o t e n t i a l  
f o r  B i o c o n t r o l .

Ann. R e v .  P h y t o p a t h o l o g y  23 :
23 -  5 4 .

P a p a v i z a s ,  G .C .
1 9 8 2 .

B i o l o g i c a l  c o n t r o l  i n  c r o p  
p r o d u c t i o n ,  A l l a n h e l d /  Osmum 
and C o . ,  p u b l i s h e r s ,  New J e r r y .

P a p a v i z a s ,  G . C . ,  Duhn, 
M .T . ,  L e w is ,  J . A .  and 
B e a g l e - R i s t a i n o ,  J .

1 9 8 4 .

L i q u i d  f e r m e n t a t i o n  t e c h n o l o g y  
f o r  e x p e r i m e n t a l  p r o d u c t i o n  
o f  b i o c o n t r o l  f u n g i .  
P h y t o p a t h o l o g y  74 : 1 1 7 1 - 1 1 7 5 .

P a t i l ,  V .  A . and 
V a is h n a v ,  M.V. 1 9 8 6 .

B i o c h e m i c a l  c h a n g e s  i n  R u s t  
i n f e c t e d  l e a v e s  o f  G r o u n d n u t .  
I n d i a n  J o u r n a l  o f  M y c o lo g y  
and P l a n t  p a t h o l o g y ,  15 :

• 305 -  3 0 6 .

P a t i l ,  P .N . and W a lk e r ,  
J , C * 1 9 6 3 .

C h a n g e s  i n  f r e e  a m i n o a c i d  and  
am ide c o n t e n t  o f  r e s i s t a n t  and 
s u s c e p t i b l e  b e a n s  a f t e r  
i n f e c t i o n  w i t h  t h e  H a lo  b l i g h t  
o r g a n is m .  P h y t o p a t h o l o g y  53 : 
522 -  5 2 7 .

P a t i l ,  5 . S .  P o w e ls o n ,  
R .L .  Y o u n g ,  R .A .  1 9 6 4 .

R e l a t i o n  o f  c h l o r o g e n i c  a c i d  
and f r e e  p h e n o l i n  p o t a t o  
r o o t s  t o  i n f e c t i o n  b y  
V e r t i c i l l i u m ,  a l b o - a t r u m  
P h y t o p a t h o l o g y ,  5 3 ~ 5 2 2 - 5 2 7 .
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R a n g a n a th a n ,  R. 
M ahadevan , A ? and 
R angasw am i, G.

1 9 6 6 .

A c o m p a r a t iv e  s t u d y  o f  th e  
r e s i s t a n t  and  s u s c e p t i b l e  
ba n a n a  v a r i e t i e s  o f  f u n g a l  
d i s e a s e s .  B i o c h e m i c a l  
c h a n g e s  in  th e  ba n a n a  f r u i t  
c o a t  c a u s e d  b v  G l o c i s p o r i u m  musarum 
i n f e c t i o n .  I n d i a n  

P h y t o p a t h o l o g y ,  19 : 1 4 1 - 1 4 9 .

R i d o u t ,  C . J .  C o ls 'y s m it h /  
J . R .  L y n ch ,  J .M .

1 9 8 7 .

Enzyme a c t i v i t y  and  e l e c t r o ­
p h o r e t i c  p r o f i l e  o f  e x t r a ­
c e l l u l a r  p r o t e i n  in d u c e d  
b y  T r i c h o d e r m a  s p p .  b y  c e l l  
w a l l s  o f  R . s o l a n i .
R e v . P l a n t  P a t h o l o g y ,  66 : 1 4 4 .

R o s a l e s ,  1 9 8 7 . B i o c h e m i c a l  c h a n g e s  i n  t o m a to  
p l a n t s  c a u s e d  b y  S c l e r o t i u m  
r o l f s i i .  I n d .  -J. M yc. P l a n t  
p a t h o l o g y ,  316 -  3 1 8 .

R u b in ,  B .A .  
A r t s i k h o v s k a y a ,  V.

1 9 6 3 .

b i o c h e m i s t r y  and p h y s i o l o g y  
j f  p l a n t  im m u n ity  Mac M i l l a n  
C o .  New Y o r k ,  358 p p .

3 a i n i ,  G .R .  and 
Sharm a, C .D .

1 9 8 6 .

A l l  I n d i a  f i n a l  e s t i m a t e  o f  
K h a r i f  and  r a b i  p u l s e s ,  
A g r i .  S i t u a t i o n  in  I n d i a ,
41 : 7 00  -  7 0 4 .

S in d h a n ,  G .3 .
J a g l a n ,  B .3 .

1 9 8 7 .

R o l e  o f  p h e n o l i c  com pou nds  
and c a r b o h y d r a t e  in  r e s i s t a n c e  
o f  g r o u n d n u t  t o  T ik k a  l e a f  
s p o t ,  I n d i a n  J .  Myc and  P l a n t  
p a t h o l o g y ,  141 -  1 4 9 .

3 i v a n ,  A .A ,  E l a d ,  Y . 
and  C h e t ,  I .  1 9 8 4 .

B i o l o g i c a l  c o n t r o l  e f f e c t s  o f  
a new i s o l a t e  o f  T r i c h o d e r m a  
h a r z ia n u m  on P y th iu m  ap hariderm aturn



S t r a s t i n o v ,  Y ,  E l a d ,  Y .  
Swan, A . R u 4 ic h ,  Y . 
and C h e t ,  I .

1 9 8 5 .

C o n t r o l  o f  R . s o l a n i  f r u i t  
r o t  o f  t o m a t o e s  b y  
T .h a r z ia n u m  r i f a i  c r o p  
p r o t e c t i o n  4 : 359 -  3 6 9 .

S t r e c h ,  A.W. and  
C a p p e l l i n i ,  R .A .

1 9 6 5 .

C h a n g es  i n  f r e e  am ino a c i d  
and r e d u c i n g  s u g a r s  i n  
h i g h  b u s h  b l u e  b e r r y  f r u i t ,  
i n f e c t e d  w i t h  U l o m e r e l l a  
c i n c r u la t a  P h y t o p a t h o l o g y  55 : 
302 -  3 0 3 .

S y n d e r ,  W.C. 1 9 6 3 . R o o t  d i s e a s e s  b i o l o g i c a l l y  
c o n t r o l l e d .
S c i e n c e ,  141 : 835  -  8 3 7 .

T a m in i ,  K.M. and 
Wadwan, H .A .

1 9 8 5 .

B i o l o g i c a l  e f f e c t  o f  
Ne u r o s p o r a  s i t o o h i l a  a n d  
T .h a r z ia n u m  on  g r o w th  o f  a 
r a n g e  o f  sesamum w i l t  c a u s i n g  
f u n g i  i n  v i t r o .
I n d i a n  P h y t o p a t h o l o g y ,  38 : 
292 -  2 9 6 .

Tom iyam a, K. E a k a i ,  R. 
Sakuma, T .  and 
I z h i z a k a ,  N.

1 9 6 7 .

The r o l e  o f  p o l y p h e n o l s  in  
t h e  d e f e n s e  r e a c t i o n  i n  
p l a n t s  i n d u c e d  b y  i n f e c t i o n  
p .  165 -  1 8 2 .  Ann. 
P h y t o p a t h o l .  S o c .

T u , J . C . and  
V a a r t a j a ,  0 .

1 9 8 1 .

The e f f e c t  o f  h y p e r p a r a s i t e  
G l i o c l a d i u m  v i r e n s  on  R h i z o c t o n i a  
s o l a n i  and  on  R h i z o c t o n i a  r o o t  
r o t  o f  w h i t e  b e a n s .
C a n . J .  B o t .  59 : 122 -  1 2 7 .

U p ad h yay , J . P .  and 
M ukopadh yay , A .N .

1 9 8 6 .

B i o l o g i c a l  c o n t r o l  o f  S c l e r o t i u m  
r o l f s i i  b y  T r ic h o d e r m a  h a r z ia n u m  in  
s u g a r  b e e t .  T r o p .  p e s t  
M anagem ent, 32 : 215 -  2 2 0 .
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Upadhyay# R . 3 .  and 
R a i ( B.

1 9 8 6 .
4

H yphal i n t e r a c t i o n  and 
p a r a s i t i s m  a m o n g st  some 
r h i z o s p h c r e  f u n g i  o f  
p i g e o n  p e a .  B i o c o n t r o l  News, 
and i n f o r m a t i o n .  7 : 2 4 1 - 7 4 2 .

Van A n d e l ,  O.M.
1 9 6 6 .

Amino a c i d s  and p l a n t  d i s e a s e s  
Ann. R e v .  P h y t o p a t h o l o g y ,
21 : 349  -  3 6 8 .

V a r g a s ,  R. and 
R a m is e z /  C.

1 9 8 3 .

B i o l o g i c a l  c o n t r o l  o f  d am p in g  
o f f  c a u s e d  b y  R h i z o c t o n i a  
s o l an i  on  c o t t o n .
A g ro n o m ia  c o s t a v r i c e n s e  7 :
73 -  7 5 .

V e n k a t a s u b b a ia h ,  P. 
S a f e e n l l a ,  K.M. and 
S o m a sh e k a r ,  R .K .

1 9 8 4 .

E f f i c i e n c y  o f  T .h a r z ia n u r n  a s  
a b i o c o n t r o l  a g e n t  f o r  R . s o l a n i  
th e  i n a t a n t  o f  c o l l a r  r o t  o f  
c o f f e e  s e e d l i n g s .

V e l o i s ,  H. and 
J a g e  r , G.

1 9 8 3 .

B i o l o g i c a l  c o n t r o l  o f  R . s o l a n i  
on  p o t a t o e s  b y  a n t a g o n i s t .  
N e t h e r la n d s  J .  P l a n t  P a th .
89 : 113 -  1 2 3 .

V id h y a s e k a r a n ,  P. 
and  Kandasam y, D.

1 9 7 1 .

C a r b o h y d r a t e  m e t a b o l i s m  o f  
P h a s e o l u s  a u r e u s  i n f e c t e d  w i t h  
o b l i g a t e  f a c u l t a t i v e  p a r a s i t e s  
I n d i a n  P h y t o p a t h o l o g y .

V id h y a s e k a r a n ,  P. 
and P aram baram ani, C .

1 9 7 1 a .

M in e r a l  m e t a b o l i s m  o f  a l g a  
i n f e c t e d  p l a n t s .  I n d i a n  
P h y t o p a t h o l o g y .

V id h y a s e k a r a n ,  D. 
D u r a i r a j ,  P.

197 1b

Q u a l i t y  o f  c i t r u s  f r u i t s  
i n f e c t e d  b y  X anthom onas  c i t r i  
I n d i a n  P h y t o p a t h o l o g y ,
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W e i n d l i n g ,  R.
1 9 3 4 .

c

T .l ig n o i* u m  a s  a p a r a s i t e  
o f  o t h e f  s o i l  f u n g i .  
P h y t o p a t h o l o g y  22 : 837 -  8 4 5 .

W e l l s ,  H . D . , B e l l ,  D .K , 
and  J a w o r s k i ,  C .A .

1 9 7 2 .

E f f i c a c t  o f  T .h a r z ia n u m  a s  a 
b i o c o n t f o l  f o r  s c l e r o t i u m  r o l f s i i  
P h y t o p a t h o l o g y  62 : 442 -  4 4 7 .

W i l s o n ,  K . I .  and 
S r i v a s t a v a ,  D .N . 1 9 6 9 .

C h ro m a tc ig r a p h ic  d e t e c t i o n  
o f  c h l o b o g e n i c  a c i d  and a 
h i s t o  c h e m i c a l  t e s t  f o r  
p h e n o l s  lin n o d a l  t i s s u e s  
o f  s u g a r c a n e .
I n d i a n  P h y t o p a t h o l o g y ,
22 : 306 -  3 0 8 .

W i n d e l s ,  C .E .  and 
W indow, S .E .  1 9 8 5 .

B i o l o g i c a l  c o n t r o l  on  th e  
p h y l l o p l ^ n e ,
A m e r ic a n  P h y t o p a t h o l o g i c a l  
S o c i e t y .

Wu, W .S . 1 9 8 0 . B i o l o g i c a l  and  c h e m i c a l  
s e e d  t r e a t m e n t s  o f  s o y b e a n .  
M em oirs  o f  th e  c o l l e g e  o f  
A g r i c u l t u r e ,  N a t i o n a l  
T a iw a n , U n i v e r s i t y ,  20 s 1 - 1 6 .

Wu, W .S . ,  L iu ,  S . D . , 
C h an g , Y . C . ,  T s c h e n ,  J .

1 9 8 7 .

H y p e r  p a r a s i t i c  r e l a t i o n s h i p  
b e tw e e n  a n t a g o n i s t s  and  R . s o l a n i  
R e v .  P l a n t .  P a th .  66 :
93 -  9 4 .1987


