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T h e  p a ra  ru b b e r  t r e e . Hevea b r a s i l ie n s is  M ue ll. A r g . .  i s  c u lt iv a te d  

in  many co u n tr ie s  in  th e  w o r ld , a s a m onocrop, In  o v e r  s i x  m il l io n  h e c ta re s  

of la n d . Rubbe r m akes a s ig n if ic a n t  co n tr ib u t io n  to the  e x p o rt  ea rn ing s  

and a g r ic u ltu ra l em ploym ent e s p e c ia l ly  in  co u n tr ie s  of south  and so u th -ea st  

A s ia , w he re  i t  h a s t r a d it io n a l ly  o ccup ied  a predom inant p o s it io n . Th e  

w o r ld 's  p ro du ctio n  of n a tu ra l ru b b e r e x ce e d s  f iv e  m ill io n  tonnes and is  

s t i l l  in c re a s in g  and most of it  i s  p roduced b y  the  sm a llh o ld e r s  who a re  

often su b s is ten ce  fa rm e rs . Th e  lo s s e s  cau sed  b y  d is e a s e s  a re  a k e y  fa c to r  

a ffe c t in g  the  p ro d u c t iv it y  of t h e ir  h o ld in g s and e v e n tu a lly  the  q u a l i t y  of 

t h e ir  l i f e .

T h e  ru b b e r  tre e  i s  s u s c e p t ib le  to s e v e r a l  d is e a s e s  but t h e ir  econom ic 

im oo rtan ce  and s e v e r i t y  v a r y  w ith  the  c l im a t ic  co n d it io n s  and the  c u ltu ra l 

p ra c t ic e s  in  each  co u n try . T h is  ch a p te r  d is c u s s e s  the  m ajor d is e a se s  of 

econom ic Im po rtan ce , w h ich  can be d iv id e d , fo r co n ven ien ce , in to  fou r  

c a te g o r ie s : le a f ,  stem and b ra n ch , pane l and roo t d is e a s e s .

L E A F  D ISEA SES

Le a f d is e a s e s  had  assum ed g re a te r im po rtan ce  d u rin g  th e  p o s l-w a r  

y e a r s , ow ing to the  e x te n s iv e  c u lt iv a t io n  o f c lo n e s  p r im a r i ly  se le c te d  fo r  

h ig h  y ie ld  at the  exp en se  of re s is ta n c e  to d is e a s e s . T h e re  a re  f iv e  m ajo r 

le a f  d is e a se s  th a t  can cause  damage of econom ic im po rtan ce  to Hevea In  

d if fe re n t  co u n tr ie s . T h e se  a re  caused  b y  O id ium  h eveae  S te in m ., 

C o IIe to tr ichum  g lo eo sp o rio id e s  (P e n z .)  S a c c . .  P h y to p h th o ra  s p p . ,  C o ryn espo ra  

c a s s i ic o la  ( B e r k ,  and C u r t . )  W e i., and N U cro cyc lu s u le l  (P . H e n n .) V . A r x . 

The  d is e a se s  caused  a re  se cond a ry  o r abnorm al le a f  f a l l  of im m ature and 

m ature le a f le t s .

O idluffi le«af f a i i

G e n e ra l: O id ium  le a f  d is e a se  (O LD ) caused  b y  the fungus O idium

heveae  S te in m ., a t ta c k s  the  im m ature le a f le t s  when tre e s  re fo l ia te  a f te r



the  annual w in te r in g , cau sing  se cond a ry  le a f  f a l l .  I t  i s  w id e sp read  In  many 

co u n tr ie s  {Stoughton H a r r i s .  1925: S e e le y . 1930 ; C ram e r , 195G; Ra roakrishnan

and R a d h a k r is h n a  P i l l a i ,  1962a: K a im lng , 1 987 }. but in  a few i t  i s  of m inor 

im po rtan ce  ( P e r ie s .  1 966a ). Th e  s e v e r i t y  of the  d is e a se  v a r ie s  w ith  the  

pa tte rn  of w in te r in g  (L iy a n a g e , 1 97 7a ) . le a f  age (L im  and S r ip a t h i  Rao .

1 976 ). e ls v a t io n  (M u rra y . 1929; L iy an ag e  et a l . .  1 971 ), c lo n a l s u s c e p t ib i l i t y  

( P e r ie s ,  1966b: Van Em den . 1954; L im , 1973b) and w eather co nd it io n s

p re v a i l in g  at the  tim e of re fo lia t io n  (B e e le y , 1932; Fe rnando . 1971 : L im . 

1972 ).

Sym ptom s: T h e  co pp e r-b ro w n  and a p p le  g reen  le a f le t s  a r e  most

su s c e p t ib le  to th e  in fe c t io n . Symptoms ap p ea r a s  w h ite  pow dery  p a tch es  

on bo th  le a f  s u r fa c e s , e s p e c ia l ly  on the  lo w e r le a f  su r fa ce  near th e  v e in s

a s  the  fungal h yp h ae  grow r a d ia l ly  to form  e x te n s iv e  c i r c u la r  co lo n ie s ,

som etim es co ve r in g  the e n t ir e  le a f  su r fa c e  w ith  the  fungus. When the  tender 

le a f le t s  a re  a f fe c te d , th e y  s h r iv e l  and f a l l  o f f , le a v in g  the p e t io le s  on

the stem  fo r som etim e . When sem i-m atu re  le a v e s  a re  a tta ck ed  le a f le t s  become 

d is to r te d  and c h a r a c t e r i s t i c  tran s lu cen t b ro w n ish  sp o ts  d eve lop  w h ic h  la t e r  

become n e c ro t ic  and p e r s i s t  throughout the  l i f e  of the  le a f le t s .

A s e v e re  a t ta ck  o f O ldium  le a d s  to e x te n s iv e  d e fo lia t io n , re su lt in g  

in  poor canop ie s be ing  re ta in ed  on the  tre e s  and often w ith  lo s s  of y ie ld .  

I t  can a ls o  r e s u lt  in  a se r io u s  re ta rd a t io n  of the  ra te  of g row th  and b a rk  

re n ew a l. Repeated  d e fo lia t io n  in  a re a s  w here  th e  d ise a se  i s  not co n tro lle d , 

p a r t ic u la r ly  a t h ig h  e le v a t io n s  le a d s  to the  d ep le t io n  of food r e s e r v e s  In  

the tre e s  re s u lt in g  in  d ie b a c k  of tw ig s and b ra n ch e s , a s s is te d  by se cond a ry  

p a r a s it e s , m a in ly  B o t ry o d ip lo id ia  theobrom ae P a t .

0 . h eveae  a lso  a f fe c t s  the  in f lo re s c e n c e s  cau s ing  them to w ith e r  and 

sh ed  p re m a tu re ly , w ith  ccaisequent lo s s  in  seed  p roducticm .

B io lo g y : S tu d ie s  ^  v i t r o  in d ic a te d  th a t th e  tem peratu re  and h u m id ity

a re  the  most im po rtan t env ironm en ta l fa c to rs  th a t a ffe c t the v i a b i l i t y ,  

ge rm ina tio n , sp o ru la t io n  and in f e c t iv it y  of th e  fungus ( L im . 1972; P e r ie s , 

1974: L iy an ag e  e l  a l . .  1985; .C h u a . 1 970 ). T h e  optimum tem pera tu re  fo r

g e rm ina tio n , in fe c t io n  and sp o ru la t io n  ranged  from 23 -25 *C . w h ile  the  

h u m id ity  req u irem en t ex ceed ed  90% (L im , 1972 : P e r ie s . 1974: L iy an ag e  et 

a l .  1 93 5 ). Spo re  v i a b i l i t y  was a d v e r s e ly  a ffe c te d  b y  tem pera tu res exceed inR  

32-35'’ C . e xp o su re  to ’i l t r a - v io le t  l ig h t  and d ir e c t  sun l ig h t  fo r a sh o rt p e rio d  

and pro longed im m ersion  in  w a te r (C h u a . 1 970 ). Spo re  ge rm ination  and 

con idophone fo rm ation  w e re  s ig n if ic a n t ly  b e t te r  in  a r t i f i c ia l  l ig h t  than  in  

the d a r k  (C h u a , 1970 ). I t  was p o s s ib le  to e v o lv e  sh o rt- te rm  m ethods of 

fo re ca cu n g  a id ium  le a f  d is e a se  in c id e n c e  using  w ea th e r p a r a n e t s r s . e s p e c ia l ly  

tem pera tu re  and h u m id ity  ( L im , 1972; L iy an ag e  e t a l .  1985).



Ep ld e in iQ lo R y : A lthough w in te r in g  i s  a p h y s io lo g ic a l p ro ce s s  (C hu a ,

1970 ). i t s  commencement, d u ra tio n  and com p le tion  a re  la rg e ly  in flu en ced  

b y  w ea th e r co n d it io n s . I t  has been o b se rv e d  that PB 86 w h ich  i s  a c lo n e  

s u s c e p t ib le  to Q id lum  e scap e s  the in fe c t io n  due to i t s  e a r ly  w in te r in g  h a b it . 

D ry  w ea th e r co nd it io n s  encourage e a r ly  and r a p id  w in te r in g  and th is  often

h e lp s  the  re fo l ia t in g  le a v e s  to m atu re  r a p id ly  and e scap e  an a t ta ck  of 

O id ium . S im i la r l y ,  wet w ea th e r at th e  tim e of w in te r in g  d e la y s  i t .  causing  

the  re fo l ia t in g  le a v e s  to be exposed  to w ea th e r fa c to rs  co ndu c iv e  fo r  d ise a se  

deve lo pm en t, re s u lt in g  in  a h ig h  in c id e n c e  o f the  d is e a se  (L iy a n a g e , 1 977a ).

T h e  fungus s u r v iv e s  from  one sea son  to the  n ex t on young le a v e s  w h ic h  

em erge p e r io d ic a l ly  w ith in  the  canopy o r  on tend e r fo liag e  in  ru b b e r  

n u r s e r ie s . A lthough I t  h a s been suggested  th a t  E u p h o rb ia  p i lu l l f e r a  i s  an 

a lte rn a t iv e  ho st of 0 . h eveae  (Young , 1 952 ), i t  i s  not r e a d i ly  t ra n s fe ra b le  

from  one sp e c ie s  to the o th e r  (R am ak rish n an  and R a d h a k r is h n a  P i l l a i .  1962a; 

P e r ie s , 1966b ).

Th e  fungus i s  d issem in a ted  b y  means of a i r  bo rne co n id ia . 0 . h eveae  

has a t y p ic a l  afternoon pa tte rn  o f sp o re  re le a s e  re a ch in g  a peak  around

1300 h .  T h e  sp o re  p rodu ctio n  and sp re a d  a re  In flu en ced  b y  w ea th e r

co n d it io n s , e s p e c ia l ly  low  h u m id ity , h ig h  tem pera tu re  and h ig h  a i r  tu rb u len ce  

p re v a le n t  du ring  the  p e r io d  of sp o re  l ib e ra t io n  (F e rn an d o . 1971: C hua ,

1970: P e r ie s . 1 965a ). n

G enera l f ie ld  o b se rv a t io n s  between w ea th e r and d ise a se  o u tb re ak s  

h ave  re v e a le d  th a t o v e rc a s t  hum id and r e la t i v e ly  coo l w ea the r w ith  m is ty  

m ornings and in te rm itten t l ig h t  r a in  p ro v id e  id e a l co nd it io n s  fo r sp re ad  

o f th e  fungus ( P e r ie s .  1965a; tVastie and M ainstone, 1969; L iy an ag e , 1976J. 

B r ig h t  sunny p e r io d s  m il it a te  ag a in s t the  deve lopm ent o f the fungus and 

h ave  a le th a l e f fe c t  on d e tached  sp o re s  (L iy a n a g e  e t a l .  1985: P e r ie s .

1 965a ]. H eavy r a in s ,  a s w e ll a s  le a f  w etness fo r  long p e r io d s , w ere in im ic a l 

to the  deve lopm ent of the  fungus, a s  the co n id ia  get washed o ff b y  h e a v y  

r a in s  (F e rn an d o , 1971) and the  p re sen ce  of f re e  w a te r k i l l s  the  fungus 

(L iy a n ag e  et a l .  1 985 ). thus p reven ting  the  b u ild  up of inoculum .

C o n tro l: Voung (1951) co n s id e red  that m an ipu la tion  of th e  time of

re fo lia t io n  to co in c id e  w ith  a p e r io d  le s s  fa v o u ra b le  to d ise a se  developm ent 

app ea red  to t)e an e f f ic ie n t  means of in d ir e c t  co n tro l of O id ium  and used  

ca lc ium  cy an id e  in  the in i t ia l  d e fo lia t io n  t r i a l s .  A e r ia l  sp ra y in g  has been 

t r ie d  out w ith  good e f fe c t  to a r t i f i c i a l l y  d e fo lia te  tre e s  w ith  2 .4 .5 - T  

(H u tch iso n . 1 958 ). Su b seq u en tly , o rg a n o -a rs e n ic a l d e s s ic a n ts  w ere a r e ia l ly  

s p ra y e d  to ad vance  and a c c e le ra te  w in te r in g  of s u s c e p t ib le  c lones to co in c id e  

re fo l ia t io n  w ith  th e  d ry  p e rio d  thu s fa vo u rin g  d is e a se  a vo id an ce . H ow ever , 

s e v e r a l p ra c t ic a l  d i f f ic u l t ie s  h ave  made i t  d i f f i c u l t  fo r  the in d u s t ry  to 

adopt w id e r  use of th is  te chn ique  of in d ir e c t  co n tro l ( L im , 1982).



T he a p p l ic a t io n  o f a  su p p le m e n ta ry  d o s e  o f n itro g e n o u s f e r t i l i z e r  

to w a rd s  th e  e n d  of th e  w in te r in g  se a so n  h e lp e d  to m in im ise th e  a d v e rse

e f f e c ts  of r e p e a te d  d e fo l ia t io n  { B ee ley . 1935; M u rra y , 1936), b y  enhancing 

th e  le a f  m a tu r ity  b e fo re  th e  o n se t o f c o n d itio jjs  f a v o u ra b le  fo r  O idlum  leaf

d i s e a s e .  T h u s, a  ju d ic io u s  a p p l ic a t io n  o f n i t ro g e n , up  to tw ice  th e  c u r re n tly

recom m ended  r a te  a t  th e  o n se t o f r e fo l l a t io n ,  w as c o n s id e re d  a s  ano th er 

m eans of d is e a s e  a v o id a n c e  (L im . 197 4 ). T h is  m ethod  y ie ld e d  a d d itio n a l 

b e n e f i ts  from  im p ro v e d  b a rk  re n e w a l and  g ro w th  a s  w ell a s  re d u c e d  weeding 

c o s ts .
An a l t e r n a t iv e  to g row ing r e s i s t a n t  c lo n e s  i s  to  c ro w n -b u d  a h igh  

y ie ld in g  c lo n e  w ith  a m ildew  r e s i s t a n t  c ro w n . T h is  m ethod w as adop ted

e s p e c ia l ly  to  c o n tro l  o id lum  le a f  d is e a s e  o f s u s c e p t ib le  c lo n es  w ith  th e  

O ldlum  to le r a n t  c lo n e  LCB 870 (Van Em den, 1 9 5 4 ) . H ow ever, th e  d e la y  In 

r e a c h in g  m a tu r ity  o f cro w n  b u d d ed  t r e e s ,  t h e i r  g e n e ra l ly  lo w er y ie ld s  and 

ch an g es  in  th e  p r o p e r t i e s  o f  la te x  h a v e  p r e v e n te d  i t s  w id e r  u se . N onethe­

l e s s .  I t  s t i l l  re m a in s  a u se fu l te c h n iq u e .
P ro te c t iv e  d u s tin g  w ith  s u lp h u r  w ith  p o r ta b le  o r  trac to r-m o u n ted  

m a c h in e ry  h a s  been  th e  s ta n d a rd  m e th o d  of eco n o m ica lly  c o n tro llin g  

0 .  h e v e a e  fo r  many y e a r s  (M u rra y , 1921; W astle  and M ainstone, 1969). 

At th e  In c e p tio n , 10-12 ro u n d s  o f s u lp h u r  d u s t in g  w ere  u sed  a t  5 -7  days 

I n te r v a l s  a s  a b la n k e t  c o v e r  th ro u g h o u t t h e  r e fo l la t io n  p e r io d  (M u rray . 

19 2 1 ). L a te r ,  th e  num ber o f ro u n d s  w as re d u c e d  to  3 -4 . a t  w eek ly  In te rv a ls ,  

i f  a c c u r a te ly  t im e d , b a s e d  on th e  p a t t e r n  o f  r e fo l la t io n  and  w ea th e r 

p a r a m e te r s  (L im , 1972: L lyanage e t  a l .  1985: P e r le s ,  1965a). C u rre n tly ,

w ith  b e t t e r  k n o w led g e  o f  th e s e  f a c to r s ,  th e  r o u t in e  c o n tro l o f th e  d ise a se  

h a s  b e e n  d is p e n s e d  w ith  and d u s tin g  I s  r e s t r i c t e d  to  a r e a s  w h e re  th e  

d is e a s e  i s  s e v e re  (L ly an ag e  e t  a l .  198 5 ). S u lp h u r  d u s t  h a s  th e  d isa d v a n ta g e  

of b e in g  e a s i l y  w ash ed  o ff  b y  r a in ,  r e s u l t in g  In  p o o r  c o n tro l o f th e  d is e a s e , 

n e c e s s i ta t in g  re p e a te d  a p p l ic a t io n  th e r e b y  in c re a s in g  th e  c o s t .  To overcom e 

th e s e  d i f f i c u l t i e s  o i l - b a s e d  sy s te m ic  fu n g ic id e s , su c h  a s  tr id e m o rp h ,  w hich 

h a v e  a n t l - s p o r u la n t  a c t io n  h a v e  been  u s e d . F u r th e r ,  low -volum e sp ra y in g  

of new r a in - f a s t  fu n g ic id a l fo rm u la tio n s  w ith  s h o u ld e r  mofinted m ini m icnw  

s p r a y e r s  p r o v id e  c o s t e f fe c t iv e  and  b e t t e r  c o n tro l  o f th e  d is e a s e  (Lim , 

198 2 ). M ore r e c e n t ly ,  an e f f ic ie n t  g round  b a s e d  m ech an ised  fogging has 

been  u se d  to d is p e n s e  o i l - b a s e d  fu n g ic id e s  a t  an u l t r a  low r a t e .  Fogging 

le a v e s  a d e q u a te  q u ic k -d ry in g  and r a i n - f a s t  r e s id u e s  on l e a f le ts  g iv in g  a 

f a i r l y  la s tin g  p ro te c tin g  a g a in s t  fungal in f e s ta t io n s  (L im , 1'9821.

P h y to p h th o ra  le a f  f a l l
G e n e ra l: A bnorm al le a f  f a l l  c a u s e d  b y  P h y to p h th o ra  s p e c ie s  o ccu rs



d u r in g  p e r io d s  of p ro lo n g ed  r a in  and  g e n e ra l ly  o r ig in a te  from  sp o ra n g ia  

and  z o o -sp o re s  p ro d u c e d  on in fe c te d  g re e n  r u b b e r  p o d s . S e v e ra l s p e c ie s  

o f P h y to p h th o ra  h a v e  been  r e p o r te d  a s  th e  c a u sa l o rgan ism  of v a r io u s

d is e a s e s  a ffe c tin g  th e  r u b b e r  t r e e .  T h e se  a r e  P h y to p h th o ra  m ead ii .\)c Rae 

(Me R ae. 191 8 ), P . p a lm iv o ra  ( B u t l . )  B u tl .  (T u c k e r . 1931). P . h e v e a e

T hom pson (T hom pson . 1929), P . b o try o s a  C h ee  (C h e e , 19 6 9 ). P . c i t r o p h th o r a  

(R .E . S m ., 6 E .H . S m .) Leonian (Ho e t  a l .  1984). P . n ic o tia n a e  Van B red a  

d e  Haan V ar. p a r a s i t ic a  (D a s t .)  W aterh o u se  (Thom son and G eorge. 1976), 

P . p h a s e o l i  T h a x te r  (Ho e t  a l .  19 8 4 ). P . c i t r lc o la  Sw ada (L iy a n a g e . 1989) 

and  P . cac to rum  {Leb 8 Cohn) S c h ro e t (Ho e t  a l .  1984). A s p e c ie s  c u r re n tly  

d e s ig n a te d  P . p a lm iv o ra  M orp h o lo g ica l Form  4(M F^) (= P . c a p s i c i ) .  h a s  been 

id e n t i f i e d  and th e  p re se n c e  o f P . m e g ak a ry a  B ra s ie r  6 G riffu s  i s  su s p e c te d  

to  b e  p r e s e n t  in  B ra z i l .  T h e  c a u s a l o rg an ism  i s  s e p a ra te d  in to  d i f fe r e n t  

s p e c ie s  on th e  b a s is  o f  s e v e ra l  d ia g n o s tic  f e a tu re s  w h ic h  in c lu d e  co lony  

c h a r a c t e r i s t i c s  a s  w e ll a s  sp o ra n g ia l .  o o sp o re  and c h la m y d o s p o re  p ro d u c tio n  

and  m o rp h o lo g y .

S ym ptom s: T he m ost co n sp icu o u s  sym ptom  i s  se en  on th e  le a f  p e t io le .

A g r e y i s h  to  b la c k  le s io n  d e v e lo p s  along  th e  p e t io le  w ith  w h ite  g lo b u le s

of co a g u la te d  l a t e x ,  a t  th e  p o in t o f e n t r y  o f th e  p a th o g en  (F ig . 1 ) .  P e t io la r  

in fe c tio n  r e s u l t s  in  le a f  f a l l  due to  th e  fo rm a tio n  of a p re m a tu re  a b s c is s io n  

l a y e r .  At t h i s  s ta g e  th e  l e a f le t s  a r e  s t i l l  a t ta c h e d  to  th e  p e t io le  bu t th e y

F ig . 1. C oagula tion  of la te x  on th e  p e t io le  a t  th e  p o in t o f e n try  o f 
P h y to p h th o ra .



o ften  becom e r e d d i s h  b row n iv h ile  som e rem a in  g re e n . On l e a f le t s ,  c i r c u la r  

b ro w n ish  w a te r  so a k e d  le s io n s  a p p e a r  on th e  lam in a . T h e se  le s io n s  e v e n tu a lly  

coalessce to  form  la rg e  i r r e g u la r  a r e a s  and  th e  l e a f le ts  a re  e a s i l y  sh ed  

on v ig o ro u s  sh a k in g . U nder f a v o u ra b le  c o n d i t io n s  t r e e s  of s u s c e p t ib le  c lones 

d e f o l ia t f  r a p id ly  and th e y  rem a in  b a r e  u n t i l  th e  su b se q u e n t r e fo l ia t io n  

se a so n . T h e  v ig o u r and y ie ld  o f su c h  t r e e s  a r e  c o n s id e ra b ly  re d u c e d .

B io lo g y : C a rd in a l te m p e ra tu re s  f o r  g ro w th  of P . m ead ii ( P e r le s  and

F e rn a n d o . 1955; D an tanarayana e t  a l .  198 4 ), P . p a lm lv o ra  (C h ee , 1969), 

P . b o t r y o s a  (C h e e . 1969), P . c i t r o p h th o r a  (Ho e t  a l .  1984) and P . cactorum  

(Ho e t  a l .  1984) ran g ed  b e tw een  5 -35"C  w ith  an  optim um  betw een  25 -2 8 “C. 

T he fungus s p o ru la te d  f re e ly  a t  room te m p e ra tu re  b u t g e rm in a tio n  o f sp o ra n g ia  

w as fa v o u re d  a t  te m p e ra tu re s  s l i g h t l y  belo iv  room  te m p e ra tu re . F re e  w ate r 

i s  e s s e n t ia l  fo r  th e  p ro p a g a tio n  o f  t h e  fu n g u s , w h ich  i s  r a p id ly  k i l le d  

on e x p o s u re  to  c o n d itio n s  o f low h u m id i ty ,  d i r e c t  sun l ig h t  o r  u l t r a -v io le t  

r a d ia t io n s  (P e r ie s  and F e rn an d o , 19 6 6 ).

T h e  o c c u rre n c e  of b o th  c o m p a t ib i l i ty  ty p e s  o f P . m e a d ii . w ith 

c o m p a t ib i l i ty  ty p e  A j p re d o m in a tin g , w as i n i t i a l l y  r e p o r te d  (S a tc h u th a n a n th a -  

v a le ,  19 6 3 ). S u b se q u e n tly , th e  e x is te n c e  o f h o m o th a ll ic  P . m ead ii w as show n 

( P e r ie s  and D an tan a ray an a . 1965). R ecen t s tu d ie s  p ro v id e d  e v id e n c e  fo r 

a  s h i f t  in  th e  P . m ead ii p o p u la tio n  to w a rd s  a  p red o m in an ce  o f co m p at­

i b i l i t y  ty p e  (L iy an ag e  and  W h ee le r , 1989; D an tan aray an a  e t  a l .  1984). In 

P . cac to ru m  a b u n d an t se x  o rg a n s  w e re  p ro d u c e d  r e a d i ly  in  s in g le  c u l tu re s  

b u t none w ere  p ro d u c e d  in  P . c i t r o p h th o r a  an d  P . p a lm lv o ra  s in g le  c u ltu re s  

o r  b y  p a ir in g  among i s o la te s  o f th e  sam e s p e c ie s  o r  any  o th e r  s p e c ie s .  

H o w ev er. Chee and  T u rn e r c la im  to  h a v e  s e e n  h o m o th a llic  i s o la te s  o f P. 

p a lm lv o ra  in  In d ia  and S a rw a k . r e s p e c t iv e ly .  R u b b e r, caca o  and a ty p ic a l  

(n o n -c o m p le m e n ta ry ) s t r a in s  o f P . p a lm lv o ra . and  ( ♦ ) .  ( - )  and ncsi-

co m p lem en ta ry  s t r a in s  w ere re c o g n ise d  f o r  P . b o try o s a  (C h ee . 1969).

O o sp o res  and  c h la m y d o s p o re s  a r e  im p o rta n t  p ro p a g u le s  fo r  long term  

s u r v iv a l .  In cu b a tio n  o f p a i r e d  c u l tu r e s  o f P . m ead ii in th e  d a r k  at 

te m p e ra tu re s  be tw een  18®-22°C p ro v e d  m ost fa v o u ra b le  fo r  th e  fo rm atio n  

of o o s p o re s . At h ig h e r  te m p e ra tu re s  (2 5 -3 5 “C) th e  num ber o f oogonla w ere

c o n s id e ra b ly  re d u c e d  b u t m o d e ra te  n u m b e rs  w e re  fo rm ed  a t 30'^C (L iy an ag e .

198 6 ). P . c l t r o c o la , on  th e  o th e r  h a n d  w as w ell a d a p te d  and p ro d u c e d  

o o sp o re s  in  abun d an ce  a t  2 0 ° . 25° and  30°C b o th  in th e  l ig h t  and  in the 

d a r k  b u t  t h e i r  g e rm in a tio n  w as p o o r  (L iy a n a g e . 1986). P ro d u c tio n  o f  a  few 

o o sp o re s  o f P . b o try o s a  w as s t im u la te d  b y  l i g h t  bu t none w ere  induced  

in P . p a lm lv o ra  (C h e e . 1969).

H ig h e r te m p e ra tu re s  fa v o u re d  c h la m y d o s p o re  p ro d u c tio n  o f P . p a lm lv o ra

In d e io n iz e d  w a te r  and th e r e  w as a fo u rfo ld  in c r e a s e  betw een  17 and  32“C.



T he optim um  pH w as ab o u t 5 .8  and th e  optim um  te m p e ra tu re  fo r  g e rm in a tio n  

was 27®C a lth o u g h  i t  g e rm in a te d  o v e r  a w id e  ran g e  of te m p e ra tu re s  (C hee, 

1973). On th e  o th e rh a n d .  c h la m y d o s p o re s  o f P . m e a d ii a r e  fo rm ed  a b u n d a n tly  

In th e  d a rk  and a t  te m p e ra tu re s  below  20’'C , ev en  a s  low a s  10®C (L iy an ag e ,

1986). In  P . b o t r y o s a . C h la m y o lo sp o re  p ro d u c tio n  w as in f re q u e n t (C h ee . 

1969) and none w ere  fo rm ed  in  P . cac to rum  and P . c i t r o p h th o r a  (Ho e t 

a l .  1984).

E p id e m io lo g y : T h e  fungus s u r v iv e d  in  m um m ified r u b b e r  p o d s  and

pod  s t a lk s  a s  c h la m y d o s p o re s  u n d e r  S r i  L ankan c o n d it io n s  ( P e r ie s ,  1965b) 

and a s  o o sp o re s  in  in fe c te d  p la n t  p a r t s  in  In d ia  (G eorge and E d a th i l .  1975). 

r e s p e c t iv e ly .  W ith th e  a d v e n t  o f fa v o u ra b le  w e a th e r  c o n d it io n s , th e  do rm ant 

p ro p a g u le s  g e rm in a te d  to  a c t  a s  p r im a ry  inocu lum . A s e le c t iv e  a n t ib io t ic  

medium w as s u c c e s s fu l ly  u se d  to  i s o la te  b o th  P . p a lm iv o ra  and P . b o t r y o s a . 

from  o ld  le s io n s  In  d i f f e r e n t  p la n t  p a r t s  in  T h a ila n d  b u t th e  d o rm an t

s t r u c tu r e s  from  w h ich  th e  in fe c tio n  o c c u re d  w as not id e n t i f ie d  (T sa o , 1976).

In  S r i  Lanka and  In d ia ,  inoculum  of P . m e a d ii fo r  le a f  f a l l  w as 

d e r iv e d  m ain ly  from  sp o ra n g ia  p ro d u c e d  on m a tu re  g re e n  r u b b e r  p o d s  w h e re  

sp o ru la t io n  w as m ost p r o l i f i c  ( P e r i e s ,  1969: L iyanage e t  a l .  1983). In fe c te d  

p o d s  p ro v id e d  inoculum  fo r  p e r io d s  ran g in g  from  th r e e  to  f iv e  w eeks

d e p e n d in g  on th e  in te r im  w e a th e r  c o n d it io n s  a f t e r  In fe c tio n  (L iy an ag e  e t 

a l .  1983). T he inoculum  d is s e m in a te  in w a te r  d r o p le t s  and  r e p e a te d ly  

in o c u la te  o th e r  p la n t  p a r t s  to  c a u s e  in fe c tio n . H ow ever. P . b o try o s a  is

m ore f r e e ly  sp o ru la t ln g  and  h a s  a lo w e r re q u ire m e n t f o r  f r e e  m o is tu re  fo r  

In fe c tio n  and i s  c a p a b le  o f cau sin g  d i r e c t  p e t io la r  in fe c tio n  r a t h e r  th an  

v ia  p o d s  (W astie , 197 3 ). W ater i s  e s s e n t ia l  f o r  b o th  d i s p e r s a l  o f sp o ra n g ia  

and  g e rm in a tio n  o f z o o s p o re s  ( P e r ie s  and F e rn a n d o . 1966: P e r ie s ,  1969).

L it t le  germ tu b e  g ro w th  o c c u rs  in  th e  a b se n c e  o f f r e e  w a te r  ev e n  in  a 

s a tu r a te d  a tm o sp h e re . T h e  minimum p e r io d  o f  su r f a c e  w e tn ess fo r  In v i t r o  

f ie ld  r e s p e c t iv e ly  ( P e r i e s ,  19 6 9 ), bu t f o r  p .  b o try o s a  i t  w as 30 min (W astie , 

f ie ld  r e s p e c t iv e ly  { P e r ie s ,  196 9 ), bu t f o r  P . b o try o s a  w as 30 rain (W astie . 

1973). An a tte m p t w as m ade to  fo re c a s t  o u tb r e a k s  o f  P h y to p h th o ra  d is e a s e  

using  th e  fo rm u la : i f  t h e  te m p e ra tu re  w as n o t ab o v e  29°C , r e l a t i v e  h u m id ity  

ab o v e  80%, a t l e a s t  25 mm of r a in  p e r  d a y .  l e s s  th a n  3 h  su n sh in e  p e r  d a y  

p r e v a i l in g  fo r  fo u r  c o n s e c u tiv e  d a y s  w hen m atu re  g re e n  p o d s  a r e  p r e s e n t ,  

le a f  f a l l  was l i k e ly  to  o c c u r  w ith in  fo u rte e n  d a y s  ( P e r i e s ,  1959). The w ork 

in M a lay sia  sh o w ed  th a t  th e  s e v e r i t y  o f d e fo lia t io n  i s  c lo s e ly  c o r re la te d  

w ith  th e  d u ra tio n  o f s u r f a c e  w e tn e ss  and  100% r e l a t i v e  h u m id ity  se v e n  d a y s  

p r e v ln i is ly .  r .a in fa l l ,  te m p e ra tu re  and  'jo la r  r a d ia t io n  d o  no t <nfluence 

d e fo l ia t io n  d i r e c t l y  once i t  h a s  begun , b u t a r e  im p o rta n t in  d e te rm in in g  

i t s  o n se t (W astie . 197 3 ). L a te r ,  i t  was show n  th a t  r a in f a l l  I s  th e  main



c lim a tic  f a c to r  g o v e rn in g  th e  o n se t and  s e v e r i t y  o f th e  d is e a s e .
G o n tro l: p h y to p h th o ra  le a f  f a l l  i s  an an n u a lly  r e c u r r in g  d is e a s e  of

ru b b e r  in  In d ia ,  c a u s in g  s e v e re  y ie ld  lo s s e s  ra n g in g  from  3B-56\ 

(S a lc h u th a n a n th a v a le  and D a n ta n a ra y a n a . 1973; R a raak rish n a n . 1960; 

R a d h a k rls h n a  F i l i a l .  1 9 7 7 ). R ecent e .x p e rim en ts  In d ic a te  an y ie ld  lo s s  of

9 to  16% in  s u s c e p t ib le  c lo n e s  (RRIM 600 and  PB 86) o f  10 to  25 y e a r s  

age when p r o p h y la c t ic  s p r a y in g  a g a in s t  th e  d is e a s e  i s  s k ip p e d  fo r  one seaso n  

(Ja c o b  e t  a l .  1989). H o w ev er, in  M a la y s ia  and S r i  Lanka th e  maximum y ie ld  

r e d u c tio n  r e p o r te d  w as a b o u t 8% (T an  and  J o h n . 1985: Tan e t  a l .  1977) 

and 2% (L lo y d . 196 3 ), r e s p e c t iv e ly .
In In d ia , w h e re  th e  d is e a s e  o c c u rs  in  an  e p ip h y to t ic  s c a le  alm ost 

e v e r y  y e a r ,  s p r a y in g  w ith  1% B o rd eau x  m ix tu re  a s  a  premonso<m a p p lic a tio n  

h a s  been  fo r  many y e a r s ,  th e  m ost e f fe c t iv e  m ethod  of c o n tro l  of

P h y to p h th o ra  le a f  f a l l ,  s in c e  I t  w as f i r s t  recom m en d ed . A lthough  i t  i s  a 

la b o r io u s  p ro c e s s  and  uneconom ical fo r  l a r g e  s c a le  u se . h ig h  volum e sp ra y in g  

o f B o rd eau x  m ix tu re  w ith  ro c k e r  s p r a y e r s  i s  s t i l l  w id e ly  p r a c t i s e d  

(R a d h a k r lsh n a  P i l l a i  and  G eorge . 1 9 7 3 ) . D usting  c o p p e r  fu n g ic id e s  a s  a 

p ro p h y la c t ic  m easu re  d id  no t p r o v id e  a d e q u a te  p ro te c t io n , a s  d u s ts  w ere 

e a s i ly  w a sh e d -o ff  b y  h e a v y  r a in s .  F u r th e r ,  d u s tin g  w as a s  e x p e n s iv e  a s

s p ra y in g ,  ow ing to  th e  h ig h  c o s t o f fu n g ic id e s , o f fs e t t in g  th e  sa v in g s  in 

la b o u r  (R a m a k rish n a n . 1960; L lo y d . 1 9 6 3 ). P re -m onsoon  low volum e 

a p p l ic a t io n  o f c o p p e r - in - o i l .  u s in g  m in i m icro n  s p r a y e r s  from  th e  ground

o r  a e r ia l  a p p l ic a t io n  w ith  h e l i c o p te r s  (F ig . 2 ) .  c o n fe rs  c o m p le te  p ro te c tio n

F ig . 2 . A e r ia l s p r a y in g  fo r  p ro te c t io n  a g a in s t  abn o rm al le a f  f a l l  d is e a s e .



a g a in s t  th e  d is e a s e  (R a d h a k r is h n a  P i l l a i  and G eorge. 19 7 3 ). More r e c e n t ly ,  

fogging c o p p e r - in - o i l  o r  c a p t a f o l - in - o i l .  s ig n if ic a n t ly  r e d u c e d  le a f  f a l l  caused  

by  P h y to p h th o ra  (U rn  e t  a l .  1 9 9 1 ; Tand and Jo h n . 1 9 8 5 ) . F o r tu n a te ly , th e  

s e v e r i t y  of th e  d is e a s e  in  a l l  r u b b e r  g row ing  c o u n t r ie s ,  e x c e p t In d ia  is  

rxjt o f  enough econom ic im p o rta n c e  to w a rra n t  e x p e n d i tu r e  on i t s  ro u tin e  
c o n tro l .

Good c o n tro l o f P h y to p h th o ra  le a f  f a l l  h a s  been  a c h ie v e d  In S r i  Lanka 

b y  th e  p lan n ed  r e s t r i c t i o n  o f s u lp h u r  d u s tin g  to  c o n tro l  o id iu m  le a f  f a l l ,  

w h ere  th e  c a u sa l fungus a f f e c ts  th e  f lo w e rs  too . T h is  r e d u c e s  pod  s e t  and 

c o n se q u e n tly  th e  inoculum  fo r  causing  s e v e r e  l e a f  fa l l  ( P e r f e s  e t  a l .  1985J.

A lthough  crow n b u d d in g  h a s  no t becom e w id e ly  a c c e p te d  a s  a m ethod 

of d is e a s e  c o n tro l ,  due to  som e a d v e r s e  e f fe c ts  o f th e  cro w n  on th e  g ro w th , 

y ie ld  and p r o p e r t i e s  o f  l a t e x ,  th i s  te c h n iq u e  i s  b e in g  u se d  in  In d ia  fo r  

m ore th a n  th r e e  d e c a d e s  to  c o n tro l P h y to p h th o ra  le a f  f a l l  s u c c e s s fu l ly  (Sarm a 
and R a m a k rish n an . 1985).

C o lle to tr lch u m  le a f  fa l l

G e n e ra l: C o lle to tr lc h u m  le a f  d is e a s e  c a u se d  by  th e  fungus

C o lle to tr ich u m  g lo e o s p o r io id e s  (P e n z .)  S a c c ..  o c c u rs  in  many r u b b e r  g row ing 

c o u n tr ie s  iv ith  d i f fe r e n t  d e g re e s  o f s e v e r i t y .  T h is  d is e a s e  a t t a c k s  te n d e r  

le a v e s  o f im m atu re  p la n ts  and a ls o  le a v e s  d e v e lo p in g  to w a rd s  th e  l a t t e r  

p a r t  of th e  r e fo l ia t io n  se a so n  of m a tu re  r u b b e r  t r e e s .  H o w ev er, t h i s  d is e a s e  

o c c u rs  th ro u g h o u t th e  y e a r  bu t becom es m ore dom inan t w ith  th e  o n se t of 

wet w e a th e r  c o n d itio n s  to  c a u se  e x te n s iv e  d e fo l ia t io n ,  in  m ost s u s c e p t ib le  

c lo n e s . T he s e v e r i t y  o f se c o n d a ry  le a f  f a l l  d e p e n d s  on b o th  th e  s u s c e p t ­

i b i l i t y  of th e  c lo n e  to th e  p a th o g en  and  to  th e  w e a th e r  c o n d it io n s  a t  th e  
tim e of r e fo l ia t io n .

Sym ptom s: T e n d e r le a v e s  p ro d u c e d  soon  a f t e r  bud  b u r s t  a r e  m ost

s u s c e p t ib le  to  in fe c tio n . When th e  im m atu re  le a v e s  ai’e  a f f e c te d ,  th e  in fe c tio n  

t>egins a t th e  t i p  o f th e  le a f  and .sp re a d s  to w a rd s  th e  b a se  c a u s in g  i t  to 

p ro d u ce  a n e c ro tic  a r e a .  I f  th e  dam age i s  e x te n s iv e ,  th e  le a v e s  becom e 

d i s to r t e d ,  s h r iv e l  and f a l l  o ff le a v in g  th e  p e t io le s  on th e  stem  fo r  a s h o r t  

p e r io d .  S om etim es, th e  p o r t io n s  a f fe c te d  b y  th e  d is e a s e  d r o p  aw ay  le a v in g  

Ijeh in d  u n a ffe c te d  a r e a  o f th e  lam ina  on th e  s h o o t.  When s e m i-m a tu re  o r  

m atu re  le a v e s  a r e  in f e c te d ,  th e  n a tu r a l  r e s is ta n c e  o f th e  h o s t  u s u a lly  

p r e v e n ts  e x te n s iv e  dam age. Such le a v e s  a r e  c o v e re d  w ith  num erous s p o ts  

h a v in g  a brow n m arg in  su r ro u n d e d  b y  a y e llo w  h a lo .  T h e  s p o t s  becom e 

r a i s e d  and p ro m in e n t a s .  th e  le a f  g e ts  o ld e r .

R ep ea ted  d e fo l ia t io n  d ue  to  C o lle to tr ic h u m  co u ld  r e s u l t  In d ie b a c k  

of su c c u le n t s h o o ts  o f young u u d d in g s . S om etim es th e  fungus g ro w s down



A ffec tin g  th e  bud  p a tc h  a n d  k i l l in g  th e  e n t i r e  p la n t .  I t  can  a ls o  cause 

g ra d u a l  d e a th  o f th e  tw ig s  and b ra n c h e s  and m ay ev en  k i l l  th e  e n t i r e  t r e e , 

w hen i t  i s  h ig h ly  s u s c e p t ib le  to th e  d i s e a s e ,  e s p e c ia l ly  a t  h ig h e r  e le v a t io r s

o r  in  a r e a s  w h ere  wet w e a th e r  i s  e x p e r ie n c e d  c o n tin u o u s ly .

B io lo g y : T he g e rm in a tio n  o f th e  fungus w as p o o r  w hen th e  sp o re

c o n c e n tra t io n s  w ere  a b o v e  7x10^ p e r  ml ( IV lm alajeew a, 1 9 6 7 ). T h e  optimuni 

te m p e ra tu re  fn r  g ro w th  and s p o ru la t io n  w as b e tw een  26-32 '‘C {W astie , 1972a). 

w ith  a  maximum a ro u n d  28®C ( W im alajeew a, 1967). G erm in a tio n  d e c re a se d

on e x p o s u re  o f s p o r e s  to  s u n lig h t  (W im ala jeew a. 1957; W astie , 1972a) and 

e x p o s u re  to  u l t r a - v i o l e t  r a d ia t io n  fo r  s h o r t  p e r io d s  (W im ala jeew a. 1967). 

C ontinuous l ig h t  fa v o u re d  s p o r e  p ro d u c tio n  ^  v i t r o ,  b u t s p o r e s  p ro d u ced  

in th e  d a r k  h ad  a h ig h e r  p e rc e n ta g e  g e rm in a tio n  (W a stie , 19 7 2 a). Spore 

v i a b i l i t y  and g e rm in a tio n  w e re  s e n s i t i v e  to a tm o s p h e r ic  c o n d it io n s . At 99% 

r e l a t i v e  h u m id ity  s p o r e  v i a b i l i t y  and  g e rm in a tio n  w ere  re d u c e d  b y  50% when 

c o m p ared  to  100% r e l a t i v e  h u m id ity  {W im alajeew a. 19 6 7 ). G erm ination  

d e c re a s e d  b y  up  to  30% a f t e r  3 h  s to r a g e  a t  80% r e l a t i v e  h u m id ity  (W astie . 

1 9 7 2 a). L oss o f s p o r e  v i a b i l i t y  w as a ls o  o b s e rv e d  w hen th e y  w e re  s to re d  

a t  te m p e ra tu re s  o f  SO^C and  ab o v e  f o r  m ore th a n  5 h .  In c o n t r a s t ,  sp o re s  

w ere  found to  rem a in  v i a b l e  fo r  r e l a t i v e l y  long p e r io d s  a t  v e r y  low h u m id ity  

(W im ala jeew a. 19 6 7 ). C om plete  in h ib i t io n  p f g e rm in a tio n  w as o b s e rv e d  In 

th e  a b se n c e  o f o x y g en  in  th e  am b ien t a tm o s p h e re  (W im ala jeew a. 19 6 7 ). Mo 

d if fe r e n c e s  w ere  d e te c te d  betw een  th e  n u m b ers  o f s p o r e s  g e rm in a tin g  on

le a v e s  o f d i f f e r e n t  a g es  (W a stie . 1 9 7 2 a). b u t  on s l i g h t l y  o ld o r  le a f le ts

s p o r e s  te n d e d  to  form  lo n g e r  germ  tu b e s  (S e n ech a l e t  a l .  1987). S im ila r

g e rm in a tio n  o c c u re d  on b o th  r e s i s t a n t  and s u s c e p t ib le  c lo n e s  (L iy an ag e  and 

d e  A lw is , 1978: S am ara jeew a and L iy a n ag e . 1986; Z ain u d d in  and O m ar. 1988). 

b u t m ore a p p r e s s o r ia  w e re  fo rm ed  on r e s i s t a n t  c lo n e s . L eaf d if fu s a te s  

o b ta in e d  from  s u s c e p t ib le  and  r e s i s t a n t  c u l t iv a r s  s t im u la te d  and  in h ib ite d  

sp o re  g e rm in a tio n , r e s p e c t iv e ly ,  in d ic a tin g  th e  p o s s ib i l i ty  o f u s in g  th is

a s  a  te c h n iq u e  fo r  s c re e n in g  c lo n es  fo r  d is e a s e  r e s is ta n c e  in  th e  la b o ra to ry  

(L iy an ag e  and d e  A lw is , 197 8 ). H ow ever, th e r e  w as no c o r re la t io n  betw een 

th ic k n e s s  o f th e  c u t ic le  an d  c lo n a l s u s c e p t ib i l i t y  (W astie  and S a n k a r . 1970). 

In s u s c e p t ib le  c lo n e s , e x te n s iv e  ra m if ic a tio n  o f th e  p a th o g en  w as o b se rv e d  

w ith in  th e  le a f  t i s s u e s  and  a c e rv u l i  w ere  fo rm ed  72 h  a f te r  in o c u la tio n , 

b u t in  r e s i s t a n t  c u l t i v a r s  d is o rg a n is a t io n  and  n e c ro s is  o f e p id e rm a l  and

m e s o p h y ll  c e l l s  w ere  o b s e rv e d  (S e n ech a l e t  a l .  1987; L iyanage and  d e  A lw is, 

1978; S am ara jeew a and L iy a n a g e , 1986).
C . g lo e o s p o r io id e s  o b ta in e d  from  H evea v a r y  c o n s id e ra b ly  in  th e ir  

g ro w th , m o rp h o lo g y , in te n s i ty  of s p o ru la t io n  and r e l a t i v e  in f e c t iv i ty  (W astie 

and  J a n a rd h a n a n . 19 7 0 ). S tu d ie s  c a r r ie d  out in  S r i  Lanka show ed  th a t  th e re



w ere  d if fe r e n c e s  in  th e  p a th o g e n ic i ty  o f i s o la te s  o b ta in e d  from  d i f fe r e n t  

a g ro -c lim a t ic  re g io n s  and  a ls o  t h a t  an  in v e r s e  r e la t io n s h ip  e x i s t s  be tw een  

th e  le a f  in fe c tio n  and le a f  a r e a  dam aged  (L ly a n a g e , 1976; L iy a n ag e . 1 9 7 7 b ).

E p id e m io lo g y : I t  h a s  b e e n  show n th a t  f r e e  w a te r  i s  n e c e s s a ry  fo r

optim um  g e rm in a tio n  o f th e  fungus an d  i t  acco u n ted  fo r  th e  c lo s e  r e la t io n s h ip  

b e tw een  s e c o n d a ry  le a f  f a l l  and r a in f a l l .  H ow ever, d is e a s e  e s ta b l is h m e n t  

can  o c c u r  in a  few  h o u rs  a t  100% r e l a t i v e  h u m id ity  (W a stie . 1 9 6 7 ), o r  lo n g e r 

a t  h u m id i t ie s  dow n to  96% (VVimalajeewa. 19 6 5 ), e v e n  in  th e  a b se n c e  of 

f r e e  w a te r .  T he s e v e r i t y  o f le a f  f a l l  w as c o r r e la te d  to  th e  h ig h e r  to ta l  

am ount and f re q u e n c y  o f  r a in f a l l  (W a s tie , 1 9 7 2 b ). T he s p o r e  d is c h a rg e  

fo llo w ed  a  r e g u la r  d iu rn a l  p a t t e r n  and  p eak  s p o r e  c a tc h  u s u a l ly  o c c u rre d  

l a t e  a t  n ig h t  b u t d e c l in e d  to  low c o n c e n tra tio n s  a s  th e  h u m id ity  d ro p p e d  

d u r in g  th e  d a y  tim e and  a ls o  d u r in g  r a in y  p e r io d s  (W a stie . 1 9 7 2 a ). T he 

o v e r a l l  in c id e n c e  and s e v e r i t y  v a r ie d  in  d i f f e r e n t  e n v iro n m e n ts , b u t th e  

r e l a t i v e  d e g re e  o f r e s is ta n c e  o f th e  c lo n e s  w as no t m a rk e d ly  a f fe c te d  by  

th e  en v iro n m en ta l d i f f e r e n c e s .  T h e  r e la t io n s h ip  b e tw een  th e  In c id e n c e  and 

s e v e r i t y  w as l in e a r  w hen th e  p la n ts  w ere  l e s s  a f fe c te d  b y  th e  d i s e a s e  w h ile  

a  c u r v i l in e a r  tre n d  w as e v id e n t  in  s u s c e p t ib le  c lo n es  w hen th e y  w e re  h e a v i ly  

in fe c te d  [Sam arajeew a e t  a l .  1965).

C o n tro l: T h is  d is e a s e  w as c o n tro lle d  b y  th e  a p p l ic a t io n  o f  B ordeaux

m ix tu re  (RRIM, 1968) and  c o l lo id a l  c o p p e r  (W im alajeew a and  S hanm uganathan . 

19 6 3 ). w ith  th e  fo rm er bein g  m o re  e f fe c t iv e  th a n  th e  l a t t e r  a s  i t  p ro v id e d  

b e t t e r  in i t i a l  c o v e ra g e  and  good r a in f a s tn e s s .  T h e  u se  o f c a rb a m a te  fu n g ic id e s  

su c h  a s  Z ineb (z in c  e th y le n e b is d ith io c a rb a m a te )  and F erbam  ( f e r r i c  d i -  

m e th y ld ith io c a rb a m a te )  and  o rg a n ic  fo rm u la tio n s , D aconil ( c h lo ro th a lo n i l )  

and D ifo la tan  [ C is - N ( l ,1 .2 .2 - t e t r a c h lo r o e th y l th io )  c y c i c h e x - 4 - e n e - l ,2 -  

d ic a rb o x y m id e ]  g av e  good c o n tro l o f  ih e  d is e a s e  (RRIM. 1 9 6 8 ) . H ow ever 

a p p l ic a t io n  o f o rg a n o -m e rc u r ia ls  w as m ore e f f e c t iv e  and a d v a n ta g e o u s  due 

to  t h e i r  sy s te m ic  n a tu re  ( P e r ie s  and W im alajeew a. 1970) b u t l a t e r  i t  was 

found th a t  D aconil and B e n la te  (B enom yl) w ere  m ore e f f e c t iv e  and cou ld  

r e p la c e  an tim ucin  (p h e n y l m e rc u r ic  a c e ta te )  (RRIM. 19 7 7 ). T h e  a p p l ic a t io n  

o f w a te r  m isc ib le  fu n g ic id e s  w as done w ith  k n a p sa c k  s p r a y e r s  o r  po w er 

d r iv e n  m ist b lo w e rs , bu t th e  fu n g ic id e s  w ere  e a s i ly  w ash ed  o ff  d u r in g  r a in s

and  d id  not g iv e  th e  d e s i r e d  r e s u l t s  in  r o n tro l l in g  th e  d is e a s e .  To overco m e

th i s  p ro b lem  low volum e a p p l ic a t io n  of D aconil a s  an o i l - w a te r  em ulsion  

w ith  a m ist b lo w e r  w as u n d e r ta k e n  to  r e d u c e  th e  s e v e n t y  o f th e  d is e a s e  

(RRIM. 1977). S u b se q u e n tly , m ech an ised  fogging of c a p ta f o l - in - o i l  th r ic e ,  

a t  w eek ly  i n t e r v a l s ,  d u r in g  th e  r e fo l ia t io r .  p e r io d  g av e  good c o n tro l nf 

th e  d is e a s e  In M a lay sia  (Tan and Jo h n . 1985). M echan ised  s p ra y in g  o r

fogging w ith  c h lo r th a lc m il  in  w a te r  and in  o i l .  r e s p e c t iv e ly ,  g av e  b e t t e r



r e s u l t s  th a n  w ith  c a p ta fo l  (L lrn . 1 9 8 7 ). In  C am eroon, a r t i f i c i a l  d e fo lia t io n  

u s in g  e t h r e l  was a ls o  used  a s  a  m eans o f  in d u c e d  d e fo lia t io n  and re fo l ia t io n  

to  e f f e c t  a v o id a n c e  o f s e c o n d a ry  le a f  f a l l  (S e n e c h a l and G ohel, 1988).

C o ry n e sp o ra  le a f  f a l l

G e n e ra l: C o ry n e sp o ra  le a f  f a l l  d i s e a s e  c a u se d  b y  C o ry n e sp o ra  c a s s t i -

c o la  (B e rk  a C u r t . )  W ei., w as f i r s t  o b s e rv e d  in  se e d lin g  n u r s e r ie s  in  In d ia  

(R a m a k rish n a n  and  P i l l a i ,  1961) and  l a t e r  in  M a lay sia  on i r o n  d e f ic ie n t  

n u r s e r y  p la n ts  (N ew sam , 1961). S u b se q u e n tly , th e  d is e a s e  was r e p o r te d  

from  o th e r  c o u n tr ie s  in  A s ia  (S itu m o ran g  an d  B udim an. 1985: L iyanage e t  a l .  

1986; K a jo rn c h a ik u l, 1987), A fric a  (A w o d eru , 1969) and S outh  A m erica  (L i^ya>  

n a g e . 1 9 8 6 ). In m any r u b b e r  g row ing  c o u n tr ie s  th e  d is e a s e  h a s  cau se d  s e v e re  

dam age o n ly  in  a  few in tro d u c e d  a n d  in d ig e n o u s  c lo n es  bu t in  S r i  Lanka 

i t  h a s  becom e th e  m ost d e v a s ta t in g  d i s e a s e ,  a f fe c tin g  m ore th a n  3000 h a  of 

s u s c e p t ib l e  clcm es. m ain ly  th e  c lo n e  RRIC 103. b o th  in  im m atu re  and  m atu re  

p la n ta t io n s  (L iy a n a g e . 1987a). S e v e ra l  a l t e r n a te  h o s ts  a r e  known to  h a rb o u r  

th e  fungus (S itum orang  a n d  B udim an. 1985; L iy a n ag e  e t  a l .  1986; L iyanage, 

1 9 8 7 b ).

Sym ptom s: T he fungus a f fe c ts  th e  im m atu re  and  m a tu re  le a v e s ,  th e

fo rm e r  tje ing  m ore s u s c e p t ib le .  T h e  sy m p to m s f i r s t  a p p e a r  a s  g r e y i s h  brow n 

s p o ts  w h ic h  e n la rg e  in to  co n sp icu o u s  c i r c u l a r  o r  i r r e g u la r  le s io n s  o f v a ry in g  

s iz e s  and  s h a p e s .  S e v e ra l s p o ts  m ay c o a le s c e  to  p ro d u c e  e x te n s iv e  c r i s p  

b ro w n  a r e a s  c« th e  le a f ,  som e of w h ic h  m ay becom e i r r e g u la r  p a p e ry  le s io n s  

g iv in g  a  s c o rc h e d ,  s h r iv e l l e d  a p p e a ra n c e .  On m a tu re  le a v e s  th e  c h a r a c t e r i s t i c  

f e a tu re  o f  th e  d is e a s e  i s  th e  b ro w n in g  o r  b la c k e n in g  o f th e  v e in s  a d ja c e n t

to th e  le s io n s  g iv in g  a  ' f i s h  b o n e ' a p p e a ra n c e .  T h e  a r e a  a ro u n d  th e  le s io n s  

g r a d u a l ly  becom e c h lo r o t ic  d ue  to  th e  d e s t ru c t io n  o f  c h lo r o p la s t s .  Even

a  s in g le  le s ic n  on a  le a f le t  cou ld  r e s u l t  in  d e fo l ia t io n .  G re y is h  b la c k  le s io n s

m ay a ls o  be se e n  som e p e t io le s  c a u s in g  d e fo l ia t io n  ev e n  w ith o u t le s io n s

on th e  le a f  b la d e  (L iy an ag e  e t  a l .  1986; L iy a n a g e , 1 9 8 7 b ). R e p e a te d  d e­

fo l ia t io n  r e s u l t s  in  th e  s e v e re  r e t a r d a t io n  o f  g ro w th , e x te n d in g  th e  p e r io d  

of im m a tu r ity  and e v e n tu a l ly  cau sin g  d i e  b a c k  o f s h o o ts  and  b ra n c h e s  (L iy a ­

nage e t  a l .  1 9 8 6 ), b a rk  s p l i t t i n g  a lo n g  th e  tru n k  (K a jo rn c h a ik u l, 1987) 

and e v e n  d e a th  o f t r e e s  (L iy an ag e  e t  a l .  1986; K a jo rn c h a ik u l, 1987).

B io lo g y : T h e  fungus i s  v e ry  v a r i a b l e  in  c u l tu r a l  m o rp h o lo g y , g ro w th

r a l e  and  s p o ru la t io n  (L iy a n a g e , 1987b; C h e e . 1987; S oek irm an  and P u riv a n ta ra , 

19 8 7 ). A bundant s p o ru la t io n  w as o b s e rv e d  w ith  two h o u rs  d a i ly  e x p o s u re  

to  u l t r a - v i o l e t  (UV) l i g h t  and  p r o g r p s s iv e ly  l e s s  w ith  con tinuous liR h t,

a l t e r n a te  l ig h t  and  d a r k ,  tw o h o u rs  d a i ly  f lu o re s c e n t l ig h t  and  con tinuous 

d a r k  (C h e e . 1987). E x p o su re  to  n e a r  UV l ig h t  fo r  v a ry in g  p e r io d s  d id  not



enco u rag e  h e a v y  s p o ru la t to n  (L ly a n a g e , 1 9 8 8 ). S p o ru la tio n  w as enhanced

by  w ash ing  th e  c u l tu r e  w ith  running w a te r  f o r  24 h  and  d ry in g  i t  a t  25±2'^C

fo r a p e r io d  o f two w eek s { L ly an ag e , 1 9 8 8 ), bu t d a l ly  s c ra p in g  o f th e

a e r ia l  m ycelium  o f  th e  c u ltu re  d id  no t in c r e a s e  s p o ru la t io n  (C h e e , 1987),

tVhen c u l tu r e s  w e re  in c u b a te d  in  th e  d a r k  fo r  t h r e e  d a y s  fo n o w e d  by  

in c u b a tiw i in  th e  l ig h t  fo r  a f u r th e r  th r e e ,  s i x  o r  n in e  d a y s ,  th e r e  was 

s ig n if ic a n t ly  m o re  s p o ru la t io n  a f t e r  s i x  d a y s  th a n  a f t e r  th r e e  o r  n in e  d a y s  

(C hee, 1987). M ost c o n id ia  g e ro jin a te d  u -iih in  3 -4  h  a t  25-3Q°C  p ro d u c in g  one 

o r  m ore germ  tu b e s  w h ic h  a ro se  from  b o th  e n d s  o f  th e  s p o r e  (L ly an ag e  

e t  a l .  1986; L ly a n a g e , 1987b: C hee, 1987; S oek irm an  and  P u rw a n ta ra . 1987). 

A t lo w e r  te m p e ra tu re s  o f 15®C and 20'*C a p e r io d  o f  12 h  w as r e q u i r e d  lo r  

s p o re  germ inaticm  to  o c c u r . At 40*C c o n id la  g e rm in a ted  bu t germ  tu b e  g ro w th  

was l im ite d  (L ly a n a g e . 1987b; S oek irm an  and  P u rw a n ta ra , 1987). F re e  w a te r

s t im u la te d  s p o r e  g e rm in a tio n  (L ly a n a g e , 1987a; S o ek irm an  and P u rw a n ta ra ,

1987) b u t I t  w as no t e s s e n t ia l  a s  th e  s p o r e s  g e rm in a te d  w hen th e  r e la t iv e  

h u m id ity  w as c lo s e  to  dew  p o in t .  A t lo w e r h u m id i t ie s  i t  r e q u i r e d  lo n g er 

p e r io d s  o f in c u b a tio n  fo r  s p o re  g e rm in a tio n  (S o ek irm an  and  P u rw a n ta ra .

1987; L ly a n ag e , 198 8 ). S p o re  g e rm in a tio n  w as t>est a l  100% r e l a t i v e  h u m id ity  

w ith  a p r o g re s s iv e  re d u c t io n  a t  lo w e r  h u m id i t ie s  and none g e rm in a ted  a f t e r

24 h  e x p o s u re  to  50% r e l a t i v e  h u m id ity  (S o ek irm an  an d  P u rw a n ta ra . 1987;

L lyanage, 198 8 ). T he lo w e r  le a f  s u r f a c e  s u p p o r ts  b e t t e r  g e rm in a tio n  o f s p o r e s  

th an  th e  u p p e r  s u r f a c e .  T he s p o r e s  g e rm in a te d  in  3 -4  h and  e n te re d  

p a l l l s a d e  c e l l s  in  b e tw een  e p id e rm a l c e l l s  and  ra m if ie d  I n te r - c e l lu la r ly  

in  th e  m e s o p h y ll  c e l l s ,  p ro d u c in g  c o n id ia  a t  th e  o p p o s i te  le a f  s u r f a c e  96 h 

a f t e r  in o c u la tio n  (L ly a n a g e , 1987 b ). In  many In s ta n c e s  a s in g le  le s io n  around  

th e  v e in  w as s u f f ic ie n t  to  cau se  d e fo l ia t io n ,  th o u g h  m ech an ica l rem oval 

o f su c h  le s io n s  o re v e n te d  d e fo lia t io n  of le a v e s  (L ly a n a g e , 1987b: C hee,

1987). T h e  fungus p ro d u c e d  a to x in  in  a  s y n th e t ic  m edium  and th e  maximum 

amount o f to x in  w as p ro d u c e d  a f te r  10 d a y s  o f  in c u b a tio n  a t  28‘ 2‘’C (L iy an ag e  

and L iy an ag e . 1986J. A te c h n iq u e  w as d e v e lo p e d  fo r  r a p id  sc re e n in g  of 

c lo n e s  in  th e  l a b o r a to ry  u sin g  th e  c u l tu r e  f i l t r a t e  co n ta in in g  th e  to x in  

(L iy an ag e  and L iy a n a g e . 1986).

E p id e /n io lo g y ; T he c o n id ia  a r e  w ind d i s p e r s e d .  T he p a t t e r n  o f  s p o re  

r e le a s e  fo llo w ed  a  d iu rn a l  r h y th m . S p o re  r e le a s e  beg an  around  0500 h  and 

t a i le d  o f f  by  1800 h .  T h e  maximum sp o re  r e le a s e  o c c u re d  b e tw een  0730 

and 1130 h  w ith  a  p eak  p ro d u c tio n  a t  0930 h  and  v e r y  le w  s p o r e s  o r  none  

w ere  r e le a s e d  d u r in g  th e  n ig h t (L iy a n a g e , 1 9 8 7 b ). H ow ever, in  M a lay sia  

th e  s p o r e  r e le a s e  s t a r t e d  a t  0800 h  and  r e a c h e d  a  p e a k  a ro u n d  noon and 

d e c lin e d  to  a  low le v e l  u n til  s u n r i s e  th e  n e x t d a y  (C h e e . 1 9 8 7 ). F ew er 

s p o r e s  w ere  ca u g h t d u r in g  w et w e a th e r  bu t a h ig h  s p o r e  count w as re c o rd e d



on f iv e  d a y s  su c c e e d in g  a  d a y  o f w et w e a th e r  (C h e e , 1967). C on id ia  on

le a v e s  rem a in ed  v ia b le  fo r  a p e r io d  o f  30 d a y s  a f t e r  t h e i r  e x p o s u re  to

n a tu ra l  c o n d itio n s .

O v er 80 a l t e r n a te  h o s ts  of th e  fungus h a v e  been  r e p o r te d  (Situ inorang  

and B udim an . 1963; L iy an ag e  e t  a l .  1986: C h e e . 1987). U nder M alaysian  

c o n d itio n s  H evea i s o la te s  d id  no t c r o s s  in f e c t  o th e r  h o s ts  n o r d id  th e  C a rica  

p a p a y a  (p aw p aw ) i s o la te  In fe c t  H evea (C h e e , 1987) bu t in  S r i  Lanka th e y

In fe c te d  b o th  C. p a p a s 'a  an d  ><ikania s c a n d e n s . b u t th e  le a v e s  w ere  o n ly

m ild ly  in fe c te d  (L iy a n a g e , 1987a).

Ccffitrol: In  In d ia  tw o ro u n d s  o f p r o p h y la c t i c  s p r a y in g  w ith  1% B ordeaux  

m ix tu re  o r  0.2% D ith an e  Z -78 ( z in e b )  w as recom m ended  fo r  budw ood and s e e d ­

lin g  n u r s e r ie s  and  im m atu re  c le a r in g s ,  a s  a  p r o p h y la c t i c  m easu re  (Ram a- 

k r is h n a n  and  P i l l a y ,  19 5 1 ). In  S r i  L an k a , a p p l ic a t io n  of 0.3% Benomy, m anco- 

z e b  and  O r th o c id e  and  0.4% P ro p in e b  a l  4 -5  d a y  in te r v a l s  d u rin g  wot w e a th e r  

and  se v e n  d ay  in te r v a l s  d u r in g  d r y  p e r io d  w as recom m ended . In T h a ila n d

1% B o rd eau x  m ix tu re  w as recom m ended  a s  a p r o p h y la c t i c  trea tm en t on un­

ta p p e d  t r e e s ,  and  a p p l ic a t io n  o f 0.75% a . i .  w as su g g e s te d  a s  an  a l te r n a t iv e  

s p r a y  (K a jo m c h a ik u l,  1 9 8 7 ). In M a la y s ia , b enom yl w as found to  be th e  

m ost e f f e c t iv e  fu n g ic id e  u n d e r  l a b o r a to ry  c o n d it io n s , b u t u n d e r f ie ld  

c o n d it io n s , o n ly  p a r t i a l  c o n tro l  w as a c h ie v e d  w ith  th e  a p p lic a tio n  o f s ix

ro u n d s  o f 0.15% benom yl and  th ira m . a t  w e e k ly  i n t e r v a l s ,  d u r in g  th e  r e ­

fo lia tio n  p e r io d  (RRIM. 19 7 5 ). More r e c e n t ly ,  s e v e r a l  c h e m ic a ls  su c h  a s

c h lo r o th a la n i l .  b en o m y l. ^ r i a d e m t a n  and  tr id e m o rp h  h a v e  been  u sed  a s

p r o te c t iv e  s p r a y s  (L iy a n a g e . 1986). In  S r i  L anka s p ra y in g  m atu re  tr e e s  

w ith  v e h ic le  m ounted th e rm a l fo g g e rs  u s in g  fu n g ic id e s  s u c h  a s  benom yl and 

m ancozeb d id  no t g iv e  a d e q u a te  c o n tro l .  F ie ld  t r i a l s  u sin g  p o r ta b le  th e rm a l 

fo g g e rs  and  m is t b lo w e rs  in d ic a te d  th a t  n e i th e r  i s  s u i ta b le  fo r  u se  in  m atu re  

t r e e s  bu t w ere  a d e q u a te  fo r  im m atu re  c le a r in g s  and n u r s e r ie s  (L iy an ag e . 

1987 b ). I t  w as a ls o  o b s e rv e d  th a t  i f  s p r a y in g  was done a t  f iv e  d a y

in t e r v a l s ,  com m encing a t  r e fo l i a t io n ,  i t  p r e v e n te d  th e  e s ta b lis h m e n t o f th e  

d is e a s e .  When s p ra y in g  w as s to p p e d  a f t e r  s i x  m o n th s , th e  le a v e s  succum bed  

to th e  d is e a s e  and  w ith in  a  f u r th e r  p e r io d  o f  s i x  m onths d ie b a c k  was 

o b s e rv e d  (L iy a n a g e . 1 9 8 7 b ) . T h u s , ch e m ic a l c o n tro l  o f c o ry n e sp o ra  le a f  

fa l l  i s  l ik e ly  to  b e  m uch m ore d i f f i c u l t  th a n  th a t  o f se c o n d a ry  le a f  fa l l

c a u sed  b y  o th e r  fo l ia r  d is e a s e s  a s  th e  d i s e a s e  o c c u rs  th ro u g h o u t th e  y e a r  

and on le a v e s  o f a l l  a g e s . F u r th e r ,  th e  fungus p ro d u c e s  a  to x in  w h ich  

in d u ces  l e a f  a b s c i s s lc « .  so  th a t  one l e s i a i  on th e  p e t io le  o r  m ain v e in  

i s  s u f f ic ie n t  to  c a u s e  le a f  f a l l .
In v iew  o f  th e  s e r io u s n e s s  o f th e  d i s e a s e  and  th e  e x te n d e d  p e r io d



of fu n g ic id e  a p p l ic a t io n ,  many s u s c e p t ib le  c lo n e s , e s p e c ia l ly  th e  im m atu re

t r e e s  w e re  s u c c e s s fu l ly  crow n b u d d e d  and b a s e  b u d d ed  (L ly a n a g e , 1987a). 

A l te r n a t iv e ly ,  p la n tin g  o f r e s i s t a n t  c lo n e s  a p p e a r s  to  b e  th e  o n ly  p r a c t i c a l  

m ethod  of com b atin g  th e  d is e a s e -

S outh  A m erican  le a f  b l ig h t

G e n e ra l: South  A m erican  l e a f  b l ig h t  (SALB) c a u se d  b y  M ic ro cy c lu s

u le i  (P .  H en n .) A rx  i s  in d ig en o u s to  S outh  A m e ric a . I t  o c c u rs  in  th e  re g io n  

of th e  Amazon r i v e r  s y s te m , th e  G u ianas, th e  u p p e r  O rinoco  and th e  M atto 

G ro sso . SALB i s  p r e s e n t ly  co n fin ed  to  S o u th  A m erica  and  i s  a b s e n t from

A fric a  and A sia  w h e re  m ost o f  th e  w o r ld 's  r u b b e r  i s  p la n te d .  T h is  d is e a s e  

h as  ca u se d  many p la n ta t io n s  o f r u b b e r  in  S o u th  A m erica  to  b e  ab an d o n ed  

and i s  a s e r io u s  im ped im en t f o r  an y  fu tu re  e x p a n s io n  o f  th e  in d u s t r y .

M. u le l  i s  known o n ly  from  H evea s p e c i e s .  Of th e  n in e  s p e c ie s  of 

th e  h o s t  w h ich  a r e  no t u n ifo rm ly  d i s t r i b u t e d  th ro u g h o u t th e  g e o g ra p h ic a l 

ran g e  o f th e  g en u s , f iv e  a r e  known to  b e  s u s c e p t ib l e ,  i e .  H. b r a s l l i e n s l s .

H. b e n th a m ia n a . H. g u ian en s ls  and  H. sp ru c e a n a  (C h e e . 1976a) and  H.

cam porum  ( J u n q u e r ia .  198 8 ). T h e  r e s t  w e re  no t in fe c te d  n a tu r a l ly .  T he

d is e a s e  s p r e a d  th ro u g h o u t th e  S o u th  A m erican  c o u n t r ie s  from  in fec tio tx s 

a r i s in g  from  w ild  tr e e s  (A lan d ia  and  B e ll ,  19 5 7 ). b u t s p r e a d  to  T r in id a d

and C e n tra l A m erica  and to  B ah ia  and  Sao P a u lo  a r e a s  in  B ra z i l ,  p re su m a b ly  

th ro u g h  p la n tin g  m a te r ia l  w hen a t te m p ts  w ere  m ade to  grow  r u b b e r  in  th e s e  

r e g io n s .

S ym p to m s: T he sy m p to m s of th e  d i s e a s e  a r e  m ost co n sp icu o u s on

th e  l e a v e s .  When im m atu re  le a v e s  a r e  in fe c te d  c o n id ia  a p p e a r  in  g re y  b la c k  

le s io n s ,  u su a lly  on th e  lo w e r  s u r f a c e ,  acco m p an ied  b y  le a f  d i s to r t io n .  I f  

th e  in fe c tio n  i s  s e v e r e ,  th e  le a v e s  b la c k e n , s h r i v e l  and  f a l l  o f f .  When

o ld e r  le a v e s  a r e  in fe c te d  d is to r t io n s  m ay b e  at>sent o r  s l i g h t ,  b u t a  few 

le s io n s  w h ic h  m ay d e v e lo p  a s s u re  a rag g ed  s h o th o le  a p p e a ra n c e . T h e  le a v e s  

th a t  s u r v iv e  th e  p r im a ry  in fe c tio n  show  c h a r a c t e r i s t i c  b la c k  p y c n id ia  m o stly  

on th e  u p p e r  s u r f a c e  a ro u n d  th e  e d g e s  o f s h o th o le s .  At fu ll  m a tu r ity  of

th e  le a v e s ,  th e  s tro m a  in c r e a s e  in  s iz e  and  becom e ro u g h  to  to u c h , h a v in g  

w ell d e v e lo p e d  a s c o s p o re s .  T h ese  sy m p to m s can  a ls o  o c c u r  on p e t io le s ,  

g reen  s te m s , in f lo re s c e n c e s  and young f r u i t  le a d in g  to d i s to r t i o n s ,  s u b e r i s -

a tio n  and  s p l i t t i n g .

B io lo g y : T he o b l ig a te  n a tu re  o f th e  c a u sa l fungus M. u le l  m akes

i t  d i f f i c u l t  to  m a n ip u la te  ^  v i t r o . G row th o f  th e  fungus in  c u l tu r e  is

c o r r e la te d  w ith  c o n id ia l v i a b i l i t y ,  w h ic h  r*epends on se a so n a l ch an g es (C h ee . 

1976a). T h e  m edium m ost s u i ta b le  fo r  g ro w th  and s p o ru la t io n  w as p o ta to

su c ro s e  a g a r  (C h e e , 1978a: H o ll id a y . 197 0 ). b u t  e n r ic h in g  t h i s  m edium  w ith



p u r i f ie d  v ita m in s  and  g ro w th  su b s ta n c e s  o f te n  r e s u l t e d  In In h ib ltlcm  of g ro w th  

(C h e e , 1978a). F r e s h  r u b b e r  le a f  e x t r a c t  s t im u la te d  g ro w th  and sp o ru la t io n  

(L a n g fo rd , 1943a) b u t su b s e q u e n t s tu d ie s  sh o w ed  th a t  a i r  d r i e d  r u b b e r  

le a v e s  g a v e  b e t t e r  r e s u l t s  (C h ee , 1 9 7 8 a). Two m o rp h o lo g ica l s t r a in s  and 

th r e e  d i s t i n c t  c o lo n y  ty p e s  w ere  fo rm ed  am ongst f i e ld  i s o la te s  and la b o ra to ry  

p ro d u c e d  c o n id la , r e s p e c t iv e ly  (C h e e . 1 9 7 8 a ) . T h e  optim um  te m p e ra tu re  

fo r  g e rm in a tio n  and germ  tu b e  g ro w th  on v a r io u s  m ed ia  w as a ro u n d  24-28*'C 

(H o ll id a y . 1970: L an g fo rd . 1943a: B la sq u e z  an d  Owen. 1957) b u t l a t e r

in v e s tig a t io n s  sh o w ed  th a t  th e  fungus g rew  b e s t  a t  23oc (C h eo . 1978a). 

T h e  optim um  te m p e ra tu re  fo r  le s ip n  d e v e lo p m e n t on in o c u la te d  le a f  d is c s  

was b e tw een  24-26^*0 u n d e r  a  16/8  h  l i g h t / d a r k  p e r io d  o f s ix  d a y s  (C h ee . 

1976 b ). T h e  g ro w th  of germ  tu b e s  w as s lo w e r  in  d i s t i l l e d  w ater th a n  on 

s u s c e p t ib le  le a v e s  (H o ll id a y . 197 0 ). E x p o su re  o f  th e  fungal c u l tu re  to  n e a r  

u l t r a  v io le t  l i g h t  d a i l y ,  f o r  a  p e r io d  o f  45 m in in c re a s e d  s p o ru la t io n  (C hee, 

l9 7 8 a : H o ll id a y . 19 7 0 ). Good c o n id ia l  g e rm in a tio n  was o b s e rv e d  a f t e r  th ro e  

d a y s  w hen th e  c u l tu r e s  w ere  e x p o se d  to  70% r e l a t i v e  h u m id ity  a t  27'=’C 

(C h ee , 1 9 7 6 b ). C w iid ia  s to r e d  u n d e r  no rm al l a b o r a to ry  c o id i t io n s  s u r v iv e d  

fo r  tw o w eek s (B ro o k so n , 1963; d e  Jo n g e , 1 9 6 2 ). S im ila r  o b s e rv a t io n s  w ere  

m ade w hen  c a i i d l a  in  le a f  le s io n s  g e rm in a te d  (50%) a f te r  le a v e s  w ere  s to r e d  

in  d e s s ic a to r s  f o r  15 w eek s o r  f ro z e n  (-20® C) fo r  tw o w eeks o r  k e p t  a t 

40'’C f o r  s e v e r a l  d a y s  (C h ee . 1 9 7 6 c). Leaf in fe c tio n  o c c u re d  m ore r e a d i ly  

w ith  d r y  c o n id ia  a t  1001 r e l a t i v e  h u m id ity  th a n  a t  65% r e l a t i v e  h u m id ity . 

H ow ever, s p o r u l a t i o i  o c c u re d  a t  b o th  65% and 100% r e l a t i v e  h u m id ity  a f te r  

le s io n  fo rm a tio n , b u t  w as mot ab u n d an t a t  100% r e l a t i v e  h u m id ity  (C h ee .

1 9 7 6 c), e s p e c ia l ly  a t  te m p e ra tu re s  b e tw een  23-25®C (K a jo rn c h a iy a k u l e t  a l .

1984). D ry  c o n id ia  r e q u i r e  6 h  of h ig h  h u m id ity  im m e d ia te ly , a f t e r  d e p o s itio n  

and th e  d is e a s e  in te n s i ty  w as h ig h e r  w hen p la n t s  w ere  in c u b a te d  a t  19-25®C 

th a n  a t  26-32°C  w ith  th e  optim um  a ro u n d  23-25®C (K a jo rn c h a iy a k u l, e t  a l .

19 8 4 ). E x p o su re  to  u l t r a  v io le t  l ig h t  (2537 '■A) fo r  4 m in . k i l l e d  90% of

th e  c o n id ia  (B ro o k so n . 1963: d e  Jo n g e . 19 6 2 ), and  l ig h t  re d u c e s  v i a b i l i t y  

w ith  t im e , co m p ared  w ith  d a rk  and n a tu ra l  in d o o r  l ig h t  (H o ll id a y . 1970).

T h e  te m p e ra tu re  f o r  a s c o sp o re  g e rm in a tio n  was 24’*C. b u t  none 

g e rm in a te d  a t  12®C o r  32®C (C h e e . 1 9 7 6 c ). A sc o sp o re s  co m p le ted  g e rm in a tio n  

in  2 .5  h  in  d a r k n e s s  and took 6 h  in  th e  l i g h t  (C h ee , 1976c). Germ tu b e s  

w ere  th r e e  tim e s  lo ig e r  in  th e  d a rk  th a n  in  th e  l ig h t  a f t e r  6 h  (C h ee . 

1976bJ, No g e rm in a tio n  o c c u r re d  a f t e r  n in e  d a y s  a t  r e l a t i v e  h u m id it ie s  ab o v e  

80% o r  a f t e r  15 d a y s  u n d e r  d e s ic c a tio n  (C h e e , 1 9 7 6 c ). T h e  g e rm in a tio n  r a t e  

o f a s c o s p o re s  w as c o n s is te n t ly  h ig h  i r r e s p e c t i v e  c f  th e  c o n d it io n s  u n d e r 

w h ic h  th e y  w ere  p ro d u c e d  (C h e e . 1 9 7 6 b ) . T h e  g e rm in a tio n  o f a s c o s p o re s  

w as h ig h e r  in  f lo a tin g  th a n  in  su b m e rg ed  s p o r e s  (C h e e . 1 9 7 6 c). A sc o sp o re s  

w ere  k i l l e d  by  a 4 min e x p o s u re  to  u l t r a  v io le t  l i g h t  (C h e e . 1976c).



V a ria tio n  in  c u l tu r a l  c h a r a c t e r i s t i c s  su c h  a s  co lony  a p p e a ra n c e , g ro w th  

r a te  and sp o ru la t io n  h a v e  been  o b s e rv e d  (C h e e , 1978a; H o llid a y , 1970;

Ju n q u e ira  e t a l .  1984). E x p e r im e n ta l ly , r a c e s  1 and 2 (L angdon . 1965) and

ra c e s  3 and 4 { M ille r, 1960) w ere  d i f f e r e n t i a te d .  T h e  e x is te n c e  o f n ine 

ra c e s  w ith  e ig h t  of them  p re s e n t  in  th e  s t a le  o f  B a h ia , B ra z il  was 

d e m o n s tra te d  (C hee e t  a l .  1986) b y  using  f i e ld  in o cu la  in tro d u c e d  (xi le a f

d is c s  o f  v a r io u s  H evea c lo n e s  from  w h ic h  th e  d i f f e r e n t ia t in g  c lo n e s  w ere  

s e le c te d .  T h re e  main g ro u p s  o f i s o la te s  w ere  id e n t i f ie d  In B ra z il  from

c u l tu r a l  c h a r a c te r i s t i c s  b u t  no a t te m p t w as m ade to  c la s s i f y  them  in to  r a c e s

(J iin q u e r ia  e t  a l .  19 6 5 ). H ow ever, th e y  w ere  d e s ig n a te d  4a , 4b  and 4c 

(S u d h e v e a , 1970). T h ese  w ere  l a t e r  ren am ed  a s  r a c e s  4 . 5 . 6 , r e s p e c t iv e ly  

(C hee e t  a l .  1986). H ow ever r a c e  4c w as s im i la r  to  r a c e  7 o f C hee e t  a l .  

(1 9 8 6 ). L a te r ,  p h y s io lo g ic  r a c e s  of i s o la te s  w ere  I d e n t i f ie d  b y  in o cu la tin g  

le a f  d i s c s  and d i f f e r e n t i a l  p la n ts  grow n a s  p o ly b a g s .  More re c e n t  w ork 

in  th e  s t a te  o f B ah ia  in d ic a te d  th a t  i s o la te s  s tu d ie d  cou ld  b e  c la s s i f ie d

in to  m ore p redo m in an t r a c e s  2 . 4 , 5 and  6 and m o rp h o lo g ic a lly  in to  two

g ro u p s  b a se d  on d if fe r e n c e s  in  t h e i r  g ro w th  and s p o ru la t io n  in  medium 

(H ashlm  and de  A lm eid a . 1987). i t  w as a ls o  o b s e rv e d  th a t  a  c lo n e  cou ld  

b e  in fe c te d  b y  m ore th a n  one r a c e  in  th e  f ie ld  s im u lta n e o u s ly . I t  h a s  a lso  

been  show n  th a t  a r a c e  m ay c o n s is t  of s t r a i n s  o f d i f f e r e n t  v iru le n c e  w h ich

can  accoun t fo r  th e  d if fe r e n c e s  in  p a th o g e n ic i ty  from  lo c a l i ty  to lo c a l i ty

(L angdon , 1966; l iy a n a g e  and  C hee , 1981^.

E p id e m io lo sy ; B oth  c o n id ia  and a s c o s p o re s  p la y  an im p o rta n t ro le  

in th e  s p r e a d  of th e  d i s e a s e .  T h e  d iu rn a l  p e r io d ic i ty  o f c o n id ia l  p ro d u c tio n

w ith  a  maximum around  1000 h and  d e c re a s in g  to w a rd s  th e  e v e n in g , w ith

a m inor p e a k  betw een  2000 h  and  2100 h .  re a c h in g  a minimum In th e  e a r ly

m orning w as r e p o r te d  (H o ll id a y , 19 6 9 ). S u b seq u en t in v e s tig a t io n s  show ed

th a t  p e a k  p ro d u c tio n  of c o n id ia  o c c u r re d  a  l i t t l e  l a t e r  th an  1000 h .  H ow ever,

s im i la r  num tjer o f c o n id ia  w ere  t r a p p e d  b e tw een  1000-1200 h on b o th  c lo u d ­

le s s  and c lo u d y  d a y s  {C hee, 1 9 7 6 d ). No c o n id ia  w e re  tr a p p e d  d u r in g  th e

d r y  se aso n  a lth o u g h  a few  w ere  found on o ld  le s io n s .  T h e  maximum c o n id ia l  

p r o d u c t ia i  c o in c id e d  w ith  th e  tim e of w id e s p re a d  f i e ld  in fe c tio n  (H o ll id a y ,

1969: C hee. 1976d). On th e  o th e rh a n d ,  a s c o s p o re s  w ere  p r e s e n t  th ro u g h o u t 

th e  y e a r .  A sco sp o re  p ro d u c tio n  nn d r y  d a y s  fo llo w ed  a m ark ed  d iu rn a l  

p a t t e r n ,  w ith  low c a tc h e s  d u rin g  th e  d ay  b u t in c re a s in g  to  r e a c h  a p eak

a t  0600 h  {C hee. 1 9 7 6 d ). H ow ever, in  w et w e a th e r  th e  h e a v y  a s c o sp o re

p ro d u c tio n  a lso  o c c u re d  d u r in g  d r y  w e a th e r  w ith  a d a y  tim e  maximum 

c o in c id in g  w ith  a  r a in f a l l  peak  w h ic h  i s  u su a lly  h ig h e r  th an  th e  peak

p ro d u c tio n  on dry’ d a y s . W etting o f  p e r i th e c ia  i s  a p r e r e q u is i t e  f o r  a s c o sp o re  

d is c h a rg e  (H o ll id a y , 1969) and  th e  p re s e n c e  o f a s c o sp o re s  in  th e  a i r



c o ln c id o d  w ith  r i s e  in r e l a t i v e  h u m id i ty ,  te m p e ra tu re  and  dew  th a n  w ith  

r a in  (C h e e . 197b d ).

E p id e m ics  o f th e  d is e a s e  o c c u r  w hen th e  d a i ly  te m p e ra tu re  i s  u n d e r 

22'^C fo r  lo n g er th a n  13 h .  r e l a t i v e  h u m id ity  o v e r  92% fo r  a p e r io d  o v e r

10 h  and  r a in f a l l  e x c e e d in g  1 mm p e r  d a y  th e  p re c e e d ln g  s e v e n  d a y s  

{ H o llid a y . 1969: C hee. 1 9 7 6 d ). C on tinuous h e a v y  r a in  i s  in im ic a l to  th e

s p r e a d  o f th e  d is e a s e  a s  i t  can w ash  o ff  th e  s p o r e s ,  b u t l l ^ h t  In te rm it te n t  

sh o w e rs  d i s t r ib u te d  th ro u g h o u t th e  y e a r  i s  fa v o u ra b le  fo r  d is e a s e  d e v e lo p ­

ment (H o ll id a y , 1969: C h e e , 1976d: S ta h e l ,  19 1 7 ). T h e re  i s  e v id e n c e  to

su g g e s t th a t  th e  s p r e a d  of th e  d is e a s e  to  H a iti  i s  from  th e  s p o re s  b ro u g h t

o v e r  b y  w ind and  r a in  from  G uiana and T r in id a d  (Com pagnon, 1976). 

S im i la r ly ,  th e r e  i s  s tro n g  c ir c u m s ta n t ia l  e v id e n c e  th a t  th e  s p r e a d  of th e

d is e a s e  from  th e  Amazon b a s in  to th e  su r ro u n d in g  a r e a s  w as ca u se d  b y  long

d is ta n c e  d is s e m in a tio n  and d e p o s itio n  o f s p o r e s  (L iy a n a g e , 1981a].

C o n tro l: T he b e n e f ic ia l  e f fe c t  o f  B o rd eau x  m ix tu re  to  c o n tro l  th e

d is e a s e  w as f i r s t  d e m o n s tra te d  in  1913 (B a n c ro f t, 1913) and  l a t e r  th e  use 

of in s o lu b le  c o p p e r  and  w e tta b le  s u lp h u r  g av e  good r e s u l t s  (L a n g fo rd . 

19 4 3 b ). S u b se q u e n tly , fe rb a m  ( f e r r i c  d im e th y ld i th io c a rb a m a te )  (H ilto n , 1955) 

and z in e b  (z in c  e th y le n e b is d lth io c a rb a m a te ]  w e re  found to b e  m ore e f fe c t iv e  

(L an g fo rd  and E c h e v e r r l .  1953; L angfo rd  and  T ow nsend , 1954). M ore re c e n t 

e x p e r im e n ts  in  B ra z il  h a v e  show n th a t  b o th  m ancozeb (D ith an e  M 4S) and 

benom yJ (B e n la te )  w ere e f fe c t iv e  (R o g e rs  and  P e te r s o n .  1976J. In  f i e ld  t r i a l s  

th io p h a n a te  m e th y l (0.07% a . i . )  and benom yl (0.025% a . i . )  w e re  m ost e f fe c t iv e  

in  c o n tro l lin g  le a f  in fe c tio n , fo llo w ed  by  c h lo ro th a lo n il  (0.15% a . i . )  and 

m ancozeb (0.32% a . i . ) .  Benom yl s u p p r e s s e d  c o n id ia l  sp o ru la t io n , w h e re a s  

one a p p l ic a t io n  o f  th io p h a n a te  m e th y l (0.14% a . i . )  to p e r i th e c ia .  in h ib i te d  

a s c o sp o re  r e le a s e :  h a lf  o f th i s  c o n c e n tra t io n  a p p l ie d  to c o n id ia l le s io n s  

o r  p y c n ld ia  cau sed  th e  p e r i th e c ia  fo rm ed  s u b s e q u e n tly  to a b o r t  (C h e e . 

1 9 7 8 b ). T h e se  fu n g ic id e s  h a v e  been  u se d  w id e ly  in  p la n ta t io n s  in  B ra z il  

(C h ee  and  W astie , 1980). More r e c e n t ly ,  t r la d lm e fo n  (0.015% a . i . ) ,  t r l f o r in e  

(0.038%  a . i . )  and  b i te r ta n o l  (0.03% a . i . )  h a v e  a ls o  g iv en  p ro m is in g  r e s u l t s  

in  n u r s e ry  t r i a l s .  I t  w as a ls o  sh o w n  th a t  m ix tu re s  of sy s te m ic  and 

p r o te c t iv e  fu n g ic id e s  w ere  m ore e f f e c t iv e  th an  th e  a p p l ic a t io n  o f In d iv id u a l  

fu n g ic id e s  a lo n e  (San tos e t  a l .  1984).

T h e  d i f f ic u l ty  o f s p r a y in g  fu n g ic id e s  to  r e a c h  th e  canopy  of m atu re  

r u b b e r  t r e e s  w as re c o g n ise d  e a r l y .  T h e  u se  o f  p o r ta b le  m is t-b lo w e r  to 

s p r a y  s e v e ra l  fu n g ic id e s  w as u n su c c e ss fu l (R o ch a , 1972). A e r ia l s p r a y in g  

w as soon  th e r e fo r e  c o n s id e re d  th e  o n ly  f e a s ib le  m eans o f s p ra y in g  m ature 

t r e e s .  T h e  f i r s t  a tte m p t to c o n tro l th e  d is e a s e  b y  a e r ia l  s p ra y in g  w as m ade 

in  1971. S ince th e n , num erous fu n g ic id e s  h a v e  been  u se d  in v o lv in g  d if fe r e n t



d i lu t io n s ,  in te r v a l s  and  d i lu e n ts  (R o g ers  and  P e te r so n . 1976; M ainstone e t 

a l .  1977). and  a ls o  v a r io u s  ty p e s  o f  a i r c r a f t s  w ere  t r i e d  fo r  s p ra y in g  in 

B ra z il  (M athew s. 1976). An a l t e r n a t iv e  to  a e r ia l  s p r a y in g  was fogging w ith  

p o r ta b le  th e rm a l fo g g e rs  (T ifa  v e h ic le  m ounted 'TA R T ' and  w heel d raw n  

'T IG A ', v e h ic le  m ounted 'LEC O ' and D y nafog). T h ese  m ach in es can  c o v e r  

200-600 h a  in  a  d a y  and  u se  e i t h e r  200 g th io p h a n a te  m e th y l o r  1 kg 

m ancozeb p e r  h e c ta r e  (C h ee  and  W astie , 19 8 0 ). T h e se  two fu n g ic id e s  a re

u sed  on a la rg e  s c a le  in  B ra z i l  s t a r t in g  b e fo re  r e fo l ia t io n  an d  con tin u in g

a t  fo u r  d ay  in te r v a l s  i n i t i a l l y  and  l a t e r  a t  se v s ii  d a y  in te r v a l s  to  co m p le te

12 ro u n d s . T h io p h a n a te  m e th y l w as a p p l ie d  a t  a r a t e  o f 175 g h a '^  

su sp e n d e d  in  6 1 of an  8 0 :2 0  m ix tu re  o f s h e l l  s p r a y  o i l  and d ie s e l  fuel 

(C h ee  and W astie . 1980).

T he te c h n iq u e  o f a r t i f i c i a l  d e fo l ia t io n  to  h a s te n  r e fo l ia t io n  w h ile  th e  

w e a th e r  i s  s t i l l  d r y  so  a s  to e n a b le  th e  t r e e s  to  e s c a p e  in fe c tio n  a s  

p r a c t i s e d  in  M a lay sia  (R ao , 1972) w as a ls o  t r ie d  in B r a z i l .  Two d e fo lia n ts

F o lex  (m erp h o s  2 .2  kg h a “^ ) and  D ropp  ( th id ia z u ro n  0 .6  kg  h a “ ^) w ere  

te s te d  b y  a e r ia l  a p p l ic a t io n  and fogging but r e s u l t s  w ere  v a r ia b le  (Romano 

e t a l .  1982) and th i s  m eth o d  w as no t w id e ly  a d o p te d  in  B ra z i l .

Crown bu d d in g  o f h ig h  y ie ld in g  c lo n e s  o f e a s te rn  o r ig in  w ith  c ro w n s 

o f r e s i s t a n t  c lo n e s  w as f i r s t  a tte m p te d  a t  F o r d 's  B e lte ra  In th e  Amazon 

b a s in . T h is  m ethod w as u sed  on a la rg e  s c a le  fo r  many y e a r s  (T o lle n a a r , 

1959). S e v e ra l c lo n es  o f  F x  and  IAN o r ig in  a s  w e ll a s  H. p a u c if lo ra  c lo n e  

FA 31 w ere  recom m ended  fo r  crow n b u d d in g  (R a n d s , 1946; O s te n d o rf , 1948). 

T h is  te c h n iq u e  was not p o p u la r  b e c a u se  of th e  a d v e r s e  e f fe c ts  on d e p re s s in g  

g ro w th  and y ie ld  d ue  to  th e  in te ra c tio n  o f th e  crow n on h ig h  y ie ld in g  sc io n  

c lo n e . To m in im ise th e  u n fa v o u ra b le  in te r a c t io n s ,  crow n bu d d in g  a t  a  h e ig h t 

of 2 .5  m h a s  been  recom m ended  (R a n d s , 1946). L a te r , w hen H. b r a s i l i e n s is  

was crow n b u d d ed  w ith  H. g u ia n e n s is . H. sp ru c e a n a . H. c o ll in a  and  H. 

con fusa  i t  y ie ld e d  b e t t e r  th a n  th e  l a t t e r  c lo n e s  when u sed  a lo n e  (O s te n d o rf . 
1948).

B reed ing  p ro g ram m es to in c o rp o ra te  SALB r e s is ta n c e  w ith  h ig h  y ie ld  

w ere  done m o stly  in  B ra z il  a t  B e l te r r a  and  Belem (IPEAN) and  a ls o  on a 

sm a ll s c a le  in  C osta  R ica  and G uatem ala [L a n g fo rd . 19 4 3 ). A lth o u g h  a la rg e  

num ber o f r e s i s t a n t  c lo n e s  w ere  b r e d  in  B r a z i l ,  o n ly  s i x  a p p e a r  to be a c c e p t­

a b le  fo r  com m ercial p la n tin g . T hey  a r e  F x  3810, Fx 3H99. Fx 3925. 1A.N 717, 

IAN 710 and Fx 25 . Of th e s e ,  th e  f i r s t  fo u r  h a v e  H. b e n th a m ia n a , c lone  

F4542 a s  th e  r e s i s t a n t  p a r e n t  w h ile  th e  l a s t  two d e r iv e d  t h e i r  r e s is ta n c e  

from  F409 and F351 (r^lso H. b en th am ian a  c lo n e s )  r e s p e c t iv e ly .  H ow ever, 

v a r ia t io n  in s u s c e p t ib i l i t y  be tw een  lo c a l i t i e s  (C hee and W astie , 1980] and 

a ls o  b reak d o w n  of r e s is ta n c e  d ue  to  o c c u rre n c e  o f p h y s io lo g ic  r a c e s  (L angdon .



1965) a r e  tw o p ro b le m s  w h ic h  a f fe c t  th e  p ro g re s s  o f th e  b re e d in g  program m e. 

B reed ing  fo r  SALB r e s i s ta n c e  w as s t a r t e d  in  M a lay sia  and  S r i  L anka w ith

25 c lo n e s  and  42 c lo n e s , r e s p e c t iv e ly  (B ro o k so n . 1956; B a p tis te .  1958), 

o b ta in e d  on an e x c h a n g e  b a s i s .  T h e se  c lo n e s  w ere  u sed  a s  in  a  h y b r id iz a t lm  

p rogram m e and a l s o  te s te d  fo r  t h e i r  v ig o u r  and  y ie ld  u n d e r  M a lay sian  and 

S r i  L ankan c o n d it io n s . Out o f th e s e  c lo n e s , an  i l le g i t im a te  p ro g en y  of Fx 25 

and IAN 873 g a v e  y i e ld s  c o m p a ra b le  to  PB 86 in  M a lay sia  (S u b ra m a n ia a , 

1 969). S e v e ra l c lo n e s  w ith  r e s i s t a n c e  to  SALB to g e th e r  w ith  a l l  d e s i r a b le  

s e c o n d a ry  a t t r ib u t e s  h a v e  been  o b ta in e d  from  a b re e d in g  p rog ram m e In itia te d  

in  1961, som e o f  w h ic h  h a v in g  a , c o m b in a tio n  o f d if f e r e n t  so u rc e s  o f r e s i s t ­

a n c e . h a v e  been  recom m ended  fo r  l a r g e  s c a le  p la n tin g  In S r i  Lanka (F e rn an d o . 

1962: F ern an d o  and  L iy a n ag e . 1980).

More r e c e n t ly  b io lo g ic a l  co n tro l-  m e th o d s  h a v e  been  s u c c e s s fu l ly  c a r r ie d  

out u sin g  th e  h y p e r p a r a s i t e  H a n s fo rd la  p u lv in a ta  (B e rk  6 C urt H u g es). w hich  

g row s w ell on  c o n id ia l  le s io n s  a s  w e ll a s  on s t ro m a tic  l a y e r s  o f M. u le l . 

U nder h ig h  h u m id ity  c o n d i t io n s , th e  p a r a s i t e  co lo n iz e d  93% of th e  c tm id la l 

le s io n s ,  and  86% o f  th e  s t r o m a tic  a r e a s  w ere  d e s tro y e d  (L ie b e r e l  e t a l .

1989).

STEM AND BRANCH DISEASES
Stem and b ra n c h  d i s e a s e s  a r e  p r e s e n t  In  many r u b b e r  g row ing  c o u n tr ie s  

but th e y  u su a lly  do  n o t c a u se  s e r io u s  dam age e x c e p t In c e r ta in  lo c a l i t ie s  

w h e re  c o n d itio n s  fa v o u ra b le  fo r  d is e a s e  d ev e lo p m en t a r e  p r e s e n t .  Pink

d is e a s e .  U s tu lin a  stem  r o t .  P h e ll in u s  stem  r o t  and B o try o d ip lo id a  d ie  back 

c a u se d  b y  C o rtlc iu m  sa lm o n ic o lo r  B e rk . 8 B r . .  U s tu lin a  d e u s ta  (H offm . ex 

F r . )  L in d . .  P h e ll in u s  n o x lu s  (C o rn e r)  G .H . Cunn. and B o try o d ip lo id a  

th eo b ro m ae  P a t . ,  r e s p e c t iv e ly  a r e  th e  m ore common d i s e a s e s .  H ow ever,

p in k  d is e a s e  can  c a u se  e x te n s iv e  dam age and  th e  rem a in in g  d is e a s e s  a re  

e s s e n t ia l ly  cau se d  b y  w eak p a r a s i t e s ,  w h ic h  g a in  e n t r y  In to t r e e s  th rough  

w ounds, m ainly  ca u se d  b y  n a tu ra l  o r  a c c id e n ta l  I n ju r ie s .

P ink  d is e a s e
G enera l: P in k  d i s e a s e  c a u se d  b y  C o rtic iu m  sa lm o n ic o lo r  B e rk . 6 B r . .

Is  th e  o n ly  im p o rta n t stem  d is e a s e  o f r u b b e r .  T h e  fungus i s  w idely  

d i s t r i b u t e d  in  a l l  th e  c o u n tr ie s  an d  h a s  a w id e  h o s t  r a n g e . T h e  fungus 

a t ta c k s  th e  b a rk  o f th e  m ain  stem  and  b r a n c h e s  o f 3 -7  y e a r  o ld  im m ature 

t r e e s .  P 8 rtlc v .la r ly  a t  th e  fo rk  r e g io n  d u r in g  p e r io d s  o f  w et w e a th e r . Pif.k 

d is e a s e  a ls o  o c c u rs  on m a tu re  t r e e s  and on  su c h  t r e e s ,  s te m s  and b ra n c h e s

a re  som ew hat s lo w e r  to  d e v e lo p  d is e a s e  sy m p to m s.



S ym p to m s: T h e  f i r s t  in d ic a t io n s  o f an a t ta c k  a r e  e x u d in g  d r o p s  o f la te x  

from th e  re g io n  of th e  f o rk .  T h is  i s  fo llo w ed  b y  th e  a p p e a ra n c e  o f w h ite  

s i l k y  th r e a d s  on th e  b a r k  s u r f a c e ,  w h ic h  l a t e r  g iv e  a  c o b -w e b  a p p e a ra n c e  

(F ig . 3 ) .  U nder f a v o u ra b le  c o n d it io n s  th e  d is e a s e  s p r e a d s  and  a  p in k  m ass

F ig . 3. P ink d is e a s e  a f fe c te d  t r e e  show ing  e x u d a tio n  o f la te x  and  cob  w eb 
l ik e  m ycelium .

of s t e r i l e  m ycelium  b e g in s  to  a p p e a r ,  w hen th e  o u te r  b a r k  d i e s .  At t h i s  

s ta g e  p in k  p u s tu le s  e r u p t  in  l in e s  th ro u g h  c r a c k s  in  th e  b a r k ,  w h ic h  d i s ­

a p p e a r  a s  th e  d ead  b a r k  s lo u g h s  o f f .  The ‘co rtic iu m *  s ta g e  th a t  p ro d u c e s  

b a s ld io s p o re s  c o n s is ts  o f a  sm o o th , p in k is h - w h i te  s u r f a c e  c o v e r in g  th e  p in k  

c r u s t ,  w h ile  th e  n e c to r  s ta g e  c o n s is ts  o f o rg a n g e - re d  p u s tu le s  com posed 

of a t ig h t  m ass o f s p o r e s  w h ich  a r e  s c a t te re d  o v e r  th e  u p p e r  su r f a c e  o f

s id e  b ra n c h e s . IVhen th e  d is e a s e  s p r e a d s  i t  c a u s e s  r in g -b a r k in g  cau sin g  

th e  d o rm an t b u d s  below  th e  in ju re d  p o r tio n  to  p ro d u c e  num erous s i d e  s h o o ts .  

In a  m ore ad v an ce d  s ta g e  o f in fe c tio n , d e a th  o f b r a n c h e s  o c c u r s ,  ex p o s in g  

b a re  sh o o ts .

B io lo g y : B oth  b a s id io s p o r e s  and  n e c a to r  s p o r e s  can  be  g row n r e a d i ly

in c u l tu re  on a  v a r i e ty  o f  m ed ia  (H ilto n . 1958) and  on d i s t i l l e d  w a te r  a t

room te m p e ra tu re  g iv in g  r i s e  to  s t e r i l e  m y c e lia . At t im e s  m y c e lia l a g g re sa te s  

form ed in  c u l tu re  h a v e  to  be  re g a rd e d  a s  analogous w ith  th e  n e c a to r  s ta g e  

(B ro o k s  and S h a r p ie s .  1951) bu t l a t e r  in v e s tig a tio n s  sh o w ed  th a t  su c h  a g g re ­

g a tio n s a re  s t r u c tu r e le s s  and  a r e  c o m p a ra b le  w ith  th e  p u s tu la r  s ta g e  (H ilto n . 

1958).



E p id e m io lo g y : T he d is e a s e  o c c u rs  In w et w e a th e r  and a ls o  in  hum id

lo c a tio n s  b u t i t  d o e s  not o c c u r  In  th e  c o a s ta l  a r e a s  o f  M a lay sia  (H ilton , 

1958) and  in  s o i l s  w h e re  b o ro n  to x ic i ty  o c c u rs . T h e  fo rm e r  In d ic a te s  the 

e f fe c t  o f d ry in g  w in d s In  re d u c in g  h u m id ity  and  th e r e b y  th e  d is e a se  

in c id e n c e , and  th e  l a t t e r  i s  ca u se d  b y  a  n u t r i t io n a l  e f f e c t .  T h e  s e v e r i ty  

of th e  a t ta c k  v a r ie s  from  one lo c a l i ty  to a n o th e r  a c c o rd in g  to  th e  r a in fa l l  
p a t te rn  (Y eoh and  T an . 1974J.

U n like  le a f  and  p a n e l d is e a s e s  w h ic h  h a v e  w ell d e f in e d  p a t te r n s  of

s e v e r i t y  v a ry in g  from  c lo n e  to c lo n e , p in k  d is e a s e  sh o w s m ore u n ifo rm ity .
A few c lo n e s  a r e  know n to  b e  o f ab o v e  a v e ra g e  s u s c e p t ib i l i t y  b u t most 
c u i t lv a r s  a r e  p ro n e  to  th e  d i s e a s e .

C o n tro l: S in ce  th e  beg inn ing  of t h i s  c e n tu ry  B o rd eau x  m ix tu re  was
u sed  w id e ly  to  c o n tro l  t h i s  d is e a s e  (A n s te a d , 1914J. E ven though  c o p p e r 
w as o n ly  m ild ly  to x ic  to  th e  fungus, i t  w as p r e f e r r e d  fo r  i t s  h ig h  te n a c ity  

u n d e r  h e a v y  r a in f a l l  c o n d it io n s . W ith th e  re fin e m e n ts  in  th e  a p p lic a t io n  

m e th o d s  i t  was u se d  e i t h e r  a s  a  b ru s h -o n  10% p a s te  o r  a s  1% l iq u id  sp ra y e d  
a s  a  j e t  from  th e  g round  u sin g  a  k n a p sa c k  s p r a y e r  w ith  a long la n c e  w ith 
i t s  s w ir l  p la te  rem o v ed  (R am ak rish n an  and  R a d h a k ris h n a  P i l l a y , !  962b). 
In w et w e a th e r  th e  c h e m ic a l g e ts  w ash ed  o f f  an becom es l e s s  e f fe c t iv e  
n e c e s s i ta t in g  r e p e a te d  a p p l ic a t io n s .  F u r th e r ,  t r e e s  in  ta p p in g  cannot be 

t r e a te d  w ith  c o p p e r  fu n g ic id e s  b e c a u s e  o f th e  r i s k  o f co n tam in a tin g  la te x  

w ith  c o p p e r  (W astie  and  Y eoh , 19 7 2 ). L a te r ,  a p p l ic a t io n  o f 0.5% so lu tio n  

o f F y lom ac 90 ( t e t r a d e c y l  p y r id in iu ra  b ro m id e )  a s  a s p r a y  o r  b ru sh -o n  

a p p l ic a t io n  gav e  s a t i s f a c to r y  c o n tro l and w as u se d  to  c o n tro l th e  d ise a se  

in  m atu re  t r e e s  (A ls to n . 1953: Yeoh and  T an . 1974J. A num ber o f  n o n -co p p er 

fu n g ic id e s  a re  h ig h ly  e f f e c t iv e  a g a in s t  th e  fungus in  l a b o r a to ry  t e s t s  but 

u n d e r  f i e ld  c o n d it io n s , m ost a r e  in e f fe c tiv e  s in c e  th e y  r a p i d l y  g e t leach ed

b y  r a in  (W astie  and  Y eoh , 1972). T h is  d i f f i c u l ty  w as o v erco m e b y  in­

c o rp o ra tin g  5% C a lix in  (75% N - t r id e c y l  2 ,6  d im e th y l m o rp h o le n e ) w ith  n a tu ra l 

r u b b e r  la te x  a s  a  b in d e r .  One b ru s h -o n  a p p l ic a t io n  o f I t  gav e  good co n tro l 

fo r  p e r io d s  u p to  th r e e  m o n th s (W astie  and Y eoh, 197 2 ). S u b se q u e n tly , a 

fo rm u la tio n  b a s e d  on p r e v u lc a n is e d  n a tu ra l  r u b b e r  (50%) a s  a c a r r i e r  in

1.5% tr id e m o rp h  a s  a  fu n g ic id e  w as m ore e f f e c t iv e  th a n  B o rd eau x  m ix tu re  

(Yeoh and  T an . 19 7 4 ). A p o ly v in y l  a c e ta te  b a s e d  fo rm u la tio n  u s in g  e i th e r

p ro p ic o n a z o le  o r  tr id e m o rp h  w as a ls o  r e p o r te d  to  b e  e f f e c t iv e  ( Ja c o b  and 

E d a th i l .  1986). A fo rm u la tio n  o f 1.5% MK 23 ( n - ( P - f lu o ro p h e n y l) - 2 ,3  

d ic h lo ro m a le im id e ]  in  d i lu te d  f i e ld  l a t e x ,  a p p l ie d  a s  tw o  s p r a y s  a t  s ix  

w e e k ly  i n te r v a l s  h a v e  g iv e n  good c o n tro l u p to  th r e e  m o n th s , and  th e  c o s ts  

a r e  c o m p a ra b le  to  th e  b ru s h -o n  c a l ix in  a p p l ic a t io n  (Tan and  Yeon, 19 7 6 ).



DRY ROT

G e n e ra l: D ry  ro t  d is e a s e  c a u s e d  b y  U stu lln a  d e u s ta  (H offm . e x  F r . )

L in d , c a u se s  c o m p le te  lo s s  o f a t ta c k e d  t r e e s  a s  tfie  t r e e s  b r e a k  a t  th e  

p o in t  o f in fe c tio n  (R a d h a k r tsh n a  P lU a i  an d  G eorge . 19 8 0 ). T h is  d is e a s e  

is  r a r e  in  young ru b b e r  p la n ta t io n s .  T h e  p a th o g e n  i s  know n to  c a u s e  c o l la r  
r o t  and  ro o t r o t  b e s id e s  stem  r o t .

S ym p to m s: The in i t i a l  sym ptom  i s  c o p io u s  e x u d a tio n  o f  l a te x  from

th e  p o in t o f a t t a c k .  T he a t ta c k e d  wood tu rn s  p a le  b row n  and  i s  r e a d i ly  

fra g m e n te d . I r r e g u la r  f la t  g re y  f r u c t i f ic a t io n s  o f  th e  fungus a p p e a r  on th e  

b a r k  su r f a c e  w h ic h  l a t e r  tu rn  b la c k  and  b r i t t l e .  In fe c te d  wood sh o w s a 

n e tw o rk  o f  b la c k  d o u b le  l in e s  ( S r ip a th i  Rao. 1975).

B io lo g y : T h e  fungus g row s w e ll ^  v i t r o  a t  23®C, th e  m ycelium  b e in g

w h ite  to  g re y  in i t i a l l y  b u t becom ing g re y is h  b row n  w ith  fo rm a tio n  of c o n id ia  

and b la c k  a f t e r  2 to 3 w eek s (H a w k sw o rth , 1972J.

E p d id e m io lo g y : U s tu lin a  d e u s ta  i s  e s s e n t i a l l y  a wound p a r a s i t e  (F e tc h .

1921). But th e  p a thogen  a ls o  g a in s  e n t r y  th ro u g h  le n t i c e l s  and  m oribund  

ro o t i n i t i a l s .  T h e  p a th o g en  i s  known to  show  s e l e c t iv i t y  to l iv e  h o s ts  r a t h e r  

th an  d ead  t r e e s  (V a rg h e se , 1971). T h e  in c id e n c e  o f th e  d is e a s e  i s  o b s e rv e d  

to b e  m ore a f t e r  h e a v y  w in d s  d u rin g  th e  r a in y  se a so n .

C o n tro l: F ie ld  s a n i ta t io n  and c u ttin g  and  rem o v al o f In fe c te d  b ra n c h e s

fo llo w ed  by  p a in tin g  th e  cu t s u r f a c e s  w ith  t a r  o r  a s p h a l t  m ix u tre  h a s  been  

recom m ended  b y  e a r ly  w o rk e rs  ( P e tc h .  1921: S h a r p ie s ,  19 3 6 ). A p p lic a tio n  

o f a  o rg a n o m e rc u ria l fu n g ic id e  s o lu tio n  fo llo w ed  by  wound d r e s s in g  w as 

found 10 c o n ta in  t h e  d is e a s e  (R a d h a k r ls h n a  P i l l a i  and G eorge, 1 9 8 0 ). D ire c t 

a p p l ic a t io n  of any  of th e  fu n g ic id e s  v iz .  m e th o x y e th y l r a e r c u ry c h lo r id e .  

th i ra m . o x y c a rb o x in . c a rb e n d a z im  o r  th io p h a n a te  m e th y l , in c o rp o ra te d  in  

a p e tro leu m  wound d re s s in g  com pound a f t e r  rem o v al o f a f fe c te d  t i s s u e s ,  

w as a s  e f fe c t iv e  a s  fu n g ic id e  w ash  fo llo w ed  b y  p a in tin g  w ith  wound d r e s s in g  

co m pounds. B ordeaux  p a s te  w as in e f fe c tiv e  ( Id ic u la  c t a l .  1990).

PATCH CANKER

G e n e ra l: T h e  o c c u rre n c e  o f p a tc h  c a n k e r  w as r e p o r te d  f i r s t  from

S ri  Lanka in  1903 and su b s e q u e n tly  from  o th e r  r u b b e r  g row ing  c o u n tr ie s . 

T he d is e a s e  i s  cau sed  by  in fe c tio n  o f u n ta p p e d  b a rk  b y  P h y to p h th o ra  

p a lm iv o ra  o r  p y th iu m  v e x a n s  ( R a d h a k ris h n a  P i l l a i  and G eorge, 1 9 a0 ).

S ym ptom s: E x u d a tio n  of la te x  Is  o b s e rv e d  f ro n  th e  p o in t o f in fe c tio n .

A ccum ulation  and co ag u la tio n  o f  la te x  u n d e r  th e  b a rk  a t  th e s e  p o in ts  form s 

a p ad  w h ich  g iv e  a  fou l o d o u r and lo a d s  to  c ra c k in g  of b a r k .  In te rn a l  

t is s u e s  sh o «  d is c o lo u ra tio n  and r o t t in g .  T he p u r p l i s h  d is c o lo u ra t io n  

( S h a rp ie s .  1936) i s  a b se n t in  som e c a s e s  (C h e e , 1968).



B io lo g y  and  E p id e m io lo g y : T h e  b io lo g y  of th e  p a th o g en  h a s  a l r e a d y

b een  d is c u s s e d  u n d e r  P h y to p h th o ra  le a f  f a l l .  P y th iu m  v e x a n s  I s  a s so c ia te d  

o n ly  w hen  th e  c a n k e r  i s  on th e  c o l l a r  o r  on r o o ts .  In fe c tio n  i s  th ro u g h  

w ounds, \llet w e a th e r  fa v o u rs  t h e  s p r e a d  of t h e  d is e a s e .

C o n tro l: E x c is io n  of th e  d is e a s e  a f fe c te d  t i s s u e s  fo llo w ed  b y  p a in tin g

of th e  wound w ith  o rg a n o m e rc u ria l fu n g ic id e s  i s  e f f e c t iv e  (S h a rp ie s .  1936; 

R a d h a k r is h n a  P l l l a y  and G eorge, 1 9 8 0 ). T h is  sh o u ld  be  fo llo w ed  by  

a p p l ic a t io n  o f  a wound d re s s in g  com pound . A p p lic a tio n  o f B o rd eau x  p a s te  

a ls o  Is  e f f e c t iv e  (R a m a k rlsh n a n , 1964).

PANEL DISEASES

B e s id e s  th e  stem  d is e a s e s  d e s c r ib e d ,  p a n e l  d is e a s e s  l i k e  b la c k  s t r i p e ,  

m ouldy  r o t  and  p an e l n e c ro s is  a lso  a r e  r e p o r t e d .

B lack  s t r i p e
G e n e ra l; .  Among th e  p an e l d i s e a s e s ,  b la c k  s t r i p e  d is e a s e  cau se d  by

P h y to p h th o ra  p a lm lv o ra  (B u t!) B u t l . .  P . m e a d il Me Rae o r  P b o try o s a  C hee, 

i s  m ore im p o rta n t  (C h ee . 1990).
S ym p to m s: T h e  d is e a s e  a p p e a r e s  a s  a  v e r t i c a l  l in e a r  d e p re s s io n

In th e  ta p p in g  p a n e l w h ic h  w hen s c r a p e d  sh o w s  b la c k  l in e s  on th e  wood 

b e n e a th . T h e  p a th o g en  d e s t ro y s  th e  b a r k  t i s s u e  le a v in g  la rg e  w ounds w h ich  

m ake su b s e q u e n t ta p p in g  on th e  sam e p a n e l d i f f i c u l t  (R a d h a k r ish n a  P i l la y  

and G eo rg e . 1960).
B io logy  and  E p id e m io lo g y : T h e  b io lo g y  of th e  p a th o g en  h a s  a l r e a d y

been  d i s c u s s e d .  T h e  d is e a s e  i s  s e v e r e  w hen  ta p p in g  i s  co n tin u ed  d u rin g

r a in y  se a so n  u n le s s  r e g u la r  p an e l p ro te c t io n  m easu res  a r e  u n d e r ta k e n  

(R a m a k rlsh n a n  an d  R a d h a k ris h n a  P i l l a y .  1 9 5 3 ). H um id ity  o v e r  90% and 

f re q u e n t w e ttin g  o f ta p p in g  p an e l fa v o u r  th e  s p r e a d  o f th e  d is e a s e .
C o n tro l: B lack  s t r i p e  can  b e  c o n tro l le d  b y  a p p l ic a t io n  o f o rgano­

m e rc u r ia l  fu n g ic id e s  a t  f re q u e n t i n t e r v a l s  on th e  ta p p in g  p a n e l d u r in g  ra in y  

se a so n  (R a m a k rlsh n a n  and  R a d h a k ris h n a  P i l l a y .  1963a). O th e r  fu n g ic id e s  

l i k e  c a p ta fo l  (Y e o h a n d  T an . 1 9 8 0 ). o x a d ix y l  (T ra n . 1986) and  m ancozeb

(Thom son e t  a l .  1988) a r e  a ls o  r e p o r te d  to  b e  e f f e c t iv e .  A p p lic a tio n  of 

a  p a n e l d r e s s in g  compound on ren ew ed  b a r k  b e fo re  th e  o n se t o f monsoons 

h e lp s  In  th e  p re v e n tio n  o f d is e a s e  in c id e n c e .

ROOT DISEASES
Among th e  ro o t d is e a s e s  of n i b b e r .  t h r e e  a r e  c o n s id e re d  to  be of 

s ig n if ic a n c e  -  w h ite  ro o t d is e a s e ,  b ro w n  ro o t d is e a s e  and  r e d  ro o t  d is e a s e  

(C h e e . 197 6 ). As th e  In fe c tio n  o f r o o ts  an d  c o l l a r s  o f t r e e s  le a d s  to  d e a th



of t r e e s ,  th e s e  d is e a s e s  cau se  r e d u c t io n  In th e  m atu re  s ta n d  and  y ie ld  p e r  

h e c ta r e .

W hite ro o t d is e a s e

G e n e ra l: W hite ro o t d is e a s e  c a u se d  b y  R ig id o p o ru s  l isn o s u s  (K l .)

Im azek l i s  th e  m ost s e r io u s  ro o t d i s e a s e  o f r u b b e r  d ue  to  I ts  f a s t  s p re a d in g  

n a tu re  ( S h a rp ie s ,  1936) and I t s  e a r l y  a p p e a ra n c e  in th e  f i e ld .  T h is  d is e a s e  

w as f i r s t  r e p o r te d  from  S in g ap o re  ( R id le y .  1904) and  from  S r i  Lanka In 
1905 (F e tc h .  1921).

S ym ptom s: In  a f fe c te d  t r e e s  g e n e ra l  d is c o lo u ra tio n  o f  th e  fo lia g e

tu rn in g  o f f - t r e e n  in  c o lo u r  and g iv in g  a  r ip e n e d  a p p e a ra n c e  a r e  th e  e a r l i e s t  

a b o v e  g round  sy m p to m s. L eaves l a t e r  tu rn  y e llo w  and  d r o p .  P re m a tu re  

flo w e rin g  and d ie  back  o f th e  b r a n c h e s  a r e  a ls o  common. On th e  a f fe c te d  

ro o ts  w h ite  r h iz o m o rp h s . w h ich  tu rn  p a le  o ran g e  re d  when o ld ,  a r e  se e n . 

T he f ru i t in g  b o d ie s  a re  f irm , f le s h  and  u s u a l ly  t ie r e d  ( H i l tm . 1 9 5 9 ). Wood 

n ew ly  a f fe c te d  b y  th e  fungus i s  b ro w n  and h a rd  bu t in  l a t e r  s ta g e s  i t  is  
w h ite  o r  c ream  and f irm  (C h ee . 19 7 6 a).

B io lo g y : R lg id o p o ru s  llg n o su s  i s  a b a s id io m y c e te  w h ic h  p ro d u c e s

b ra c k e t  l ik e  s p o ro p h o re s  on th e  c o l la r  o f  n a tu r a l ly  In fec te d  t r e e s .  T he 

fungus s p r e a d s  th ro u g h  rh iz o m o rp h s . T he I s o la te s  o f  th e  fungus cou ld  be 

id e n t i f ie d  b y  i t s  c h a r a c t e r i s t i c  p e n e tr a t io n  p a t t e r n  on J e n s o n 's  a g a r  m edium . 

F ru i t l f ic a t io n  o f th e  fungus w as In d u ced  in  inoculum  co n ta in in g  p a th o g en  

on m alt e x t r a c t  a g a r  (600 m l) w hen f i e ld  c o n d i t io n s  w ere  s im u la te d  in  th e  

l a b o r a to ry  (F o x , 1960).

T w enty  i s o la te s  c o lle c te d  from  a  ra n g e  of g e o g ra p h ic a l o r ig in s  cou ld  

be  g ro u p ed  a c c o rd in g  to  t h e i r  o r ig in  cm th e  b a s i s  o f so lu b le  p ro te in  b an d in g  

p a t te r n s  o b ta in e d  b y  I s o e le c t r ic  fo cu ss in g  of iso z y m e  p r o f i le s  (L ouanch l 
e t  a l .  1992).

E p id e m io lo g y : F re s h ly  f e l le d  r u b b e r  s tu m p s  g e t in fe c te d  by  a irb o rn e

s p o r e s  ( S h a rp ie s ,  1936) bu t th e  c h ie f  m ethod  of s p r e a d  i s  by  ro o t co n ta c t 

(H ilto n . 1959). T h e  m ycelium  can  t r a v e l  in s o i l  fo r  som e d is ta n c e  bu t th e  

need  fo r  a food b a se  fo r  th e  rh iz o m o rp h  to  rem a in  v ia b le  h a s  been  

d e m o n s tra te d  ( Jo h n , 1 9 6 1 ). The f ru c t i f ic a t io n s  a p p e a r  n e a r th e  c o l la r  of 

a f fe c te d  t r e e s  d u r in g  w et w e a th e r .  T he in flu e n c e  o f p la n tin g  d is ta n c e  on 

th e  in c id e n c e  o f th e  d is e a s e  a ls o  h a s  been  e s t a b l i s h e d  (L iy an ag e , 1981 b ).

C o n tro l: F ie ld  s a n i ta t io n  and  rem o v a l of a l l  a f fe c te d  ro o t m a te r ia ls

h a v e  been  su g g e s te d  a s  th e  m ost im p o rta n t p r e v e n t iv e  m easu res  ( F e tc h , 

1921; S h a r p ie s .  1936: H ilto n , 1959). C om plete  m ech an ica l rem o v a l o f ro o ts  

o f t r e e s  w h ile  c le a r in g  b e fo re  p la n tin g  w as p r e f e r r e d  to  s tu m p  po ison ing  

m ethod  (N ew sam , 19 6 7 ). Legum inous c o v e r  c r o p s  grow n in  r u b b e r  p la n ta t io n s



a c t  a s  d ecu y  h o s ts  and  h e lp  in  r e d u c t io n  o f inoculum  p o te n tia l  (F o x , 1965). 

A p p lic a t io n  of su lp h u r  to  th e  p la n t  b a s e s  h a s  t>een of ad v a n ta g e  in  red u c in g  

s o i l  pH and s t im u la tin g  s o l i  a n ta g o n is ts  w h ic h  c a u se  l y s i s  o f th e  p a thogen  

( P e r le s  and L iy an ag e , 1 9 8 3 ). ^  v i t r o  an tagon ism  of s e v e ra l  so l i  fungi l ik e  

T rtc h o d e rm a  v i r i d e . T . h a rz la n u m . C llo c lad iu m  roseum  h a s  been  d e m o n s tra te d  

( J o l la n d s ,  1983). S e v e ra l fu n g ic id e s  h a v e  b een  r e p o r te d  to  be  u se fu l as 

c o l la r  d re n c h . T h ese  in c lu d e  t r id e m o r p h  (T ra n . 1986). tr la d e m e fo n . 

tr ia d e m e n o i.  p ro p ic o n a z o le  (T an . 1 9 9 0 ). An in te g ra te d  a p p ro a c h  u sin g  bo th  

fu n g ic id e s  (T riad em o fo n  and  T rid e m o rp h )  and  th e  a n ta g o n is tic  fungus 

T r ic h o d e r in a  h a s  been  o b s e rv e d  to  im p ro v e  th e  d is e a s e  c o n tro l .  In tro d u c tio n  

o f th e  a n ta g o n is t two m onths a f t e r  d re n c h in g  w ith  fu n g ic id e s  e n s u re d  th a t  

a  h ig h  p o p u la tlc n  o f th e  a n ta g o n is t w as m a in ta in e d  In th e  s o i l  (H ashlm ,

1990).

BROWN ROOT DISEASE

G e n e ra l: Brown ro o t d is e a s e  ca u se d  b y  P h e ll in u s  no x iu s (C o m e r .)

w as f i r s t  r e p o r te d  from  S r i  Lanka ( F e tc h ,  1 9 2 1 ). I t  i s  o f g r e a te r  s ig n i­

fic a n c e  in  S r i  L anka and In d ia  (R a ja le k s h m y . 19 8 0 ). H ig h e r d is e a s e  in c id en ce

Is  o b s e rv e d  In  l ig h t  s o i l .

Sym ptom s; T h e  in c id e n c e  o f th e  d i s e a s e  can  be d e te c te d  b y  th e  d i s ­

c o lo u ra tio n  o f th e  fo lia g e  along  w ith  c e s s a t io n  o f g ro w th  (R am ak rlsh n an  

and R a d h a k ris h n a  P i l l a y ,  1 9 6 3 b ). T h e  t r e e s  sh o w in g  su c h  e x te rn a l  sym ptom s 

can  no t o ften  b e  s a v e d  a s  th e  In fe c tio n  m ig h t h a v e  p ro g re s se d  c o n s id e ra b ly  

k i l l in g  th e  ro o t t i s s u e .  H ow ever, p r o p h y la c t i c  m easu res  can t>e u n d e r ta k e n  

i f  ro o ts  a r e  o n ly  p a r t i a l l y  in f e c te d .  T h e  rh iz o m o rp h s  form  a continuous

fungal m at o v e r  in fe c te d  r o o ts ,  b row n  in  c o lo u r  tu rn in g  b la c k  w ith  age 

(C h ee , 1 9 7 6 d ). A la y e r  o f s o i l  m ix ed  w ith  fungal m ycelium  fo rm s a h a rd  

b r i t t l e  m ass w h ic h  i s  d i f f i c u l t  to  be w ash ed  o f f  ( P e tc h , 1921). Wood a lso  

sh o w s b ro w n ish  d is c o lo u ra t io n  and in  a d v a n c e d  s ta g e s  honey com bing is 

seen  (R am ak rlsh n an  and R a d h a k ris h n a  P i l l a y ,  1 9 6 2 c ).

B iology and  E p id e m io lo g y ; P h e l l in u s  n o x iu s  i s  a b a s id lo m y c e te  form ing 

b r a c k e t  sh a p e d  s p o r o p h o r e s .  T he f ru i t in g  b o d ie s  a r e  b ro w n ish  p u rp le  o r  

b lack  on th e  u p p e r  su r f a c e  w ith  c o n c e n tr ic  g ro w th  r in g s  and g re y  on th e

u n d er s u r f a c e .  A b o r tiv e  s p o ro p h o re s  a r e  o f te n  se e n  a t  th e  c o l l a r  re g io n . 

T h ese  a r e  taw ny  brow n and  w a te r  so a k e d . T h e  fungus co lo n ise s  th e  stu m p s 

of t r e e s  le f t  in  th e  p la n ta t io n s  w h ich  form  a s o u rc e  of in fe c tio n . U nderground 

ro o t c o n ta c t b e tw een  h e a l th y  and d is e a s e d  r o o ts  i s  th e  c h ie f  m ethod of 

s p r e a d .  T he p r o g re s s  o f d is e a s e  from  t r e e  to  t r e e  i s  slo w  when com pared  

to  th a t  o f w h ite  ro o t d i s e a s e  ( P e tc h . 19 2 1 ). S e v e ra l  c u l t iv a te d  t r e e  c ro p s  

and fo re s t  t r e e s  a r e  a l t e r n a te  h o s ts  of th e  p a th o g e n  ( S r ip a th i  Rao, 1975).



C o n tro l: C u ra tW e tr e a tm e n ts  a r e  e f f e c t iv e  o n ly  I f  th e  d is e a s e  i s

d e te c te d  e a r l y .  T he ro o t  s y s te m s  of a f fe c te d  t r e e s  a r e  e x c a v a te d  and 

p o r t io n s  o f d e a d  ro o ts  r e m o v e d . .  T he p a r t i a l ly  a f fe c te d  ro o ts  a r e  s c r a p e d ,  

w ash ed  w ith  an o rg a n o m e rc u rla l fu n g ic id e  and th e n  p a in te d  w ith  a pe tro leu m  

wound d re s s in g  com pound. T h e  t r e e  b a s e s  a r e  th e n  r e f i l l e d  and  p ack ed  

f i rm ly .  P ro p h y la c t ic  d r e s s in g  w ith  a  b itu m in  o r  g re a s e  com pound in  w h ich  

10% tr ld e m o rp h  i s  in c o rp o ra te d  i s  r e p o r te d  to b e  e f f e c t iv e  (RRIM, t9 7 4 b ) .

RED ROOT DISEASE

G e n e ra l: Red ro o t  d is e a s e  c a u s e d  by  G anoderm a p h l l l p p l i  (B re s .

6 P . H en n .)  B res i s  a l e s s  common d is e a s e  w h ic h  d e v e lo p s  s lo w ly  and Is  

m ore f r e q u e n tly  en c o u n te re d  In m atu re  p la n ta t io n s  (H il to n , 195 6 ]. H ow ever 

re c e n t  r e p o r t s  from  C h ina  in d ic a te  th a t  e v e n  young p la n ta t io n s  a r e  a ffe c te d  

and th a t  th e  s p r e a d  i s  r e l a t i v e l y  f a s t  CTan and  P an , 19 9 0 ).

S ym ptom s; T h e  sy m p to m s of brow n ro o t d is e a s e  and  r e d  ro o t d is e a s e  

a re  s im i la r  e x c e p t  th a t  In th e  c a se  o f r e d  ro o t  d i s e a s e ,  th e  m ycelium  w h ich  

c o v e rs  th e  ro o t su r fa c e  i s  r e d  o r  r e d d is h  b ro w n  w ith  c ream y  w h ite  g row ing 

m a rg in s . T h e  a f fe c te d  wood i s  p a le  brow n and  h a rd  a t  f i r s t  becom ing p a le  

b u ff, w et and sp o n g y  and b r e a k s  e a s i ly  in  l a y e r s  w hen d r y .

B iology and  E p id e m io lo g y : G anoderm a p h l l l p p i i  I s  a  b a s ld o m y c e te

w h ic h  fo rm s b ra c k e t  l i k e  f ru i t in g  b o d ie s  iv h ich  a r e  h a r d  and  w oody w ith  

d a rk  r e d d i s h  b row n  w r in k le d  u p p e r  s u r f a c e s  and  a s h y  w h ite  lo w e r s u r f a c e s .  

M ature f ru c t i f ic a t io n  b e a r  ab u n d an t s p o r e s  (RRIM. 1 9 7 4 a). A lthough  in fe c tio n  

from  s p o r e s  i s  l i k e ly ,  th e  s p r e a d  i s  l a r g e ly  by  ro o t c o n ta c t . L a rv ae  o f 

c e r ta in  f l i e s  w h ic h  b re e d  w ith in  th e  f ru c t i f ic a t io n s  a r e  c a p a b le  o f sp re a d in g  

th e  d is e a s e  a s  th e  s p o r e s  a r e  v ia b le  ev en  a f t e r  p a s s in g  th ro u g h  th e i r  gut 

(L im , 1971 b ).

C o n tro l: T he c o n tro l  m easu res  in c lu d e  p re p la n t in g  e r a d ic a t io n  o f th e

so u rc e s  of in fec tlcm  and p re v e n tio n  o f th e  s p r e a d  in  th e  s ta n d .  P ro te c t iv e  

d r e s s in g  of r o o ts  w ith  fu n g ic id e s  (10% D razo x o lo n  o r  10% I r id e m o rp h )  i s  

recom m ended (T an  and L im . 1971). S o il fum igatlcm  alcmg w ith  m u lch ing  and 

a p p l ic a t io n  o f f e r t i l i z e r s  and d re n c h in g  w ith  D razoxo lon  i s  a ls o  r e p o r te d  

to b e  e f f e c t iv e  a s  i t  h e lp s  In s t im u la tio n  o f n a t iv e  a n a ta g o n ls ts  (V a rg h e se  

e t  a l .  1975). An in te g ra te d  c o n tro l sy s te m  in v o lv in g  p r e p la n tin g  In sp e c tio n  

and rem o v a l o f so u rc e  o f in fe c tio n , p o s t p la n tin g  In sp e c tio n  and tre a tm e n t 

p r i o r  to  and a f t e r  open ing  fo r  ta p p in g  b o th  b y  e lim irta tin g  in fe c te d  m a te r ia l 

and b y  d re n c h in g  0.75% T rld e m o rp h  a t  th e  r a t e  of 200 ml p e r  t r e e  a t  6 

m onths in te r v a l  f o r  two y e a r s  w as found u se fu l in  C hina (T an  and Fan.

igtiO).
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