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1. IN T R O D U C T IO N

( n c o m n  {Cocox  n u c i f v r a  1..). o f t en  por t r ayed  as  " the  !r;:i: ol i 1 

i e al 11 valcd in more  than 92 c oun t r i e s  g l oba l ly  w i t h  an . i r a  o|

: i n pro \  i mute  I v 12 . 7X mi l l i on  ha p r od u c i ng  o4K02 mi l l i on  mu-: a m u i m k  

11 m c r o w s  as a i rad it io n a ; p laiit at ion c rop  in India for I he ‘a -a J: ; w : 

■.cam. India  is present !  \ t h e  l eader  in the coconu t  ctdi i  \ ui ion m . o : . !  

nro-d se ine  a pp r ox  i muiel  v i 1 ok bi l l ion nut s  f rom an urea o f  I .SI  m k i m n  

ha wi th a p r odue t i v i t y  o f  089!  nut s  per  ha c o n t r i bu t i ng  K s k ’O'. m s t o r  ;,a 

(! 1>i*. ea mi  ne about  Rskw ’I e rores  us fore ign e x c h a n g e  and s m  : a ■ n ; a e a  n 

r r i l ' o i i  peop l e  f.DliN. 2kk I ;

A. i t b e a c h  K e r a l a  -mi;: r a t t k s  t o p  in t e r m s  o f  a r e a  ; ■ . OS i . . k : 1 S . . .

: ’-.I u t due 11 on ( 6o72 m: : :mm nut s j  u! c oc onu t  in India.  lit; : ■ ■.

: 7 7 : ; i : .  pa 1 at \ e a r t  is :k. . v k w i. t h e  n a t i o n a l  :u. c r a g e  [ -k; i o ;  ; .oo: 

y a i .Old ; hat o f  ! he  no :gh h m i r i  n g  s t a l e  ( i ' unt  i i N a d u  S i  m e -  

t k o o  nr  ■. r o k .  2 UU2 ) .  A i r  m o  -.be v a r i o u s  r e a s o n s  a s c r i b e  J. to1 kae  o . r e  

;:■ f  ieV: po o d a c t i \  i i>,  s o o t i  i e  , , e  o f  t h e  m o s t  d e v a s t a t i n g .  w e :  s d a .  ; .. 

e e n ! ur> o l d  r o o t  i_ w i l l ) d i s e a s e  i R W D j  is r e c o g n i z e d  a s  i h e  u r n s  ■■■■■".si 

p r o d  a c t i o n  c o n s t  mi in. Ui r c n t o i i i  no.  t h e  c oc onu t  c u l t i v a t i o n  i n k e n u o .  ! he 

i i i a k o i v  l i a s  s p r e a d  f ur  a n d  w i d e  f r o m  t h e  o r i g i n a l  f o c i  o f  m i k c t m n  a n d  

l i as  a i r e u d s  i nf l i c t ed  e n o r m o u s  d a m a g e  to c oc o n u t  cu l t i va t i on  w  k m  m e m  

s o u i h e r n  di s t r i c t s  o f  K e r a l a  a n d  is fast  s p r e a d i n g  t o  ot her  r t i s t r i e i s  

K e r a l a  a n d  l he n e i g h b o u r i n g  d i s t  r iels o f  f a  mi  I N a d u  a n d  K ..■ m s  i a k a  

slates.

V e r y  o f t e n  r o o t  ( \vi  11 ;■ a f l e e t e d  p a l m s  a r e  p r e d  is p o s e d  t o a n d  

' s u p e r  i n f e c t e d '  w i t h  l e a f  r o :  d i s e a s e  ( I , R i f ) ,  a n o t h e r  d r e a d e d  di s ea . ' W - f  

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

M o r e  t h a n  ( o  p e r  c e n t  of  t h e  k \ Y  L> a t t e c l e d  p a i n t s  a r c  s a p e r i m p i w e d  \ w : h  

I . R I ) m  t n e  r o o i  i w i l l ) e n d e m : c a r e a s  o f  K e r a i a  < w r i m  v a s a m  1 9 9  1 : i k  m

t w i l l }  is  '! s l o w  s p r e a d i n g ,  kick;  j i t a l i  n g .  p h v i o p h i s m a  d i s e a s e  ‘. k i k e  l e , .



rot  is a s l o w  ki l l ing,  fast  s p r e a d i n g  fungal  d i s e a s e  c omp l e x  total ly 

d i s f i g u r i n g  the  pa l m wh i c h  w e r e  c o n s i d e r e d  as the " s ymbo l  of

p r o s p e r i t y ” . It has  been  r ough l y  e s t i ma t ed  that  an yield loss o f  abou t  968

mi l l i on  nut s  o c c u r  due  to R W I )  in Ke r a l a  in add i t i on  to the loss o f  husk,  

c op r a  and oil  ( C P C R L  1985a) .  P r e c i s e  loss  due  to I .RI)  a l one  is not 

ava i l a b l e  but  it is p r e s u m a b l y  e s t i m a t e d  to be 461 mi l l i on  nut s  annual ly 

wi t hou t  a c c o u n t i n g  the loss o f  m o r e  t han  60 per  cent  o f  the. d a ma g e d  

fol i age  ( C P C R I ,  1985a) .  In fact .  L R D  is the mos t  i mpor t a n t  factor  o f  

c onc e r n  in the m a n a g e m e n t  o f  R W D  s ince  it is leal '  rot wh i ch  is 

r e s p o n s i b l e  for dras t i c  f o l i age  d e s t r u c t i on  resu l t i ng  in s ign i f i can t  yield 

r educ t i on  ( Ko s h y .  1999),

I .RI)  was  r epo r t ed  to have  been c o - e v o l v e d  wi t h  R\VD ( Hu t l e r . 

1908),  It is a fungal  d i se a s e  c o m p l e x  a nd  a s s oc i a t i on  o f  more  than uric 

fungus  had be e n  i nd i ca t ed  ( M e n o n  and Nai r ,  195 1). Di ve r s e  g r oups  of  

fungal  p a t h o g e n s  such  as H e / m i n i h o s p o r i a m  h a lodcs .  ( 'o l l e io tr ichnnt  

gloeosporioi t -k ' .  v. ( J l iocha i ium  vermo.sen i  a nd  /■'iixariit/n spp.  were 

i m pi i ca t ed  on the e t i o log i ca l  role  o f  I .R D a long  wi th s e c o n d a n

p a t h o g e n s  l ike R h i z o c t o n u i  s o la n  i, T h e i la v io p s i s  p a r a i io x a  and

C u r v u ! a r i n  sp.  ( M e n o n  and Nam.  1948;  Ra d h a  and Lai.  1968:  Sr i n i vasan  

et al. .  1998) .  The  p r i ma r y  p a t h o g e n i c  role o f  t hes e  fungi  in I.RI) 

i n c i d e n c e  ne e d  t h o r o u g h  i nv e s t i g a t i o n  i nvo l v i ng  e x t e n s i v e  i so l a t i on  f rom 

d i f f e r e n t  r eg i ons ,  for  e v o l v i n g  s t r a t eg i c  m a n a g e me n t  o f  the di sease .  

I nspi t e  o f  w i de  s p r e a d  p r ev a l en c e  o f  LR D in R W D  e n d e m i c  a reas  o f  

Ker a l a ,  e f f e c t i ve  a nd  s u s t a i n a b l e  m a n a g e m e n t  prac t i ce  is still  wan t ing .  

The f r e q u e n t  s c ene  o f  g r os s l y  d i s f i gu r e d  c r o wn  o f  R W D  LR D a f f ec t ed  

p a l ms  in s e ve r e l y  i n f ec t ed  a r eas  is p r o o f  o f  this a r g u m e n t .  A t t e m p t s  to 

c o n t a i n  the d i se a s e  eitherfey u s i ng  d i f f e r e n t  f ung i c i de s  orfy fo l l owi ng  

i n t e g r a t e d  p r ophy l a t i c  m e a s u r e s  fal l  s ho r t  o f  success .  The  i nc i de nce  and 

s ever i t y  o f  L R D  is s p r e a d i n g  a l a r mi n g l y  in the p r o m i n e n t  c oc onu t  

g r o w i n g  a r eas  o f  Ke r a l a  a nd  u r gen t  a nd  dras t i c  me a s u r e s  to c on t a i n  the 

d i s e a s e  and r e duc e  the loss is the need o f  t he  hour .



In v i ew  o f  the a bove  facts  a f r esh  i ns ight  was  e nv i s a ge d  in the 

p r e s e n t  s tudy  to i nves t i ga t e  on the e t i o l ogy  and m a n a g e m e n t  o f  LRD o f  

c o c o n u t  in the f o l l o w i n g  t h rus t  a r eas  ■.

★ Iso lat ion a nd  idcnt  i fi cat  ion o f  p a t h o g e n s  a s s oc i a t e d  wi th I.R1) o f  

c o c o n u t  in d i f f e r e n t  r eg i ons  d u r i ng  t h ree  s e a s ons  o f  the year

★ P u r i f i c a t i o n ,  c ha r a c t e r i z a t i on  a nd  pa t hoge n i c i t y  o f  the d i f fe rent  

p a t h o g e n  i so l a t es

★ S y m p t o m a t o l o g y  o f  LR1) in na t u r a l l y  infec ted  pa l m s  and on ar t i f i cia l  

i noc u l a t e d  s p i n d l e  leaf let

★ S c r e e n i ng ,  s e l ec t i on  and d e v e l o p m e n t  o f  pot ent i a l  fungal  and bac t e r i a  I 

a n t a g o n i s t s  e f f e c t i ve  aga ins t  m a j o r  p a t h o g e n s  o f  LRD

★ B i o a s s u y  o f  f ung i c i des  aga ins t  t hese  pa t hoge ns

★ C o m p a t i b i l i t y  a m o n g  d i f f e r en t  b i ocon t r o l  agen t s  and a l so on 

c o mp a t i b i l i t y  o f  f ung ic i des  wi t h  b i ocon l r o l  agent s

★ In t egr a t ed  m a n a g e m e n t  o f  LR D o f  c o c o n u t  in the f ield us ing s e l ec t ed  

f ung i c i des  and p r o mi s i n g  an t agon i s t s .
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2. RE VI E W OF L I T E R A T U R E

St ud i e s  on LR D were i ni t i a t ed in the ear ly 2 0 th ce n t u r y ,  a l mos t  in 

para l l e l  wi t h  i nves t i ga t i ons  on root  (wi l t )  d i s e a s e  ( R W D ) .

2.1 O R I G I N .  P R E V A L E N C E  A N D  D I S T R I B U T I O N

T h e  f irst  au t hen t i c  repor t  on i nc i dence  o f  ' l e a f  rot  l i ke '  d i s e a s e  on 

the u n o p e n e d  s p i nd l e  o f  c oc onu t  was  ma de  by But l e r  (1 90S)  a l t hough  he 

did not  me n t i o n  any p a t hoge n  a s s oc i a t e d  wi t h  it. H o w e v e r ,  the d i seas e  

wa s  p r e s u m e d  to be in e x i s t e nce  in the fo rmer  Indian Pr ince l y  s t a t es  of  

T r a v a n c o r e  and Co c h i n  as ear ly as in 1880 ' s  ( Va r g h e s e .  1034;  Me non .

I 935;  Me n o n  and Nai r .  1 948 . 195  1.1 952) .  It needs  to be a s s u m e d  that  the 

de s c r i p t i o n s  o f  l ea f  rot ( Me  Rae.  1916;  M e n o n  and Na i r ,  1948)  and l ea f  

d i se a s e  ( Me n o n ,  1935)  o f  c oc o n u t  as  R W D  wer e  ac t ua l l y  ear ly  r epor t s  o f  

fungal  l ea f  rot  on c oc onu t  and p r ove s  the present  c o n c e p t  that  LR D is 

par t  o f  RWD,

Al t h o u g h  the d i se a s e  was  o b s e r v e d  onl y  in cer t a in  p oc ke t s  ini t ial ly,  

it was  g r adua l l y  s p r e a d i ng  and wa s  f ound to be wi de l y  p r e v a l e n t  in the 

cent ra!  T ra van core  r egion wi th Ko l l a m and Puna l u r  in the Sout h  and 

O a c h a n t h u r u t h u  a nd  T h o d u p u z h a  in the nor th  as b o u n d a r i e s  ( M e n o n  and 

Nai r ,  1948).  The  oc c u r r e nce  o f  l ea f  rot  i ncreased  ove r  the yea r s  in the 

root  ( wi l t )  e n d e m i c  a r eas  o f  s ou t he r n  Kera l a  wi th i nc r ease  in the 

i ntens i t y  o f  root  (wi l t ) .  St ray eases  o f  L R D in yo u n g  p a l m s  in R W D  free 

a rea  ( Ka s a r a g o d )  was  a l so repor t ed  ( Ra d h a  and Lai ,  1968) .  Ho we v e r ,  

i nc i de nce  o f  LR D in p l aces  o t he r  than R W D  e n d e m i c  a reas  was  

s u b s e q u e n t l y  ne i t he r  r epor t ed  nor  c on f i r me d .  Re c e n t l y  heavy i nc i de nce  

o f  R W D  a l o n g  wi t h  LR D was  not i ced in c oc onu t  p l an t a t i ons  o f  d i f f e ren t  

age  g r oups  in C u m b u m .  Ch e nko t t a i .  C o i mb a t o r e .  Poll  ach i and 

Ku l a s e k a r a m regions  o f  Tami l  N a d u  ( S r i n i va s a n  and Sas i ka l a ,  2001) .

P a l ms  o f  all  age  g r oups  ( f r om s eed l i ngs  to adul t  p a l m s )  are i nfec ted  

wi t h  LR D,  but- i nc i dence  was  mo r e  in pa l ms  below'  25 years  o f  age



( M e n o n  a nd  Na i r ,  1948;  M e n o n  a nd  Pa nda l a i ,  1958) .  LR D doe s  not  

n o r ma l l y  o c c u r  on s ee d l i n g s  in t he  nu r se r y ,  but  is s een  to o c c u r  wi t h in  

ten m o n t h s  o f  f ield p l an t i n g  ( Ko s h y ,  1999,  2000) .

N o  de f i n i t e  i n f o r ma t i o n  is a va i l ab l e  on  the i n f l ue nce  o f  soi l  types  

and t o p o g r a p h y  on the  o c c u r r e n c e  o f  t he  d i sease .  M a n y  s tud i e s  r evea l ed  

that  y o u n g  p a l ms  wi th R W D  wer e  r ead i l y  a t t acked  by LR D pa t h o g e n s  

i r r e s pe c t i ve  o f  soi l  t ypes  ( S r i n i v a s a n ,  1991;  S r i n i v a s a n  el al . .  1998).  

LR D c o m p l e x  has not  be e n  r ep o r t e d  f rom any o t h e r  c oc onu t  g r o w i n g  

t rac t s  o f  t he  wor l d .

2.2 I N T E R R E L A T I O N S H I P  O P  LR D A N D  R W D

M a n y  o f  the ear ly o b s e r v a t i o n s  ( But l e r ,  1908;  Me Rae.  1916;  

M e n o n ,  1925;  M e n o n  a nd  Na i r ,  1948,  1951,  1952)  i nd i c a t e d  L R D  as a 

part  o f  R W D  a l t hough  it wa s  not  t hen  r ea l i zed .  H o w e v e r ,  l ater  f i nd i ngs  

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

p r e d i s p o s i t i o n  o f  R W D  a f f e c t e d  pa l m s  to L R D  i nfec t ion.

O n e  o f  the ear ly s t ud i e s  by V a r g h e s e  ( 1934 )  s h o w e d  that  l ea f  

d i se a s e  o f  c o c o n u t  o c c u r r e d  a l ong  wi t h  t he  root  d i s e a s e  and ge ne r a l l y  

bot h  t he  pa l m s  s h o w e d  s i mi l a r  t ype  o f  s y m p t o m s .  F u r t h e r  e v i d e n c e  was  

p r o v i d e d  by R a d h a  and Lai  ( 1968 ) .  Th e y  a l so r epo r t ed  c lose  r e l a t i ons h i p  

b e t w e e n  o c c u r r e n c e  o f  L R D  a nd  R W D  in t he  f ie ld  as  wel l  a s  in 

i n o c u l a t i on  t r ials .  They  i nd i c a t e d  L R D  i nc i d e n c e  on bot h  R W D  a f f e c t e d  

as we l l  as  on  a p p a r e n t l y  h e a l t h y  p a l ms ,  but  s uc h  p a l m s  e x p r e s s e d  R W D  

s y m p t o m s  s u b s e q u e n t l y .  How'ever ,  e v i d e n c e  o f  s u c h  l a t ent  i n f e c t i on  o f  

R W D  p h y t o p l a s m a  in c o c o n u t  p a l m s  a re  at  p r e s e n t  l ac k i ng .  Th e y  f ur t he r  

o b s e r v e d  that  nea r l y  1 6 - 4 0  pe r  c e n t  o f  t he  pa l m s  in R W D  a f f e c t e d  a reas  

d e v e l o p e d  l e a f  rot  a nd  its i n t e ns i t y  v a r i e d  in d i f f e r e n t  soi l  types .  In 

a n o t h e r  s tudy,  it was  s e en  that  p a l m s  in ear ly ,  m i d d l e  a nd  a d v a n c e d  

s t a ge s  o f  R W D .  w e r e  i n f ec t ed  wi th l e a f  rot  in 40  pe r  cent .  79 pe r  cent  

and 98 per  cen t  o f  the c a s e s  r e s p e c t i v e l y  ( Ge o r g e  a nd  Ra dha .  1973) .



Mathai  ( 1980 )  a l so  cor r e l a t ed  i n c i d e n c e  o f  LR D wi t h  RWI )  i nd i ca t i ng  

the in 11 Lienee o f  R W D  on LRD.

S r i n i v a s a n  ( 1 99 I t  r epor t ed  t h a t  LR D w a s  g e n o r . d i y  c o n f i n e d  i o  

R W D  a f f e c t e d  paints  a n d  o n  a n  a v e r a g e  6 5  per  c e n t  o f  R W D  a f f e c t e d  

p a l m s  w e r e  ' s u p e r  i n f e c t e d ’ w i t h  l e a f  r o t  p a t h o g e n .  S r i n i v a s a n  a n d  

(. I u n n s e k a r u n  ( 1996a .  2 9 0 0 a i p r o  c i d e d  ! ur t  h e r  e v  i d e e c . i <■ r t h i s  iv, 

i n u c u i a i i n g  t w o  a n d  l i v e  w a r  o l d  R W D  a t l e c t e d  e o e o n a i  s e e d l i n g s  w i t h

l . R D  p a t h o g e n .  ' !'h w  e o n  Id o b s e r v e  s e v e r e  leat  r o t  i n i e e t  i o n s  o n  t he  

i n o c u l a t e d  s e e d l i n g s .  S e v e r e  n a t u r a l  i n c i d e n c e  o f  l . R D  in R W D  i n t e r n e d  

. s e e d l i n g s  i n f i e l d  c o n d i t i o n s  w a s  o b s e r v e d  { C P C R I .  W X n i .  R is 

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

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

g . o m s  d u e  t o  p i i c i e r ' l m - n i a  o f  R W D .  j h e  o c c u r r e n c e  o!  h 0 h t h e s e  

o m e i . s e s  o n  t h e  s a m e  p u ; m  a u n i a u e  e x a m p l e  o f  |Vv. n m ie. -wu;  f u n e m  

.1 i se a .se  c o m p l e x  r e s u l 11m_; in s u b s t a n t i a l  e r o p  l o s s  ■ S r i m  \ u s . m  .■'

r 6 0S) .

2 .2 l . t ' ONO. MI C !MP(.)R TAN'CPi A N D  C R O P  I..OSS

Preci se  c rop  loss e s t i ma t i on  due  to LRD is not a va i l a b l e  s ince  il w 

di f f i cul t  to s epar a t e  the d a m a g e s  c a u s e d  by R W D  and l .RD i Va r g h e s e .  

1954:  Koshy.  1999).  Me n o n  a nd  Na i r  ( 1948 )  e s t i ma t ed  tire annua l  loss 

due  to i . RD at  Rs .5 ,6  mi l l i on .  Rad ha et at. ( 1962)  e s t i ma t ed  that  the loss 

in yield due  to l ea f  rot was  70 per  cen t  w h e n  c o m p a r e d  to heal thy palms .  

J o s eph  and R a w t h e r  ( 1991)  e s t i ma t e d  loss due  to LR D 4o? mi l l i on  

nut s  a n n u a l l y  in the d i se a s e  e n d e m i c  a r eas  wi t hou t  a c c o u n t i n g  the loss in 

t e r ms  o f  d a m a g e d  leaves.

2.4 S Y M P T O M A T O L O G Y

i lar l i es t  de s c r i p t i on  o f  s y m p t o m s  o f  L R D was  made  b\  f iut ler  

( 1908) .  Fur the r  de s c r i p t i o n s  on sympt omat o logy ,  o f  d i s e a s e  wer e  made  

by M c Ra e  ( 1916) .  S u n d a r a r a m a n  ( 1925 ) .  Y a r g h c s e  ( i 9 7 4 )  and Me nun

and N :n r ! 1 948,  1951,  : 952V In all t hese  dcxcri  m i o n s  the c:: r I v s v m go .m



w a s  f o u n d  to o c c u r  on  t he  u n o p e n e d  s p i nd l e  l e a f  as  mi n u t e  wa t e r - s oa ke d  

l es i on ,  l ike b r o w n  spo t s  at  t he  d i s t a l  e n d s  a nd  m a r g i n s  o f  the l eaf le t s  or  

i n t e r mi t t e n t l y  s ca t t e r ed  on  the  l a m i n a r  area.  T h e  rot t i ng  o f  the a f f ec t ed  

p o r t i o n  e x t e n d s  into the i n t e r i o r  o f  t he  s p i nd l e  r esu l t i ng  in e x t e ns i ve  

d e c a y  o f  t he  u p p e r  po r t i ons  o f  t he  sp ind l e .  S u b s e q u e n t  w-orkers ( Ra dha  

a nd  Lai .  1968;  Lily,  1981;  S r i n i v a s an  and Gu n a s e k a r a n .  1992)  al so 

o b s e r v e d  s i mi l a r  s y m p t o m s .  W h i t e n i n g  a nd  s o f t e n i ng  o f  the l eaf let s  o f  

s p i n d l e  an ear ly i nd i c a t i on  o f  R W D ,  also p r e d i s p o s e  the pa lm to LRD 

i n f e c t i o n  ( Dwi e d i  et a l ., 1979) .  Li ly ( 1981)  c o n s i d e r e d  the t ender  u n ­

o p e n e d  s p i nd l e  l ea f  h a v i n g  t h i n n e r  e p i de r ma l  l ayer  a n d  wi th m a x i m u m  

mo i s t u r e  c o n t e n t  as the ideal  por t  for  the l e a f  rot  p a t hoge n ,  f u r t h e r  

de c a y  a nd  d e t e r i o r a t i on  o f  t he  s p i n d l e  is as s i s t ed  by ants ,  ea rwigs ,  

m a g g o t s  a nd  n e m a t o d e s  ( V a r g h e s c ,  1934;  M e n o n  and Na i r ,  1951;  Koshy.  

1999) .  Of t en  the ro t t en  l eaf l e t s  o f  s p i nd l e  c e me n t  t oge t he r .  Whe n  the 

l ea f l e t s  o f  s uc h  s p i nd l e  g r ad u a l l y  unfur l ,  the ro t t en  por t i ons  dry up.  turn 

b l ack  a nd  b l o wn  o f f  by w i n d  a nd  the b r oken  po r t i ons  and mid vein 

b e c o m e  b l a c k i s h  and s h r i ve l l e d  wh i l e  the l eaf le t s  o f  t he  basal  par t  o f  the 

s p i n d l e  a re  not  i n fec t ed  a nd  o p e n  n o r ma l l y  p r o d u c i n g  the typical  ' fan 

leaf '  l ike s y m p t o m  ( M e n o n  a nd  Nai r .  1951;  J o s eph  a n d  Ra wt he r .  1991),  

S u c c e s s i v e l y  e me r g i n g  s p i n d l e s  a rc  p r og r e s s i ve l y  i nfec t ed  by l .RD 

p a t h o g e n s  r e s u l t i ng  in s ever e  f o l i a ge  loss as the d i se a s e  p r ogr e s s es  

( S r i n i v a s a n  a nd  G u n a s e k a r a n ,  1992) .  Th e  p r ogr e s s  o f  ro t t i ng  s l ows  d o w n  

as  l ea f l e t s  ma t ur e .  Th e  ‘f an  l e a f ’ l ike a p p e a r a n c e  o f  al l  l eaves  in the  

c r o w n  i nd i c a t e s  t hat  all  the l e a v e s  had  c on t r a c t e d  L R D  in s u c c e s s i o n  and 

ro t t i ng  p r o g r e s s e d  to v a r y i ng  d e g r e e s  r esu l t i ng  in l i nea r  d i seas e  

p r o g r e s s i o n  ( M e n o n  a nd  Na i r ,  1951;  S r i n i va s an ,  1991) .  Le s i ons  o f  the 

d i s e a s e  we r e  a l so  s e en  on  pe t i o l e ,  m i d r i b  a nd  m i d v e i n s  ( C P C R I ,  1996;  

S r i n i v a s a n  a nd  G u n a s e k a r a n ,  2 0 0 0 a ) .  S t udy  on  the q u a n t i t a t i v e  pat t ern  

o f  the L R D  s y m p t o m  in d i f f e r e n t  w’hor l s  o f  p a l m i nd i c a t e d  that  the i nner  

wh o r l s  o f  l e a f  are mo r e  v u l n e r a b l e  to i nfec t ion  ( S r i n i vas a n  and 

G u n a s e k a r a n ,  1992) .  In e x c e p t i o n a l  ca ses  t he  l eaves  o f  mi dd l e  whor l  o f



pa i m b e c o m e  ye l low ( mi d - whor l  y e l l owi ng  s y m p t o m )  a nd  I .RI)  lemon:,  

a p p e a l ’ on such  l eaves  as da rk  b r own  l es ions  wh i ch  f u r t he r  c oa l e s c e  

r esu l t i ng  in s evere ,  b l i ght ing o f  the l ea f  l ami na  ( CRC Rl .  1 985b) .

Radha  e/ a!. ( 1961)  d e v e l o p e d  a four  grade  sca l e  whi l e  Ma d i m 

' 1 9 8 9 }  used a six grade scale  to quant i fy  the d i sease .  T h e  i ndex i ng  

s\ s t em was  fur ther  modi f i ed  by S r i n i va s an  and < 1 u n a s e k " r a n  f Ixmpbi  a::,i 

they f o r mu l a t ed  a f ive point  g r ad i ng  sys t em for mitis f ac tory  c om p u n a  i on

0 1 J I S ' c a s c  s e v e n  t y .
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2. 5. )  Funga l  Di sease  C o mp l e x

The  c a s h  repor t  o f  i n v o l v e me n t  o f  m i c r o o r g a n i s m s  wi t h  l . RD vu-- 

b\  M c Ra e  i 19 IP) f m m  Coc h i n  who  i ndica ted  the p r e s e n c e  o f  a s ; i 1 r n ■ ■ rs 

c o l ou r e d  Rer.ie i/l  i am l ike ' u n c u s  on infected po r t i ons  5 u n d a i ' a r a m e

1 1925'! al so ma de  s imi la r  obs e r va t i on .  5 und a r a r a mu n  i 1929)  n o t i c e d  , b..- 

as . sociai ion o f  i ' l t sur lum  .sp. wi th shmot rot o f  c oc onu t  whi l e  M c R a e  

( 1 929  ) o bserx ed C o n ’ospm-; mr. sp. i n d i seased  pa lms ,  da r ghos e  ( ) 95 -1 

a lso gave  the indica t ion o f  fungal  e t i o logy  o f  l e a f  rot. De t a i l ed  

i nves t  ig-ations on the e t i o logy o f  l . RD led to the i s o l a t i on  o f  di v er  re 

o r g a n i s m s  such as / fclmi.nl h o s p o r j  urn ha  I odes :  ( H o e o s p o r i u m  y \ .

G l i o d u i l i u n t  sp. .  R es la /o t ia  sp. .  /■'u.wtriltni sp. ,  Th iedav iops i s  parca inxo .  

R h i z a c i n n i a  so/arti. etc.  ( DAF.  1938.  1940;  Me non  a nd  Nhtir, 1948.  1951.  

1952) ,  Pa t hogen i c i t y  t r i als  wi th t hese  fungi  i nd i ca t ed  that  //. h a in d es .  

( j l o e o s p o r i i t m  sp. 0 2  rose  uni and Re si a  lot i  a sp,  p r o d u c e d  l\ p ica I 

s y m p t o m s  as soc i a t ed  wi th LR!)  ( M e n o n  and Nai f .  1948.  1951) .

H o w e v e r ,  it wtts not iced that  II. h a / o d e s  i nduced  i n f e c t i on  w i t h i n  12 

hou r s  and the rest  in 48 hours .  Hence  they c o n s i d e r ed  / ' .  h a t o d e s  as '.In­

mos t  vi ru l ent  pa t hogen  and the rest  ac ted  only as  s e c o n d a r e  parasi te- . .  

Pa t hoge n i c i t y  was  e s t a b l i s he d  us ing s ingl e  and mi xed  i nocu l a  o f  

di l f ere iH iungi .  H e l m h u h o s p o r u i n i  sp.  a lone  caused  84 ner  cent  i n fec t i on  

whi l e  it was 93 per cent  wi th mixed,  i nocu l a  ( M e n o n  and Nui r .  1951 i.



La t e r  s t ud i e s  by R a d h a  a nd  Lai  (1968) ,  Li ly (1963.  1981)  a nd  C P C R I  

( 1 9 7 9 )  f u r t he r  c o n f i r m e d  the e t i o log i ca l  role o f  H.  h a l o d e s  ( B ip o i a r i s  

h a l o d e s ) wi t h  LR D.  H o w e v e r  cu l t u r e  f i l t r a t e  o f  H. h a lo d e s ,  app l i ed  on 

t e n d e r  l eaves  o f  c oc o n u t  fai l ed to i nduce  any t oxic  ef fec t  {CPCRI ,  1 98 1 ). 

Apa r t  f rom the fungi  r ec o r de d  above .  C u r v u l a r i a  sp.  and D i p l o d i u  sp. 

we r e  a l so  i sol a ted  f rom L R D i nfec t ed  c oc onu t  l eaves  ( C P C R I .  1985b) .  

Sa t h i a r a j a n  el al. ( 1988)  i so l a t ed  H. h a l o d e s . G l o e o s p o r i u m  sp. .  

( j l i o d u d i u m  r o s e u n k  Fi tsar ium  sp,  D ip l o d iu  sp.  B e s ta lo t iu  p a l m u n u u  and 

T h i e la x io p s i s  p a r a d o x a  f rom d i se a s e  s p e c i me n  c o l l ec t ed  f rom sou t he r n  

d i s t r i c t s  o f  Ker a l a  s tate a nd  f ound  that  H. h a lo d e s  wa s  pa t hogen i c .  In 

a d d i t i o n  to H.ha lodes ,  G lo e o s p o r i u m  sp. ,  G H oc la d iu m  r o s e u m .  F i tsar ium  

spp.  a nd  M a c r o p h o m i n a  phu s e o l i r ta  we r e  i sol a ted  f rom l ea f  rot a f f ec t ed  

c o c o n u t  pa l m s  in Or i s s a  ( Mi s l m.  et al. ,  1989) .

A deta i l ed  morpho l og i ca l  s tudy o f  //, halodes  was  unde r t a ken  bv 

S h a n m u g h o m  ( 1963)  and repor t ed  that  the spores  o f  fungus  produced  

s e c onda r y  spores  f rom pr i mary  spores  and the c oconut  i solate o f  the 

f ungus  was  des i gna t ed  as //.  h a lo d e s  var.  nuci f erae  var.  nov.  The spore  

cha rac t e r i s t i c s  p f  H e l m i n th o s p o r i u m  sp.  was  s tud i ed  by Me non  and 

Pa nda i a i  ( 1958)  who obs e r ve d  that t^fungal  spores  were  a i rborne  and 

e n v e l o p e d  in d r ops  o f  dew/ ra in  water .

Mos t  o f  t hes e  wo r k s  wer e  ma i n l y  cen t e red  a r o u n d  //. h a l o d e s  as 

c a u s a l  a ge n t  o f  LR D based  on  i so l a t i ons  f rom a few pl ant s .  Th e  c o mp l e x  

na t u r e  o f  the d i se a s e  wa r r a n t e d  e l a bo r a t e  s tudi es  on e t i o l ogy  by 

i s o l a t i ons  f rom a large n u m b e r  o f  p a l ms  f rom d i f f e r e n t  l oca t ions  d u r i n g  

v a r y i n g  s easons .  Th i s  wo r k  wras t aken  up  Sr i n i vas an  and G u n a s e k a r a n  

( 19 9 3 )  a nd  t hey  i sol a ted  va r i ous  fungi  in d i f f e ren t  f r e que nc i e s .  Bas ed  on 

s pe c i f i c  t a x o n o m i c  c r i t e r i a  they c o n c l u d e d  that  the fungi  i dent i f i ed  

p r e v i o u s l y  as H. ( B ip o ia r i s )  h a l o d e s ,  G lo e o s p o r i u m  sp.  and G. r o s e u m  

w e r e  ac t ua l l y  E x s e r o h i l u m  r o s i r a l u m  ( Dr echs l e r )  Le ona r d  a nd  Suggs . .  

C o l l e t o t r i c h a m  p l o e o s p o r i o i d e s  ( Pe nz i g  and Sacc. )  and G l i o c l a d iu m  

v e r m o e s e n i  ( B i o u r g e )  Th o m ,  r e s p e c t i v e l y  a nd  a t t r i bu t ed  l ea f  rot as  a



funga l  d i s e a s e  c ompl e x .  De t a i l ed  p a t h o g e n i c i t y  s t ud i e s  o f  t hese  fungi  

f u r t he r  p r ov e d  the i r  e t i o log i ca l  n a t u r e  in LR D i nc i de nce  ( S r i n i va s a n  and  

G u n a s e k a r a n ,  1994a,  1996a) .

The  fungi  a s soc i a t e d  wi t h  L R D (14 d i f f e r e n t  spec i e s )  were  

g r o u p e d  into three c a t e go r i e s  vzr.,  g r oup  A,  B a n d  C based on the 

f r e q u e n c y  pa t t e rn ,  a nd  re l a t i ve  a s soc i a t i on  wi th the d i se a s e  (CPC' RL 

1994) .  In add i t i on  to this  a s soc i a t i on ,  d o c u m e n t a t i o n ,  c ha r a c t e r i z a t i on  

a nd  p a t h o g e n i c i t y  o f  T h ie la v io p s i s  p a r a d o x a  ( Da de )  C. Mor e a u .  R. so lan i  

Kuhn . .  M o r d e r e i l a  e ion  gat  a L i n n c m .  C u r v u l a r i a  sp. ,  A c r e m o n i u m  sp. ,  

T h i c la v iu  m i c r o s p o r a  M o uc h . ,  T. t e r r i c o i a  (J, Gi l ma n  a nd  L. V. Abbot t . )  

E m m o n s . .  C h a e t o m i u m  brasii ien.se  Ba t i s t a  and Pont .  ( S r i n i va s a n  and  

G u n a s e k a r a n .  1994b,  S r i n i v a s a n  et al. .  1995);  C y l in d r o c la d iu n t  

s c o p a r i u m  ( S r i n i vas a n  and G u n a s e k a r a n ,  1995a) .  F u s a r i u m  s o la n i  and

F. m o n i l i f o r m a e  var.  i n t e r m e d i u m  ( S r i n i va s a n  and G u n a s e k a r a n ,  1996a)  

wer e  a l so  r ecorded .  S u b s e q u e n t  s tud ics by S r i n i va s an  et al. ( 1995)  

s h o w e d  f requent  a s s oc i a t i on  o f  C. g l o e o s p o r i o i d e s , F. r o s t r a t u m \  

(.}. v e v m o e s e n i .  F. s o l a n i , F. m o n i l i f o r m e  var .  i n t e r m e d i u m .  p a r a d o x a  

and F e s ta i o t i o p s i s  p a l m a r u m  wi t h  the d i sease .  They  a l so  ob s e r v e d  

p r o f u s e  myce l i a l  g r owt h  and spore  ma s s e s  in be t we en  i n fec t ed  l eaf let s .  

T h e  in v i t ro  a s soc i a t i ve  i n t e r ac t i on  o f  p r e d o m i n a n t  fungi  wi th LR D was  

s t ud i e d  by S r i n i va s an  a nd  G u n a s e k a r a n  ( 1 9 9 5 b )  a nd  t hey  o p i n e d  that  the 

b e h a v i o u r  o f  the p r e d o m i n a n t  fungi  o f  LR D wa s  m o r e  ol '  a s s oc i a t i ve  

n a t u r e  r a t he r  than an t a gon i s t i c ,  h a v i n g  e t i o log i ca l  s i g n i f i c a n c e  for a 

d i s e a s e  c o mp l e x .  F u s a r iu m  spp,  had  c o mp e t i t i v e  i n t e r ac t i on  o v e r  ce r t a i n  

l ess  f r e que n t  fungi .  R e p e a t e d  i so l a t i ons  a nd  p a t h o g e n i c i t y  t r i a l s  

( S r i n i v a s a n  and G u n a s e k a r a n ,  1996c , d ,  2 0 0 0 a )  p r ov e d  that  C.

g l o e o s p o r i o i d e s  is the p r inc i pa l  p a t h o g e n  o f  LRD.  T h e  e t i o l og i ca l  role  

o f  F. s o l a n i  and F. m o n i l i f o r m a e  a s s oc i a t e d  wi t h  L R D  was  f u r t he r  

p r o v e d  by the i r  f r equen t  i so l a t i ons  f rom L R D infec ted  c oc o n u t  pa l ms  

( S r i n i v a s a n  and G u n a s e k a r a n ,  1999) ,



E. r o s t r a t u m  i nocu l a t e d  l eaves  t ook  up i n f e c t i on  fas t er  wh i l e  

G. v e r m o e s e n i  cou ld  i nduce  i n fec t i on  onl y  whe n  i noc u l a t e d  wi t h  injury.  

M i x e d  i n o c u i u m  o f  the spo res  o f  E. r o s t r a i u m ,  C. g l o e o s p o r i o i d e s  and  

G. v e r m o e s e n i  gave  h i gher  i nc i dence  c o m p a r e d  to i nd e p e n d e n t  

i no c u l a t i on  wi t h  these fungi  ( S r i n i va s a n  a nd  G u n a s e k a r a n ,  1994a) .  

B e h a v i o u r  o f  t hese  fungi  was  e va l ua t e d  in pot t ed  s ee d l i n g s  a nd  f ield 

p a l m s  to e l uc i da t e  t hei r  r e l a t i ve  role in d i se a s e  i nc i d e n c e  and e x p r e s s i o n  

( S r i n i va s a n  and Gu n a s e k a r a n ,  1996a) .  A m o n g  t hem C. g l o e o s p o r i o i d e s  

a nd  E. r o s t r a i u m  were  a g g r e s s i v e  a nd  p r o d u c e d  i n t ense  l es ions  on R W D  

pa l ms .  LR D s y m p t o m s  wer e  r e p r oduc e d  in f ie ld  p l an t ed  c o c o n u t  

s ee d l i n g s  ha v i ng  mi l d  s y m p t o m s  o f  R W D  by ar t i f i ci a l  i noc u l a t i on  wi th

G. g l o e o s p o r i o i d e s  and E. ros tra tun i  i nd i v i dua l l y  a n d  in c o m b i n a t i o n  

(CTCR1.  1996).  Ho w e v e r ,  in hea l thy seed l i ngs  ( free f ro m  R W D  in pot s  

a nd  f ield p l an t e d  pa l m)  t hes e  fungi  p r oduce d  on l y  r es t r i c t ed  s po t s  

( S r i n i va s a n  and Gu n a s e k a r a n .  1996a) .

M e n o n  a nd  Na i r  ( 1951 )  s tud i ed  g r owt h  r e q u i r e m e n t  o f  the fungi  

a s s o c i a t e d  wi t h  the d i sease .  Id. h a l o d e s  g r e w  bes t  in oa t  meal  agar  and  

G i o e o s p o r i u m  sp.  in B r o w n ' s  agar .  O p t i m u m  g r owt h  o f  bo t h  fungi  was  

o b t a i n e d  a r o u n d  neut ra l  pH wh i l e  h i gh  ac id i ty  a nd  a lka l i n i t y  had a 

d e l e t e r i o u s  effect .

2.5.2 Other  Associated Factors of  LRD

Individual  and col lect ive role played by other  i nvader s  and colonizer s  

o f  leaf rot affected spindle  l eaf  such as mea l y  bugs,  mi tes ,  ne ma t odes  etc. in 

aggreva t i ng  / synergis ing and d i s semina t i ng  the LRD wa s  e mp h a s i z e d  by 

Nadakka l  (196S) .  The high pr oneness  o f  LR D affected p a l ms  to red palm 

weevi l  a t t ack was  indicated by Koshy (1999) .  Accor d i ng  to him n e ma t ode s  

A p h e le n c h o id e s  l igarh iens is ,  P an a g r o ia im iu s  rig'tdus and Rhahd i t i s  sp. are 

a ssoc i a t ed  wi th rot t ing o f  spindles .



2.6 E P I D E M I O L O G Y

Inc i dence ,  sever i ty ,  p a t h o g e n s  c o m p o s i t i o n  and s p r e a d  o f  L R D  is 

d i r ec t l y  r e l a t ed  wi t h  s eas on  a nd  p r e va i l i ng  we a t he r  c o n d i t i o n s .  L e a f  rot  

i n f e c t i on  was  f ound to be mo r e  s ever e  d u r i ng  the  s e a s o n s  w h e n  

a t m o s p h e r i c  humi d i t y  was  al its m a x i m u m  ( M e n o n  a nd  Na i r ,  1951) .  

T h e y  a l so  o b s e r v e d  highes t  n u m b e r  o f  spores  in a t m o s p h e r e  d u r i n g  s ou t h  

we s t  m o n s o o n  ( J une - Augus t ) .  S i mi l a r  obs e r va t i on  w a s  m a d e  by R a d h a  

et al.  ( 1961 )  and they c o r r e l a t ed  pe r i ods  o f  high h u m i d i t y  ( a b o v e  98 %)  

and l ow t e mp e r a t u r e  ( be l ow 27°C)  p r eva i l ed  d u r i ng  m o n s o o n  pe r i od  wi th  

d i sease .  S u b s e q u e n t  s tudi es  by R a d h a  and Lai ( 1968)  a l s o  c o n f i r m e d  this 

f i nding.  Any  a t mos phe r i c  c o n d i t i o n ,  wh i c h  p r o v i d e d  f ree w a t e r  or  

w e t n e s s  to l ea f  sur f ace ,  such as  ra infal l  or  d e w  d u r i n g  the dry  m o n t h s  

and c o m p a c t n e s s  o f  the fol i age,  a l so f avour ed  fungal  i n f e c t i o n s  (CC' RS,  

1962:  1965) .  Dwied i  et al. ( 1979 )  o b s e r v e d  that  the f r e q u e n c y  o f  LRD 

r o t t i n g / n e c r o s i s  in s p i nd l e s  o f  R W D  af f ec t ed  pa l ms  w e r e  at t he  s a me  

l evel  d u r i ng  rainy and s u m m e r  s e a s ons ,  but  sever i ty  w a s  v i sua l l y  g r ea t e r  

in r a iny season .  Resu l t s  o f  s tudy  c o n d u c t e d  by Matha i  ( 1 9 8 0 )  i nd i c a t e d  

that  l e a f  rot  d i se a s e  i ntens i t y  was  m a x i m u m  d u r i ng  S e p t e m b e r - O e t o b e r  

( no r t h - c a s t  m o n s o o n  per iod)  a nd  m i n i m u m  in A p r i l - J u n e  per iod.

I so l a t i on  s tudi es  c o n d u c t e d  by S r i n i va s an  a n d  G u n a s e k a r a n  

( 1 9 9 6 c )  s h o w e d  that  fungal  r ec o v e r y  f rom i nfec t ed  p i e c e s  wa s  in the 

r ange  o f  4 2 - 5 0  per  cen t  in A u g u s t  a nd  60 - 70  per  c e n t  in D e c e m b e r  

a m o n g  the  d i f f e r en t  g r ades  o f  s p i nd l e  infec t ion.  T h e  i n f l u e n c e  o f  

w:e a t h e r  va r i ab l es  in p o p u l a t i o n  d y n a m i c s  o f  core  p a t h o g e n s  we r e  

r e c o r de d  by sequen t i a l  m o n t h l y  i so l a t i ons  f rom the s p i n d l e s  o f  d i s e a s e d  

p a l m s  ( S r i n i va s a n  and G u n a s e k a r a n ,  1996d) .  Th e y  o b s e r v e d  t ha t  the 

i nc i d e n c e  o f  ('. g l o e o s p o r i o i d e s  wa s  h i gher  in f r e q u e n c y  a nd  p o p u l a t i o n  

d u r i ng  m o n s o o n  wi t h  peak in J une / J u l y .  C. g l o e o s p o r i o i d e s  wa s  

i mp l i c a t e d  as the p r inc i pa l  p a t h o g e n  o f  L R D  d u r i ng  m o n s o o n .  I nc i de nc e  

a n d  p o p u l a t i o n  o f  E. r o s t r a lu m  wa s  l ess  s t r ong l y  c o r r e l a t e d  wi t h  we a t h e r .



u hi ie Fi tsar ium  spp.  wer e  mos t  c o m m o n ) }  oh se rved  d u r i ng  the dry 

s e a s o n s  o f  J a nua r y - Ma y .

:  7 D i S I - A S i :  M A N  \ ( i r  Vi; \  I

2.7.1 In vi tro  Stud}

M e n o n  and Nair  ! 1 9 5 1) t es t ed  c op p e r  s u l pha t e ,  me r c u r i c  c h l o r i de  

n:id ni icnol  against  the l ea f  rot fungi .  Me r c u r i c  c h l o r i d e  and phenol  were  

f o u n d  lo he lethal  at ca r i ous  c o n c e n t r a t i o n s  tes ted.  I’rasannaki in' sar i  W a i .

■; i 760]  ob t a i ne d  c ompi c t c  i nh i b i t i on  o f  myce l i a l  g r owt h  a f  //.  haiudi-s  by 

! '.-v, Bo r d e a u x  mixture .  0.5 %  F u n g i m a r  c oppe r  and 0.5 A, Kirti  copper .  

Sa t h i a r a j a n  a  a!. ( 1988)  f ound that  Folui f .  Ma n e b .  Ranol iF Captaf .  

n i n o s n n  and Ki l a / i n  wer e  e f f e c t i ve  in p r e v e n t i n g  tlie growt l i  o f  i ca f  roi 

p a t hoge n  ( id hut  o ik ’s > under  in v i tro  cond  i t ion.  In v i tro  a s sa \  o f  !'c w 

c on tac t  f ung ic i des  ( Indof i i  Vl-45,  f y t o l a n .  ("apian and ( h i r a m i  and 

s \ s t cmic  e he mi c a l s  i ( ' outaf .  ( ’a! ix in and A u r e o f t i n g i n - S o !) agains t  

< y i o v o s p o n o i d v s .  /■'. ro.s tratum G v v r m o c s v n i . F  >. n k m : . 

!■'. tno.ntl i /oniuic  and / p u r a d o x a  by p o i so n e d  food t e c h n i q u e  r e \ e u l e j  

that  e o n t n f  id l e \ a e o n a / o l e )  c o m p l e t e l y  i nh i b i t e d  the g r o wt h  o f  p a t h o g e n s  

whi l e  I ndo fit MM 5 c o mp l e t e l y  i nh i b i t e d  Ik rostra /win  as d i f f e ren t  

c o n c e n t r a t i o n s  used.  G. y lo v o s p o r 'n f i d e s  g r o wt h  was  i nh i b i t e d  onl y  up to 

-58 per  cent  at the 0.5 per cent  o f  Indof i i  M-45 .  f y t o l a n  a l so c a us e d  100 

per  cent  s upp r e s s i on  o f  g r o wt h  o f  C. g l o c o s p o r i o i d c s  ( S r i n i va s a n  and 

( j u n u s e k a r a n ,  1 998) .

2 .7.2 F i e l d  S t u d y

2 . 7 . 2 . 1 P h y t o s a n i t a t i o n

In one  o f  the ear l i es t  f ield m a n a g e m e n t  s tud i es ,  V a r g h e s e  ( 1954)  

r epor t ed  cu t t i ng  d o w n  o f  [lie i n n e r m o s t  i n f ec t ed  spear  a nd  one  or  mo r e  of  

the s u r r o u n d i n g  i nfec t ed  i-caves a nd  p r o t e c t i ng  the cut  e nds  wi th 

Bor deaux  pusi-e or coal  tar  and b u r n i n g  infec t ed  ma t e r  al as  m e t h o d  of  

m a n a g e m e n t  o f  LRD.  S i mi l a r  m a n a g e m e n t  p r ac t i ce  was  al so



r e c o m m e n d e d  by Ra d h a  ( 1 984) .  Kos hy  (1999 .  2 0 0 0 )  a l so r e c o m m e n d e d  

c u l l i ng  and r emova l  o f  rot t en por t i ons  o f  the s p i nd l e  and the a d j a c e m  

two ful ly o p e n e d  l eaves  for LRD ma n a g e me n t .

2. 7.2.2 Chconical Contro l

Rale I ( 1938 )  i ndica ted  the e f f e c t i vene s s  o f  Bo r d e a u x  mi x t u r e  fur 

shoo!  ror" cont rol  in cocomi l .  Me n o n  and Nai r  (19.x! i l ound  that  t u o  

c o p p e r  o w c h l o r i d e  fungic i des  ‘Bar  e o p ’ and ' Ox  i - c o p ’ at c o n c e n t r a t i o n  

o f  0 .2 per  cent  were  as e f f ec t i ve  as one  per  cent  Bo r d e a u x  mi x t u r e  in 

a m e l i o r a t i n g  LRD in the f ields.  The. e f f i cacy  o f  Bo r d e a u x  mi x t u r e  was 

l u r t he r  c on f i r me d  hv Me non  and Na i r  (1952) .  Ba s e d  on [lie s t ud i e s  at 

Va J u y a r  and Ma l a nka r a  es t a t e  ( i r egory  ( I 9 6 0 )  no t i ced  that  aer ial  

sp raxing, o f  oi! based c oppe r  f ung i c i des  was  useful  in ■ on l r o l l i n g  l .RD.

J l o w e v e r .  a c c o r d i n g  t o S a m r n j  a  u (  { 1 9 6 6 )  t h e  a e r i a l  wu ' a x  : n g  o f  o ; i 

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

o f  e o e o i u K  a g a i n s t  i . R D .  Id e l d  t r i a l  a t  K a y a m k u l a m  ( ( ’O R S .  I 0 6 . i t  

i n d i c a t e d  t h a t  B o r d e a u x  m i x t u r e  r e d u c e d  t h e  i n t e n s i t y  o f  l e a f  r o t  b \  

7 4  p e r  c e n t  f o l l o w e d  b y  K i r t i  c o p p e r  by  6 5 . 6  p e r  c e n t  a n d  L y t o h m  by

5 9 . 6  p e r  c e n t .  S u b s e q u e . n l  s t u d i e s  ( O C R S .  1 9 7 0 )  a t  t h e  4 0 0  a c r e s  o f  

c o c o n u t  g a r d e n  ut  V y p c c n  i s l a n d  u s i n g  O l e c o p  a n d  T y c o !  8 w i t h  O r c l t e x  

9 6 4  oi l  s u s p e n s i o n  s h o w e d  t h e  e f f e c t i v e n e s s  o f  a e r i a l  s p r a y .

S pr a y i ng  o f  Bor de a ux  mi x t u r e  (1 %) ,  Di t hane  M - 4 5  (0.2 %)  and 

Ci i inan (0.4 %)  wi th or  wi t hou t  m a n u r i n g  in a l l uvia l .  I n te rne  a nd  s andv  

loam so i l s  did not  s h o w much  var i a t i on on the effect  o f  t hese  f un g i c i d e s  

(CPC'RI .  1972).  Sp r ay i ng  Bavi s t i n  (0.1 %) .  Bo r d e a u x  mi x t u r e  (1 %) .  

Di f o i a t an  (0.3 %.  0,5 %).  Lytoian (0.3 %)  and Ki t az i n  (0.3 %)  a l so  did 

not  p r ov i de  good cont rol  in a trial i n v o l v i n g  s p r a y i ng  t h ree  t i me s  a yea r  

for t hree  c o n s e c u t i v e  years  (CPC'RI ,  1982) .  Rrophyl a t i e  basal  a p p l i c a t i o n  

o f  s y s t e mi c  f ung ic i des  ( Ae t i d i o n e .  Ba v i s t i n .  Ben late)  at the rate  o f  

t g/ i i eai lhy pa lm t wi ce  a yea r  a l so  fai led to p rexen t  the i nc i de nce  o f  l ea f  

o n  ( C P C R I ,  1983) .  Mutha i  e/ al. ( 1984 )  cou ld  not  ob t a i n  a ny  s i gn i f i can t



r educ t i on  in n u m b e r  o f  l eaves  i nfec t ed  by LRD p a t h o g e n s  in a trial  

i n v o l v i n g  f ung i c i de  ( Ben l a t e ) ,  bac t e r i c i de  ( A g r i m y c i n - 100),  ne n i a l i e i de  

( Da s a n i t )  and di f f e ren t  plant  nu t r i e n t s  (N,  P. K, Ca ,  Mg  and Zn) .  

H o w e v e r  Ra dha  ( 1984)  r ecor ded  that  r emova l  and b u r n i ng  o f  infec ted 

par t s  o f  l eaves  a long  wi t h  a pp l i c a t i on  o f  one  per cent  Bo r d e a u x  m i x t u r e  

or  (P.a %)  c oppe r  oxve h l o r i de  c on t r o l l e d  and p r even t ed  the sp read  o]'  

LRD.  Sequen t i a l  sp ray i ng  o l ' B o r d e a u x  mi x t u re  (1 %),  f y l o l a n  (0.5 “ o) 

and Di t ha ne  M-45  (0.3 %) four  t imes  a year  on l ea! ' rot  a f f ec t ed  p a l ms  in 

f a rmer s  g a r de n  c on t r o l l e d  the d i se a s e  very effect ive!; ,  i C R G R L  I 8 5 L i. 

Ki t az i n  1 % spray was  a lmos t  as e f f ec t i ve  as Bo r d e a u x  mi x t u r e  (I 'b.i it; 

l ea f  cot cont rol  ( Sa t h i a r a j an  a  ai. ,  I (>88).

Resul t  o f  the f ield fungic i da l  trial  by d i f f e ren t  m e t h o d s  o f  

a pp l i c a t i on  such as pour i ng  into l eaf  axi l  / a round  the sp ind l e ,  sp ray i ng  

on the e r o v  n and root  feeding.  on the LRD palm i ;n. ol \  ing contac t  

i l ndof i i  M-45 .  Lytnlan)  and s ys t emic  ( Ca l i x i n )  f ung ic i des  c o n d u c t e d  hy 

Srt n i vusan ana  i .um.usekaran (lOOotv:, r e rout ed  the usetutne. ss  oi s prnvnt g  

o f  i n u o f i l - M- 4 5  and pour i ng  o f  ea l i x i n  into l ea f  axi l  o f  s p i nd l e  s i nce  the 

d i se a s e  i ntens i t y  was  r educed  in new ly e me r ged  leave.-,. C o m b i n e d  

a pp l i c a t i on  c-f c i t her  C'ontaf  2 ml or  Indofi !  M-45  3g- 'pulm wi th  

i n sec t i c i de  plrorate 10 G at 29 g / pa l m was  found e f f e c t i ve  in c o n t r o l l i n g  

l eaf  rot ( Ko s h y ,  1999,  2000 ;  Kos hy  et a l 2001) .  Hf f e e t i ve ne s s  o f  

m a n c o z e b  aga ins t  l ea f  rot  was  r epo r t ed  hy Ros hy  et al.  ( 2002) .

G e o r g e  a nd  Samra j  ( 1966 )  r epo r t ed  that  coconu t  pa lm a f f e c t e d  by 

l ea f  rot r e s p o n d e d  f avour ab l y  to fol iar  app l i ca t i on  o f  boron  but  it was  

c o n t r a d i c t e d  by Sathiaraj  et al.  ( 1988 )  s t a t i ng  that  a p p l i c a t i o n  o f  bo r on  

was  not  e f f ec t i ve  in p r e v e n t i n g  the i nc i de nce  o f  l e a f  rot  or  in r ed u c i n g  

the i n t ens i t y  o r the d i se a s e  in a f f ec t ed  palm.

2.7 .2.3 Diseas  e R es is (a n c e

But l e r  ( 1908)  e mp h a s i z e d  the need for e v o k i n g  res i s t ant  

ago i list the ' c o c o n u t  pa lm d i se a s e  o f  ’f ra  van c o r e ’ . Ace os



R a d h a  ( 1961 )  and O C R S  ( 1962 )  A n d a m a n  Or d i nar y  and N e w  G u i n e a  

wer e  c o m p a r a t i v e l y  r es i s t an t  to LRD.  Na t ura l  i n c i d e n c e  o f  LR D wa s  

f ound  to be l ow  in C h o w g h a l  G r e e n  D w a r f  ( CC R S ,  1965,  1971) .  M a t h a i  

et al.  (19^1-) f ound that  a m o n g  n i ne  hybr i ds  t es t ed  t he  l owe s t  i nc i de nc e  

o f  d i se a s e  was  in Wes t  Coa s t  Tal l  ( W C T )  x Laccad i ve  D w a r f  a nd  W C T  x 

N v i o r  Ga d i n g .  Matha i  et al. ( 1985 )  o b s e r v e d  l owe r  l eve l s  o f  i nc i de nc e  

o f  R W D  a nd  l . RD in A n d a m a n  or d ina r y ,  S S G  a nd  C o c h i n  C h i n a  

var i e t i es .

2. 7.2.4 B io -contro l

At t e m p t s  to ma na ge  LRD us ing  a n t a gon i s t i c  m i c r o o r g a n i s m s  was  

i n i t i a t ed  as  ear ly as in 1952 but  m u c h  h e a d w a y  was  no t  ob t a i n e d  u nde r  

f ield cond i t i on .  Li ly et al. ( 1952 )  i sol a ted  a b a c t e r i um  ( B a c i l l u s  

a n l h r a c i s )  hav i ng  inh ib i tory  e f fec t  on  l e a f  rot  p a t h o g e n  II. h a lo d es .  

Later ,  it was  f ound that  the cu l t u r e  f i l t ra te  o f  B. s u h / i l i s  i nh i b i t e d  the 

g r o wt h  o f  R. b a ta t i co la .  R. so lan i .  B o t r y o d i p lo d i a  i b e o h r o m a e  and

II. h a l o d e s  (Li ly et al. .  1955) .  A n t a g o n i s t i c  i n t e r ac t i on  s tudy  o f  

P s e u d o m o n a s  f l u o r e s c e n s  wi t h  p r inc i pa l  p a t h o g e n s  o f  L R D  viz.. 

C. g l o e o s p o r i o id e s ,  E. r o s t r a tu n i , G l i o c l a d i u m  v e rm oe se n i ,  F. so la n i .  

T h i e la v io p s i s  p a r a d o x a  and R. s o l a n i  c l ea r l y  d e m o n s t r a t e d  t he  i nh ib i to ry  

ef fec t  o f  b a c t e r i um  on  g r owt h  o f  all  t hese  p a t hoge ns  ( C P C R I ,  1998) .  In 

a n o t h e r  s tudy it wa s  f ound that  P. f l u o r e s c e n s  i so l a ted  f rom r h i z o s p h e r e  

o f  c oc o n u t  pa l ms  i nh i b i t e d  the myce l i a l  g r o w t h  o f  bo t h  

C. g l o e o s p o r i o i d e s  a nd  E. r o s t r a i u m  u n d e r  i n -v i t ro  c o n d i t i o n  ( G u p t a  et  

al . .  2 0 0 0 ).

A l t h o u g h  s tudi es  on the a n t a g o n i s t i c  e f f ec t  o f  v a r i o u s  f unga l  

b i ocon t r o l  agen t s  on LR D p a t h o g e n s  are at  p r e s e n t  l ac k i ng .  T r i c h o d e r m a  

spp.  wer e  t es t ed  a ga i ns t  l ea f  b l i gh t  p a t h o g e n  P e s ta l o t i o p s i s  p a l m a r u m  o f  

c o c o n u t  ( Ka r t h i k e y a n  et a ! 2 0 0 2 ). The a n t a gon i s t  wa s  f ound  to be 

i nh i b i t o r y  to the l e a f  b l ight  p a t h o g e n  a nd  t hey  r e c o m m e n d e d  s p r a y i n g  o f



s po r e  s u s p e n s i o n  o f  na t ive  i so l a t es  o f  T. h a r z ia n u m  a l o n g  wi t h  a d h e s i v e  

mat e r i a !  for  d i se a s e  cont rol .

2 .8 C O M P A T I B I L I T Y  OF  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  

W I T H  F U N G I C I D E S

Co m p a t i b i l i t y  o f  a n t a gon i s t i c  m i c r o o r g a n i s m s  wi t h  c o m m o n l y  

used  pe s t i c i de s  is a p r e - r equ i s i t e  for i n t eg r a t i on  of'  b i o l og i ca l  cont ro l  

m e t h o d s  wi t h  chemi ca l  cont rol  in any i n t egr a t ed  d i s e a s e  m a n a g e m e n t  

s t ra tegy.

He n i s  et al. (1978)  r epo r t ed  t hat  P C N B  at  4 pg / g  soi l  a d d e d  wi th

7. h a r z i a n u m  had an add i t i ve  e f fec t  on con t r o l  o f  d a m p i n g  o f f  o f  r adi sh  

and syne rg i s t i c  ef fec t  on  the d e c r e a s e  in i n o c u l u m d e n s i t y  o f  R. s o la n i  

p r o p a g u l e s .  Bio types  o f  7. h a r z i a n u m  t o l e r an t  to C apt  an.  Ca p t a f o l .  

C h l o r o t h a l o n i l .  I prodi one  and BA S  352 wer e  d e v e l o p e d  by e x p o s i n g  

c o n i d i a  to i nc r eas i ng  c o n e e n t r a d o n s  o f  the f ung i c i de s  a n d  these  b i o t vpe s  

p o s s e s s e d  an i ncreased  abi l i t y  for  b i o l og i ca l  con t r o l  o f  w h i t e  rot o f  o n i o n  

( Pa pav i z as .  1980) .  Indu and M u k o p a d h y a y  ( 1990 )  r epo r t ed  that  t here  wa s  

no i nh i b i t i on  on radial  g r o w t h  o f  T. h a r z ia n u m  bv me t a l a xv l  at  

c o nc e n t r a t i o n  as high as 50 p pm  a nd  in f ie ld t r i als  T. h a r z i a n u m  and  

me t a l a xy l  wer e  l ess  e f f ec t i ve  i nd i v i dua l l y  but  w h e n  us e d  in c o m b i n a t i o n  

they had  an add i t i ve  ef fect  p r o v i d i n g  84 -  100 per  cent  d i s e a s e  c on t r o l .

S o m a s e k h a r a  et al. ( 2000 )  r epo r t ed  t hat  C a p t a n  bad  no i nh i b i t o r y  

ac t i on  on cer t a in  s t r a ins  o f  T r i c h o d e r m a  spp.  , S i h u a n g  et al.  ( 2 0 0 0 )  

r epor t ed  that  the popu l a t i on  o f  7. h a r z i a n u m  we r e  h i g h e r  in t r i a d c m e f o n  

t r ea ted  plot s .  Na l l a t ha mb i  et  al. ( 2001 )  t es t ed  the s e ns i t i v i t y  o f  7. v ir ide  

i so l a t es  a ga i ns t  Bav i s t i n ,  t h i o p h a n a t e  me t hy l ,  C a p t a n  a n d  R i d o m i l  a nd  

found  that  s o m e  i sol a tes  s h o w e d  r e s i s t a nc e  and s o m e  s h o w e d  t o l e r ance .

2.8.1 C ompat ib i l i ty  o f  Biocontrol  Agents

In r ecent  years  suc ce s s f u l  a t t e m p t s  a re  be ing  m a d e  to de l i ve r  a 

c o n s o r t i u m  o f  c o mp a t i b l e  b i ocon t r o l  a ge n t s  wi t h  d i f f e r e n t  m o d e s  o f  

ac t i on  to ge t  s a t i s f ac to r y  b i ocon t r o l  o f  p l ant  p a t h o g e n s .  Hu b b a r d  et al.



( 1983)  a nd  Bin el al.  ( 1991 )  i den t i f i ed  s t r a i ns  o f  f l uo r e s c e n t  

p s e u d o m o n a d s  wh i ch  r educed  the g r o wt h  o f  T r i c h o d e r m a  sp.  u n d e r  in 

vi tro  cond i t i ons .  But  DulTy et al.  ( 1996 )  r ep o r t e d  that  s t r a i ns  o f  

f l uo r e sc e n t  p s e u d o m o n a d s  a nd  T r i c h o d e r m a  sp,  were  c o m p a t i b l e  as  the i r  

co i nocu l a t i on  was  s ign i f i can t l y  mo r e  s u p p r e s s i v e  to t a ke  all  d i s e a s e  o f  

whea l .  Va r s ney  et al.  ( 2 0 0 0 ) r epor t ed  t hat  c o m b i n e d  i n o c u l a t i o n  o f  

f l uo r e sc e n t  p s e u d o m o n a d e s  a nd  T. h a r z ia n u m  r e s u l t e d  in g r owt h  

i nh ib i t i on  o f  l at ter  by the former .  A c o m b i n a t i o n  o f  P a e c i l o m y c e s  

l i l a c in u s .  T. v ir ide  and P. f l u o r e s c e n s  as s eed  t r e a t me n t  r e s u l t e d  in less 

root  rot i nc i dence  in Vigna nu tngo  ( La t ha  el al . .  2000) .  Seed  t r e a t m e n t  

wi t h  talc based f o rmula t ion  o f  T. v ir ide  and P. f l u o r e s c e n s  e f f e c t i ve l y  

r educed  the pre and pos t  e m e r g e n c e  d a m p i n g  o f f  o f  ch i l l i e s  

( Ma n o r a n j  i tham and P r a kas ha m,  2000) .



MATERIALS AND METHODS



3.M A T E R IA L S  A N D  M E T H O D S

All  the l abor a to r y  s t ud i e s  c o n n e c t e d  wi t h  the t h e s i s  p r o j ec t  were  

c o n d u c t e d  in the D e p a r t me n t  o f  P l an t  Pa t ho l ogy .  C o l l e g e  o f  Ag r i c u l t u r e .  

Vc l l a ya n i  whi l e  f ield t r ial  wa s  c o n d u c t e d  at  Re g i on a l  Agr i c u l t u r a l  

Re s e a r c h  Sta t ion.  K u m a r a k o m ,  a s ever e  root  (wi l t )  ( R W D )  -  leal '  rot 

( LR D )  e n d e m i c  area  in Kerala .

3.1 I S O L A T I O N  OL P A T H O G E N S  A S S O C I A T E D  W I T H  L E A F  R O T  

OF C O C O N U T

Di s eas e  s p e c i me n  o f  l eaf l e t s  o f  u n o p e n e d  s p i n d l e  l eaves  of' 

c o c o n u t  pa l m were  c o l l ec t ed  f rom di f f e r en t  areas'  in T h i r u v a n a n t h a p u r a m  

( K a z h a k o o t t a m  and K u d a p p a n a k u n n u ) ,  K o l l a m  ( K o t t a r ak k a r a .  

K U i m a n o o r  and Kol l am) ,  A l a p p u z h a  ( M o n c o m p u ,  A r o o r  and  

K a y a m k u l a m )  Ko t t aya m ( Ki d a n g o o r .  K u m a r a k o m  a n d  Ch a n g a n a c l t c r r y )  

a nd  Pa t h a n a m l h i t t a  ( Konn i  a nd  P a t h a n a m t h i t t a )  d i s t r i c t s  d u r i n g  three  

s e a s o n s  viz. .  J une  -  July,  N o v e m b e r  -  D e c e m b e r  a nd  M a r c h  -- Apr i l .  The  

m i c r o o r g a n i s m s  as soc i a t ed  wi t h  l e a f  rot  wer e  i so l a t ed  f rom the i n f ec t ed  

p o r t i o n s  o f  l eaves  by the r ou t i ne  i so l a t i on  me t hod .

Th e  i nfec t ed  por t i ons  o f  n e wl y  d e v e l o p e d  l e s i on s  we r e  cut  into 

s mal l  bi t s  and w a s h e d  in d i s t i l l ed  wa t e r .  Th e  p i e c e s  w e r e  t hen  sur f ace  

s t e r i l i zed  in 0 . 1  per  cen t  me r c u r i c  c h l o r i d e  s o l u t i on  for  o n e  m i n u t e  and  

w a s h e d  in s t e r i l i zed di s t i l l ed  w a t e r  by t h ree  c o n s e c u t i v e  ser i a l  t r a n s f e r s  

o f  the s p e c i me n  in t hree  pe t r i d i s he s .  Th e  p i eces  w e r e  p l a t e d  on  Po t a to  

De x t r o s e  Agar  ( P D A )  m e d i u m  (4 p i e c e s / p l a t e )  a n d  i n c u b a t e d  at  r oom 

t e mp e r a t u r e .  Wh e n  the funga l  g r o w t h  w a s  v i s i b l e ,  my c e l i a l  bi t s  were  

t r a n s f e r r e d  to P D A  s lant s  a nd  l abel l ed.



3.2 P U R I F I C A T I O N

All  the fungal  p a t hoge ns  o b t a i n e d  f r o m  L R D  i n f e c t e d  l e s i ons  o f  

c oc o n u t  we r e  pur i f i ed  by s ingl e  s po r e  t e c h n i q u e s  a nd  pu r e  c u l t u r e s  were  

m a i n t a i n e d  on PDA s lant s  for f u r t he r  s tudies .

3.3 S T U D Y  ON T H E  P A T H O G E N I C I T Y  OF  I S O L A T E D  O R G A N I S M S

De t a che d  hea l thy l e a f l e t  o f  u n o p e n e d  s p i n d l e  leal '  o f  c o c o n u t  

were  u s e d  as host  for the s tudy.  T h e  l eaf l e t s  wer e  ke p t  in c on i c a l  f lasks  

c o n t a i n i n g  s ter i l e  di s t i l l ed wa t e r  wi t h  the u p p e r  p o r t i o n  o f  the l eaf l e t s  

p r o j e c t i ng  ou t s i de  the con ica l  f lask.  I n o c u l a t i on  wi t h  the o r g a n i s m s  was  

p e r f o r me d  by p l ac i ng  the myce l i a l  bi t  f rom s e ven  d a y s  o ld  cu l t u r e  o f  the 

p a t h o g e n  on the i nner  su r f ace  o f  l eaf l e t  wi t h  i n jury  by p i np r i c k  and  

w i t h o u t  injury.  The cul ture  bi t s  on  the l eaf l e t s  w e r e  c o v e r e d  wi t h  mois t  

c o t t on  wool  and the who l e  leaf le t  wa s  kept  c o v e r e d  by a p o l y t h e n e  tube  

m o i s t e n e d  wi th water  and i n c u b a t e d  at r oom t e m p e r a t u r e .  Lea f l e t s  wi th 

plain agar  disc and moi s t  co t t on  p l a c e d  on the i nner  su r f ace  wi t h  and  

wi t hou t  injury served as cont ro l .  D e v e l o p m e n t  o f  s y m p t o m s  a nd  spread  

o f  l e s i ons  w'ere r ec o r de d  dai ly.  Th e  p a t h o g e n s  wer e  r e - i s o l a t e d  f rom the 

l e s i ons  de ve l ope d  by ar t i f i ci a l  i nocu l a t i on .

3.4 S Y M P T O M A T O L O G Y  OF T H E  D I S E A S E

De t a i l ed  s tudi es  wer e  m a d e  o n  the s y m p t o m a t o l o g y  o f  l e a f  rot  

d i s e a s e  o f  c oc o n u t  by o b s e r v i n g  the  s e q u e n c e  a n d  d e v e l o p m e n t  o f  

s y m p t o m  e x p r e s s i o n  o f  na tu r a l l y  i n f e c t e d  p l an t s  in t he  f ield a nd  a l so  by 

a r t i f i c i a l  i nocul a t i on .

3.5 V I R U L E N C E  OF D I F F E R E N T  I S O L A T E S  O F  T H E  P A T H O G E N

D e t a c h e d  l eaf let s  o f  u n o p e n e d  s p i n d l e  o f  h e a l t h y  c o c o n u t  pa l m 

wer e  used  for the s tudy.  Th e  p a t h o g e n s  v iz . ,  C o l l e t o t r i c h u m  

g l o e o s p o r i o i d e s  ( 8  i solates) ,  F u s a r i u m  sp (12 i so l a t e s )  a nd  S c y t a l i d i u m  

sp.  ( 2  i sol a tes )  were  g r own  on  P D A  for s e ven  da ys  by i n c u b a t i n g  at  r oom 

t e mp e r a t u r e .  The  l eaf le t s  w e r e  i n o c u l a t e d  wi t h  d i f f e r e n t  i so l a t e s  o f  the



p a t h o g e n s  us ing  agar  d i sc s  f rom s e v e n  day  o l d  c u l t u r e s  as d e s c r i b e d  in 

pa ra  (3.3) .

O b s e r v a t i o n s  on the s ize  c o l o u r  a nd  t i me  t a k e n  for  d e v e l o p m e n t  

a nd  sp read  o f  l es ions  were  r e c o r d e d  r egular ly .  B a s e d  on  the size o f  

l es ion and t ime  t aken for t he  s y m p t o m  e x p r e s s i o n  the i so l a t es  we r e  

c l a s s i f i ed  as  highly v i ru l ent ,  v i ru l en t  a nd  mi l d l y  v i ru l en t .

3.6 C H A R A C T E R I Z A T I O N  OF P A T H O G E N S

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

i so l a t ed  f rom l ea f  rot i n fec t ed  p o r t i o n s  o f  c o c o n u t  l e a v e s  w e r e  s t ud i e d  by 

g r o w i n g  t he m on a ppr opr i a t e  m e d i a  as  de t a i l e d  b e l o w ( A p p e n d i x - 1).

a. F u s u r iu m  sp.: Pot a to  suc r os e  A g a r  m e d i u m

b. ( 'o l l c io i r ivh i im  g h n ’o s p o r i o i d e s  : C z a p c c k ' s  m e d i u m

c. Oi l ier  p a t hoge ns  : PDA

Four  to t en day old  c u l t u r e s  we r e  u s e d  for  t he  s tudy.  C o l on y  

characters '  such as g r owt h  rate,  type o f  g r o w t h  a nd  c o l o u r  w e r e  r ec o r de d .

3.6.1 Slide Culture

The  mo r p h o l og i c a l  c ha r a c t e r i s t i c s  o f  al l  t h e  p a t h o g e n s  were  

s t ud i e d  by g r o wi n g  t hem in s l i de  c u l t u r e s  as  d e s c r i b e d  by Ri dde l  (1950) .  

St er i l e  p l a in  agar  m e d i u m  wa s  p o u r e d  in p r e v i o u s l y  s t e r i l i z e d  pe t r i d i s h e s  

and af t er  s o l i d i f i ca t i on ,  b l oc ks  o f  6  m m  s q u a r e  a g a r  d i s c s  w e r e  cut  ou t  

us ing a s ter i l e  needle .  One  s qua r e  di sc  wa s  p l a c e d  at  t he  c e n t r e  o f  a 

s t er i l e  s l i de  and each  o f  the f our  s i d e s  o f  t he  a g a r  b l o c k  w a s  i no c u l a t e d  

wi t h  myce l i a l  bi t s  o f  the r e s p e c t i ve  p a t h o g e n s  t a k e n  f ro m  s e v e n - d a y  o l d  

c u l t u r es  on  r es pe c t i ve  m e d i u m .  A c o v e r  s l i p  w a s  p l a c e d  on  the  t op  o f  the  

i noc u l a t e d  agar  di sc  a nd  the  s l i de s  we r e  p l ac e d  in m o i s t  pe t r i d i s h  

c h a m b e r s  (pe t r i d i sh  wi t h  we t  f i l t er  p a p e r  in t he  b o t t o m  on  wh i c h  t wo  

gl ass  rods  kept  as  s uppor t  for  t he  s l i des )  and we r e  i n c u b a t e d  at  r oom 

t e m p e r a t u r e  for  t wo  days .  T h e  c o v e r s l i p  wa s  t hen  l i f t ed  o f f  ge n t l y  and  

m o u n t e d  on a n o t h e r  s l ide u s i ng  l a c t o p h e n o l  s tain.  T h e  s qua r e  o f  aga r  

was  r e m o v e d  f rom the c u l t u r e  s l i de  a n d  a n o t h e r  m o u n t  wa s  p r ep a r e d  on it



wi t h o u t  d i s t u r b i ng  the funga l  g r o w t h  on  the s l ide.  T h e  s l i des  w e r e  t hen 

e x a m i n e d  unde r  l ow and m e d i u m  p o w e r  o b j e c t i v e s  o f  o r d i n a r y  c o m p o u n d  

m i c r o s c o p e  a nd  meas u r emen t : :  o f  e o n i d i a  we r e  t a k e n  us ing  oc u l a r  

mi c r o me t e r .

3.7 IN  V IT R O  I N T E R A C T I O N  OF  P A T H O G E N S  A S S O C I A T E D  WI T H 

L EAF R O T

Th e  in v i tro  i n t e r ac t i ons  b e t w e e n  va r i ous  fungi  i so l a t ed  f rom l .RD 

l es ions  wer e  de t e r mi ne d  to e s t i ma t e  t he i r  s yn e r g i s t i c /  a n t a g o n i s t i c /  no 

e f fec t  a m o n g  t hems e l ves .

One  week  old c u l t u r e s  o f  C. g l o e o s p o r i o i d e s ,  E x s e r o h i l u m  

ros tratun i .  G l i o c l a d iu m  rose  urn, F u s a r iu m  sp,  S c y i a i i d i u m  sp.  

C e p h u l o s p o r i u m  s a c c h a r i  a nd  C u r v u l a r i a  sp.  g r o w n  on  P D A  m e d i u m  

wer e  used  as test  p a t h o g e n s  foi t he  s tudy .  Dua l  c o m b i n a t i o n s  o f  all  the 

a b o v e  o r g a n i s ms  wer e  t es t ed  in p e t r i d i s h e s  c o n t a i n i n g  so l i d i f i ed  PDA 

m e d i u m  by p l ac i ng  agar  di sc  (3 m m )  o f  one  o f  the l es t  f ungus  on  one 

s ide  a nd  the o t he r  at  the o p p o s i t e  s ide  o f  each  pe t r i p l a t e .  S l o w  g r o wi n g  

o r g a n i s m s  were  i nocu l a t ed  o n e / t w o  da ys  p r i o r  to p r e v e n t  o v e r g r o w t h  by 

the fast  g r o wi n g  fungus .  Thr e e  r ep l i ca t i ons  wer e  m a i n t a i n e d  for  each 

c o m b i n a t i o n .  Pl a t es  i noc u l a t e d  wi t h  on l y  one  f u n g u s  se rved  as  check .  

T h e  i noc u l a t e d  p l a t es  wer e  i n c u b a t ed  at  r oom t e m p e r a t u r e  a nd  the 

i n t e r a c t i ons  o f  bo t h  t he  fungi  we r e  s t u d i e d  da i ly  by m e a s u r i n g  the 

g r o wt h ,  e x t en t  o f  i nh i b i t i on  a nd  e x t e n t  o f  o v e r g r o wt h .

3.8.  E F F E C T  OF C O M B I N E D  I N O C U L A T I O N  OF  L R D  P A T H O G E N S  

O N  D E T A C H E D  S P I N D L E  L E A F  L E T S

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

for  the s tudy.  A l t o g e t h e r  21 c o m b i n a t i o n s  o f  s e ven  fungi  w e r e  t es t ed.  

T h e  i nocu l a t i on  t e c h n i q u e  f o l l o we d  wa s  s i mi l a r  to 3.3.  For  each  

c o m b i n a t i o n s  three r e p l i c a t i ons  we r e  ma i n t a i ne d .



3.9 I N  V IT R O  S C R E E N I N G  OF  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  

A G A I N S T  M A J O R  P A T H O G E N S  OF LRD

T h e  i n t e r ac t ion  o f  po t en t i a l  funga l  a nd  bac t e r i a l  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  ava i l ab l e  in the D e p a r t m e n t  o f  P l an t  P a t h o l o g y  and  

e l s e wh e r e  wi t h  the maj or  p a t h o g e n s  ol '  LR D viz. .  Cl. g loeospor io i t le s ' .  

I'., r o s l r a t u m  and F u s a r iu m  sp.  wer e  t es t ed  in v i tro  to d e t e r m i n e  the i r  

r e l a t i ve  a n t a gon i s t i c  po t en t i a l  a ga i ns t  t hese  pa t hoge ns ,

3.9.1 Trichoderma  sp.

Six T r i c h o d e r m a  cu l t u r es  d e v e l o p e d  as b i ocon t r o l  a ge n t s  in the 

D e p a r t m e n t  o f  Plant  Pa t ho l ogy  a nd  one  f rom Re g i ona l  A g r i c u l t u r a l  

R e s e a r c h  St a t i on .  K u m a r a k o m  wer e  t es t ed  by dual  cu l t u r e  t e c h n i q u e  

( S k i d m o r e  a nd  Di c k i ns on ,  1976) .  Ag a r  disc o f  5 m m  d i a m e t e r  cut  f rom 

s e ven  day old  cul ture  o f  the a n t agon i s t  and the p a t h o g e n  wer e  p l a c e d  on 

t wo  o p p o s i t e  s ides  o f  pe r t r i p l a t e s  c o n t a i n i n g  s t e r i l i zed  P D A  and 

i n c u b a t e d  at r oom t empera t u re .  T h r e e  r ep l i ca t i ons  w e r e  m a i n t a i n e d  for 

the e xpe r i me n t .  The  pa i r ed  c u l t u r e s  wer e  e x a m i n e d  at  r eg u l a r  i n t e r va l s  

a nd  the radial  g r owt h  o f  the p a t h o g e n  was  r e c o r de d .  Pe t r i p l a t e s  

i noc u l a t e d  wi t h  p a t hoge n  a lone  s e r ve d  as  cont rol .

T he per  cent  i nh ib i t i on  o f  myce l i a l  g r o wt h  w a s  c a l c u l a t e d  us ing  

the formula .

100 (C -  T)
C

W h e r e  I -  Inh ib i t i on  o f  myce l i a l  g r o wt h .  C -  G r o w t h  o f  the 

p a t h o g e n  in con t r o l  p l a t es  ( cm)  a nd  T -  G r o w t h  o f  p a t h o g e n  in dua l  

c u l t u r e s  ( cm)  (Vi ncen t ,  1927)

3.9.2 P seudom on as  f lu o r e s c e n s

I solates  ol  P. f l u o r e s c e n s  d e v e l o p e d  and m a i n t a i n e d  in the  

D e p a r t m e n t  o f  Plant  p a t ho l ogy  we r e  used  for t he  p r e s e n t  s tudy.  

A l t o g e t h e r  29 i sola tes  wer e  t es t ed  to e s t i ma t e  t hei r  a n t a g o n i s t i c  po t en t i a l  

a ga ins t  m a j o r  p a t h o g e n s  o f  LRD.  Ki ngs  M e d i u m  B ( K M B )  a nd  PDA



wer e  used  for the lest .  Af t e r  s o l i d i f y i ng  the m e d i a  for one  hour  in 

s t e r i l i zed  petr i  d i shes ,  cu l t u r e  bi t s  o f  5 m m  s ize  o f  the p a t h o g e n  was  

p l aced  at the cent r e  o f  each di sh.  T h e  r e s pe c t i ve  bac t e r i a l  i so l a t e  was 

t hen  s t r e a ked  2  cm away  f rom p a t h o g e n  at the cent  re in a t r i angu l a r  

f ashion.  Each t r ea t ment  was  r ep l i ca t ed  five t imes .  Radia l  g r o wt h  o f  

p a t h o g e n s  was  r ecor ded  dai ly.  Pl a tes  wi t hou t  the bac t e r i a l  a n t a g o n i s t  

s e rved  as  check .

T h e  per  cent  i nh i b i t i on  o f  myce l i a l  g r o wt h  wa s  c a l c u l a t e d  us ing  

the f o r m u l a  as  de s c r i bed  in para  3.9.1,

3 . 10  S C R E E N I N G  OF A N T A G O N I S T S  BY L E A F L E T  BI T A S S A Y

T h r e e  se l ec t ed  cu l t u r es  o f  P s e u d o m o n a s  f l u o r e s c e n t  (Ps i ,  P-nu P-ii) 

a nd  T r i c h o d e r m a  sp.  {Tg. Tf„ T 1 2 ), wh i c h  show'ed m a x i m u m  inh ib i to ry  

e f f ec t  on p a t h o g e n  g r o wt h  in v i tro  we r e  fur ther  t es t ed  by the leaf le t  bit  

assay.  U n o p e n e d  sp ind l e  leaf le t  p i eces  o f  a p p r o x i ma t e l y  18 c m l ength 

w-ere cut  f rom hea l thy c o c o n u t  l eaves  and p l aced  in s t e r i l e  p e t r i p l a t e s  { 2 0  

c m dia. )  l ined i ns i de  wi t h  mo i s t  f i l ter  paper .  Th e  l eaf l e t  p i eces  were  

i ni t i a l ly  s p rayed  wi t h  ba c t e r i a l / s po r e  s u s p e n s i o n s  o f  a n t a g o n i s t s  (4 x 1 0K 

a nd  9 x 106 cfu r es pec t i ve l y  for P. f h w r e s c e n s  and T r i c h o d e r m a  sp.).  

The  leaf le t  p i eces  wer e  then i nocu l a t ed  wi t h  cu l t u r e  d i sc s  o f  r e s pec t i ve  

p a t h o g e n s  by p l ac i ng  it i ns i de  the l eaf le t s  wi th p i npr i ck .  O b s e r v a t i o n s  

were  t aken  on the t ime  t aken  for s y m p t o m  d e v e l o p m e n t  and its spread.

3.1 1 I N T E R A C T I O N  B E T W E E N  S E L E C T E D  C U L T U R E S  OF

P. f l u o r e s c e n s  A N D  ' T r i c h o d e r m a  S p .

T h e  level  o f  i n t e r ac t ion  b e t w e e n  the mos t  a n t a g o n i s t i c  F l uo r e s c e n t  

p s e u d o m o n a d  (PSI )  and T r i c h o d e r m a  sp.  ( TO w;as e s t i ma t ed  to d e t e r mi n e  

the i r  c omp a t i b i l i t y  for  c o m b i n e d  de l i ve ry  in the i n t e g r a t e d  m a n a g e m e n t  

o f  L R D  in the f ield.

The  test  wras p e r f o r me d  in s t er i l e  pe t r i p l a t es  c o n t a i n i n g  PDA 

m e d i u m  and speci f i c  m e d i u m  for the bac t e r i a l  a n t a gon i s t s  (K.MB).  Agar  

di sc ( 5 m m )  a s ep t i ea l l y  cut  f rom f ive day old c u l t u r e  o f  se lec ted



T r i c h o d e r m a  sp.  (Tg) was  seeded  at  one  s ide  on the pe t r i d i sh .  A 

s t e r i l i zed  f i l ter  paper  di sc  ( 5 m m )  i mp r e g n a t e d  w i t h  t he  se lec ted
ft I

P. f l u o r e s c e n s  ( PS i )  cul ture  s u s p e n s i o n  ( 4 x 1 0  cfu ml '  ) was  p l aced  at 

t he  o p p o s i t e  s ide  o f  the plate  ( Va r s h n e y  el al. ,  2000 ) .  Pe t r i d i s he s  were  

i ncuba t ed  at r oom t empe r a t u r e .  Pe t r i p l a t es  c o n t a i n i n g  T r i c h o d e r m a  sp.  

on  one  s ide  and f i l ter  pa pe r  disc i mp r e g n a t e d  wi t h  s t er i l e  wa t e r  on the 

o t he r  s ide  se rved  as check.  Fi ve  r ep l i ca t i ons  wer e  ma i n t a i ne d .  Radi a l  

g r o w t h  o f  T r i c h o d e r m a  sp.  was  e s t i ma t ed .  Pe r c e n t  i nh i b i t i on  o f  g r owt h  

o f  T r i c h o d e r m a  sp.  by P. f l u o r e s c e n s  was  d e t e r m i n e d  as de s c r i bed  in 

pa ra  3.9,1.

3 .12 M O A S S A Y  OF C O M M O N L Y  U S E D  F U N G I C I D E S  A G A I N S T  

M A J O R  P A T H O G E N S  OF L R D  

T h e  c o m m o n l y  used  f ung i c i de s  wer e  e va l ua t e d  in v i tro  aga ins t  the 

ma j o r  p a t h o g e n s  o f  LRD.

Fung i c i de s  Co n c e n t r a t i o n s  ( p p m )

M a n e o z e b  50,  100,  200

C o p p e r  oxy c h l o r i d e  50,  100,  200  

C a r b e n d a z i m  25,  50.  100

Pr o p i c o n a z o l e  2 5 . 5 0 ,  100

He x a c o n a z o l e  2 5 . 5 0 , 1 0 0

Th e  test  was  p e r f o r me d  f o l l owi ng  the p o i so n e d  food t ec hn i que  

( Zc n t me y e r ,  1955).  Th e  r equ i r ed  quan t i t y  o f  f ung i c i de s  for 100 ml 

m e d i u m  wa s  a dde d  into 50 ml s ter i l e  wa t e r  in a con ica l  f l ask a nd  mi xe d  

t ho roughl y .  Th i s  fungicidal  s u s pe ns i on  wa s  pour ed  into a n o t h e r  conica l  

f lask c o n t a i n i n g  50 ml o f  doub l e  s t r ength  me l t e d  PD A and mi xe d  

t ho r ough l y .  The  m e d i u m  was  pou r ed  e qua l l y  in l ive s ter i l e  pe t r i d i shes .  

Af t e r  s o l i d i f i ca t i on  o f  m e d i u m  each  plate  w-as i noc u l a t e d  wi t h  5 mm agar  

di sc  c o n t a i n i n g  seven  day old cul ture  o f  the r e s pe c t i ve  p a t h o g e n s  viz.. 

C. g lo e o s p o r io id e s ,  F. solani ,  E. r o s t r a t u m  by p l ac i ng  it at the cent r e  o f



t he  di sh.  Pl a tes  con t a i n i ng  n o n - p o i s o n e d  med i a  s e rved  as check,  hive 

r ep l i ca t i ons  were  ma i n t a i ne d  for each  conc en t r a t i on  o f  t he  c he mi ca l .  

T h e  p e t r i d i s h e s  were  i ncuba t ed  at r oom t e mp e r a t u r e  a nd  fungal  co lony  

d i am e t e r  wa s  m e a s u r e d  dai ly unt i l  [ungal  g r owt h  wa s  c o mp l e t e  in the 

con t r o l  plates .

Th e  per  cent  i nh ib i t i on  o f  myce l i a l  g r owt h  wa s  c a l c u l a t e d  us ing 

the f o r m u l a  e x p l a i n e d  in pa ra  3.9.1.

3,13 C O M P A T I B I L I T Y  OF F U N G I C I D E S  WI T H 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

The  e x p e r i m e n t  was  c o n d u c t e d  to les t  the c omp a t i b i l i t y  o f  s e lec ted  

f ung i c i des  a nd  b i ocon t r o l  agen t s  t hat  are to be used for  the f ield s tudy on 

the i n t egr a t ed  m a n a g e m e n t  o f  l e a f  rot.  T h e  cu l t u r e  o f  T r i c h o d e r m a  ( Tt>) 

and P. f l u o r e s c e n s  (PSf )  wh i c h  s h o w e d  m a x i m u m  b i o c o m r o l  pot ent i a l  

aga ins t  the m a j o r  pa t hoge ns  o f  l ea f  rot  in v i tro  w e r e  s e l e c t e d  for the 

c omp a t i b i l i t y  test .

T h e  f ung i c i des  and the i r  r e s pe c t i ve  c o n c e n t r a t i o n s  used for the 

trial  are as  f o l l ows

3.13.1 Compatibi l i ty  o f  Trichoderma  sp. with Fungicides

T h e  e x p e r i me n t  was  c o n d u c t e d  by the po i soned  food t ec h n i q u e  as 

d e s c r i b e d  a bove  (3.12) .  O b s e r v a t i o n s  on the radial  g r o wt h  a nd  per  cent  

i nh i b i t i on  o f  T r i c h o d e r m a  sp.  wer e  r ecorded .

Fung i c i de

h e x a c o n z o l e

Co n c e n t r a t i o n s  ( ppm)

50

100

200

100

200

300

400

m a n c o z e b



3.13.2 C ompat ibi l i ty  o f  P seu dom on as  f lu o r e s c e n s  with Fungic ides

Th e  po i s one d  speci f i c  m e d i u m  ( K M B  m e d i u m )  was  p r epa r e d  as 

de t a i l ed  in para  (3.12) .

A loopful l  o f  24 h old P. f l u o r e s c e n s  cul ture  was  t aken  us ing a 

s t e r i l i zed  i nocu l a t i on  need l e  a nd  ma de  a s ingl e  s t r a igh t  l ine s t r eak  on the 

m e d i u m.  T h e  e x p e r i me n t  was  r ep l i ca t ed  five t imes  a nd  p l a t es  wi t hou t  

any f ung i c i des  se rved  as cont ro l .  f he  g r owt h  o f  t he  a n t a gon i s t  was  

a s se s s e d  a f t e r  t wo  days,

3.14 I N T E G R A T E D  M A N A G E M E N T  OF L E A F  RO T D I S E A S E  IN T H E  

F I E L D

3.14.1 Mass  culturing  o f  selected antagonis ts  for f ield applicat ion

The  se l ec t ed  a n t a gon i s t s  viz. ,  P. f l u o r e s c e n s  ( RS | )  and  

T r i c h o d e r m a  sp.  i solate (T<j) wer e  mas s  p r o d u c e d  as de t a i l ed  b e l o w for 

the f ield e xpe r i men t .

3.14.1.1 Preparation o f  Talc Based Formulation o f  Bacterial  Antagonis t

The  P. f l u o r e s c e n s  c u l t u r e  ( PS i ) was  f o r mu l a t e d  as  t alc based  

f o r mu l a t i o n  ( V i dh y a s e k a r a n  and M u t h a mi l a n ,  1995) .

The  cu l t u r e  ( P S | )  was  g r own  in K M B  broth in conica l  f l asks  and 

i ncuba t ed  at r oom t empe r a t u r e .  Th e  bacter i a l  p o p u l a t i o n  was  e s t i ma t e d  

(4 x 10 9 e fu  m l ' 1) af t er  48 hour s  o f  i nocu l a t i on .

The  i ngred i en t s  o f  the talc ba s ed  f o r mu l a t i on  a re  100 g o f  t alc.  4 g 

o f  c a l c i um ca r bona t e  and 1 g o f  c a r b o x y me t h y l  c e l l u l o s e  ( C M C )  were  

mi x e d  t ho r ough l y  and kept  in p o l yp r opy l e ne  bags.  T h e  bags  wer e  then 

sca l ed  and a u t o c l a v e d  at 1.5 kg c m ' 2 for one  hour  on two s uc ce s s i ve  

days.  Af t e r  s t e r i l i za t ion,  40 ml o f  2 days  old b r o t h  cu l t u r e  o f  the 

b a c t e r i um was  mi xed  wdlh the car r i e r  in each  p o l yp r o p y l e n e  bag unde r  

a sep t i c  c ond i t i ons .  Thi s  f o r mu l a t i on  was  used for m a s s  de l i ve ry  o f  the 

a n t a gon i s t  in the field.



3.14 .1 .2  M ass  M ult ip l ica t ion  o f  F u n g a l  A n ta g o n is t

The  selected antagoni s t i c  f ungus  { Tr ichoderma  sp. ,  T 9 ) was  mass  

mul t ipl ied in sand-oa t s  med i um by mix i ng  washed  l ine sand wi th oats  meal  

in the propor t ion o f  9:1.  The  mixt ure  was  moi s t ened  wi th water  suff icient  

e nough  to p r omot e  fungal  growth.  It was  then ster i l ized in one  litre conical  

f lasks at 1.02 kg c m "2 for one  hour.  Act ively g r owi ng  cul ture di scs  o f  the 

antagoni s t i c  fungus  was  asept ical ly i n t roduced into the f lasks  and incubated 

at room t empera t ure  for t wo weeks  to deve lop  fungal  growth.

For  the f ield appl i ca t i on it was  fur ther  mass  c u l t u r ed  in powde r e d  

and s ter i l i zed c o w d u n g - n e e m  cake  mi x t u re  (9:1)  by m i x i n g  50 g o f  the 

s and-oa t s  m e d i u m  con ta i n ing  the fungal  cul ture  per  k i l og r am o f  c o wd u n g -  

n e e m cake  mixture .  Thi s  mixt ure  was  spr inkl ed wi t h  wa t e r  and mixed  

thoro-ughly for op t i mum moi s t u re  r equ i r ement ,  c o ve r e d  wi th polythene  

sheet  and i ncuba t ed  under  moi s t  w a r m  condi t i ons  for  one  week.  When  

greeni sh  mou l d  gr owt h  had suf f i c i ent ly  covered  the m e d i u m ,  it was  raked,  

spr inkl ed mo r e  water ,  again covered  wi th pol y thene  sheet  and i ncuba t ed  to 

p r omo t e  fur ther  fungal  growth.  Af t er  12-15 days  g r owt h  the mi x t u re  was 

ready for  f ield appl i ca t i on  ( Joseph ,  1997).

3.14.2 Integrated M an agem en t  o f  Leaf  Rot Disease in the Field

A field e x p e r i me n t  was  c o n d u c t e d  at  Re g i ona l  Agr i cu l t u ra l  

Re s e a r c h  St a t i on ,  Kminarakom to e vo l ve  an i n t e g r a t e d  m a n a g e m e n t  

prac t i ce  by i nco r po r a t i ng  d i f f e r e n t  m a n a g e me n t  p r ac t i ces  such  as 

f ung i c i de s  a nd  b i ocon t r o l  agen t s  

Deta i l s  o f  the e x p e r i me n t  are as  follow's:

De s i gn  -  R a n d o m i z e d  Bl ock  Des i gn  ( RBD)

Re p l i c a t i on  -  Five 

T r e a t me n t  c o m b i n a t i o n s

T 0 -  A b s o l u t e  cont rol  w' i thout  a ny  t r e a t me n t  a nd  phy t o s a n i t a t i on  

T|  -  S p r a y i ng  and p ou r i ng  o f  m a n c o z e b  ( 0 . 4%)

Ti  -  S p r a y i ng  and p ou r i ng  o f  h e x a c o n a z o l e  ( 0 . 2%)



T 3 -  S p r a y i ng  and pour i ng  bac t e r i a l  s u s p e n s i o n  o f  t alc based  

P. f l u o r e s c e n s  ( 2%)

T 4 -  P l ac i ng  n e e m based T r i c h o d e r m a  cu l t u r e  @  30 g / l e a f  axi l  

T j  -  M a n c o z e b  + P. f l u o r e s c e n s  

T(, -  M a n c o z e b  + T r i c h o u e r m a .

T 7 -  H e x a c o n a z o l e  + P. f l u o r e s c e n s  

' Is -  H e x a c o n a z o l e  ” T r i c h o d e r m a  

T t) -  P. f l u o r e s c e n s  + T r i c h o d e r m a  

T [0 - Con t r o l  wi t h  p h y t o s a n i t a t i o n

Fo r mu l a t i on s  o f  P. f l u r o e s c e n s  and T r i c h o d e r m a  wer e  p r e pa r e d  as 

de t a i l ed  in s ec t i on  3.14.1.1 and 3 .14.1 .2 .

A p p r o x i m a t e l y  10-15 year  old,  un i f o r ml y  l ea f  rot  a f f ec t ed  c oc onu t  

pa l m s  w e r e  se l ec t ed  for the e x p e r i me n t .

Phy t o s an i t a t i on  was  g i ven  to all  the s e l ec t ed  p a l ms  ( exc e p t  

a b s o l u t e  c on t r o l )  by r em o v i n g  the sever e l y  l ea f  rot  a f f e c t e d  por t i ons  o f  

s p i nd l e  l e a f  and one  or few' i nner  mos t  l eaves .  T h e  pa l m s  were  

ma i n t a i n e d  as per  the pa c kage  o f  p r ac t i ce  r e c o m m e n d a t i o n s  for c o c o n u t  

( K A U .  1996)  by g i v i ng  t imel y  a pp l i c a t i on  o f  m a n u r e s  and f e r t i l i ze r s  and 

a d o p t i n g  p l ant  p r o t ec t i on  me a s u r e s .

Pre t r e a t me n t  o b s e r v a t i o n s  w-ere t aken  d u r i n g  the m o n t h  o f  

O c t o b e r  for  all  the l eaves  in the crowm by a s s i g n i n g  a p p r o p r i a t e  gr ade  to 

ea ch  l e a f  based  on d i sease  sever i ty .  A d i sease  i n d e x i n g  me t h o d  based  on 

f ive point  g r ad i ng  sys tem was  a dop t e d  to quan t i t y  and a s ses s  the sever i ty 

o f  d i se a s e  ( S r i n i vas a n  and Gu n a s e k a r a n ,  1996b) .

Gr ade L e a f  a rea  a f f ec ted

0 No  i nfec t i on  

Up t o  2 5%

25 to 50 % 

50 to 75% 

A b o v e  75%

(for  e a ch  l e a f  in the c r own)



T h e  d i s e a s e  i n d e x  w a s  c a l c u l a t e d  us ing  t h e  f o r m u l a

Total  numer i ca l  ra t ing
1)1 -  . ............... ....... ..______  ....______ . . ____________    X 100

T o t a l  n u m b e r  o f  l e a v e s  x M a x i m u m  d i s e a s e  g r a d e

Th e  f i r s t  s e t  o f  t r e a t m e n t s  w e r e  g i v e n  s o o n  a l t e r  pi ;  v u ' s a n i  l a t u m  

a n d  p r e - t r e a t m e n t  o b s e r v a t i o n  w a s  r e c o r d e d  d u r i n g  t h e  m o n t h  o f  t K n o b e r .  

7 1' i t - . ho i f urma  c u I m r e  a p p l i c a t i o n  w a s  g i v e n  o n l y  a f t e r  -  v. c e k s  o f  

■u itg i e i d a ! a p p l i c a t i o n  in c o m b i n a t i o n  t r e a t m e n t s ,  f i r s t  w ■ st -! r e a l  m e n  i 

o b s e r v a t i o n  o.n J i s e u s c  s e v e n t y  w a s  t a k e n  d u r i n g  J a n u a r y  a r m  - a c o n d  s c i s  

o f  t r e a t m e n t s  w e r e  t h e n  g i v e n .  T h e  s e c o n d  s e t  o f  n o s ;  ; r e a l  m e n  i 

*i h . s e r ' v a t i o i i s  w e r e  t a k e n  d u r i n g  t h e  m o n t h  o f  M a v  f o l l o w e d  bv d i e  b i i r d  

s p r a y i n g .  ' i ' l ie t hi rd,  and f i n a l  o b s e r v a t i o n  o n  d i s e a s e  s w e r i i v  " .w . n k e n  

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

'■'■oli t h a t  "of c o r r e s p o n d i n g  p r o  t r e a t m e n t  a n d  J  its e a s e  u d . - s  o e r e

c . i i ' c e i a t e d  l o r  a l ;  ! I;ri .v p o s t - t o , ' a i m e r ; !  - d i s e a s e  m o e . x .  1 l ie i e . n o .  r ; ;  a r c .  

h u m i d i t y  a n d  r a i n  id 11 at  R e g i o n a l  A g r i c u l t u r a l  R e s c u ' d :  Si  a ; ' o n .

h d i m n r a k o m  w e r e  r e c o r d e d  d u r i n g  t h e  e n t i r e  d u r a n ' o n  o f  the  f i e l d  

e x p e r i m e n t .

h d  S T A T I S T I C A L  A N A L Y S I S

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

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

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

t r a n s f o r m a t i o n s .



RESULTS



4.R E S U L T S

4.1 I S O L A T I O N  OF P A T H O G E N S  A S S O C I A T E D  W I T H  L E A F  R O T  

O F  C O C O N U T

T h e  pa thogens  a s s o c i a t e d  wi t h  leal '  rot  o f  c o c o n u t  in d i f f e ren t  

r eg i ons  o f ' s ou t he r n  Kera l a  w e r e  i so l a t ed  d u r i ng  three  s easons .

4 . U  Kottayam District

The  detai l s  o f  m i c r o o r g a n i s m s  i so l a t ed  f rom i n fec t ed  u n o p e n e d  

s p i nd l e  o f  coconu t  f rom d i f f e r e n t  t rac t s  o f  Ko t t a y a m  d i s t r i c t  are

p r e s e n t e d  in Table  1. Du r i n g  the r a iny s e a s on  ( J u n e - J u l y .  2 0 0 1 )  the 

i nfec t ed  s pe c i men  f rom K i d a n g o o r  and K u m a r a k o m  ha r bou r e d

G o l l e t o t r i c h u m  g l o e o s p o r i o i d e s  a nd  F u s a r iu m  sp.  w h i l e  S c y t a i i d i u m  sp. 

was  p r eva l en t  in s p e c i me n  c o l l e c t e d  f rom C h a n g a n a c h e r y .  A s a m e

s p e c t r u m o f  pa thogens  were  a l so  o b s e r v e d  f rom s p e c i m e n  c o l l ec t ed  f rom 

K i d a n g o o r  and K u m a r a k o m  d u r i n g  pos t  m o n s o o n  s e a s o n  ( N o v e m b e r -  

D e e e mb e r .  2001) .  In a dd i t i on ,  E x s e r o h i l u m  r o s l r a t u m  and G l i o c l a d i u m  

r o s e u m  were  a l so f ound a s s o c i a t e d  on s p e c i m e n  c o l l e c t e d  f rom

K u m a r a k o m .

Du r i n g  the s u m m e r  s e a s o n  ( Ma r c h - A p r i l ,  2 0 0 2 )  the p r e d o m i n a n t  

p a t h o g e n  was  F u s a r iu m  sp.  in m o s t  o f  the s a m p l e s  c o l l e c t e d  f rom 

Ki d a n g o o r ,  Cha n g a n a c h e r y  a n d  K u m a r a k o m .  P r e s e n c e  of'  S c y t a i i d i u m  

sp.  wa s  not ed on s p e c i me n  f r o m  C h a n g a n a c h e r y  d u r i n g  s u m m e r  al so.  

One  s a mp l e  f rom K u m a r a k o m  s h o w e d  the  p r e s e n c e  o f  E. r o s l r a t u m , C 

g l o e o s p o r i o i d e s  and G. r o s e u m  wh i l e  in a n o t h e r  s a mp l e ,  C u r v u l a r i a  sp 

was  p r e d o mi n a n t .

4.1.2 A lappuzha District

Th e  da t a  on  the p a t h o g e n i c  s p e c t r u m  o f  l e a f  ro t  a f f e c t e d  s a mp l e  

front A l a p p u z h a  d i s t r i c t  a re  p r e s e n t ed  in Ta b l e  2.



Fable 1. Fungal  p a t h o g e n s  [bund a s s oc i a t e d  wi th l ea l ' r o t  o f  c oc o n u t  d u r i ng  d i f f e r en t  s eas ons  in Ko t t a y a m di s t r ic tTab l e 1. Fungal  pa t h o g e n s

SI. 1

Loca t i on
No.

1 . K i d a n g o o r

2 . C h a n g a n a c h e r r y

3. K u m a r a k o m

J une  - Julv

C o l l e t o t r i c h u m  g l o e o s p o r i o i d e s  

P'usarium  sp.

S c y t a l i d i u m  sp.

C. g l o e o s p o r i o i d e s  

F u s a r iu m  sp.

P a t ho g e n s  i so l a ted

N o v e m b e r -  D e c e m b e r

C. g l o e o s p o r i o i d e s  

F u s a r iu m  sp.

C. g l o e o s p o r i o i d e s  

E x s e r o h i l u m  r o s t r a i u m  

F u s a r iu m  sp.

(11 i o c l a d iu m  rose  urn

Ma r c h  - Apr i l

C. g l o e o s p o r i o i d e s

S c y i a i i d i u m  sp. 

F u s a r i u m  sp.

C u r v u l a r i a  sp. 

F u s a r i u m  sp.

C. g lo  e o spo  r io ide s 

F. r o s / r a t u m  

G. r o s c u m

w



C’. g l o e o s p o r i o id e s  and F u s a r iu m  sp.  wer e  s i m u l t a n e o u s l y  present  

0 1 1  i n fec t ed  por t i ons  in s a mp l e s  c o l l e c t e d  f rom K a y a m k u l a m  a nd  Ar oo r  

d u r i ng  J une - J u l y  s eason  whi l e  S c y ta i id i u m  sp.  was  m a i n l y  i so l a t ed  f rom 

M o n c o m p u  s a mpl e  du r i ng  the season .  F u s a r i u m  spp.  was  the c o m m o n  

p a t h o g e n  r ecor ded  on s a mp l e s  co l l ec t ed  f rom K a y a m k u l a m  a nd  Ar oo r  

d u r i ng  N o v e mb e r - De c  e mb e r  mon t hs ,  I h e  s a m p l e  f rom M o n c o m p u  

c o n t i n u o u s l y  i ndica ted  the p r e s e nc e  o f  S c y t a i i d i u m  sp.  d u r i n g  this 

s eas on .  Dur i ng  the s u m m e r  m o n t h s  a l so F u s a r i u m  sp.  and 

( ' . g l o e o s p o r i o i d e s  were  i sol a ted  f rom s a mp l e s  c o l l e c t e d  f rom these  

local i t i es .

4 . 1.3 Kollam District

L e a f  rot s pe c i men  were co l l ec t ed  f rom K o l l a m  a nd  K o t t a r a k k a r a  

r eg i ons  in Kol l am di s t r ict  and the r esu l t s  arc p r e s e n t ed  in l a b l c  s. 

C. g l o e o s p o r i o id e s  and F u s a r i u m  sp. wer e  c o n s i s t en t l y  f o u n d  a s s o c i a t e d  

wi t h  the s a mp l e s  f rom Ko t t a r a k k a r a  d u r i ng  all  the s e a s ons .  The  

p a t h o g e n s  i solated f rom s p e c i me n  f rom K o l l a m  reg i on  w e r e  F u s a r i u m  sp. 

a nd  C c p h a l o s p o r i u m  s a c c h a r i  d u r i ng  J u n e - J u l y  and M a r c h - Ap r i l  whi l e  

on l y  F u s a r iu m  sp. was  de t ec t ed  d u r i ng  N o v e m b e r - D c c e m b e r  s e as on .

4.1.4 T h iruvananthapuram  and Pathanam thi t ta  Dis tr ic ts

The  resul t s  o f  the s t u d } 1 0 1 1  the i so l a t i on  o f  p a t h o g e n s  a s s o c i a t e d  

wi t h  l ea f  rot in T h i r u v a n a n t h a p u r a m  a nd  P a t h a n a m t h i t t a  d i s t r i c t  a re  

p r e s e n t ed  in f ab l e  4. It was  f ound  that  C. g l o e o s p o r i o i d e s  was  

p r e d o m i n a n t l y  present  d u r i ng  J u n e - J u l y  a nd  N o v e m b e r - D e c e m b e r  

s e a s o n s  whi l e  F u s a r iu m  sp.  wa s  i nvo l ve d  in c a u s i n g  the d i s e a s e  d u r i n g  

N o v e m b e r - D e c e m b e r  and M a r c h - Ap r i l  on  s p e c i m e n  o b t a i n e d  f rom 

Ki l i ma noo r .  I r r espec t ive  o f  the s e a s o n s  F u s a r i u m  sp.  a l o n e  was 

c ons i s t en t l y  i solated f rom d i se a s e  s p e c i m e n  o f  K a z h a k o o t t a m  and 

K u d a p p a n a k u n n u  regions .

The  d i sease  s a mpl e  f rom Ko n n i  and P a t h a n a m t h i t t a  a r e a s  o f  

P a t h a n a mt h i t t a  d i s t r ic t  i nd i ca t ed  the p r e s e n c e  o f  C. g l o e o s p o r i o i d e s



Ta b l e  2, Fungal  pa t hoge ns  a s s o c i a t e d  wi t h  l eal ’ rot o f ' c o c o n u t  d u r i ng  d i f f e r en t  s e a s o n s  in A l a p p u z h a  Di s t r i c t

SI.
Loca t i on

P a t h o g e n s  i sol a ted

No. J u n e  - July N o v e m b e r -  D e c e m b e r M a r c h  - Apr i l

1 . M o n c o m p u S c y i a i i d i u m  sp. S c y t a l i d i u m  sp.

2 . K a v a m k u l a m
( g  I a e o spa  r i o i d  as 

F u s a r i u m  sp.
F u s a r i u m  sp.

C. g l o e o s p o r i o i d e s  

F u s a r i u m  sp.

3 . Ar oor
C. g l o e o s p o r i o i d e s  

F u s a r iu m  sp.

F u s a r i u m  sp.
F u s a r i u m  sp.

Ta b l e  3. Fungal  p a t hoge ns  a s s o c i a t e d  wi t h  l e a f  rot o f  c o c o n u t  d u r i ng  d i f f e r en t  s e a s ons  in Ko l l a m di s t r i c t

SI.
Loca t i on

P a t h o g e n s  i so l a t ed

No. J J u n e  - Ju ly N o v e m b e r - D e c e m b e r Ma r c h  - Apr i l

I. Ko t t a r a kka r a
C. g l o e o s p o r i o i d e s  F u s a r iu m

\ sp-

g l o e o s p o r i o i d e s  

F u s a r iu m  sp.

C. g l o e o s p o r i o i d e s  

F u s a r i u m  sp.

O “ ■

.

Kol l am
I 'u s a r i u m  sp.

( ' c j f lu d o s p o r iu m  s a c c h a r i
F u s a r iu m  sp.

F u s a r iu m  sp.  

C. s a c c h a r i

3
4



Ta b i c  4.  Fungal  p a t h o g e n s  a s s oc i a t e d  wi t h  leal  rot o f  c o c o n u t  d u r i ng  d i f f e r en t  s e a s ons  in T h i r u v a n a n t h a p u r a i n  and 

P a t h a n a m t h i t t a  d i s t r i c t s

SI. ' ; P a t h o g e n s  i sol a ted
! Loca t i on  L   ____ .  .__ _________ ________ _______

No. .lime - July N o v - D e e Ma r  - Apr i

1 . Ki l i m a n o o r ( g l o e o s p o r i o i d e s
('. g l o e o  sp  or i  o i des  

F u s a r iu m  sp.
F u s a r iu m  sp.

2 . Ka z h u k u l l a m F u s a r iu m  sp. F u s a r i u m  sp.

J . K u d a p p a n a k u n n u F u s a r iu m  sp. -- F u s a r i u m  sp.

4. K o n n i ( , g l o e o s p o r i o i d e s F u s a r i u m  sp.
( g l o e o s p o r i o i d e s  

F u s a r i u m  sp.

5. Pa t h a n a mt h i t t a ( g l o e o s p o r i o i d e s F u s a r i u m  sp.
C. g l o e o s p o r i o i d e s  

F u s a r i u m  sp.



a l one  dur i ng  J une - J u l y .  F u s a r iu m  sp a lone  dur i ng  N o v c m b e r - D e c e m b e r  

and  bot h  the s pec i es  dur ing  March- Apr i l .

4.2 P U R I F I C A T I O N

Cul t u r e s  o f  ('. g lo e o s p o r io id e s ,  F. solani ,  F. n w n i h f o r  mar,

F. o x y sp o r u m ,  F. ros lra tum,  ('. sacchar i .  G. roseum, S c y i a l i d i u m  sp. and  

C u r v u i a r i a  sp. were  pur i f i ed  by s ingl e  spore  me t h o d  and ma i n t a i ne d  on 

PDA s l an t s  ('or fur ther  s tudies .

4.2 P A T H O G E N I C I T Y  S T UDI ES

Al t o g e t h e r  seven di f ferent  fungal  speci es  wer e  f ound to be 

pa t h o g e n i c  in c aus i ng  LRD on hea l t hy  s p i nd l e  l eaf le t s  o f  c oc o n u t  in 

d i f f e r en t  r egions  o f  the s tudy ( f ab l e  5 and 6 ).

The  a ve rage  t ime  taken for ini t i a t ion o f  s y m p t o m s  by the d i f f e ren t  

p a t h o g e n s  var i ed f rom three to seven days  when  i nocu l a t e d  hy pin-  

p r i c k i ng  the leaf let  Sc y ta i id iu m  sp. t ook the least  t i me  o f  t hree  da vs  for 

the e x p r e s s i o n  o f  s ymp t om whi l e  F u s a r iu m  so la n i  t ook a m a x i m u m  t i me  

o f  s even  days.  T h e  average  t ime  t aken  for i n i t i a t ion ol'  s y m p t o m  hy 

( I g l o e o s p o r i o id e s .  F ros lra tum,  G. rose  uni. C s a c c h a r i , and 

C u r v u l a r i a  sp.  r anged  f rom 4 to 6  days .

S t udy  on the ini t i a t ion o f  s y m p t o m s  on un i n j u r ed  l eaf l e t s  (wi t hou t  

p i n - p r i c k )  i ndica ted  that  all p a t h o g e n s  de ve l ope d  s y m p t o m s  on un i n j u r ed  

l eaf le t s  e xc e p t  C u r v u la r ia  sp.  The  a ve rage  t i me  t aken  for the 

d e v e l o p m e n t  o f  ini t ial  s y m p t o m  var i ed  f rom a m i n i m u m  ol'  7 days  

(('. g l o e o s p o r i o i d e s  and S c y ta i id i u m  sp. )  to m a x i m u m  o f  10 days  

( C e p h a l o s p o r i u m  sac ch a r i  ).

Study on the p r ogres s ion  o f  l es i on  s i ze  ( Ta b l e  6 ) r eve a l e d  that  the  

m a x i m u m  les ion size o f  9.5 x 2.0 cm (10 DAI)  a n d  14.5 \  3.5 cm 

(15 DAI)  was  p r oduce d  by S c y ta i id i u m  sp.  f o l l owed  by E. r o s l r a t u m  

( 6 . 8  x 2 .0 cm and 12.7 x 3.5 cm)  and G. r o s eu m  ( 5 . 0  x 2 .0 c m and

10.5 x 3.5 cm) .  T h e  m i n i m u m  lesion s i ze  o f  3.0 x 2.0 cm (10 DAI)  and

5 . 5 x 3,3 cm (15 DAI)  was  not i ced in l eaf le t s  i nocu l a t ed  wi t h  C u r v u l a r i a



T a b l e  5. T i me  t aken for s y mp t o m  expression by the d i f f e r e n t  p a t h o g e n s

Pat hogen
On  i n ju r ed  l ea f  

lets,  days

On  u n i n j u r e d  

l ea f  lets,  days

( ' o l l c to t r ic hum  g lo e o s p o r io id e s 4 7

F u s a r iu m  so lan i 7 9

E x s e r o h i l u m  ros t ra ium 4 8

G l i o c l a d iu m  rose urn 5 8

( 'c f i l ia lospor ium  s a c c h a r i 5 1 0

( ‘u r v u la r ia  sp. 6 No i nfec t i on

| S c v ta / id i u m  sp. I 3 I 7! r J____________   I

Tabl e  6 . De v e l op me n t  o f  l es ion tin c oc onu t  l eaf le t s  a l t e r  i n o c u l a t i on  wi th

the d i f f e ren t  pa t hoge ns

Les i on  s i ze

Pa t hogens
10 DAI 1 5 DAI

Lengt h , Br ead th , 1 . ength, Br e a d t h .

cm cm cm cm

Col l  e to tr ie  hum g io  eos p o r  i o id  es 4.00 1.50 9.50 3.50

F u s a r i u m  so lan i 3.40 1.50 7.60 3.40

E x s e r o h i l u m  ro s t r a  turn 6.80 2 . 0 0 12.70 3 .50

G l i o c l a d i u m  r oseum 5.00 2 . 0 0 10.50 3 .50

( ' e p h a lo s p o r iu m  s a c c h a r i 4 .50 1.70 10.50 3 .40

( ' u r v u l a r i a  sp. 3 .00 2 . 0 0 8.50 3 .30

S c y ta l id i u m  sp. 9 . 50 2 . 0 0 14,50 3.50



sp.  Al l  the seven fungi  were  r e i sola t ed  and the c ha r a c t e r s  s t ud i e d ,  t hus  

p r oved  K o c h ' s  postulates ,

4 .4 S Y M P T O M A T O L O G Y

4.4.1 Based on Natural Infection

The  init ial  s ymp t om o f  LRD o f  c oc onu t  u s ua l l y  a pp e a r e d  at the 

distal  po r t i ons  o f  distal  leaf lets  o f  the uno p e n e d  sp ind l e .  It d e v e l o p e d  as 

t iny wa t e r - s o a k e d  reddi sh  b r own  to da rk  b r o wn  s p o t s / l e s i o n s  on l ami na r  

area,  t ips or  margi ns  o f  leaf lets,  en l a r ged  in s ize a nd  c o a l e s c e d  freely 

l ead i ng  to ex t ens i ve  rol l ing.  The rot t i ng  g r adua l l y  a d v a n c e d  into the 

i n te r ior  o f  the spindle  and tan c o l ou r e d  mo u l d  g r o wt h  c ou l d  he not i ced  

on the sur face  of  the af fec ted  areas.  Ma ny  insect s  l ike ant s ,  e a r wi gs ,  

f l ies were  a t t r ac t ed  t owards  the ro t t en  por t i ons  o f  the s p i nd l e  and 

e ma n a t e d  a fowl  smel l .  Of t en  the t ips o f  the rot ten l eaf l e t s  o f  the sp i nd l e  

wer e  c e me n t e d  toge t he r  whi l e  the base o f  the l eaf let s  g r adua l l y  unf ur led.  

La t er  rot ten por t i ons  dr ied,  t u rned  b l ack  and b l o wn  o f f  by wind 

p r o t r u d i n g  out  b l ackened  and shr i ve l l ed  ends  o f  mid vein o f  t he I cal l  els 

As  these  i nfected leaves  mat ur ed ,  the l eaf let s  at  the basa l  por t i on  

n o r ma l l y  unf ur l ed  wi t hout  any da ma ge  wh i l e  t hose  at the di s t a l  h a l f  are 

a l mos t  compl e t e l y  rot ten and b r oken  o f f  p r o d u c i n g  the  t yp ica l  fan l ea f  

l ike s y mp t o m.  In severe  i ns t ances  o f  i n fec t ion ,  al l  the s u c c e s s i v e l y  

e m e r g i n g  s p i nd l e s  were p r ogres s i ve l y  i nfec t ed  by the e n o r m o u s  i n o c u l u m  

o f  the p a t hoge n  present  in the c rown.  As  a resul t  al l  the l eaves  o f  the 

c r o wn  s howe d  tan l eaf  l ike s ymp t o m in p a l ms  at  a d v a n c e d  s t age  o f  

in fec t ion .  Whe n  very acute  rot t ing o f  t he  s p i nd l e  oc c u r s ,  t he  i n f ec t ed  

po r t i ons  a p p e a r  whip  l ike e xh i b i t i ng  severe  d i s t o r t i ons  ( P l a t e  1).

Ra r e l y  pa t hogen  o f  l ea f  rot  infect  ma t u r e  l eaf l e t s  a l so  p a r t i cu l a r l y  

on  p a l ms  whi ch  exhib i t ed  mi d - whor l  y e l l owi ng  s y m p t o m .  U n d e r  such 

c o n d i t i o n  reddi sh  brown les ions  d e v e l o p e d  on the m a r g i n s  a nd  l ami na r  

a rea  wh i c h  en l a r ged  and coa l e s ced  t oge t he r  r e s u l t i ng  in e x t e n s i ve  

bl ight  t n g  o f  the leaf.



(C) Leaflet o f  leaf rot affected spindle 

Plate 1. Leaf rot symptoms of coconut palm



4.4.2 Based on Artif icial  Inoculation

On ar t i f i cial  i nocul a t i on  on de t ached  l eaf l e t s  the s y m p t o m  

a pp e a r e d  as t iny water  soaked  l ight  b r o wn  l es ions .  La t er  t hese  l es i ons  

e n l a r g e d  a nd  spread  both l ength and b r eadt h  wi se  and c o ve r e d  l arge  area 

and the l es ion co l ou r  gradua l ly  cha nged  into da rk  b r own .  S i mi l a r  t ype  o f  

s y m p t o m s  were  p r oduced  by all the p a t hoge ns  e x c e p t  for the s ize  and 

l ime  t aken for s vmp t u m d e v e l o p m e n t  (Pla t e  2).

4,5 VIRULHNCT.  OP D I F F E R E N T  I S O L A T E S  OF P A T H O G E N S

4.5.1 Isolates of  F u s a r i u m  sp.

Al t o g e t h e r  12 i solates  o f  F u s a r iu m  spp.  wer e  ob t a i n e d  f rom 

i nfec t ed  l eaf le t s  o f  spindle  o f  c oc onu t  co l l ec t ed  f rom di f f e r en t  r eg i ons  

( Tab l e  1 to 4). The c ompa r a t i ve  v i ru l ence  o f  t hes e  i so l a t es  in c a u s i n g  

l e a f  rot i n fec t ion  was a s se s sed  by i nocu l a t i ng  the i so l a t es  on hea l t hy  

l eaf l e t s  o f  sp ind l e  and mea s u r i ng  bot h  the t ime  t aken  for s y m p t o m  

e x p r e s s i o n  and the p r ogres s ive  les ion size.  The  data  are p r e s e n t ed  in 

Ta b l e s  7 and 8 . It i ndica ted  that  Fj a nd  Fm i so l a t es  o b t a i n e d  f rom 

K i d a n g o o r  and Konni  p r oduce d  the s y m p t o m  both on  i n j u r e d  l eaf l e t s  

( 6  days)  and uni n jured  l eaf let s  (9 days)  wi t h  the m i n i m u m  t ime.  

M a x i m u m  t ime  for the d e v e l o p m e n t  o f  s y mp t o m  on  i n j u r e d  l ea f l e t s  wa s  

no t i c e d  wi th F(). F-.  PL and Fi? i sol a tes  (9 days)  whi l e  i so l a t e s  PL a nd  P\> 

took  1 2  days  for s ymp t om d e v e l o p m e n t  on un i n j u r e d  leaf le t s .

Data  on the lesion size (Table  8 ) indicated that  t here  was  var i a t i on 

in the size o f  lesion not iced a mo n g  di f ferent  i solates .  M a x i m u m  lesion 

size o f  3 .7 x 1.5 cm (10 DAI)  by F|  i solate f o l l owed by F M (3.5 x 2.0 c m)  

whi l e  p r oduced  the smal l es t  lesion (1.5 x 1 cm) .  All  the o t h e r  i sol a tes  

p r oduce d  l es ions  having an in t e rmedia t e  size.  S i mi l a r  t r end  was  no t i c e d  

at 15 DAI  (9.4 x 2.5 cm by F|  i sol a te  and 8.5 x 2.5 cm by I: M i so l a t e  as 

aga ins t  6 . 8  x 1.9 cm by F | i  i solate) .

Based  on s ize of the les ions  and t ime  t aken for  i n i t i a t i on  o f  s y m p t o m ,  

i sol a tes  were  c l ass i f i ed  into three ca t egor i es .



(C) Fusarium moniliformae

(E) Cephalosporium sacchari

l l !
1 1

(B) Exserohilum rostralum

LI

(D) Scvtaiidium  sp.

(F) Curvularia sp.

Plate 2. Leaf rot symptoms produced on leaflet by artificial inoculation of 
different pathogens



Tabl e  7. T i me  taken for s y mp t o m  d e v e l o p m e n t  by F u s a r i u m  spp.

Isolates
On  i njured 

leaf le t s ,  days

On un i n j u r e d  

l eaf l e t s ,  days

Fi ( Ki d a n g o o r ) 6 9

I7: ( K u m a r a k o m ) 6 1 1

I7:, ( Ch a n g a n a c h e r r y ) 8 1 0

i; 4 ( K a v a mk u l a m ) 7 1 0

IK ( Ar oo r ) 7 1 0

F(i ( Ko t t a r akka r a ) 9 1 1

1' 7  ( K o l l a m ) 9 1 2

F s ( Ki l i ma n o o r ) 8 1 1

F 9  ( K a z h a k u t t a m ) 9 1 2

Fid ( K u d a p a n a k u n n u ) 8 r  1 1

F|  [ ( Konn i ) 6 9

F ] 2 ( P a t h a n a mt h i t t a ) 9 r ~  1 1



Ta b l e  X. De ve l opme n t  o f  l es ion p r o d u c e d  by d i f f e r e n t  i so l a t es  ol 

F u s a r iu m  spp.  10 and 15 days  af t er  i nocu l a t i on

►



1. Hi gh l y  vi ru l ent  ( l es ion  s ize > 3.4 x 1.4 c m a n d  t i me  t a ke n  for

s y m p t o m  exp r e s s i on  < 7 days)  -  F i , F 2. F 4 a nd  F [ t ,

2. Vi ru l en t  ( l es ion l ength r anged  b e t w e e n  2.4 - 3 .4 x 1.0 c m a nd  t ime 

t aken  tor  s ymp t o m exp r e s s i on  7-8 days ) -  Fj ,  F^. F r, 1'h,

3. Mi ldly  vi rulent  (Al l  the rest  o f  i so l a t es )  Ff,, F 7. Fi>. l ’ i:

I sola te  F; ( / ’. so lan i )  was  c hos en  as  the test  p a t h o g e n  o f  F usar i iw i  

sp.  for  fur ther  s tudies .

4.5.2 I so lates  o f  C olle to trich u m  g lo eo sp o rio id es

The data  on the t ime t aken for s y m p t o m  e x p r e s s i o n  i nd i ca t ed  that  

i sola tes  o f  ( '  g l o e o s p o r i o id e s  ob t a i n e d  f rom K i d a n g o o r  and 

P a t ha n a mt h i t t a  ( t h  and ('«) p r oduce d  the s y m p t o m s  af t e r  four  da ys  o f  

i nocu l a t i on  ( shor t es t  per iod)  whi l e  the rest  o f  the i so l a t es  t ook 5-6 days  

( Tab l e  9).  flic t ime taken for s ymp t o m e x p r e s s i o n  on  un i n j u r e d  l eaf le t  

var i ed f rom 8-9 days.  I solates  o f  C | .  t b  a nd  Cr  p r o d u c e d  s y m p t o m  af t er  

8  days  o f  i nocul a t i on  whi l e  the rest  took n i ne  days.

The  v i ru l ence  o f  the i sol a tes  was  fur ther  t e s t e d  by m e a s u r i n g  the 

les ion s i ze  10 and 15 days  af t er  i nocu l a t i on  a nd  the da t a  i nd i ca t ed  that  

m a x i m u m  lesion s ize ( l ength)  af t er  10 DAI  was  p r o d u c e d  by i so l a t e  C|  

(4.5 cm)  fo l l owed  by Cb (4.2 cm) ,  wh i l e  the l es ion s i ze  was  m i n i m u m

wi th Cb i so l a t e  (3 cm)  ( f a b l e  10).  A  s i mi l a r  t r end  wa s  n o t i c e d  15 DAI

also ( m a x i m u m  lesion size o f  11.5 by C t i sol a te  f o l l o w e d  C.b (11 cm) .  

Ba s e d  on  the t ime  t aken for s y m p t o m  e x p r e s s i o n  and l es i on  s ize  

C. g l o e o s p o r i o i d e s  i sola tes  were  c a t e go r i z e d  into t h r ee  viz . .  h i gh ly  

v i r u l en t ,  v i ru l en t  and mi l d ly  v i rul ent .

Highly  v i ru l en t  i sola tes  - l es ion s ize  ^  4 c m  (10 DAI )  a nd  < 5 da ys  for  

s y m p t o m  exp r e s s i on  -  C'i. CA. C.4 and C 8.

Vi r u l en t  i sola tes  - l es ion s ize  r anged  f rom 3.5 -  3.95 c m (10 DAI )  and 

s y m p t o m  exp r e s s i on  f rom 5-6 days  -  C 4. C 6, C 7.

Mi ldly  v i ru l en t  i sola tes  - l es ion s ize 5 3.5 cm (10 D A I )  a nd  6  days  or 

more  for s ymp t o m e x p r e s s i o n s  - Cb.



Tabic 9. Time

Isolate
On i n jured l e a f  lets,  

days

On  t mi n j u r e d  

days

.....  ' 8C l ( Ki dangoo r ) 4

C'2 ( K uma r a k o m) e 0

C'3 ( Ka v a n k u l a m) 5 8

C4 ( Ar oor ) 5  ; 9

C5 ( Kot t a r akka r a ) 6

C6 ( K i l i manoor ) 5 9

C7 ( K o n n i ) 6 9

C8 ( Pa t hana mt h i t t a ) 4 8

Table 10. Development  o f  lesions produced by di f ferent  i solates  o f  

Colleiotr ichum g loeospor io ides ,  10 and 1 5 da ys  af ter  inoculat ion

Isolates

C.

C 2

7 7

77
77
77
~c7
77'

Le s i on  s ize
10 DAI

Length,
cm

4.50

~ 4 7 o6—

3.50 

’ 4 .20

3.00 

3.80

3.50

4.00

Breadth ,
cm
1.10

7b7~~
L 4 0

1,70

1.20

1.50

7 7 7

T7o

15 DAI

Lengt h ,  c m 1 Br ead t h ,  cm

11.50

7 b .  0 0  

10.00 

1 1.00 

9 . 50~

10.50 

9 .80

10.50

2 .50

7 7 7

2 . 50

77 o
777
77b
2 . 50

777



I solate Cj; was chosen  as t he  t es t  p a t h o g e n  o f  C. g l o e o s p o r i o i d e s  

for fur ther  s tudy.

4.5.3 Isolates o f  S cyta lid ium  sp.

1'he two i solates  o f  S c y t a l i d i u m  sp.  a l so  var i ed in thei r  

pa t hogen i c i t y .  Isolate Si ( M o n c o m p u )  was  found to be mo r e  v i m  lent as 

it t ook only 3 days  for s y m p t o m  e x p r e s s i o n  and p r o d u c e d  larger  size 

(0.5 x 3 cm)  les ions  at 10 HAL wh i l e  i so l a t e  S:  ( C h a n g a u a c h e r r y ) took 

5 J a ys  for lesion d e ve l opmen t  and the s i ze  o f ' l e s i o n s  was  c o mp a r a t i v e l y  

less (7,2 x 2  cm).

4.6 C I I A R A C T  F R 1S A TI (> N OF I .RD P A T H O G F N S

1 he l .RD associ a ted  p a t h o g e n s  were  i so l a t ed ,  pu r i f i ed ,  and 

i dent i f i ed  based on mor pho l og i c a l  and c u l t u r a l  c ha rac t e r i s t i c s .

4.6.1 C olle to trich u m  g lo eso p o rio id es  (Penzig)  Pen/ i  g and S a c c .

On  O a  pe e k ' s  me d i u m,  c o l ou r  o f  the co l ony  wa s  f ound var ied 

f rom l ight  grey to dark grey or d i r t y  wh i t e  d e p e n d i n g  upon the i sol a tes  

(Pla t e  3A) .  The acervul i  were va r i ed  f rom spher i ca l  to s a u c e r  s haped  

They  wer e  se tose  or non- sc t ose .  C o n i d i a  wer e  mo s t l y  cy l i nd r i ca l  wi th  

r ounded  ends ,  asept a te  and the s ize  wer e  var i ed f rom 10.23 -14 .03  x

3.3 - 4.01 pm.  Th e y  were  hya l i ne  i ndiv i dua l l y  but  o r a n g e  c o l o u r e d  in 

mas s  ( P l a t e  4 A ).

4.6.2 F u sarium  spp.

F u s a r iu m  spp.  i so l a ted  f rom l e a f  rot  a f f ec t ed  c oc o n u t  p a l m s  were  

i dent i f i ed  as /■’. so la n i  Mar t i  us  (Sacc. ) .  F. m o n i l i f o n n a e  S h e l d o n  and

F. o x y s p o r u m  Schl .  Fx Fr ies  (P l a t e  3G,  4 B and 4C) .  C h a r a c t e r s  o f  t hese  

s pec i es  are given in Table  1 I. Ba s e d  on t hese  c h a r a c t e r i s t i c s  i so l a t es  F| .  

Ft .  F 4. ID and Ffi were i dent i f i ed  as  /•'. s o l a n i . i so l a tes  FT. Pis- Fio- F’u .  F’i: 

were  i dent i f i ed  as F. m o n i l i f o r m a e  and i so l a t es  IT and i\> wer e  i dent i f i ed  

as F. o x y s p o r u m .



Ta b l e  1 1. Cul tura l  and mo r p h o l og i c a l  c ha r a c t e r s  o f  F i t s a r iu m  spp.
. .  1

F u s ar ium F u s ar ium
! Charact ers  j Fusar ium so lan i

m on i l i fo rm ae o x y sporum

Col ony  d i ameter  ]
i j 9 cm 9 cm 9 cm
1 after  1 0  davs

A e r i a l  i n y c e U i u m  j 

A v e r a u e  l e n g t h

Present FVesent

o f  t n a c r o c o n i d i a  

A v e r a g e  w i d t h  o f  

m a c r o c o n i d i u  

M i c  r o c  o n  id in

i

I

25 .50u

3.3 a

P r e s e n t ,  r o d  

s h a p e d

20.17 p

i .3 p

Present  

18.30 u

3.3 li

I

C h a l m y d o s p o r e s  1 P r e s e n t ,  c h a i n e d  

C o n i d i a l  m a s s  o n  ;

P S A Cream coloured

Present .  abundant  

in chains ,  clavale 

shaped 

Absent  

Pinkish,  dark 

blue later

Present ,  rod 

shaped

I
Presen t

kight  pink

1
1

compl e t e  blue

Reverse  on PSA

i
Cream

Concent r i c ,  

radi a t i ng and 

dark blue zones

Peach

Apical  cell shape Conical Conical Conica l

Apical  cell length Less than liqual  to Less than

1 penul t imate  cell pe nu l t i ma t e  ceil pe nu l t i ma t e  cel!

Locat ion
1

!
i

Aroor .

k i dangoor .
Changanache r ry ,

Kuda pa na kunnu , Kol l am,

I Kayamkulam.
i

Ki l imanoor

Konni ,

Pa t hanamt h i t t a

Ka z h a k o o t a m

J______



4.6.3 E xseroh ilu m  rostra tu m  (Drechsler)  Leonard  and Suggs.

On PDA me d i u m,  t he  c o l ony  was  bl ack in c o l o u r  and a ppe a r e d  as 

fel ty g r owt h  (Plate  3B).  It t ook s ix days  to c omp l e t e  t he  g r owt h  in 9 cm 

pe t r i d i sh .  O o n i d i o p h o r e s  w e r e  s ingle ,  b r o w n  and me a s u r e d  26 . 4  -  33 .0  x

6 . 6  pm size.  The  c on i d i a  were  s t r a ight ,  cy l i ndr i ca l ,  4 - 9  sep t a t e ,  end 

cel l  cut  o f f  by a thick da rk  sep t a  and m e a s u r ed .  33 ■ 69.3 x

13.2 - 19.8 pm (Pla t e  4D) .

4.6.4 C eph alosporiu m  sa cch a ri Butier

On PDA m e d i u m colony was  wh i t e  ini t i a l ly  and later  t u rned  l ight  

p i nk i s h  in co l ou r  (Plate  313). De e p  p i nk  c o l ou r  f o r ma t i o n  was  no t i ced  on 

the medi a .  The f ungus  t ook ten da ys  for a t t a in i ng  c o mp l e t e  g r owt h  in 

the pe t r i d i sh  (9 cm) .  Hyal ine ,  ub l ong  and one  ce l l ed  c o n i d i a  ( 6 . 6  9.9

x 3.3 pm)  were  p r oduced  f rom the t ip o f  the u l t i ma t e  b r a nc he s  and many 

a gg r e g a t e d  to f rom ‘heads '  w h i c h  wer e  eas i l y  shed  ( P l a t e  41:).

4.6 .5 G lioclad iu m  roseum  Bainier

On PDA me d i u m,  the c o l ou r  o f  the c o l ony  wa s  s a l m o n  a bove  

wh i l e  l ight  ye lknv be low.  Te x t u r e  o f  t he c o l ony  was  g r a n u l a r  ( P l a t e  3D) .  

Wi t h i n  f ive days  o f  g r owt h  the f ungus  c o mp l e t e l y  c o ve r e d  the 9 cm 

pe t r i d i sh .  C o n i d i o p h o r c s  wer e  wi t h  d i v e r g e n t  ve r l i c i l l i um l ike b r anc he s  

m e a s u r ed  9.9 -  16.5 pm size ,  ph i a l i de s  in wh o r l s  o f  t h r ee  to f our  and

9.9 x 3.3 pm in size.  C o n i d i a  w e r e  in c o l u m n s  wi t h  s l i ght ly  

a s ymme t r i c a l  apex and o b l i q u e l y  r ound  base  (Pla t e  4F).

4.6 .6 S cy ta lid iu m  sp.

On PD A me d i um  the  c o l on i e s  w e r e  e f f us e  and bl ack in co l ou r  

( P l a t e  3C) .  S o m e  o f  the h y p h a e  wer e  s mo o t h ,  narrow' ,  cy l i nd r i ca l  and  

c o l ou r l e s s  whi l e  o ther s  wer e  thick,  pa le  to m i d - b r o w n  wi t h  oc c as i ona l  

da r k e r  s wo l l e n  cel l s  and o f t en  wi t h  thick da rk  septa .  'The h y p h a e  of ten 

lie para l le l  to one  a no t h e r  a nd  c lose l y  a d p r e s s e d  f o r m i n g  bund l e s .  Setae  

a nd  h y p h o p o d i a  absent  O o n i d i o p h o r e s  m i c r o n e m a t o u s .  m o n o n e m a t o u s



or  s o m e t i m e s  s y n n e ma t o u s ,  b r a n c h e d  or  u n b r a n c h e d ,  s t r a igh t  or 

flex nous ,  co lour l es s  or b r o wn  a nd  s mo o t h .  Con i d  i oge nous  ce l l s  were 

f r a gme n t e d  and fo rmed  a r t h r oeon i d i a .  A r l h r o c o n i d i a  were  in tegra t ed ,  

in te rca l ary ,  de t e r mi na t e  a nd  c y l i nd r i ca l ,  d o l l i f o n n  or  e l l ipsoidal .  

C o n i d i a  ca tenate ,  s epar a t i ng ,  s i m p l e  s mo o t h  a nd  o n e  ce l l ed.  T w o  kinds 

o f  con id i a  were not iced,  viz.. c o l o u r l e s s  thin wa l l e d  cy l i ndr i ca l  wi th

9.9 - 13.2 x 3.3 -- 6 . 6  pm s ize  and b r oade r ,  da rk  b r own ,  thick wal led,  

o b l on g  wi th 9.9 x 5 -  6 . 6  pm size.  The  f ungus  t ook three  days  to c o \ e r  

c omp l e t e l y  9 cm pe t r id i sh  (Pla t e  4 0 ) .

4.6.7 ('u rvu iaria  sp.

C ol on i e s  were  black ve lve t y ,  c o n i d i a  l our  c e l l ed  and mea s u r ed  

19 8  29.01 x 9.9 13.2 pin.  m i d d l e  cel l  iarge.  b r oad  and dark.  It took

seven days  for the c o mp l e t i on  o f  g r o wt h  in 9 cm pe t r i d i sh  ( P l a t e  3P).

4 .7 I NT H R A C T I ON  01 PATHGCi HNS A S S O C I A T E )  WI T H 1. T AI ROT

The  resul t s  Indica ted that  the g r o wt h  o f f ' ,  g l o e o s p o r i o i i l c s  a l ong  

wi th /■’. s o l a n i . E. r o s l r a t u m  and S c y i a l i d i u m  sp.  f ree ly  mer g e d  wi t h  each 

other  wi t hou t  d e v e l o p m e n t  o f  i nh i b i t i on  z one  and wi t hou t  a f f e c t i ng  thei r  

s po r u l a t i on  ( ' fable  1 2 ) wh i l e  C. g / o e o s p o r i o d e s  mi l d l y  i nh ib i t ed  the 

g r owt h  o f  ( 'u rvu iar ia  sp. .  C e p h a k s p o r i u m  s a c c h a r i  a n d  G. ro seum .  When  

F u s a r iu m  sp.  was  a l l o we d  to i n t e r ac t  wi th S c y i a l i d i u m  and 

( u r v u ia r ia  sp.  free m e r g i n g  o f  c o l o n i e s  was  f ound  wi t hou t  g r owt h  

i nhibi t i on .  Whe n  it was  g r o wn  a l ong  wi t h  C. s a c c h a r i , G. r o s e u m  and 

E r o s l r a t u m  it s h o we d  m o d e r a t e  o v e r g r o w t h  and s l i gh t  g r o wt h  inh ib i t i on  

o f  t hese  fungi

Whe n  E. ros tra l  urn wa s  g r o w n  wi t h  G. r o s e u m  and C. sa c c h a r i  

g r owt h  ol both these fungi  c e a s e d  at the point  o f  c on t a c t  wh i l e  growth 

s u p p r e s s i o n  and mi ld i nh i b i t i on  o f  u r v u ia r i a  sp. a nd  S c y t a i i d i u m  sp. 

wer e  obs e r ve d  in the p r e s e n c e  o f  E. r o s l r a t u m .



(A) C. gloeosporioides (B) E. rosiralum (C) Scytalidium  sp.

(D) G .roseum  (E) Cephalosporium  sacchari (F) C urvularia  sp

(G ) Fusarium  spp.

Plate. 3. Growth of different pathogens on culture media



- ' - y i r

.  i
(B) F. so la n i (1000 x)

(C) F .m on ilifo rm ae  (1000 \ )

\ K

(D) E. rostra lum  (200 x)

(F) G. ro seum  (1000 x)

4  /
(G) Scv ta iid iu m  sp. (200 x)

Plate 4. Photomicrographs of conidia of different pathogens



Table 12. Na t u r e  o f  i n t e r ac t ions  s h o w n  by  d i f f e r e n t  p a t h o g e n s  in v itro

fsrr  “

i No.
P a t h o g e n  c o mb i n a t i o n s Na t u r e  o f  i n t e r ac t ions

1 i C'ol le to tr ichum g l o e o s p o r i o i d e s  x  No i nh i b i t i on ,  t ree  m e r g e r  ol 
l I

F u s a r iu m  so la n i  g r o wt h  by bo t h  lungi .  normal

s poru l a t i on

2 ~t”f .  g l o e o s p o r i o i d e s  x

E x s e ro h ih t tn  r o s t r a /u m

g l o e o s p o r i o i d e s  x  

( ' e p h u lo s p o r iu m  sacchar i .

C. g / o e s p o r i o i d e s  x  

( 'u rvu lar ia  sp.

I ( g l e o s p o r i o i d e s  x  S c y ta l id i u m
i
' sp.

I
 j  .__ _________- - .

6  j C. g o l e o s p o r i o i d e s  x

G l i o c l a d iu m  x  r o s e u m

\

No i nh i b i t i on ,  s l ight  

o v e r g r o wt h  by E. r o s t r a tu m .  

s po r u l a t i on  no r ma l  in both 

fungi

Sl ight  i nh i b i t i on  o f  growt h  

and s po r u l a t i on  o f f .  s a c c h a r i  

by C. g l o e o s p o r i o i d e s . g rowt h  

ceases  at  the po i n t  o f  contac t

Per fec t  s t o p p a g e  o f  g r owt h  at 

po i n t  o f  c on t a c t  by both fungi  

s l i ght  i nh i b i t i on  o f  g r owt h  of  

C u r v u l a r i a  sp.  by 

C. g l o e o s p o r i o i d e s  no t i ced

C. g l o e o s p o r i o i d e s  ove r g r e w 

S c y t a l i d i u m  sp.  mi l d  i nh ib i t i on  

o f  S c y ta l id i u m  sp.  by 

C.  g l o e o s p o r i o i d e s

h. s o la n i  x  E x s e r c h i lu m  r o s t r a t u m

Inhib i t i on  o f  g r o wt h  o f

G. r o s e u m  at t he  po i n t  of  

c on t a c t  o f  C. g l o e o s p o r i o i d e s  

mi l d  i nh i b i t i on  zone  

d e v e l o p e d

M i l d  i nh ib i t i on  o f

E x s e r o h i l u m  r o s t r a t u m  bv 
_ F  sola/i/ ____  '



Table continued

8  ! F. s o la n i  x  C u r v u l a r i a  sp.

F. solani .  x
I ( '  c p h a lo s p o r i u m  sacchar i .

P 1 0  j so !un i  x  (i. roseU’lUll

1 1 j FiiSiiriiun sp  x  S c y ta l id i u m  sp

1 2  ; E. r o s t r a l u m  x C. sacchar i .

E r o s t ra !um  x S c y t a l i d i u m  sp.

No i nhib i t i on ,  both fungi  

f reely mer ge s  e a ch  other ,  

nor mal  s po r u l a t i on

Mo d e r a t e  o v e r g r o w t h  o f  

F. so la n i  sp.  on 

C e p h a l o s p o r i u m  s a c c h a r i . 

g r owt h  and s po r u l a t i on  of' 

C e p h a l o s p o r i u m  s a c c h a r i  

we r e  mi l d ly  s upp r e s s e d

F. so la n i  o v e r g r o ws

G. roseum .

Both fungi  o v e r g r o w  each 

o t he r  wi t hou t  any inh ib i t i on  

ove r  g r owt h  is more  i ntense  

by F. so lan i .  par t i al  i nh ib i t i on  

o f  S c y t a l i d i u m  sp.  by

F. so lani .

G r o w t h  g r adua l l y  c eas es  at 

point  o f  contac t .  No 

s up p r e s s i o n  o f  g r owt h  and  

s poru l a t i on

Mi l d  i nh i b i t i on  o f  C u r v u l a r i a  

sp.  by E. ro s ir  a l u m

In tense  o v e r g r o w t h  o f  

E. r o s t r a l u m  a l ong  wi t h  s l ight  

i nh i b i t i on  o f  g r o wt h  o f  

S c y ta l id i u m  sp.



Table continued

5 E. r o s t r a tu m  x G. r o s e u m No inhibi t ion,  mycel i a l  g r owt h

and s poru l a t i on  o f  both 

cu l t ures  nor ma l .  Gr owt h  

ceases  at the po i n t  o f  contac t

contac t ,  no i nh i b i t i on  o f  

gr owt h  and s po r u l a t i on

( . 'urvularia  sp.  s upp r e s s i on  ot  

gr owt h  o f  C u r v u l a r i a  sp.- 

sporu i a t i on  no r ma l

s ac ch a r i  s u p p r e s s i o n  of  

g r owt h  o f  C. x a c c h u r i  

s po r u l a t i on  no r ma l

and s por u l a t i on  o f  O’, r oseum  

by S c y la l id i u m  sp.  ini t ial ly,  

s l ight  o v e r g r o w t h  and 

sporu l a t i on  by  G. r o s eu m  at 

; l ater  s tage

16 | ( ' u r v u l a r i a  sp. x  C  s a c c h a r i  Gr owt h  ceas es  at point  o f

17 ( ' u r v u la r i a  sp. x  S c y la l id i u m  sp. . S c y la l id i u m  o v e r g r o w s  over

IX G u r v u l a r i a  sp. x  G. r o s e u m  \ No s upp r e s s i on  o f  g r owt h  o f

: | both fungi

l b  C. s a c c h a r i  x  S c v ia l td i u m  sp. ; S c y la l id iu m  sp.  o v e r g r o ws

20 C. sacchar i .  x  G. r o s e u m Sl ight  o v e r g r o w t h  by

G. s a a c h a r i

21 G. r o s e u m  x  S c y la l id i u m  sp. Mode r a t e  i nh i b i t i on  o f  growt h



Wh e n  C u r v u l a r i a  sp.  wa s  a l l owe d  1 0  g r o w wi t h  O', rose am  the 

c o l o n i e s  f reely mer g e d  wi t hou t  i nh i b i t i on  o f  g r owt h  or  s poru l a t i on .  The 

g r o wt h  s l opped  at the point  o f  c on t a c t  whe n  it wa s  cha l l enge d  wi th 

('. s a c c h a r i  whi l e  S c y ia l id i u m  sp.  had o v e r g r o w n  C u r v u l a r i a  sp.  wi th 

g r o wt h  s uppr e s s i on .

Sc  via! i ili urn sp. had o v e r g r o w n  O. s a c c h a r i  wi th grow th 

s u p p r e s s i o n  and i nh i b i t i on  wh i l e  m o d e r a t e  i nh i b i t i on  o f  g r owt h  and 

s po r u l a t i on  was  o b s e r v e d  in dual  cu l t u r es  wi th S c y i a l i d i u m  sp.  and 

(7. ro seum . ('. s a c c h a r i  a l so i nh ib i t ed  the g r o wt h  o f  C. roseum .

4.8 I 1 T I  C, ’ OI ; C O . M B I M  I.) I N O C T 1 .ATION O b  LR D P A T l l O G b N S  

O N  Db. i  AC' I IbD S I M N P I T  1,HA1 LH1S

The t ime taken for s j n i p t o m  expres s i on  by di lTerenl  c ombi na t i ons  

o f  fungal  pa t hoge ns  o f  LRID var ied f rom 3 6  days (Table  13). When

E. ros tra l  n m \  S c y ia l id ium  sp. .  /:. ros tra  sum x C. s a c c h a r i . E. r o s l ra tum  x 

id ro seum .  h. r o s l ra tum  \  C a r v u l a n a  sp..  S c y ia l id ium  sp.  \  C. sacchar i .  

S c y ia l id i u m  sp. \  G. rose  am.  S c y ia l id i u m  sp. X C u rv u la r ia  sp. !•'. so la n i  x 

E. rus t  rat urn and E. so lan i .  x. S c y ia l id iu m  sp. were i nocula ted 

s i mu l t a ne ous l y  s y mp t o m s  wxre e xpr e s s e d  wi thin three days.  The 

c o mb i n a t i o n  o f  E. so la n i  and C u r v u la r ia  sp. t ook the m a x i m u m  per iod o f  

six days.

Les i on  s ize  r anged  b e t w e e n  4.5 x 2.5 cm to 15 x 2,5 c m (10 DAI)  

( Tab l e  13). M a x i m u m  l es ion s ize  o f  15 x 2.5 cm was  s h o w n  by

E. r o s l r a t u m  x S c y i a l i d i u m  sp.  f o l l owe d  by S c y i a l i d i u m  sp.  x 

C. s a c c h a r i .  (14.3 x 2.5 cm) .  E. r o s l r a t u m  x C. s a c c h a r i  {14 x 2.6 cm) .  

The  m i n i m u m  l es i on  s ize  (4.5 x 2 .5 cm)  was  no t i ced  by G. r o s e u m  x 

C u r v u l a r i a  sp.  a nd  C. y !o  cos  p a r  i a id e s  x C u r v u l a r i a  sp.  c o m b i n a t i o n s



Tabic  13. Details o f  symptom expressed 

pathogens

by combi ned  inoculat ion of

1 Si. :
: Pat lumen combination

! No. ! "
i .

Time taken for 

initiation of 

symptom days

I .esion si/e. 

cm

1 Coiktotrkhimi yloeosporioides x Fmarium solaui 4 7 ,0 0 \  2.40

\ 2 . ('. yloeosporioides x Exserohi/uiu. rostratuni 5 6.00 \  2.50

3. i (.'. y/oeosponoidcs x Scyiaiidium sp. 4 ! 9.50x2.50

4 C. gtoeosporioides \  ( 'ephulosporium sacchari 4.80 \  2.50

5. ; ylocosporioidcs x ( Hiociadium rose am s 4.5 Ox 2.50

6 . ( yioeosporinalcs x ( 'urvuluria sp. s r 5.70x2.30

7. /■'. solutiix rastratum ' 8.00 x 2.50

■S. ; l \  so!uni v Scylaluliitm sp. -T■> 8 .0o \  2.40

0 . ' /■ so! on I ,v t sacchari s 0,00 x 2.50

K) /■. so/o/i! a G. rose mu 5 8.50 x 2.50

11. ; F. solom x ( 'urvaionu sp. 6 3.50 x 2.HI

12. ; E. rosiratum x Scvlaiidium -t I 5.00 \  2.50

1 3. rosiraium x ( sacchuri -t
J 14.00 \  2.60

14. E rostratuni x G. rosewn 3 ! 10.30 x 2.5(1
. I

15. j N. rostratuni x Curvularia sp. 3 ! 10.50 x 2.50 
................... _ .1

1 6 . ; Scyiaiidium sp. .v C. sacchari T 14.30 x 2.50

17. Scyiaiidium sp. ,v G. roseum 3 7.50 x 2.00

IS. j Scvia/idium sp. .X Curvularia sp. 6.50 x 2.50

19. ('. sacchari x O', roseum 4 12.30 x 2.40

20. | C. sacchari x Curvularia sp. 5 5.50 x 2.50

21. G. rose tun X Curvularia Sp. 5 4.50 x 2.50



4 . 9  /A' V IT R O  S C R E E N I N G  OF 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  

A G A I N S T  M A J O R  P A T H O G E N S  OF LRD

4.9.1 Screening  of  Fungal Antagonis ts

The resul t s  on the e va l ua t i on  o f  di f f erent  cu l t u r es  o f  T r i c h o d c n m t  

sp.  for  t hei r  an t agon i s t i c  po t en t i a l  aga ins t  C. g lo e o s p o r io id e s .  F. solan i .  

and F. ro s t ra / tun  are p resent ed  in I able  14.

4. 9 .1.1 C. g loeospor io ides

f lie i nh ib i tory  abi l i ty o f  the s even  cul tures  o f  T r i c h o d e r m a  ranged 

f rom 1 7.25 per  cent  ( T2) to 25 .56  per  cent  (TO.  Cul ture  'V, ( 25 . 56  %),  l„ 

( 2 5 . 56  Tie (24,17 %) and Tio (24.05 %)  were  on par  in t h e i r  

a n t a g o n i s t i c  effect  on ('. g l o e o s p o r i o id e s .  The m i n i m u m  a n t a gon i s t i c  

abi l i t y  wa s  noted wi th TT { 17.25. %)  (Pla t e  5A).

4.9.  L 2 F. s o l a n i

Ant a gon i s t i c  abi l i ty o f  IT (21.99 %) .  'If, (30 .86 %) .  I k ( 27 . 74  T j  

and  T,(, (23.91 %)  aga ins t  F. s o la n i  were  on par  and thei r  e f f ec t s  w;e in­

s i gn i f i c a n t l y  h i gher  than that  o f  T n  (15.74 %)  a nd  13 ( 1 4 . OS %) 

(Pl a t e  5U).

4 .9 .1 .3  E. r o s t r a t u m

T h e  an t agon i s t i c  e f fec t  o f  T r i c h o d e r m a  cul ture  on  the g r o wt h  o f

E. r o s t r a l  um  was  s i gn i f i can t l y  h i gher  wi th 'IT {48,00 %)  and

T(, ( 46 . 77  %)  whi l e  the m i n i m u m  an tagoni s t i c  effect  w-as s h o w n  by 

T k ( 29 . 67  %)  and T,o (30 . 70  %)  ( Pl a t e  C).  Cul t u re s  T , , ( 40 . 77  %).  

Tj  (40.2 7 %)  a nd  T ! 2 ( 39 , 00  %)  a l so exer t ed  s i gn i f i c a n t l y  h i ghe r  

a n t a g o n i s t i c  p r ope r t y  on E. r o s t r a t um as  c o mp a r e d  to IT a nd  T 10.

In all  t r i a l s  Ti> and T (, s h o w e d  c ons i s t en t ly  h i g h e r  pe r  cent  

i nh i b i t i on  on grow' th o f  pa t hoge ns .  But  overgrow' ing ab i l i t y  o f  I T  was 

found to be mo r e  as it had c o mp l e t e l y  o v e r g r o w n  d i f f e r en t  p a t h o g e n s  in 

die p r e s e n t  s tudy wi thin nine days .  Hence  IT cul ture  was  se l ec t ed  for 

fur ther  s tudy  in the present  i nves t i ga t ion .



SI. No. T r i c h o d e r m a  cu l t u r e
Per  cent  i nh i b i t i on  g r owt h ,  %

( 'olt i ' toir iclnmi xhno ivpor io ides l-nsarium so lan i Kxserohi inni  ros tratmn

1 . f t 17.25 (4.15) 14.09 (3,75) 40 . 27  ( 39 . 37 )

2 . 25 . 56  ( 5 .06) 30 . 86  (5.55) 46 . 77  ( 43 . 13 )

3. T, 25.56  (5.06) 31 . 99  ( 5 .57) 4 8 . 0 0  ( 43 . 83 )

4. T , (J 24,03  ( 4 .90) 23.91 (4.89) 30 . 70  ( 33 . 63 )

5. Tf, 19.30 (4.39) 15.74 (3.97) 40 . 77  ( 39 . 66 )

6 . T , 24 . 17  ( 4 .92) 23 .05  ( 4 .80) 39 . 00  ( 38 . 63 )

7. T k 2 2 . 7 0  (4.75) 2 7 . 7 4  ( 5 .27) 29 . 67  ( 32 . 98 )

CD 0.67 0.72 3.15

Fi gur e s  in p a r e n t h e s i s

F i gures  in pa r e n t he s i s  arc t r a n s f o r me d  v a l u c s ( \ J  x ) a re  t r a n s f o r me d  in

ang l e s
.



4 .9 .2  Screening  of  Bacterial  Antagonis ts

T h e  an t agon i s t i c  po t en t i a l  o f  29 i so l a t e s / cu l tu r e  o f  / ’ f l u o r e s c e n s  

was  t es t ed  in vitro  aga ins t  the three m a j o r  pa t hoge ns  o f  LRD and the 

r esu l t s  o f  t hei r  effect  on C. g lo e o s p o r io id e s ,  F. s o la n i  and E. r o s t r a t u m  

are p r e s e n t ed  in the Tabl e  15.

4 .9 ,2 .1 C. g loeosporio ides

The  data i ndica ted that  Ps i  cu l t u r e  o f  P. f l t to re scens  exe r t ed  

signi  f i eant ly h i gher  an t agon i s t i c  abi l i ty (74.86 %)  on C. g in e o s p o r i o td e s  

(P l a t e  6 A)  c ompa r ed  to o t he r  c u l t u r e s  in KM B .  T h e  cu l t u r es  !K,<. ( 0  %).  

P : :  (0 ,45 %) .  1A< (1.50 %)  and P.u (1.53 % )  did not  s ign i f i can t l y  inhibi t  

the g r o wt h  o f  g l o e o s p o r i o i d e s .

Si mi l a r  t rend was  a l so  not i ced whe n  P. f l o u r e s c e n s  t ested in PDA.

4. 9 .2 .2  F. so la n i .

The  data  on the i n t e r ac t ion  o f  P. f l  t to rescens  i so l a tes  wi th

F. s o l a n i  r evea l ed  that  Psi cu l ture  posses sed  s igni f i cant !}  h i gher  

a n t a g o n i s t i c  potent ia l  aga ins t  F. so lan i .  (77.01 %) in K M B  I Plate  OB). 

T h e  i nh i b i t o r y  effect  o f  cu l t u r e  Pio ( 0 .59  %)  and Pin ( 1 . 30  %)  was  the 

m i n i m u m .

A si mi lar t rend was  not i ced whe n  the a n t a g o n i s m  was  t es t ed 

in PDA.

4.9 .2 .3  F. ros tratum

The  resul t s  o f  s c r e e n i ng  test  wi t h  E. r o s t r a tu m  s h o w e d  that  Psi 

c u l t u r e  e xe r t ed  the s i gn i f i can t l y  h i gher  an t agon i s t i c  e f f ec t  ( 76 . 09  %)  in 

K M B  m e d i u m  whi l e  the l owes t  e f fec t  w'as obs e r ved  wi t h  P 4(, c u l t u r e  

(2 . 39  %).  I solates  Pjo, P4„ and P 41 a l so s howed  more  than 40 per  cent  

i nh i b i t i on  on g r owt h  o f  E. r o s t r a tu m .  In PDA m e d i u m a l so  Psi s h o we d  

m a x i m u m  inhibi t i on  capac i t y  aga ins t  E. r o s t r a tu m  ( 75 . 73  %)  and the 

m i n i m u m  per  cent  i nh ib i t i on  was  s hown  by IK„ (3.05 %).  .Mode rate I >



SI. Pxatdomoncis Percent inhibition ofC. i’SiK'n'ipi.niokî Percent inhibitionot'l iiw im isolani Percent inhibition ofE. muraiim
No. Ihiavsccns isolates On KM B On PDA On KM B 1 On PDA On KM B On PDA
1. P, 26.42 (30.92) 17.73(245X1) 27.77(31,79) 27.60(31.69) 20,52(26,93) 16.40(23.89)
2 P, 2344(28.94) 13.58(21.62) 26.18(30.76) 21.48(27.61) 18.94(25.79) 19.19(25.981
3. l\ 11.53(19.83) 5.27(15.27) 12.85(21.00) 14,45(22.34) 1 125(19 59) 7,64(16.05)
4, P4 23.71 (29.13) 21.16(27.59| 41.34(40.00) 31,03(33.85) 22.03(27.98) 21.00(2728)
5, P „ 11.52(19.85) 9.10(17.56) 0.59(4,40) 8.49(16.94) 8.31(16.75) 9.96(18.40)
6. P,4 20.25(26.73) 11.70(20.01) 13.85(21,84) 1720(24.51) 14.85(22.66) 11.76(20.06)
7. P^ 11.15(19.50) 8.21(16.65) 35.68(36.66) 2129(27.48) 11.61(19.91) 11.51(19.83)
8. P* 9.23(17.68) 10.84(19.22) 7.36(15.74) 15.45(23.14) 8,37(16.81) 8.68(17.13)
9. Pit 9.85(18.29) 12.38(20.60) 8.57(17.02) 10.71(19.10) 13.34(21.41) 11.26(19.61)
10 P is 9.37(17.81) 6.87(15.19) 11.03(19.39) 10.17(18.60) 12.09(20.44) 12.27(20.50)
11 P,m 6.61 (14.89) 5.17(15.15) 9.30(17.75) 8.72(17.18) 821(16.75) 8.17(16-61)
12 P.v 5.08(13,03) 3.19(10.29) 1,30(6.55) 3,38(10.59) 4.47(12.21) 6.10(14.30)
13 P_’i 1! .96 (20.22) 9.10(17.56) 10.06(18.48) 920(17.66) 12.52(20,71) 1126(19.61)
14 Pi' 6.35(3.41) 2,29(8.71) 10,44(18.84) 12.16(20.41) 4.76(12.59) 428(11.93)
15 IN 16,18(23.71) 9.81(1826) 21.44(27.57) 15.92(23.51) 1629(23,80) 1527(23.08)
16 Pji 30.99(33.82) 29.6(32.96) 28.19(32.06) 22.66(28.42) 2629(30.83) 22.31(28.19)
17 P i, 1.50(7.04) 2.60(929) 24.69(29.78) 19.18(25.94) 11.35(19.68) 929(17.74)
18 P * 40.63(39.59) 33.85(35.58) 37.00(37.45) 31.79(3422) 29.74(33.03) 22.30(28.18)
19 P ?7 5.38(13.40) 9.47(17,92) 921(17.66) 8.73(17.18) 12.97(21.10) 11.01(1928)
20 Pa 6.08( 1427) 4.96(12.86) 7.04(15.38) 6.96(1520) 8.17(16.61) 6.62(14.91)
21 P.v, 26.06(30.69) 19.70(26.35) 44.99(42,11) 44,51(41.85) 41.74(4023) 41.26(39.97)
22 Pv 40.73(39.64) 34.10(35,73) 28,31(32.13) 22.23(28.13) 25.58(30.37) 21.79(27.83)
23 Pit 1,53(7.10) 1.80(7.71) 8.99(17.44) 8,11(16.54) 11,23(19,57) 1126(19.61)
24 P'S 23,68(29.10) 18,93(25.79) 9.62(18.06) 11.90(20,18) 11.80(20.09) 10.94(1932)
25 i v 0(0) 1.80(7.71) 421X4 i.82) 6.62(14.91) 6.75(15.05) 6.90(1523)
26 P.V, 8.62(17.07) 7.92(16.35) 1.41(6.81) 421(11.98) 2.39(8.89) 3.05(10.06)
27 Pvi 46.82(43.16) 4024(39.37) 41.02(39.80) 40.06(39,27) 41.70(4020) 38.97(38,63)
28 p<l 42.65(40.75) 4026(39,38) 48.84X44 29) 40.73(39.66) 52.86(46.62) 48.19(43.%)
29 Ps, 74,86(59.89) 69.60(56.54) 77.01(61.32) 80.35(63.69) 76.09(60.70) 75.73(60.49)
CD 3.64 1.91 231X) 2.47 1,36 1,17

Figures in parenthesis are values alter angular  t ransformation



Plate 5. Inhibition of LRD pathogens causing leaf rot by Trichoderm a  sp.

(A ). C .gloeosporioides x Ps,

(B). F. solani x Ps,

Plate 6. Inhibition of LRD pathogens causing leaf rot by P flu o rescen s



h i g h e r  p e r c e n t a g e  o f  i nhibi t i on  was a l so exer t ed  by P 41 ( 48 . 19  %)  a nd  P.n, 

( 41 . 26  %) .

4 . 10  S C R H B N I N G  OP A N T A G O N I S T S  BY TKAFLHT BIT A S S A Y

4. 10 .  1 T r i c h o d e r m a  C u l t u r e s

I r r e spec t ive  o f  the cul tures  it took four,  s ix and four  days  

r e s pe c t i ve l y  in C g /o e o s / m r t o id e s ,  F. so la n i  and /:. r o s i r a i u m  i nocu l a t ed  

l ea t l e t  bi ts for s ymp t om d e v e l o p me n t  ( Tab i c  16). Var i a t i on  was  not i ced  

on the l ength o f  l es ion p r oduced  by d i f f e r en t  pa t hoge ns  in the p r e s e nc e  

o f  d i f f e ren t  T r i c h o d e r ma  cul t ures .  T h e  lesion s ize  p r o d u c e d  by 

( ’. g l o e o s p o r i o i d c s  was  found to be m i n i mu m  (2.8 cm)  in p r e s e n c e  o f  IT 

cu l t u r e  whi l e  it was  4.5 cm in p r esence  of ' IV and T i ;  cu l t ures .  Simi lar !} 

the l es ion s ize  p r oduce d  by /■’. solan}.  (2.2 cm)  and E. r o s i r a i u m  ( 4 . 0  cm)  

wer e  a l so m i n i mu m  in presence  o f  'IT cul ture  as aga ins t  2.9 cm a nd  4.5 

cm in p r e s e nc e  o f  T{, and 4.5 and 6.0 cm in presence  of Tr :  i so l a te .

4 . 1 (1.2 Pse a do m o n as f l u  o res c ens

The  data  i ndica ted  that  the d e v e l o p me n t  o f  s y m p t o m s  p r o d u c e d  h\

F. so lan i .  ('. g /o e o s por io ide s .  E. r o s i r a i u m  were de l ayed  in p r e s e n c e  of 

d i f f e r en t  P. f lu o r e s c e n s  i sola tes .  M a x i m u m  t ime  for  s y m p t o m  

d e v e l o p m e n t  was  t aken by F. s o la n i  (10  days)  f o l l owed by E. r o s i r a i u m  

( 8  days )  and C. g lo e o  s p u n  a ides  ( 6  days )  in the p r esence  o f  Psi cu l t u r e  as 

a ga i ns t  s ix.  l our  and four  days  in the r espec t i ve  c o n t r o l s  ( T a b l e  17). 

Data  on the l es ion l ength also i nd i ca t ed  that m a x i m u m  r e d u c t i o n  in 

l es ion l engt h  occur r ed  in the p r e s e n c e  o f  Psi  cul ture .  A m o n g  the 

p a t h o g e n s ,  m i n i m u m  lesion l ength was  p r oduced  by F. s o l a n i  ( 1 . 5  c m)  in 

the p r e s e n c e  o f  Ps 1 cu l ture  f o l l owed  by E. r o s i r a iu m  (2.5  c m)  and  

C. g l o e o s p o r i o i d e s  (2.1 cm)  as aga ins t  4 . 7  cm.  6.2 cm a nd  5 . 4  c m e a ch  in 

t he i r  r e s pe c t i ve  cont rol s .  Lesion l ength p r oduced  by these  p a t h o g e n s  in 

the p r e s e n c e  o f  P 4 0  and P41 i sola tes  wer e  also r educed  as c o m p a r e d  wi th  

the cont rol .



Pa t hogen

Ti me  t aken for s y m p t o m  e x p r e s s i o n ,  

d a v s

Tv T T„ T i : Cont r o l To IT T i : Cont r o l

Col ie to tr ichum g i o c o s p o r i o i d e s 4.00 4.00 4 . 00 4,00 3.80 4 . 50 ^  4 . 50 5.80

F u s a r iu m  s o }a m 6 . 0 0 6 . 0 0 6 . 0 0 6 . 0 0 3.20 3.90 4 ,50 5 .00

Exscroh i lum  r o s t r a i u m 4.00 4.00 4.00 4 .00 4 . 00 4 .50 6 . 0 0 6.50

Lengt h  o f  l es ion a f t e r  10. days

Ta b l e  17. Eva l ua t i on  o f  a n t a g o n i s t i c  abi l i t y  o f  P. f ' l uorescens  by l eaf l e t  bi t  assay

T i m e  t aken for  s v m p t o m  e x p r e s s i o n ,  days  
P a l h n L) e n - i t

Leng t h  o f  l es ion a f t e r  10 D A L  cm

I Ps,  ! P4U ! P4! Con t r o l Ps, P-4 0 Pa, Con t r o l

C o l l e to t r i c h u m .g l o e o s p a r i o id e s  1 6 . 0 0 5.00 5 .00 4 . 00 3.10 4 .50 4 . 00 5 . 40  :

F u s a r iu m  sp.  1 0 .00 8 . 0 0 8 . 0 0 6 . 0 0 1.50 3.40 3.60 4 .70

Exseroh i lum  r o s t r a i u m  8 .00 6 .00 6 . 0 0 4.00 2.50 4 .30 4 .50 6 . 2 0  !

U)
oo



Ba s e d  on the in v i tro  i n t e r ac t ion  and leaf le t  bit  assay o f  va r i ous  

i so l a t es  / cu l t ures  o f  T r i c h o d e r m a  sp.  a nd  P. f l u o r e s c e n s  t es t ed  aga i ns t  

the t hree  ma j o r  pa t hoge ns  o f  LRD,  T 9 cul ture  o f  T r i c h o d e r m a  and Ps,  

c u l t u r e  o f  P. f lu o r e s c e n s  were  se l ec t ed  for fur ther  e v a l u a t i o n  in the 

p r e s e n t  s tudy.

4.11 I N T E R A C T I O N  B E T W E E N  S E L E C T E D  F L U O R E S C E N T

P S E U D O M O N A D  A N D  T R I C H O D E R M A

P. f lu o r e s c e n s  (Ps i )  i nh ib i t ed  the mycel i a l  g r o wt h  (Dfl .  A c lear  

z one  o f  i nh ib i t i on  was  not i ced in dual  cul ture  wi t h  3 8.5 per  cent  

i nh i b i t i on  o f  mycel i a l  g r owt h  o f  T 9 by Ps 1 (Plate  7).

4 .12 B I O A S S A Y  OE C O M M O N L Y  U S E D  F U N G I C I D E S  A G A I N S T

MA. I OR P A T H O G E N S  OF  I . RD

All  the f ung ic i des  t r i ed Wr..  c oppe r  o x y c h i o n d e .  ma ne  a/ .eh.  

e a r b e n d a z i m .  he x a c o n a z o l e  and p r o p i e o n a / o l e  i nh ibi t ed  the g r o wt h  o f  all 

the p a t h o g e n s  at all conc en t r a t i ons  t es t ed  {Table 18). Al l  c o n c e n t r a t i o n s  

o f  e a r b e n d a z i m  (Pla t e  10A).  he x a c o n a z o l e  (Pla t e  12A) and pr op i cona / . o l e  

( P l a t e  1 1 A) (25.  50 and 100 ppm)  r esu l t ed  in 100 per  cent  i nh i b i t i on  on 

the ('. g l o e o s p o r i o i d e s  g r owt h  whi l e  only h ighes t  c o n c e n t r a t i o n  o f  

C o p p e r  oxy c h l o r i d e  (200  ppm)  and m a n c o z e b  (200  ppm)  p r od u c e d  

c o m p l e t e  i nh ib i t i on  o f  its g r owt h  (Pla t e  8 A a nd  9A) .  A s i m i l a r  t r end  was  

e x h i b i t e d  by these f ung ic i des  on the g r owt h  o f  F. s o la n i .  The  f un g i c i d e s  

e a r b e n d a z i m .  he x a c o n a z o l e  (Pla t e  12B) and p r o p i c o n a z o l e  r es u l t ed  in 

c o m p l e t e  i nh ib i t i on  o f  fungal  g r owt h  at  all the c o n c e n t r a t i o n s  tes ted.  

C o p p e r  oxy c h l o r i d e  and m a n c o z e b  ga ve  h i gher  i nh i b i t i on  o f  fungal  

g r o wt h  (87.61 a nd  64 .48  %)  at h i gher  c onc e n t r a t i on  ( 200  ppm) .  

H o w e v e r ,  it was  not ed that  the m i n i m u m  ef fec t  on  g r o wt h  s u p p r e s s i o n  

wa s  by m a n c o z e b  (Pla t e  8 B).

Al l  c o nc e n t r a t i ons  o f  h e x a c o n a z o l e  and p r op icona / . o l e  r es u l t ed  in 

c o m p l e t e  i nh i b i t i on  o f  g r owt h  o f  E. r o s t r a tu m  (Pla t e  MB and 12 C ). 

M a n c o z e b  a l so p r oduced  c ompl e t e  i nh ib i t i on  at (100 and 200 p p m )



Plate. 7. Inhibition of  Trichoderma sp. by P.Jluorescens

Control 50 ppm 100 ppm 200 ppm

(B) Fusarium solani

Control 50 ppm 100 ppm 200 ppm



re
Control 50 ppm 100 ppm 200 ppm

(A) Colletotrichum gloeosporioides

(B) Exserohilum rostraium 

Plate 9. Effect of  copper oxychloride on growth o f  LRD pathogens

(A) Colletotrichum gloeosporioides



(B) Exserohilum rostratum  

Plate 11. Effect of  propiconazole on growth of LRD pathogens

(B) Exserohilum rostratum



Per  cen t  I nh i b i t i on  grow ill. %
f ung i c i de Concc i ura l i on .  ppm

('<>! ieto! r ic luon g loeos p o r io id e s Exseroh i lum  ros lratum Fusar ium so lan i

50 50.02 (44.99) 57.81 (49.47) 72.74 (58.50)

Co p p e r  oxychlor ide 100 81.10 (64.13) 75.61 (60.37) 78.28 (62.1 9)

200 100.00 (90.00) 82.69 (65.39) 87.61 (69.36)

50 68.24 (55,68) 68.25 (55.68) 40.57 (39.55)

Mancozeb ! 00 74.7!  (59.78) 100 (90.00) 58.46 (49.85)

200 1 00.00 (90.00) 100 (90.00) 64.48 (53.40)

25 100 (90.00) i 0.63 (19.02) 100 (90.00)

c a rbendaz i m 50 100 (90.00) 20.35 (26.81) 100 (90.00)

100 100 (90,00) 37 .10( 37 .51) 100 (90.00)

25 100 (90.00) 100 (90.00) 100 (90.00)

I l exaconazo i e 50 100 (90.00) 100 (90.00) 100 (90.00)

1 00 1 00 (90.00) 100 (90.00) 100 (90.00)

25 100 (90.00) 100 (90.00) 100 (90.00)

Pr op iconazo le 50 100 (90,00) 100 (90.00) 100 (90.00)

1 00
.

I 00 (90.00) 100 (90.00) 100 (90.00)

CD 1.15 1.34 1.70
Number  in parenthesis are t ransformed means in angles



c o n c e n t r a t i o n s  (Plate  8C).  The i nh i b i t o r y  ef fec t  o f  c a r b e n d a z i m  was 

onl y  37 . 10  per  cent  eve n  at t he  r e c o m m e n d e d  d o s e  o f  100 ppm 

( Pla t e  10B).

4.13 C O M P A T I B I L I T Y  OF F U N G I C I D E S  WI T H 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

4,13.1 With Trichmlernia Culture

I l e x a c o n a / o l e  compl e t e l y  i nh ib i t ed  the myce l i a l  g r o wt h  of  

T r ic h n d e r m u  sp. al all conc en t r a t i ons  t es t ed  ( ' f ab l e  10), The  rate o f  

i nh i b i t i on  o f  fungal  g r owt h  in the p r e s e nc e  o f  m a n c o z e b  was 

c o mp a r a t i v e l y  low at di f f erent  c o n c e n t r a t i o n s  t es t ed.  Ho w e v e r ,  a dc l a \  

in the sporu  1 at ion o f  T r i c h o d e r m a  was  no t i c e d  in p r e s e n c e  o f  m a n c o z e b  

( Pl a t e  13).

4.13.  2. W i th  Pseudomonas J h w r e s c e u s

The  gr owt h  o f  P. J h io r c s c e n s  was  not  i nh ib i t ed  eve n  by the 

h i ghes t  concen t r a t i on  o f  m a n c o z e b  tr ied whi l e  in h e x a c o n a z o l e  t rea ted  

m e d i a  g r owt h  o f  i \  f l a o r e s c e u s  was  i nh ib i t ed  d r a s t i ca l l y  d u r i ng  the first 

24 hour s ' 5pa r s e  gr owt h  was  no t i ced  48 h a f t e r  i noc u l a t i on  a nd  the g r owt h  

b e c a m e  nor mal  f rom 72 Ii onwar ds .

4 . 14  I N T E G R A T E D  M A N A G E M E N T  OF  L E A F  R O T  OF  C O C O N U  T IN 

T H E  FIELD

Th e  sever i ty  o f  l ea f  rot  in t he  e x p e r i me n t a l  p a l m s  wa s  e s t i ma t e d  

ini t ial ly be fore  the app l i ca t i on  o f  t r e a t me n t s  as  per  cent  d i s e a s e  index 

and is g i ven  as p r e - t r ea t men t  d i sease  index in f a b l e  20.  Th e  p r e ­

t r e a t me n t  per  cent  d i sease  index va r i ed  f rom 2 1 . 8 0  to 41.80.  

O b s e r v a t i o n s  taken two mon t hs  a f t e r  the first  set  o f  t r e a t m e n t s  s h o w e d  

that  t here  was  a 23.29  per  cent  i nc r eas e  in d i sease  s e ve r i t y  in T,, 

( a b s o l u t e  cont rol )  whi l e  a r educ t i on  in d i se a s e  sever i t y  was  n o t i c e d  in all 

o t he r  t r e a t me n t s  wi th a m a x i m u m  o f  41.53  per  cent  in 44 ( h e x a c o n a z o l e )  

and least  (0 .90 %)  in IT ( Ma n c o z e b  -f I r i c l i oderma) .  M o r e  than 30 per



F u n y i c i d e

M a n c o z e b

H e x a c o n a z o l e

Conc e n t r a t i on ,  ppm

i no 

2 0 0

300

400

1 0 0

Inhib i t i on  on radial  g r o w t h  

T r i c h o d e r m a  sp. ,  %
1 -i -iI , ,v>

6.67

8.67

10.67

1 0 0  

1 00



C onirol 30Mppm 400ppin

Plate 13. Effect of  mancozeb on growth of Trichoderma sp.



R e d u c t i o n  in d i se a s e  s ever i t y .  %
T r e a t me n t P r e - t r e a t me n t  d i se a s e  index Af ter  I s1 sp ray i ng Af t e r  2 IU s prayi ng Af t e r  3 Kl sp ray i ng

O c t o b e r  2 0 0  1 J a n u a r y  2 0 0 2 M a y  2002 A u g u s t  2002
A b s o l u t e  cont rol  ( Tu) 40 . 20 - 2 3 . 29  ( 13 . 29 ) - 59 , 02  (1 1.87) -56 .25  ( 11 . 99 )

M a n c o z e b  (TV) 29.64 3 5 . 2 2  (15 .34) 33 .83  ( 15 . 29 ) 37.61 ( 1 5 . 4 1 )  1

H e x a c o n a z o l e  (To) 41 . 80 4 1 . 5 3  ( 15 . 54 ) 59 . 05  (16 .10) 64 . 74  ( 16 . 27 )
P s e u d o m o n a s  

f l u o r e s c e n t  HY) 32.12 33 . 8 6  ( 15 . 29 ) 54.91 ( 15 . 97 ) 54.51 ( 15 . 95 )

Tr i c h o d e r m a  (TH 2 1  .80 20 . 43  ( 14 . 85 ) 21.33  ( 14 . 88 ) 13.97 ( 14 . 63 )
M a n c o z e b  + P. 

f l u o r e s c e n t  ( TO 2 2 . 0 0 29 . 7 9  ( 15 . 16 ) 33.45  (15 .28) 19 .87  ( 14 . 83 )

M a n c o z e b  + 
T r i c h o d e r m a  ( T 6) 33 . 46 0 . 90  ( 14 . 17 ) 12.75 ( 14 . 59 ) 1 1.60 ( 14 . 55 )

H e x a c o n a z o l e  + P. 
f l u o r e s c e n s  ( T 7)

28 . 94 2 4 . 7 0  ( 14 . 99 ) 30 . 66  ( 15 . 19 ) 24 . 58  ( 14 . 99 )

H e x a c o n a z o l e  + 
Tr i chode r ma  ( TO 27. 18 17.78 ( 14 . 75 ) 14.06 ( 14 . 63 ) 21.52  ( 14 . 88 )

P. f u a r e s c e n s  t 
T r i c h o d e r m a  ( To )

27 . 98 13.58 ( 14 . 61 ) 15.34 (14 .67) 12.65 ( 14 . 58 )

Cont ro l  ( T | q) 33.22 4.51 ( 14 . 30 ) 8 .97 ( 1 4 . 4 6 ) 5 .44 ( 14 . 33 )
C D  -  2 . 09

Data in pa ren t hes i s  i nd i ca t e  va lue  a f t e r  | \  ■ 2 0 0  t n m H ' o n n a t i o n
\ !



( a c ­

cent  r educ t i on  in di sease  sever i t y  wa s  o b s e r v e d  in T|  ( M a n c o z e b .  35.22 

%)  a nd  T.i (P. f l u o r e s c e n s , 33 .86  %)  a n d  mo r e  than 20 pe r  cent  r educ t i on  

in T 4 ( T r i c h o d e r ma .  20.43 %) ,  47 ( M a n c o z e b  t- P. f l u o r e s c e n s .  29 . 79  %)  

and T? ( he x a c o n a z o l e  t 72 f l u o r e s c e n s ,  2 4 . 7 0  %)  wh i l e  the r ed u c t i o n  was 

less than 20 per  cent  in IT ( h e x a c o n a z o l e  + T r i c h o d e r m a ,  17.78 %).  42) 

{P. f l u o r e s c e n s  + Tr i c hode r ma .  13.58 % )  a nd  Tio ( Co n t r o l ,  4.51 %).

Whe n  the obs e r va t i ons  were  t aken three  mo n t h s  a f t e r  s e c o n d  round 

o f  t tea l men I a s imi la r  t rend was  no t i ced .  The  TR D i nc r e as e d  by 59.02 

per cent  in l M ( absolute  cont ro l )  whi l e  in o t he r  t r e a t m e n t s  t here  was  a 

r educ t i on  in di sease  sever i ty.  A b o v e  50 per  cent  r ed u c t i o n  was  ac h i e ve d  

in 47 ( he x a c o n a z o l e .  .59,05 %)  and 44 (P. f l u o r e s c e n s .  54.91 % ) ;  a bove  

30 per  cent  r educ t ion in T|  ( M a n c o z e b .  33.83 %).  47 ( M a n c o z e b  

P. f l u o r e s c e n s .  33.45 %)  and 4 7 ( H e x a c o n a z o l e  J- P. f l u o r e s c e n s .  30 .66  

%) and a bove  20 per cent  r educ t i on  in 4 ' 4 ( T r i c h o d e r m a ,  21.33 %)  whi l e  

the di sease  r educ t ion was less than 2 0  per  cent  in Tf, ( M a n c o z e b  + 

4 ' i ' i chodcrma.  1 2 . 7 5  44 ( H e x a c o n a z o l e  f T r i c h o d e r m a .  14.06 %).  47:

(72 f l u o r e s c e n s  ! T r i c hode r ma .  15.34 %)  and T'm ( Co n t r o l ,  8 .97 %').

I lie data af t er  t h e  last  set o f  t r e a t m e n t s  i nd i c a t e d  that  t he r e  was 

5 6 . 2 5  per  cent  i ncrease  in d i se a s e  sever i t y  in To ( a b s o l u t e  c on t r o l )  w h i l e  

in all o t he r  t r ea tment s  d i sease  was  r e d u c e d  to va r i ous  de g r e e s  wi t h  t h e  

m a x i m u m  r educ t ion  in 47 ( h e x a c o n a z o l e .  64 . 74  %)  a nd  l owes t  r educ t i on  

in T| , ,  ( cont ro l .  5,44 %).  T h e  r educ t i on  was  mo r e  t han  30 pe r  cent  in 4 7  

(P. f l u o r e s c e n s ,  54.51 %)  and TI  ( M a n c o z e b ,  37.61 %)  a n d  m o r e  than 20 

per  cent  in 12 ( he x a c o n a z o l e  + P. f l u o r e s c e n s .  2 4 . 5 8  %} a nd  42 

( h e x a c o n a z o l e  and T r i c hode r ma .  21 . 52  %)  whi l e  the r e d u c t i o n  was  less 

than 20 per  cent  in 42 ( Tr i c h o d e r ma ,  13.97 %).  Ts  ( M a n c o z e b  

P. f l u o r e s c e n s .  19.87 %).  T (1 ( M a n c o z e b  + T r i c h o d e r m a .  1 1.60 %)  a nd  47 

[P. f l u o r e s c e n s  + T r i c h o d e r ma .  12.65 %}.



DISCUSSION



C o mb i n e d  l eaf  rot -  root  (wi l t )  d i sease  i nc i de nce  in c o c o n u t  is a 

u n i qu e  e x a m p l e  o f  fungal  -  p h y t o p l a s m a  d i sease  c o m p l e x  t h r e a t e n i ng  

c o c o n u t  cul t i va t ion ,  the b a c k b o n e  o f  agr i cu l t u re  in Kera la .  A fresh 

i ns ight  is e nv i s a ge d  in the p r esen t  s tudy to ana lyse  t he  e t i o log i ca l  na ture  

o f  L R D  and to e vo l ve  a s u s t a i nab l e  m a n a g e me n t  prac t i ce  to t ack l e  the 

d i sease .

T h e  pa t hoge ns  a s soc i a t ed  wi th LRD were  i sol a ted  f rom c o c o n u t  

p a l ms  f rom di f f e ren t  parts  o f  f ive d i s t r i c t s  o f  s ou t he r n  Kera la ,  viz.. 

Ko t t a y a m .  Al lapuz.ha.  Pa t ha na mt h i t t a .  Ko l l am and T h i r u v a m m t h a p u r a m  

(.luring three seasons  o f ' t he  year  ( June  -  July.  N o v e m b e r  D e c e mb e r  and 

Ma r c h  Apr i l .  2001 - 2002) .  A s pe c t r um o f  s even  d i f f e r en t  fungi  were  

i so l a t ed  and found to be pa t hoge n i c  in ini t i a t ing LR D on s p i nd l e  ot 

c o c o n u t  in t hese  areas.  The resul t s  o f  i so l a t i ons  f rom Koi t aya m di s t r ic t  

s h o w e d  that  both ( 'o l l e t r i c h u m  g l o e o s p o r i o i d e s  and Ft tsur ium  spp.  were  

i n vo l ve d  in caus i ng  the d i se a s e  d u r i ng  J une  - July and N o v e m b e r  

D e c e m b e r  per iods ,  whi l e  F u s a r iu m  sp.  was  more  f r e que n t l y  i sol a ted 

f rom l . RD l es ions  dur ing  March  -  Apr i l  (Table  1). M a n y  o f  the ea r l i e r  

w o r k s  ( S r i n i vas a n  and Gu n a s e k a r a n .  1993,  1996c,  1996a.  2 0 0 0 a )  al so 

i nd i c a t e d  that  C. g l o e o s p o r i o i d e s  is the ma j o r  p a t h o g e n  o f  TRi )  

r e s p o n s i b l e  for  ini t i a t ing the i n f ec t i on  dur i ng  the r a i ny  s eas on  in the 

p r e s e n c e  / a b s e nc e  o f  o ther  p a t h o g e n s  whi l e  F u s a r iu m  spp,  p r e d o m i n a t e s  

d u r i n g  s u m m e r  s eas on  r esu l t i ng  in a gg r a va t i on  and p e r p e t u a t i o n  o f  the 

d i se a s e .  E x s e ro h i lu m  r o s t r a t u m  was  i so l a t ed  a l o n g  wi th

C. g l o e o s p o r i o i d e s  and F u s a r iu m  sp.  only once  d u r i ng  N o v e m b e r  -  

D e c e m b e r .  A c c o r d i n g  to S r i n i va s an  and G u n a s e k a r a n  ( 1 9 9 6 d )  a l so,  

a s s o c i a t i on  o f  E. r o s t ra ium  wi th LR D was  less f r equen t  c o m p a r e d  to 

C. g l o e o s p o r i o i d e s  and F u s a r iu m  sp.  G l io c lu d iu m  rose  uni was  i so l a ted  

f rom a pa l m at K u m a r a k o m  dur i ng  N o v e m b e r - D e c e r n  her  and



M a r c h  -  Apr i l  and thus  its e t i o logi ca l  role a l so in the c a u s a t i o n  o f  LRD 

was  p r oved .  G l io c la d iu m  r o s eu m  /  G. v e rm osen i ,  had  be e n  d o c u m e n t e d  

as a m a j o r  p a t hoge n  o f  LR D by d i f f e ren t  wor ke r s  ( M e n o n  and Nai r .  

1948;  Mi s h r a  et ai . ,  1989;  Sr in i vasan  a nd  G u n a s e k a r a n .  1993;  

Sa t h i a r a j a n  et a!., 1988).  The  r epea t ed  i so l a t i ons  o f  S c y i a l i d i u m  sp.  

f rom Gh a n g a n a c h e r r y  s howe d  the poss ib l e  e t i o l og i ca l  role  o f  this 

h i t he r to  un r epo r t ed  f ungus  in the l e a f  rot  d i sease  c o mp l e x ,  ( ' u r v u i a r i a  

sp. was  i sol a ted  du r i ng  March  -- Apr i l  f rom one  l oca t i on  and its 

p a t hoge n i c i t y  was  proved .  However ,  its e t i ologi ca l  role is doub t f u l  s ince  

the o r g a n i s m  had not  been i sol a ted  f requent l y  and it fa i l ed  to p r oduce  

any s > m p t o i m  on uninjured l eaf let s  d u r i ng  ar t i f i cial  i nocu l a t i on  s tudies ,  

f u r t h e r ,  its pa thogen i e i t v  and e t i o logy  had not  be e n  p r ov e d  a l t hough ,  it 

was  p r ev i ous l y  i solated f rom LRD affec ted  l eaf le t s  o f  c oc o n u t  ( ( T C R i .  

1985b. .  S r i n i vas an  and Gu n a s e k a r a n .  1994b.  1996a)

The  data  f rom Al a p u z h a  di s t r ic t  ( f a b l e  2) a l so  r e i t e r a t ed  the 

c o m b i n e d  e t i o log i ca l  role o f  C. g l o e o s p o r i o id e s  and F u s a r iu m  spp.  in the 

i n i t i a t i on  o f  LRD dur i ng  rainy s eas on  whi l e  i n f e c t i on  by 

C. g l o e o s p o r i o i d e s  s ubs i de s  dur i ng  pos t  m o n s o o n  a n d  F u s a r iu m  spp.  

p r e d o m i n a t e d  s ubsequen t l y .  Fur the r  c o n f i r ma t i o n  on the  e t i o log i ca l  role 

o f  S c y f a l i d i u m  sp. was  ob t a i ne d  f rom this  di s t r ict  ba s ed  on  its r epea l ed  

i so l a t i ons  f rom M o n c o m p u  dur i ng  rainy s e a s on  a nd  later .

I lte r epea t ed  i so l a t i ons  o f  C. g l o e o s p o r i o i d e s  a nd  F u s a r i u m  sp. 

f rom one  l oca t ion  a nd  C e p h a l o s p o r i u m  s a c c h a r i  a nd  F u s a r i u m  sp.  f rom 

a n o t h e r  l oca t i on  in Ko l l am di st r ict  d u r i ng  all  the s e a s o n s  o f  t he ye a r  are 

f u r t he r  p r o o f  on the ma j o r  role p l ayed  by C. g l o e o s p o r i o i d e s  and  

F u s a r iu m  sp.  in the e t i o logy  o f  the d i se a s e  ( Tab l e  3).

The  resul t s  in T h i r u v a n a n t h a p u r a m  a nd  P a t h a n a m t h i t l a  d i s t r i c t s  

are a l so not  d i f f e ren t  f rom that  o f  o t he r  d i s t r i c t s  ( f a b l e  4) .  The  

c ons i s t e n t  i so l a t i on  o f  C. g l o e o s p o r i o id e s  and F u s a r iu m  spp.  e i t he r  a l one  

or  in c o m b i n a t i o n  r ec o n f i r me d  the ear l i e r  r epor t s  o f  t he i r  p r i ma r y  role in



L R D  i nc i de nce  ( S r i n i vas a n  and Gu n a s e k a r a n ,  1993,  1994,  1996a , d  and 

1999) .

The  mos t  f r equent l y  i sol a ted  pa thogens  f rom L R D  i nfec ted  

c o c o n u t  pa l ms  dur i ng  the r a iny s eas on  were  C. g l o e o s p o r i o i d e s  and 

F u s a r iu m  spp.  ( f i g .  I). The  f requency  o f  i solat ion o f  G. g l o e o s p o r i o i d e s  

d e c r e a s e d  dur i ng  November*  Decent  her  and M a r c h - Ap r i l ,  wh i l e  that  of  

F u s a r iu m  sp.  p r og res s i ve l y  i nc r eas ed  wi th s u m m e r  s e a s on .  1'his is in 

c o n f o r mi t y  wi th the ear l i e r  obs e r va t i ons  o f  the p r i mary  e t i o l og i ca l  role 

o f  ('. g l o e o s p o r i o id e s  du r i ng  rainy season  and its s u b s e q u e n t  loss o f  

pro mi nance  whe n  m o n s o o n  s ubs i de s  ( Sr i n i vasan  a nd  G u n a s e k a r a n .  

1996d) .  The  present  s tudy fur ther  po i n t s  to the fact  t hat  F u s a r i u m  spp.  

are as i n t i ma t e l y  as soc i a t ed  wi t h  the di sease  wi th the s a me  ma g n i t u d e  

and f r e que nc y  as that  o f  G. g l o e o s p o r i o id e s  dur ing  the rainy s e a s on  also.  

Its pa t hoge n i c  role was  fur ther  s t r e ng t he ne d  as the rainy s e a s on  end'-.  

F u s a r i u m  sp. then became  the pr inc ipal  pa thogen  d u r i ng  the s u m m e r ,  

whi  le ( g l o e o s p o r i o id e s  p r obab l y  undergoes  q u i e s c e n t  phase  

( S r i n i va s a n  and Gu n a s e k a r a n ,  1996d) .  Dur i ng  the s u b s e q u e n t  rainv 

s eas on ,  as LRD ini t iated by G. g l o e o s p o r i o id e s  is i n t ens i f i ed ,  i n fec t i on  

by F u s a r iu m  spp.  probab l y  take a suppor t i ng  role.  H o w e v e r ,  it was  

F u s a r im  spp. .  wh i c h  were  a s soc i a t ed  wi t h  LRD l es i ons  to t he  m a x i m u m  

exten t  f o l l owed  by G. g l o e o s p o r i o id e s  and hence  ba s ed  on  the  present  

s tudy.  F u s a r iu m  spp.  and G. g l o e o s p o r i o id e s  are s u g g e s t e d  as  t he  ma j o r  

p a t h o g e n s  o f  LRD.

Fur ther ,  the s tudy also e l uc i da t e d  a hi ther to  u n r ep o r l e d  f ungus  

S c y ia i id i u m  sp.  as a poss i b l e  e t i o logi ca l  agent  o f  L R D  in cer t a in  

l oca t ions .  All o t he r  fungi  wer e  as soc i a t i ve  in na t u r e  a n d  a g g r a v a t e d  the 

s ever i t y  o f  LRD.

Data  on the pa thogen i c i t y  s tud i es  based on  the t i me  t aken  for 

s y mp t o m  exp r e s s i on  and d e v e l o p m e n t  o f  l es ion s i ze  ( T a b l e  5 and 6 ) 

i nd i ca t ed  the e t i o logi ca l  role o f  s ix out  seven d i f f e r en t  p a t h o g e n s  t es t ed,  

in the ini t i a t ion o f  LR D s ympt oms .  It can be observ ed  that  the m i n i m u m





t i m e  t a k e n  f o r  s y m p t o m  e x p r e s s i o n  a f t e r  i n o c u l a t i o n  w i t h  o r  u - i i l n m t  

i n j u r y  w a s  b y  S v y i c d i d i u m  s p .  ( 3  a n d  7 d a y s )  f o l l o w e d  by 

( '  i i i i . w o ^ p o r i o i d v . s  ( 4  a n d  7 d a y s ) .  r o s t n t t i n n  a l s o  t o o k  l e u  t i m e  f o r  

l e s i o n  d e v e l o p m e n t  w h e n  c o m p a r e d  t o  t h e  o t h e r  o r g u n i . - m u  o* a n d  X 

J a w s  s. S r i r n x a s a n  a n d  ( . i u n a s e k a r a n  ( I k b - t a ) a l s o  o b s e r v e d  tli.it

/ J  ri>:<n\ t l ini i  d e x c l o p e d  l e a f  r o t  s y m p t o m s  r c i a t i x e l x  f a m e  a s  e l i :p a i v J  

l o  f y j  u c o s p o r i o i d c . s  a n d  ( /  /  t o e  t a d i w i !  ver / i i i j c .ve .m.  I I ns  is r s ! ! i  n o  oi 

t i l e p r i m a r v  p a t h o g e n i c  r o w  p l a y e d  by t h e s e  f u n g i  hi  t h e  l.R. u  . n . a b  - w e . 

T h e  e o  m  p a  r a t i  v e  !y l a r g e r  l e s i o n  s i / e  p r o d u c e d  by s\  g / u k i o k . u  a; . . i  

/■’. r . e w s i f ; ) !  f u r t h e r  c o n f i r m s  t h e  a b o v e  f i n d i n g .

f l u  de t a i l ed  i sol a t i ons  and ' he  s ubs eque n t  pathogen- ,  i u  trials 

po i n t e d  cun that  J i f f e r c n t  fungi  wer e  i n v o k e d  in the : nI : inl ior : mb

forth u  a g g r a v a t i o n  o f  i . k  1 ) in c oc onu t  in J : f fercnt  b - cik i o u - . 1 iu

o r :marc  pa t h o g e n i c  role : - tay ed eit i ier  singly or in c o m n . i at i t u  ■ - ■ o 

‘.Hiiei ; nng.i a iso \ a n e u  in ■. i i f feren!  local i t ies .  I it i s is an a \ ai n p j c ■ k  w c 

more  tisan one  fungi  are i ;u oived in the me o u n c e  o f  a J i s euu .  and 

d i f i e r c m  g r o u p s  o f  fungi  c a us e  the s a me  disea.w m d b ' l e w m  wwo-:- .  

s e a s ons .  It c ou l d  be p r oba b l e  that  the highly s u s ce p t i b l e  sp ind l e  o f  row 

( w i k i  a f f e c t e d  pa l ms  are p r ed i s p o s e d  to infect ion hy l .KI)  pal hopes  -■ 

Si mi l a r  post  u I at tons were  a l so i nd tea ted by Srini  vasan ■//. ■, 1 eng ;

ri'iey o p i n e d  that  the pa l ms  w e a k e n e d  by phy t op i a sma  wi th a c e o m p o n l e d  

p h y s i o - c h e mi c a l  c h a n g e s  in the hos t ,  resul t ed  in b r e a k d o w n  o f  de fense  

m e c h a n i s m ,  o f  the hos t  p r e d i s p o s i n g  it to i .Rf)  i nfect ion.  1'be fact ihai 

more  than 6 p per  cent  ol root  (wi l l )  al fee ted pa lms  arc s upe r  impose*.! 

wi t h  I .RI)  i nc i de nce  fur ther  c o n f i r ms  tire a bove  a r gume n t ,  i . v c n l h o u a h  

sca t t e r e d  r epor t s  o f  the o c c u r r e n c e  o f  the LRf)  on non R W l )  p a l ms  a w

t!iere it is not  seen in l arge sca l e  on non root : w : 1 11 a f f ec t ed  nabus .

l i e n e e  I.R.I.) i nc i dence  could  he i ni t i a t ed by di f fe rent ,  c om para t ix c k  

w e a k e r  i' tmgi in d i f f e r en t  r eg i ons  o f  RWIM.K1. )  e ml e mi c  areas,  

i l o w e x e i .  the i n f e r ence  r equ i r e  fur ther  p r o o f  as ihc pains ,  In k . : --...a;.

i nx-cal igat  ;ons wer e  not  s ub j e c t ed  to RVv[)-!.Rk> ex a b i s : : on.



De t a i l ed  s y mp t om a t o l o g y  o f  L R D  r ecor ded  in the f ield d u r i n g  the 

p r esen t  s tudyt i  s imi la r  to the ear l i e r  r epor t s  {Mcnon  a nd  Na i r .  1951. .  

S r i n i va s an ,  1991 and Sr in i vasan  a nd  Gu n a s e k a r a n ,  1992.  S r i n i va s an  

et a/. ,  1998.  Koshy,  1999),  The  gr een  house  i nocu l a t i on  t r i a l s  wi th 

d e t a c h e d  hea l thy l eaf let s  o f  uno p e n e d  spindle  o f  c oc o n u t  e xh i b i t e d  

d i f f e r e nc e  in the s equence  o f  d e v e l o p m e n t  o f  s y m p t o m s .  In the field 

c o n d i t i o n  LRD i nc i dence  is ini t i a t ed  and a gg r a v a t e d  by d i ve r s e  

e t i o l og i ca l  agent s  under  the i n f l uence  o f  varying e n v i r o n m e n t a l  factors  

ove r  a pe r i od  o f  t ime  unl ike  i nocu l a t i on  e x p e r i me n t s  under  con t r o l l e d  

g r een  hous e  cond i t i on  wher e  such va r i a t i ons  in s y m p t o m  e x p r e s s i o n  can 

be e xpe c t e d .

The  c omp a r a t i v e  v i ru l ence  o f  e ight  i solates  of f . ' ,  g l o e o s p o r i o i d e s  

and 1 2  i so l a tes  o f  F'usurium  spp.  were  es t i ma t ed  based on the l es i on  s i / e  

and t ime t aken for the les ion d e v e l o p me n t .  The resu l t s  i nd i c a t e d  that  

t here  wer e  great  d i f f e r ences  a mo n g  the di f ferent  i so l a tes  d e v e l o p e d  f rom 

d i f f e r e n t  r eg i ons  on the t ime t aken for lesion d e v e l o p m e n t  a nd  l es ion 

size.  Thus  i sola tes  C].  CL. CT and t ' s  o f f ’, g lo e o s p o r io id e s ,  1-L, Ft  and 

Li ] o f  F u s a r iu m  spp.  and S i o f  S c y ia i id i u m  sp. wer e  c a t e g o r i z e d  as 

h i ghly  vi ru l ent  i solates  based  on the t ime t aken for s y m p t o m  e xp r e s s i o n  

a nd  l arger  l es ions  d e v e l o p e d  by them.  The  s tudy  a l so  s h o we d  

s u b s e q u e n t l y  that  Fi ,  F? and ffl i so l a tes  were  i dent i f i ed as  F. s o l a n i  and 

F 11 i so l a t e  as F. m o n i l i f o n n a e  wh i c h  p r oved  that  F. s o l a n i  is the mos t  

p r eva l en t  form o f  F u s a r iu m  spp.  a s s oc i a t e d  wi th LRD.  It is c l ea r l y  

d o c u m e n t e d  that  fungi  e xh ib i t  g r ea t e r  var i abi l i t y  in d i f f e r e n t  r eg i ons  

wi t h  r ega r d  to thei r  pa t hoge n i c i t y  and o ther  c ha r a c t e r i s t i c s ,  wh i c h  

d e t e r mi n e s  the p r e d o mi n a n c e  o f  i so l a tes  in such a r eas  ( P a n d e  el al . ,  

1991.  Ma t hur .  et al., 2001) .  The  e x i s t e nce  o f  such va r i a b i l i t y  r es u l t s  in 

the e v o l u t i o n  o f  highly v i ru l en t  i so l a tes  c apab l e  o f  c a u s i n g  e p i p h y t o t i c  

o u t b r e a k s  o f  LR D and grea t er  e c o n o m i c  loss to the f a n n e r s .  Fur ther ,  

c ha r a c t e r i z a t i on  s tudi es  on the var i ab i l i t y  and g r oup i ng  o f  t hes e  i sol a tes



u s i ng  m o d e r n  mo l e c u l a r  t ec hn i ques  is n e e d e d  I’or  be t t e r  u n d e r s t a n d i n g  or 

t hese  pa t hogens .

T h e  seven  pa thogens ,  wh i c h  wer e  i so l a t ed  a nd  p a t h o g e n i c i t y  

p r oved ,  wer e  fur ther  c ha r ac t e r i zed  based on  m o r p h o l o g i c a l  and cul t ura l  

cha rac t e r i s t i c s .  The cha rac t e r i s t i c s  o f  C. g l o e o s p o r i o i d e s  ob s e r v e d  

d u r i ng  the present  s tudy were  s imi l a r  to t hose  g i ven  by  Su t t on  ( 1992)  

and d e s c r i p t i ons  o f  S c y ia l id i u m  sp. was  su i t ed  wi t h  t hat  o f  h l i i s  (1971) .  

The  cul tura l  and mo r pho l og i c a l  cha rac t e r s  o f  C. .sacchari ,  (i. r o s e u m  and  

< ' u rvu ia r ia  sp. were  mat ched  and found to be s imi l a r  to t hose  r epor t ed  by 

S u b r a m a n i a n  (1961) .  The va r i ous  i solates  o f  F u s a r iu m  spp.  i so l a t ed  and 

c h a r a c t e r i z e d  in the present  s tudy wer e  i dent i f i ed  as /■'. so lani ,

I-', m o n i i i f o r m a e  and /■'. o x y s p o r u m ,  based  on thei r  m o r p h o l o g i c a l  and  

cul tura l  cha rac t e r s  and on c o mp a r i s o n  wi t h  de s c r i p t i ons  o f  t hese  spec i e s  

by Se i fe r t  (1 996) .

In v i tro  i n t e r ac t ion  s tudy o f  d i f f e ren t  fungi  a s s oc i a t e d  wi th l ea l ' rot  

s h o w e d  that  there  was  no s t rong  i nh ib i t i on  or  a n t a g o n i s m  a m o n g  the 

m a j o r  p a t hoge ns  o f  l ea f  rot.  Th u s  C. g l o e o s p o r i o i d e s  had g r own  and 

f reely me r g e d  wi t h  that  F u s a r iu m  so lan i .  E. r o s l r a t u m  and S c y i a l i d i u m  

sp.  S i mi l a r  was  the case  o f  F. so la n i  a l ong  wi t h  S c y i a l i d i u m  sp.  

H o w e v e r  s l ight  g r owt h  i nh ib i t i on  wa s  no t i ced  whe n  F. r o s l r a t u m  was  

g r o w n  in p r e s e nc e  o f  F. so la n i  a nd  S c y t a i i d i u m  in p r e s e n c e  o f

F. r o s l r a t u m .  Hence  it can be p e r s u m e d  t ha t  t he  m a j o r  p a t h o g e n s  s uc h  as 

('. g lo e o s p o r io id e s ,  F u s a r iu m  so lan i ,  E. r o s l r a tu m ,  a n d  S c y i a l i d i u m  sp.  

are mo r e  as soc i a t i ve  and synerg i s t i c  in na t u r e  r a ther  t han  a n t a g o n i s t i c  at  

the s i t e  o f  infec t ion.  Ma ny  o f  t hese  fungi  wh i c h  wer e  i so l a t ed  f rom l ea f  

rot  i n fec t ed  s p i nd l e s  in c o m b i n a t i o n  unde r l i nes  the ve rac i t y  o f  this  fact .  

S i mi l a r  t ype o f  i n t e r ac t ions  w'ere a l so no t i ced  by S r i n i v a s a n  and  

G u n a s e k a r a n  ( 1995b )  be t we en  these  pa t hoge ns .  The  g r o wt h  s u p p r e s s i o n  

or  g r o wt h  inh ib i t i on  o f  fungi  such  as  C e p h a l o s p o r i u m  s a c char i .

( t. r o s eu m  and ( . 'urvuiaria  sp. by ma j o r  p a t h o g e n s  i nd i ca t e  that  t he i r  role 

in LRD d e v e l o p m e n t  may be se conda r y  in nature .



The  resul t s  o f  the c omb i n e d  i nocul a t i on  o f  v a r i o u s  p a t h o g e n s  o f  

LRD in de t ached  hea l thy leaf lets  o f  spindle  ( Tab l e  11) s h o w e d  that  

qu i c k e r  and larger  l es ions  wer e  p r oduce d  by c o m b i n a t i o n  o f  E. r o s t r a i u m  

wi th o t he r  fungi  such as S c y ta l id iu m  sp.  C u rv u la r ia  sp.  s a c c h a r i  and 

(.7. rose  uni; c omb i na t i on  o f  F u s a r iu m  so la n i  wi t h  E. r o s t r u t u m  and 

Scy iaH t i ium  sp.  wi th C. s a c c h a r i  a nd  S c y ta l id iu m  sp.  wi t h  ( s a c c h u r i .  

(I. rose  u in and C u r v u la r ia  sp..  S c y ta l id i u m  sp. p r o d u c e d  s y m p t o m  

e x p r e s s i o n  wi th the same speed when  i nocu l a t ed  a lone ,  but  E. ros t ra tun i  

a n d  l- 'usarium so la n i  t ook more  t ime  to p r oduce  the s y m p t o m s  whe n  

i nocu l a t ed  alone.  Hence  it can be i nfe r red  that  t he  ear ly  s y m p t o m  

e x p r e s s i o n  by c ombi ne d  i nocul a t i on  o f  the a bove  p a t h o g e n s  pin w e d  the 

i n v o l v e me n t  o f  more  than one  pa t hogen  in ini t i a t ing the  i n f e c t i on  and 

s e v e r i n  o f  l .RI).

The resul t s  o f  the s tudy on the b iocont ro l  po t en t i a l  o f  seven  

cu l t u r es  o f  I ' r ichadcrma  sp. agains t  C. g l o e o s p o r i o i d e s , F u s a r i u m  sp. 

a nd  F. r o s t r a iu m  in vitro  i ndica ted that  all  the cu l t ures  va r i ed  g r eu t l \  in 

e xe r t i ng  thei r  an t agoni s t i c  effect  on  the p a t hoge ns  (Fig.  2). Ylost  

s i gn i f i can t  effect  on the s uppres s i on  o f  p a t h o g e n  wa s  e x e r t e d  by Ty 

cu l t u r e  o f  T r ichode rm a  sp.  aga ins t  C. g lo e o s p o r io id e s ,  F u s a r i u m  sp.  and

E. r o s t r a iu m .  F.valuat ion o f  these cu l t u r es  by l e a f  bi t  a s s a y  ( Table 12) 

fur ther  r e i t era ted  the h i gher  i nhibi tory  e f fec t  o f  T 9  c u l t u r e  a g a i n s t  t hese  

three p a t hoge ns ,  pa r t i cul a r ly  in r educ i ng  the l es ion s ize.  T h e  b i ocon t r o l  

pot en t i a l  o f  di f f erent  speci es  o f  T r ic h o d e r m a  a ga i ns t  i mp o r t a n t  pl ant  

p a t hoge ns  is a mp l y  h i gh l i gh t ed  ( Ha r ma n  and Taylor .  1980;  H a r a n  et al . .  

1995;  Ha r ma n .  2000) .  It is a l so wel l  d o c u me n t ed  that  d i f f e r e n t  i so l a t es  

a nd  s pec i es  o f  T r ichode rm a  d i f f e r  grea t ly  in exe r t i ng  the a n t a g o n i s t i c  

effect  aga ins t  var ious  pa t hoge ns  under  d i ver se  e n v i r o n m e n t a l  c o n d i t i o n s .  

S c r e e n i ng  and se lec t i on o f  the mos t  e f f i c i en t  i sol a te  is c ruc i a l  in the 

s uc ce s s  o f  any biocont ro l  p r o g r a m me s .  In the p r esen t  s t udy ,  a l t h o u g h  

cul ture  and T), were  found to pos s es s  s imi l a r  a n t a g o n i s t i c  abi l i ty ,  

s ince  fy grew bet t er  in in v i tro  cond i t i on  it was  se l ec t ed  far f u r t he r  s t u d \ .
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A m o n g  the 29 i so l a t es / cu l tures  o f  P. f l u o r e s c e n s  t es t ed  aga ins t  

g l o e o s p o r i o i d e s , F u s a r iu m  sp. and E. ro s t r a iu m .  Psj  cu l t u r e  s h o we d  

the m o s t  s i gn i f i can t  i nhibi tory  e f fec t  a l t hough  a f ew o t h e r  i so l a t es  were  

a l so  f ound to posses s  e xce l l en t  an t agon i s t i c  pr oper t y  aga ins t  these  

p a t h o g e n s  (Fig.  3), The  resul t s  o f  the leaf le t  bit a s say  wi t h  s e lec ted  

i so l a t es  o f  P. f lu o r e s c e n s  on the d e v e l o p m e n t  o f  LR D s y m p t o m s  by the 

ma j o r  p a t h o g e n s  a l so i ndica ted  that  there  was  de lay  in the d e v e l o p m e n t  

o f  s y m p t o m s .  M a x i m u m  de lay was  no t i ced  wi t h  PS[ cul t ure .  It fur ther  

r e i t e r a t ed  the b iocont ro l  po t en t i a l  o f  s e l ec t ed  i solates  off P. f l u o r e s c e n s  in 

d e l a \ i n g  the d e v e l o p m e n t  and sever i t y  o f  s y mp t om s .  The  b i ocont ro l  

po t en t i a l  o f  flu ore see ill p s e udo  mona ds  has  been h i gh l i gh t e d  by severa l  

w o r k e r s  in the past  ( Howe l l  and S l i panov i c .  1979;  Ki oe ppe r .  1983:  M e w  

a nd  Ros a l es .  1986:  Sakt h ive l  et a l . ,  1986,  H a m m e r ,  et a t , .  1997).  

F l uo r e s c e n t  p s e u d o m o n a d s  have  the abi l i t y  to es t ab l i sh  last  and p r oduce  

a var i e ty  o f  s e c onda r y  me t a bo l i t e s  wh i ch  play an i mpor t a n t  role  in plant  

d i se a s e  s upp r e s s i on .  The  exp l o i t a t i on  o f  f l uorescent  p s e u d o m o n a d s  in 

the i n t egr a t ed  m a n a g e m e n t  o f  LRD o f  c oc o n u t  was  i nves t i ga t ed  by ( input  

et at ,  ( 2 0 0 0 ). The i r  in v i tro  s tudy i nd i ca t ed  the i nh i b i t o r y  ef fec t  o f  

s e l e c t e d  i sol a tes  o f  P . f lu o r e s c e n s  a ga i ns t  C. g l o e o s p o r i o i d e s  and 

E r o s t r a i u m . . The  un i que  a n t a gon i s t i c  abi l i t y  o f  Pst  c u l t u r e  e xh i b i t e d  

a ga i ns t  g lo e o s p o r io id e s ,  E. r o s t r a i u m  a nd  F u s a r iu m  s o la n i  in present  

s l ud \  bo t h  in v i tro  and leaf let  b i t  a s say  is i nd i c a t i ve  o f  i ts i nheren t  

c a p a c i t y  as a pot ent i a l  b i ocon t r o l  agen t  a ga i ns t  LRD.  H e n c e  Ps;  cu l t ure  

was  se l ec t ed  for fur ther  e va l ua t i on  in t he  f ield a l ong  wi t h  o t her  

c o m p o n e n t s  o f  integra t ed  m a n a g e m e n t  a ga i ns t  p a t hoge ns  o f  LRD.

T h e  c ompa t i b i l i t y  o f  T r i c h o d e r m a  sp.  ( T 9 ) and P. f l u o r e s c e n s  (Ps i )  

was  t es t ed  in v i tro  to e va l ua t e  t he  su i t ab i l i t y  o f  c o m b i n e d  de l i ve r y  o f  

t hes e  t wo  b i ocon t r o l  agent s  in the f ield.  Th e  resul t s  i nd i c a t e d  that  the 

fungal  a n t a gon i s t  ( Ty) was  i nh i b i t e d  by the p r e s e nc e  o f  P. f l u o r e s c e n s .  

S i mi l a r  o b s e r v a t i o n  o f  a n t a g o n i s m b e t w e e n  b i ocon t r o l  agen t s  ha ve  been 

de t e c t e d  by o t h e r  wor ke r s  as wel l  {Hubba r d  et al. .  1983;  Bin et a/. .  1991
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Fig. 3. In vitro evaluation of antagonistic potential of P. fluorescens against 
major pathogens of leaf rot



mid V a r s h n e y  cl al. .  2 0 0 0 ) .  C o m p a t i b l e  i n t e r a c t i o n s  w e r e  a l so  not  

u n c o m m o n  ( Duf f y  cl o f .  1996) .  He nc e  it can he i n t e r r e d  d i a l  di e  t ype  ol 

i n t e r n e ! i o n  is g ove r ne d  by i nher en t  qua l i ty  o f  i n d i v i d u a l  b i o c o o i r o l  

a n e n i s  a n d  e v a l u a t i o n  o f  the i n t e r ac t ion  is a p r e r e q u i  si te h e i o r e  a 

r e c o m m e n d a t i o n  b a s e d  on a c o n s o r t i u m  o f  b i o e o n l r o l  a g e n t s  is ma d e .

[In .1 bioassay o f  c o m m o n l y  used i imgienio"- w ; 1 h 

( ' u i n c o s p a r t n i d e s . t  it sar i  inn so la n i  and A. n r - i n n  un: a; di l l  vro' .! 

c o n c e n t  r an  u:i  ̂ r evea l ed  that  h e x a c u n a z o l e  and prop  won;: . -u !e a ere 

h i ghiv  e f l e e t i v e  in i nh ib i t i ng  the myce l i a l  gsuwlh. o f  l l iese three 

p a t h o g e n s  at uM c o nc e n t r a t i ons  vLig. 4).  Al though.  Ca r be i u i a / i  in was  also, 

on par  wi th he x a c o n a z o l e  and p r o p i c o n a z o l e  wi th r egard  to its i nhibi t i ng 

r e s p o n s e  to ( g l o e o s p o r i o id e s  and F. s o l a n i . it was m mi pa rat i \ eh- i e o  

e f f e c t i ve  aga ins t  h. ro s l r a lu m .  The  fungic i da l  eiYscam o f  b c x a c o n n / u  ie 

aga ins t  ma j o r  p a t hoge ns  o f  ! .RD was  eva l ua t e d  m  m n ;  w, Srin i \ t is.m 

and ( i unasekara i i  ( 1998) and they s h o w e d  that  hex a e o i i a / o  Ie -exerted 

e xce l l en t  l ungie tda l  p r oper t i e s  aga ins t  C . aloeos i>nnn:Jc \ .  /■. ' ' la iralnre.  

(.i I l o e 'a a i  inn ,'ct'!nocseni,  I .  so la n i  and / hiehiv iop-as  / ’msn/o.vo' . K o s ' p  

a  al. i 2 ii - i : i a l so highl  igli ted the ef f i cacy o f  hexac  o n n / o  i e i a !de i d 

con t r o l  ot i l iU when  appl i ed  a l ong  wi th phorate.  l l i T i e r  f ungie i da  1 

ef f i cacy ol m a n e o / e h  aga ins t  C. g l o e o s p o r i o i d e s  and r o s l r a h n n  \\ a-, 

a l so  no t ed  in the present  s tudy,  M a n c o z e b  has been r e c o m m e n d e d  as an 

i mp o r t a n t  and e f f ec t i ve  fung i c i de  in s equen t i a l  s p r a y i ng  aga ins t  LR D o f  

c oc o n u t  ( S r i n i vas un  and G u n a s e k a r a n ,  1996b;  K A 1 1. 1996) .  It was  al so 

recoin me n d e d  for LRD m a n a g e m e n t  a l t e rna t ing  wi th h e x a c o n a z o l e  

( Kos hy .  1999).  The  c o m p a r a t i v e  t o l e r ance  E r o s t r a n u n  aga ins t  

c a r b e n d a z i i n  nas been  no t i ced  ea r l i e r  ( Sa t h i a r a j an .  1988) .  Based  on the 

resul t s  o f  b i oas say  o f  the va r i ous  f ung i c i des  tes ted a nd  r e c o g n i z i n g  die 

r ee om menda t  ions o f  Sri ni vasan  and Gu n a s e k a r a  n ( 2 -)i>!)is) tor  I . R 1 ) 

m a n a g e m e n t ,  h e x a c o n a z o l e  and m a n c o z e b  were chosen  fur e va l ua t i on  in 

the f ield trial.
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Fig. 4. Efficacy of common fungicides against major pathogens of leaf rot



Re s u l t s  o f  c omp a t i b i l i t y  s tudy o f  se lec ted  f ung i c i de  wi t h  s e lec ted  

a n t a g o n i s t s  used  for the p r e s e n t  s tudy s howe d  d i f f e r en t  deg rees  o f  

i n t e r ac t i ons .  The r e  was  no i nh ib i t i on  o f  g r owt h  o f  T r i c h o d e r m a  sp. by 

m a n c o z e b  whi l e  h e x a c o n a z o l e  c ompl e t e l y  i nh ib i t ed  the radial  g r owt h  o f  

t h i s  fungus .  He nc e  it can be c o n c l u d e d  that  T j uc hode r ma  is compa t i b l e  

wi t h  cer t a in  types  o f  f ung ic i des  and i ncompa t i b l e  wi th others .  Heni s  et 

al.  ( 1978 )  no t i c e d  an add i t i ve  ef fec t  on the cont rol  o f  d a m p i n g  o f  r adi sh 

w h e n  PC'NB was  a dde d  a long  wi t h  T. harz ia n u m .  S i mi l a r l y  l ndu and 

M u k o p a d h y a y  ( 1990)  r epor t ed  that  met a l axy!  had no i nh ib i tory  ac t i on on 

radi a l  g r o wt h  o f  T h a r z ia n u m .  At  the s ame  t ime  S h a r ma  et al. ( 2001)  

and Bha t t  and Sa ba l pu r a  ( 2001 )  r epor t ed  that  carbeiKlazim i nh ib i t ed  90 

per  cent  g r o wt h  o f  T. h a r z ia n u m .  Based  on  the c omp a t i b i l i t y  test  it was 

c o n c l u d e d  that  m a n c o z e b  cou ld  he de l i ve red  a long  wi th T r i c h o d e r m a  for 

i n t e g r a t e d  m a n a g e m e n t  o f  I.RID whi l e  a wai t i ng per iod o f  a m i n i m u m  o f  

15 days  was  requi r ed  for the de l i ve ry  o f  T r i c h o d e r m a  af t er  h e x a c o n a z o l e  

app l i c a t i on .

S t udy  on the c omp a t i b i l i t y  or P. f l u o r e s c e n s  and f ung i c i des  

s h o w e d  no i nh i b i t o r y  effect .  S i nce  P f lu o r e s ce n s  a nd  the f ung i c i des  

w e r e  c o m p a t i b l e  it was  de c i de d  to app ly  the b i ocon t r o l  agen t  and the 

f u n g i c i d e  by c o mb i n e d  de l ivery .

Du r i n g  the s tar t  o f  the e x p e r i me n t  the d i sease  sever i t y  in the 

e x p e r i m e n t a l  plot  r anged  f rom 21.8  to 41.8  per  cent .  Whe n  the d i seas e  

e s t i m a t i o n  was  t aken  for a c o n t i n u o u s  pe r i od  o f  one  ye a r  the d i seas e  

s e ve r i t y  in the un t r ea t ed  con t r o l  pa l m s  i ncreased  gr adua l ly .  Thi s  c l ear ly  

p r o v e s  that  i f  m a n a g e m e n t  p rac t i ces  a re  not fo l l owed  the d i seas e  

i n t e ns i t y  wi l l  i ncrease  r esu l t i ng  in s u b s e q u e n t  yield loss.

Al l  the pa l ms  wh i c h  were  t rea ted wi th di f ferent  f ung ic i des  and 

b i ocon t r o l  agen t s  showed in subs t an t i a l  r educ t ion  in the d i seas e  

i n t ens i t y .  How-ever.  the e x t en t  o f  d i sease  r educ t i on  var i ed f rom 

t r e a t me n t  to t r ea tment .  The h i ghes t  r educ t i on  o f  41 .55 .  59.05,  64 .74  

per  cent  in d i se a s e  intensi ty over  the pre t rea t ed  data  was  not i ced af ter



the I sl. 2"' f and 3 ul app l i ca t i on  wi th he x a c u n a z o l c  ( f i g .  3) I 'his suggcs!  

that  h e x a c o n a / o l e  is a very e f f ec t i ve  fungic ide  in the m a n a g e m e n t  ol 

I .KD, li: fleet  i veness  o f  h e x a c o n a / o l e  in the m a n a g e m e n t  o f  I I’ D h;is 

heen a mp l y  d e mo n s t r a t ed  ( S r i n i vas a n  and Gu n a s e k a r n n .  DDfS, 2(>niih: 

k o s l i y . i 999.  k o s h y  a  al . .  2000) .

M  a n o n  / . eh .  t h e  o t h e r  f u n g i c i d e  t r i e d ,  til s o  r e u n e e d  t h e  d i s c u s ,  

i n t e n s i f y  e v c n i h o u g h  t o  a l e s s e r  e x t e n t  c o m p a r e d  to h e  v i c u n a / o l e .  ! h e  

r e d u c t i o n  in d i s e a s e  a f t e r  the l s‘ ( 3 3 . 2 2 ) ,  2 " tl ( 3 3 . 8 3 )  ;: : ;d 3 11' i 27. 0  1 ; 

s p i n t \  i n g  di l !  n o t  s h o w  a p r o g r e s s i v e  s u p p r e s s i o n  i v  o b s e r v e d  w i t h  

h e x a c o n a / o l e .  1 l e x a e o n a / o l e  b e i n g  a s y s t e m i c  f u n g i c i d e  c o u l d  p r o l e v  

[ h e  c m  e r g  l u g  l e a  j ' let b e t t e r  t h a n  t h e  c o n t a c t  f u n g i c i d e  i n a n e  e / , c h  . i tie 

e f f i e a c s  o f  m a n c e / c h  w a s  a l s o  s u b s t a n t i a t e d  b y  p r e \  [■.■us t ' inoii»:i . -  

t S r i  r: i\ a sa t ;  a n d  ( a m a s e k a r a n , 1119 6 b :  K o s h v  e/  <ii . 3 0 0 2 :  k  A I . lOOfi ) .

file two hioeoa t ro i  agen t s  t r ied also dec reased  the JDcm-c 

se v e [' i l \ . Idle d i sease  s u p p r e s s i n g  tlhi 1 it v o f  /*. tl aoi 'i ’svr  n is as more  

pro non need with t ime,  two mo n t h s  aider appl i ca t i on  d i s e a s e  red tie n on 

was on l )  3 3.86 c o mp a r e d  to 5 4 . 0 ! and 54.5 i a f t e r  2 ' " 1 and O' 

app! reat ion.  1 )in i ng die init ial  pe r i od  the red net ion was  less pro bn Ids 

b e c a us e  line o r gan i s m need more  t ime  to get e s t ab l i s hed  and bui ld  up the 

popu l a t i on .  The inhibi tor} role or  P. f iu o r c s c e n r  a ga i ns t  I .RD pa t hoee i i s  

c \ e i t l h o u g h  was proved and found e f f ec t i ve  under  in v th  ■> e o i n l d i o n .  this 

is the first repor t  wher e  it has been used suc ce s s f u l  D unde r  f ieid 

cond i t i on .  The I .RD inhib i t i ng  abi l i tv o f  T r i c h o d e r m a  was  less  than that  

o f  the f ung ic i des  and /'. f iu orescen .s .  f u r t he r .  a f t er  21,J ( 2 1 . 3 3 ) and 3,kl 

( 13 . 97 )  a pp l i c a t i on  the d i sease  r educ i ng  abi l i ty o f  T r i c h o d e r m a  s l n u h  

d e c r e a s e d .  Unde r  in vitro c o n d i t i o n s  also T r i c h o d e r m a  c ou l d  inhibi t  the 

i .KI) p a t h o g e n s  only to a l esser  e x t e n t  c o m p a r ed  to / ’. / / twre.vcevw. it is 

p r o b a b l e  that  the pa t hogen  cou ld  out  c o mp e t e  the b i oeon t  ro! agen t  and 

m u l t i p l i c a t i o n  o f  T r i c h o d e r m a  mi gh t  have been r e d u c e d  due  to o t he r  

mi c r o  e n \  i ronnienla!  eoi idi i ion.
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Fig. 5. Efficacy o f fungicides and biocontrol agents against leaf rot o f coconut in the field



T h e  c o mb i n e d  a pp l i c a t i on  o f  b i ocon t r o l  agent  wi t h  fung i c i de  was  

not  as  e f f e c t i ve  as that  o f  t hei r  i nd iv i dua l  appl i ca t i on.  I nh i b i t o r y  na ture  

o f  f ung i c i de  on T r ic h o d e r m a  and P. f l u o r e s c e n s  to va r y i ng  d e g r e e  has 

been p r o s e d  unde r  in vitro.

Phy t os an i t a t i on  a lone,  wi t hou t  fungic ide  or  b i o l og i ca l  cont rol  

agen t  a pp l i c a t i on ,  mar g i na l l y  r educed  the di sease .  By ph y t o s a n i t a t i o n  it 

is pos s i b l e  to r educe  p r i mary  i n o c u l u m o f  the p a t hoge n  a va i l a b l e  for 

f resh i nfec t ion  o f  newl y  e me r g i n g  l eaves.  Thus ,  the s tudy clearly 

s h o w e d  that  it is poss ib l e  to r e duc e  the sever i ty  o f  I .RD to more  than M) 

per  cent  in the f ield by r epea t ed  app l i ca t i on  o f  h e x a c o n a z o l e  or 

! \  f l u o r e s c e n s  c omb i ne d  wi th phy t osan i t a r y  measures .



SUMMARY



A de t a i l ed  s tudy was  unde r t a k e n  to i nves t iga t e  on the e t i o logi ca l  

role  o f  d i f f e r en t  fungi  a s s oc i a t e d  wi th l ea f  rot o f  c oc onu t  in Ke r a l a  and  

to e v o l v e  a sui t able  i n t egra t ed  m a n a g e m e n t  s t ra tegy for m a n a g i n g  the 

d i sease .

Lx t ens i ve  i sol a t i ons  o f  pa t hoge ns  assoc i a t ed  wi th LR D were  

ca r r i ed  out  f rom five d i s t r ic t s  o f  Kera l a  viz.,  Ko t t aya m.  Al apu / J i a .  

K a i l  am.  P a t ha n a mt h i t t a  and Th i r u v a n a n t h a p u r a m  di s t r i c t s  d u r i n g  three 

s e a s ons  o f  t he  year  viz..  J une  - July.  N o v e m b e r  -  D e c e m b e r  2 0 0 1  and 

M a r c h  Apr i l  2 0 0 2 .  P a t hogen i c i t y  t r i als  s howed  that  s e ven  d i f f e r en t  

fungi  viz. .  ( 'o l l e to t r i e h u m  g lo e o s p o r io id e s ,  F u s a r iu m  spp.  

Cephc j lo spor ium  sp. .  E x s e ro h i lu m  ros t ra ium .  I i l i o c l a d iu m  rase  urn. 

S c y ta ! id iu m  sp.  and ( ' u n i t ! a r i a  sp.  were a s soc i a t e d  wi t h  LR I). 

('. g l o e o s p o r i o i d e s  and F u s a r iu m  spp.  were c o m m o n  d u r i n g  rainy 

s e a s ons  in mos t  o f  the locat ions .  Infec t ion by ( '. g l o e o s p o r i o i d e s  

s u b s i d e d  af t er  m o n s o o n  season  a nd  Fusar ium  spp.  p r e d o m i n a t e d  

s u b s e q u e n t l y .  As s oc i a t i on  o f  E .ro s t r a tu m .  C e p h a i o s p o r i u m  sp, .

G. r o s e u m .  S c y ta l id iu m  sp, a nd  C u r v u la r ia  sp. wi t h  LRD wer e  al so 

o b s e r v e d  in cer t a in  l ocat ions .  Based  on the f r equency  o f  i so l a t i o n s  and 

the  p a t h o g e n i c i t y  tests.  F u s a r iu m  spp.  and C. g l o e o s p o r i o i d e s  were  

c o n f i r m e d  to be the t wo  ma j o r  p a t hoge ns  o f  LRD.  T h e  s tudy  al so 

i den t i f i ed ,  for  the first  t ime,  the i nvo l ve me n t  o f  fungus .  S c y t a l i d i u m  sp. 

on  the  e t i o log i ca l  role o f  LRD.

Lite resul t s  o f  i nocula t i on s tudies  o f  these fungi  on  de t a c he d  

hea l t hy  spindle  leaflets showed  that  injury (pin pr icking)  f a vou r e d  early 

d e v e l o p m e n t  o f  sympt oms .  A m o n g  the var ious  pa thogens .  S c y ta l id i u m  sp.  

and ( '. g lo e o s p o r io id e s  p r oduced  faster  and larger  sympt oms .

The va r i ous  p a t hoge ns  i sol a ted  f rom LRD l es ions  wer e  f ur t he r  

s t ud i e d  a n d  i dent i f i ed  based  on mor pho l og i c a l  a nd  cul tural  

cha rac t e r i s t i c s .  Thus the three F u s a r iu m  spp.  i solated were  i den t i f i ed  as



F. so lan i ,  F. m o n i l i f v r m a e  and F, o x y s p r o r u m  and C e p h a i o s p o r i u m  sp.  as 

s a c c h a r i .

Det a i l ed  s y mp t om a t o l o g y  o f  the d i sease  was  s t ud i e d  bot h  in 

na tura l  cond i t i on  as wel l  as by ar t i f i ci a l  i nocul a t i on  on  d e t a c h e d  leaf le t s  

o f  he a l t hy  spindle .

f l ic d i f f e r en t  i sola tes  o f  C. g lo e o s por io ide s .  F u s a r i u m  spp.  and  

S c y i a i i d i u m  sp. ob t a i ned  f rom var i ous  l oca t ions  e x h i b i t e d  va r i a t i on  i 11 

v i r u l e nce  and based on the t ime  t aken for lesion d e v e l o p m e n t  a nd  l es ion 

size ,  t hese  i sol a tes  were  g r ouped  as h i ghly  vi rulent ,  v i ru l en t  a nd  mi l d ly  

v i ru l ent .  /', s o la n i  was  i dent i f i ed  as the mos t  v i ru l en t  form of 

F u s a r iu m  spp.  a s soc i a t ed  wi th LRD.

The  in v i tro  i n t e r ac t ion  s tudy o f  the s even  fungal  p a t h o g e n s  

a s s o c i a t e d  wi th LRD s howe d  that  there  was  no s t r o n g  i nh i b i t o r y  or  

a n t a g o n i s t i c  act ivi ty a mo n g  these o r g a n i s ms  and they w e r e  mo r e  ot 

a s s oc i a t i ve  in nature .  C o m b i n e d  i nocu l a t i on  o f  d i f f e ren t  LR D p a t h o g e n s  

on de t a c he d  sp ind l e  l eaf le t s  s h o we d  that  qui ck and l a rge r  l e s i ons  were  

p r o d u c e d  b\  /f. r o s t ra ium  and S c y ta l id i u m  sp, in p r e s e n c e  o f  o t he r  

p a t h o g e n s  s igni fy ing  the ini t i a t ion and aggrava t i on  o f  L R D  by m o r e  than 

one  pa t hogen .

A m o n g  the var ious  i sol a tes  o f  T r ic h o d e r m a  sp.  a nd  P. f l u o r e s c e n s  

t es t ed  in v i tro  for thei r  a n t a gon i s t i c  po t en t i a l  aga ins t  C\ g l o e o s p o r i o i d e s ,

F. s o l a n i  a nd  ros t r a tu n i , cu l t u r e  Tg o f  T r ic h o d e r m a  sp.  a nd  Ps i  cu l t u r e  

o f  P. f l u o r e s c e n s  exh i b i t ed  e xc e l l e n t  an t agon i s t i c  p r ope r t i e s  a ga i ns t  all 

t hes e  p a t h o g e n s  uni forml y .  He nc e  Tg o f  T r i c h o d e r m a  sp.  a n d  P s ] o f  

P. f l u o r e s c e n s  were  chosen  as b i ocon t r o l  c o m p o n e n t s  in t he  i n t e g r a t e d  

m a n a g e m e n t  o f  LRD in t he  field.

S t udy  on the i n te r ac t ion  b e t w e e n  se lec ted  fungal  a n t a g o n i s t  (Ty) 

a nd  bac t e r i a l  an t agon i s t  ( P s t ) u p o n  dual  cul ture  s howe d  that  P s l  c u l t u r e  

was  s t r ong l y  an t agon i s t i c  to Ty cu l t u r e  o f  T r i c h o d e r m a  sp. H e n c e  both 

b i ocon t r o l  agen t s  arc not  s u i t ab l e  ('or c o mb i n e d  de l i ve r y  in t he  i n t eg r a t ed  

m a n a g e m e n t  o f ' LRD.



Rio assay o f  c o m m o n l y  used  f ung i c i des  aga ins t  the ; 

pal l ume n s  o f  I . R 1) {(■'■ g i o c o s p o r i o h fa s ,  t .  m s  tr i t ium  and /■. so l  a hi 

s h o wn  that  h e x a c o n a z o l e  and p r o p i c o n a z o l e  c o mp l e t e l y  i nh ib i t ed  gr 

o f  a!! the a b o v e  pa t hoge ns  at all c o nc e n t r a t i ons  t es t ed.  !i 

■concent rat ion o f  m a n c o z e b  a nd  c o p p e r  ox y c h l o r i d e  also had si 

c f f em.  Mowevvr .  ea rhendt i z im did not  s how mar ke d  fursgictdni am 

a ga i ns t  A. r o s t r u m  m. Cons i de r !  ng the o vc rad  per:  dm". ; . :a a a :

l ung :e ides in v i tro  and the pa c k a g e  o f  prac t i ce  recoin mend; ; '  

hex a c u n a / o l e  ami m a n e o / c e  were  se l ec t ed  lor i f .  i n t egra t ed  

m a n a g e m e n t  o f  i , RI ).

S t u d y  on the comg-al ihi  1 i i y  o f  se lec ted  an tag o n is t s  and sci 

f u n g i c i d e s  r eve a l e d  that lb cu l t u r e  o f  T r i c h o d e r m a  w a s  c m n n n t i h i e  

a a : r . o v e h  and P s , a a 11 are o f  /b i l u o r v s a m ^  wa  > a ; i ; )  pari m ■:

m x x x n / e h  aiid li e \ a m ; na /S. d e and hen ce the i r  ca m h. m. i w a s  ate  ax 

s ' :  ■.xmdmtied d e l i v e r s  l l o w e s c r  //'i c h tn ie r /m ;  sp. nm '.xa-ix

ex i ! i .iexact i rn izo 1 e ax the ; u n g i e i d e  c o m p le t e !  v j i a ; ; m tcci the f 

grov.  da

i lie r esul t s  o f  the field e x p e r i m e n t  on the i n t egra t ed  mana ge  

o f  P m '  im: o f  cocomat  i i ighi ighred the s ign i f i cance  a f pn> losnni  la w  

a c n i e \  ing sat i s  factor;,  level  o f  con t r o l .  A m o n g  the s a r u ms  t remn 

e mp l o y e d  a pp l i c a t i on  o f  h e x a c o n a z o l e  r esu l t ed  in grea t er  r edue t u  

d i s e a s e  sever i ty .  Based  on the f ield e xpe r i me n t ,  it is r e c o m m e n d e d  

p by i o s m i u m  ion f o l l owed  wi th a pp l i c a t i on  o f  h e x a c o n a z o l e  cm 

a d o p t e d  for subs t an t i a l  r educ t ion  in the sever i ty  o f  PR p.

na  jor  

;■ ha d

(VrV til

i g h e r

r a d a r

m e m

m ol '  

t tint
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Thu s t udy  en t i t l ed  as " I n t eg r a t ed  m a n a g e m e n t  o f  teat '  rot ol'  c o c o n u t "  

was  e u n d u e t e d  at the De p a r t men t  ol ’ Plant  Pathology.  Co l l e g e  o f  AgriculOn'--,  

V e i l  a in j i and Held t r ia l  wa s  con  due  led at R A  R S .  K u m a r a k o m .  bx t ens !  >. e 

w o k e  ions.  o a f  i n g e n i c u \  and r i i a rac t cn / . a l i on  s t ud i es  -.0 liie pat f m v m .  

a s s o e i a l e d  w- i l k leal '  rot i nfec t ed  sp indie l eaf  o f  c o c o n u t  f rom di f f e i v u : 

r eg i ons  o f  f ive s ou t he rn  di s t r i c t s  o f  Keral a  revea l ed  that  Col/ctotririi/on 

I'j'oeorjmrioit/cs. Fi/'Hirimn xaiani. i-'itsariitm. :n o r n : r m a c ,  I'vs./ r't am 

o w s r o r a m  !, '-jjihuiosporium sacchari. Lxscrohilnm r:>Mrnt;nn. G / m r / m  n o w 

msca-i; 'aiidiinn sp- and CarvnTtriu  sp.  played s ign 11 wa n t  role m the 

et iol; .'g.. : L K D. ISased on f rcgue iHm o f  i solat ions ,  /-'itsariurn spp.  ami

( '  .pTi - i - i vg j / ' s j i i / o  'were i dent i f i ed  as ma j o r  pa t hogens  o f  P R ! )  ir. t hese  a;v.r- 

f  he prese: : !  - i ndy c o ns t i t u t e s  the first repor t  o f  the et in logical  role .T 

Sc\ nr  idihii; 0 1  in mat  rot i nc i dence .

Symptomatology o l ' t he  di sease based on natural  incidence in the ficM 

and upon art i ficial  inoculat ion were clearly descr ibed.  The m  -no- ■ 

interact  ions o f  di fferent  dual  combi na t i ons  o f  LRD pathoecim were found m 

be predominant ly  associat ive rather  than inhibi tory in nature,  '['he rapid 

lesion deve l opment  o f  certain dual  combina t ions  o f  the pa thogens  upon 

art i ficial  inoculat ion further  s igni f ied the associat ive nature o f  these 

pathogens .

l i s ten si ve in v i n o  screening and leaf  bit assay o f  di t' ferent antagon istie 

mic r oorgan i sm idenli  fied ! cul t ure o f  Trichoderma  sp. Psi cul ture o f  

P se udom onas  fh io rcsccns  as two potent ial  agents  against  ihe major  pa thoueus  

o f  LRD.  The in vitro i nteract ions study o f  the selected fungal  and bacterial  

antagoni s t  showed that  both are i ncompat ible  and hence unsui t able  for 

vnnibined deli' , c ry .  Hiuassay resul ts  showed that fungicides  he xa cnna / o l e  and



propiconazole  complete ly inhibi ted the growth o f  ('. gloeospor io ides .  

E. rostratuni  and F. so lani  whi le  mancozeb  was  more ef fect ive at higher  

concent rat ions .  None o f  the fungicides  was  inhibi tory to P. f luorescens  whi le  

Tr ichoderma  sp. was inhibi ted by hexaconazole  and hence  the fungal 

antagoni s t  was unsui table for c ombi ned  del ivery wi th the fungicides.  

Evaluat ion o f  di f ferent  component s  o f  di sease mana ge me n t  indicated that 

phytosani ta t ion coupled with hexaconazole  appl icat ion was  effect ive in 

reducing di sease sever i ty o f  leaf  rot in the Held.
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APPENDIX



A PPEN D IX  -  I

1. C z a p e k ’s agar

Suc r ose

NaNO.-,

K : H P 0 4 

M g S 0 4 7FFO 

KC!

FeSO.)

Dist i l led water  

Agar

2. Pota to Dext rose  Agar  

( PDA)

Potato

Dext rose

Agar

Dist i l led water

2. Potato Sucrose  Agar  

( PSA)

Pota to water

Sucrose

Agar

Dis t i l l ed wat er  

4. Ki ng ' s  med i um R 

( K M B )

Pept one  

K : H P 0 4 

Glycerol  

M g S ( ) 4 7 H 20  

Agar  

Water

- 30g

- 2g

- l g

- O.Sg

- 0.5g

- 0 . 0  !g

- 18a

- 2 0 0 g

- 2 0 g

- 20a

- 500 ml

- 2 0 g

- 20g

- 500 ml

- 20g

- 2 .5g

- 15 ml

- 6g

- 15g

-  11


