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d ise a se s  o f  p o t e n t ia l  th r ea t  t o  r u b b e r  in  INDIA

Nla tu ra i  ru b b er (Heiva brasiliensis) 
is a n a tiv e  o f  th e  t ro p ic a l  ra in  
forests of A m azon  basin. Follow ing 
the d is c o v e ry  o f  u s e fu ln e s s  o f 
rubber, in the  n in e te e n th  c e n tu ry  
attempts w ere m ad e  for com m ercial 
cultivation of the  tree. M ost of the 
commercial ru b b e r  p lan ta tio n  n ow  
existing in the  w o rld  h a s  its origin 
from  a v e ry  s m a l l  c o lle c tio n  o f 
seeds m ad e  by  H enry  W ickham  in 
1876 from  the  r iv e r T apajoz region 
in Brazil. C om m ercial cu ltivation  of 
rubber w as first taken  u p  in  South 
East Asia. The success of these early  
plantations led to the rein troduction  
of the cu ltivated  su p e rio r  selections 
from A sia in to  C e n tra l an d  South  
A m erica  a n d  th e  C a r r ib b e a n  
islands. In India com m ercial rubber 
cultivation w as s ta rte d  in 1902. A t 
p resen t th e  a rea  u n d e r  ru b b e r  in 

j India is 5.23 lakh  hectares.

O ne o f th e  m a jo r  c o n s t r a in t s  of 
ru b b e r  c u l t iv a t io n  h a s  b e e n  th e  
incidence of diseases, m any  of them  
causing considerable  c ro p /tre e  loss. 
Cultivated rubber has a very  narrow  
genetic base as it w as d eriv ed  from  a 
ver}’ small collection. The lack of w ide 
genetic variab ility  exposes the p lan t 
to epidem ics. The diseases of rubber 
tree h av e  b e e n  w e ll d o c u m e n te d  
(Petch , 1921; S h a rp ie s  1936; R ao 
1975). Fungi p lay  the  m ajor role as 
p a th o g e n s  of ru b b e r  tre e . M an y  

' fungal d iseases of rubber bave been 
reported from  India (Rubber Research 
b istitu te  of India, 1980) of w hich  a 
few cause epidem ics.

Early  a tte m p ts  in  ru b b e r  d ise a se  
control in Ind ia  w ere  m ad e  by  the 
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a t M u ndakayam  from  1916 to 1934. 
S ince the in cep tio n  of the  R ubber 
R esearch Institu te  of India in 1955, 
c o n c e r te d  e ffo r ts  w e re  m a d e  for 
ru b b e r  d ise a s e  c o n tro l b y  w h ic h  
c o n tro l  s tr a te g ie s  fo r  a ll m a jo r  
d is e a s e s  b a v e  b e e n  d e v e lo p e d .  
H ow ever, there  a re  a few  diseases 
o f ru b b e r  w h ic h  h a v e  n o t  b een  
rep o rted  from  India. These include 
South A m e ric a n  L ea f B lig h t 
{Microcyclusulei) w h ite  root d isease 
(R igidoporus liguosus)  b lack  scab  
(Catacoma huberi) an d  ta rg e t  sp o t 
(Tbaneiophorus cucurneris). The leaf 
d ise a se  ca u se d  by  Corynespora  
cassiicola w h ich  is c o n s id e red  as 
m in o r  d is e a s e  in  In d ia ,  n e e d s  
sp ecia l a tte n tio n  as it h as  cau sed  
e p id e m ic s  in  o u r  n e ig h b o u r in g  
c o u n tr ie s  l ik e  Sri L an k a  a n d  
Indonesia.

1. CO RYNESPORA LEAF
DISEASE______________________

E pidem ics in  Sri L anka

In SriLanka C orynespora  leaf disease 
w a s  f ir s t  n o tic e d  in  a p o ly ^ a g  
n u rsery  in D artonfield  E state d u rin g  
1985 on clone RRIC 103. This clone 
w as a very  prom ising  p rogeny of a 
cross be tw een  RRIC 52 a n d  PB 86, 
d e v e lo p e d  in  1958 a n d  w id e ly  
te s te d  fo r  tw o  d e c a d e s  b e fo re  
r e c o m m e n d in g  fo r  la rg e  sc a le  
p lan tin g  in Sri Lanka. As the  clone 
fared w ell in com m ercial p lantings, 
the  ex ten t of area u n d e r  the  clone 
rose stead ily  betw een  1979 and 1985. 
N o d isease  incidence w as reported  
till 1985, By 1986, C orynespora  leaf 
d ise a se  h ad  sp re a d  to all the  w e t 
d istric ts  of Sri Lanka and by 1987 a 
total area of m ore than  4000 hectares 
w as affected. (L iyanage et a i ,  1989).

C orynespora  d isease  in  M alaysia

In M alaysia, the d isease w as detected 
in the nurseries d u r in g  1960, b u t w as 
considered  as a m inor d isease. The 
first rep o rt on  fied p lan ted  ru b b er 
w as in 1975 a n d  su b seq u en tly  the  
d isease had  spread  over large areas. 
A su rv ey  conducted  in 1990 revealed 
th at the d isease incidence in estate 
sector w as 53 p e r cen t an d  th a t in 
sm all holdings, 67.5 p e r cent. Thirty 
five o u t of sixty three clones observed 
in the su rv ey  w ere affected by the 
d isease (Tan, 1990).

E pidem ics in  Indonesia

C orynespora  leaf d isease  w as first 
noticed in Indonesia  in 1980 in South 
S um atra . L a ter the d isease  sp read  
to Java and  N orth  Sum atra by  1982 
an d  1983 an d  to  the w h o le  of the 
rubber grow ing tracts of In d o n ^ ia  by 
1988, severely affecting nearly  1200 
hectares. N early 400 hectares p lan ted  
w i th  s u s c e p t ib le  c lo n e s  w e re  
u p ro o te d  w h ic h  a c c o u n te d  fo r a 
lo ss  o f m o re  th an  R p 200 b illio n  
(Sinulingga el a l ,  1996).

C orynespora  leaf d isease  in  In d ia

T his d isease  w as f irs t rep o rted  in 
1958 from  RRII experim ental station  
nursery. Later it w as reported  from  
o th e r  n u rse r ie s  in  M u n d a k ay a m , 
K anjirapally , T h o d u p u z h a , T richur 
and  Nagercoil areas (R am akrishnan 
an d  Pillai, 1961). The in fection  on  
m ature  trees w as first noticed in 1969 
in K odum on . In fec tion  on  m atu re  
trees w as rep o rted  from  C h itta r  in 
1970 a n d  S h a lia c a ry , K a lia r  a n d  
C heruvally  d u rin g  1976. (George an d  
E dath iL  1980). Recently, a d isease
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o u tb re a k  o n  m a tu r e  ru b b e r  w a s  
no ticed  in  R R II H e v e a  B re e d in g  
Substation an d  KFDC p lan ta tio n s  at 
NeKana in  K arnataka.

S y m p to m s  o f  C o r y n e s p o ra  le a f  
disease

Corynespora /nfects leaves of all stages. 
However, ligh t green  im m atu re  stage 
of leaf a p p e ar to h e  m ore susceptible. 
The sym tom s o f the  d isease v a ry  w ith 
the clones an d  the locality. C ircu lar 
lesions of v a ry in g  sizes a p ap ery
centre, b row n m argin and  yellow  halo 
are com m only  seen.

Shot holes a re  som etim es form ed due  
todisintegration of the central portion 
of the lesions. Several lesions m ay 
coalese to  form  large b ligh ted  area. 
S p read  o f  th e  d is e a s e  a lo n g  th e  
veins is  e v id e n t  d u e  to  b ro w n ish  
d is c o lo u ra tio n  o f th e  v e in s . T he 
b row nish  c o lo u r o f the  v e ins form  
a 'ra ilw a y  tra c k ' lik e  a p p e a ra n c e . 
Severe infection  o f the m id  rib causes 
leaf blight. The su rro u n d in g  tissues 
turn yellow  and  later to brow n colour 
Affected leaves abscise p rem atu re ly  
leading to  defo liation  of trees. E ven a 
single lesion  on  the m id rib  o r  base o f 
the leaf is su ff ic ie n t to  ca u se  leaf 
abscission. Severe infection leads to 
shoot d ie back. R epeated  defo liation 
can lead to  d ea th  of infected trees.

C o m p a r is o n  o f  s y m p to m s  o f  
pow dery m ild ew  an d  C ory n esp o ra  
leaf d iseases

C o ry n e sp o ra  d ise a se  in c id en ce  is 
m ore sev ere  d u r in g  the  refo lia tion  
p e rio d  ( Ja n u a ry -M a rc h )  a f te r  
wintering. P ow dery  m ildew  is a  m ore 
comm on disease d u r in g  this period  
w hich  can  be re c o g n is e d  b y  th e  
appearance of w hite  pow dery  m asses 
on young leaves. Very y oung  leaves 
affected by p o w d ery  m ildew  disease 
c rin k le  a n d  fall o n  th e  g ro u n d  
fo rm ing  a b lack  ca rp e t. P o w d ery
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m ildew  is m ore severe w h en  there is 
dew, m ist form ation o r light show ers 
d u r in g  re fo lia tio n  p e rio d . U n like 
p o w d e ry  m ild e w , C o ry n e s p o ra  
d isease occur w hen the a tm osphere 
is  dry . T h e  b ra n c h e s  e x p o sed  to 
su n lig h t are  m ore severely affected. 
Defoliation by  C orynespora is slow er 
th a n  th a t by  p o w d e ry  m ildew . A 
few  p a rtia lly  b lig h ted  leaves often 
rem ain  on the b ranches. Broom stick 
like appearance of branches com m on 
in po w d ery  m ildew  affected trees is 
n o t  u s u a lly  se e n  o n  Corynespora  
infected trees.

M echan ism  o f in fec tion  and  d isease 
d ev e lo p m en t

T h e  c o n id ia  o f th e  p a th o g e n  
d e p o s ite d  o n  s u s c e p t ib le  lea v e s  
g erm inate  and  penetra te  the  tissues. 
O n y oung  leaves, lesions are  noticed 
w ith in  3 to 4 days. T he incubation  
p e rio d  is d e la y e d  u p to  9 d a y s  in 
m atu re  leaves. The tissue d am age is 
a ttrib u ted  to  a toxin p roduced  by the 
fu n g u s. T he tox in  p ro d u c tio n  has 
been dem onstra ted  in  static cultures 
o f  th e  p a th o g e n  o n  m o d if ie d  
a lternaria  m ed ium  in vitro. Toxin was 
detected  in 44 hours an d  m axim um  
p ro d u ctio n  occurred in 10-12 days. 
The toxin p roduction  w as m axim um  
a t a tem peratu re  of 28°C and  a p H  of 
6.0 to 7.0 (Oneirosan el a i,  1975).

T h e  s y m p to m s  o f C o ry n e s p o ra  
d isease could be induced on  detached 
leaves by  app ly in g  0.001 ml of crude 
toxin on p in -p rik  w ou n d s (Liyange 
an d  Liyange, 1986). The toxin affects 
CO j assim ila tio n  ra te  an d  thereby  
affect the  photosynthetic  m echanism  
of infected leaves (N ugew ela el a l,
1989). S in ce  a c o r r e la t io n  w a s  
o b se rv e d  b e tw e en  the  s ize  of the 
le s io n  c a u se d  b y  to x in  a n d  th e  
susceptibility  of Hevea clones it w as 
su g g ested  th a t c ru d e  tox in  can be 
used  fo r rap id  screening  of ru b b er 
clones.

C lonal suscep tib ility

The clone noted  as  m ost susceptible 
to Corynesf>ora d isease ^  RRIC 103. 
O ther clones reported as susceptible 
in Sri Lanka include RRIC 104, RRIM 
600, RRIM  725 a n d  T jir 1. C lones 
RRIIC 110 a n d  RR IC  133 w ere  
found to show  susceptibility  only in 
n u r se r ie s  ( ja y a s in g h e  a n d  S ilva, 
1996).

In  M alay sia  th e  m o s t co m m o n ly  
affected clones a re  RRIM 600 and  
G T 1. T h e  c lo n e s  RRIM  701. 
RRIM  703, RRIM  712, RRIM  725, 
PBIG, PB 261 and  IA N  873 are  also 
reported  as susceptible. The disease 
w as o bserved  o n  clo n es  PB 5 /5 1 , 
PB 217, PB 235, PB 260, PR 107, RRIM 
901, RRIM 905 and  T jirl (Tan, 1990). 
The clones RRIC 103, Fx 25, RRIM 
725, KRS 21, PPN  2058, P PN  2444 
a n d  P P N  2447 a re  a lso  n o te d  as 
susceptible (Shukor and  H idtr, 1996). 
The clones n o w  ra ted  as  res is tan t 
viz. RRIM 712, RRIM 902, RRIM 903, 
RRIM 904, RRIM 915 and  RRIM 937 
h a v e  su s c e p tib le  p a re n ts  a n d  so  
th e  s ta b ility  of th e ir  res is tan ce  is 
doubtfu l (O thm an et a l,  1996).

The clones found highly  susceptible 
in Indonesia are RRIC 103, 21,
RRIM  725, P P N  2058, PPN  2444 
and  PPN  2447. GT 1 and  RRIM 600 
previously  ra ted  as to leran t are now  
fo u n d  to  be suscep tib le  (Sinuligga 
et al., 1996). A z w a r et a l ,  (1993) 
a n a ly s e d  th e  p e rfo rm a n c e  o f 
v a r io u s  c lo n e s  a n d  c o n c lu d e d  
th a t  o n ly  BPM 24 a n d  RRIC 100 
show ed resistance to C. cassiicola in 
Indonesia.

In  India, the clones found susceptible 
include RR n 105, PCK 2, RRII 118, 
RRll 300, RRII 305, PCK 1, RRIM 600, 
PB 86, PB 235, PB 255, PB 260, PB 311, 
PR 107, G L 1 and  Tjir-1. Clones which 
w in te r  early  w ere  fo u n d  to escape 
from  the disease. The susceptibility
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of RRU 105 is of p a rticu la r  concern 
as large areas are  no w  p lan ted  w ith  
this clone.

Host Range

Corynespora cassiicola has a w id e  host 
range. Liyanage et a l,  (1986) listed  
e ig h ty  e ig h t  c o m m o n  p l a n ts  as 
hosts of C. cassiicola. T he list includes 
plants like  Cacao Ihobnm c, 'Coffea 
arabica, Eucalyptus ^ranciis, Eugenia 
caryoph\/lnta and Piper nigrum. This 
ind ica te  th a t  th e  p a th o g e n  can  
su rv ive  o n  m o s t  o f  th e  c o m m o n  
plants found  in  a reas  n ea r to rubber 
plantations.

Control m easu res

The strategies ad o p te d  for control of
Corynespora leaf d isease in Sri Lanka
included

1. base  b u d d in g  o f  s u s c e p t ib le  
clones (upto  24 m o n th s  old) w ith 
to lerant clones.

2. c ro w n  b u d d in g  o f su s c e p tib le  
clones to 3V̂  years old) w ith 
to leran t crow n clones.

3. U prooting  susceptib le  clones and 
rep lanting  w ith  to le ran t clones.

Among these m ethods, only uprooting 
and  r e p la n tin g  b e c a m e  p o p u la r  
am ong  p la n te rs  as  the  o th e r  tw o  
m ethods d em anded  careful m ain te ­
n ance o f th e  n e w  b u d . A n o th e r  
attrac tio n  w a s  the  re lie f  p a y m e n t 
offered by th e  G o v e rn m e n t to  the 
sm all h o ld e r s  w h o  o p te d  fo r 
up ro o tin g  a n d  rep lan tin g . A to ta l 
re lief p a y m e n t  o f 53 .9  m il lio n  
njpees w as m ade. Tlie en tire  infected 
area of n ea rly  4000 h ec ta res  w ere 
e ith e r  r e p la n te d  o r  o v e rb u d d e d  
within a period  o f 3 years (1987 to
1990). (L iy an ag e  et ai., 1989,

Chem ical control of Corynespora is 
not recom m ended in Sri Lanka except 
for nu rsery  plants. In  the nurseries, 
sp ray in g  w ith  benom yl, m ancozeb, 
captan  or p rop ineb  is recom m ended 
G aysinghe and  Silva, 1996).

Experim ents conducted  in M alaysia 
in d ic a te d  th a t  s p ra y in g  b en o m y l 
a t  the  ra te  of 500 g / h a  for 5 to  6 
ro u n d s  im m e d ia te ly  fo llo w in g  
w in te r in g  g a v e  g o o d  c o n tro l  of 
d isease  in  m atu re  areas. A rtificial 
defo liation to induce early  w intering  
w a s  n o t  e ffe c tiv e  in  re d u c in g  
d ise a se  in cid en ce  (H ash im , 1994). 
S u p p le m e n ta t io n  o f N  fe r til iz e rs  
o r  m ic r o n u tr ie n t s  d id  n o t  sh o w  
an y  in flu e n ce  on d ise a se  sev erity  
o r  can o p y  d e n s ity  (H ash im  et a l ,  
1996).

F o u r  to  f iv e  ro u n d s  o f s p ra y in g  
w ith  T ridem orph  (Calixin 0 .61 /ha) 
o r m ancozeb  (D ithane M-45 1.5 to 
3 k g / h a )  a re  r e c o m m e n d e d  fo r 
control of C orynespora  leaf disease 
in nurse rie s  an d  young  p lantations 
in Indonesia  (Soepena et a i, 1996).

In In d ia , B ordeaux m ix tu re  (1 per 
cent) o r  D ithane Z  78 (0.24 p e r cent) 
w e re  e a r l ie r  re c o m m e n d e d  for 
C o ry n e s p o ra  d ise a s e  c o n tro l  
(R a m a k rish n a n  a n d  P illa i, 1961). 
L a te r  0.1 p e r  c e n t s p ra y  of 
c a rb e n d a z im  (B av is tin )  w a s  a lso  
found  effective (Rajalekshm y el a i, 
1980) for d isease control in n u rsery  
H igher doses of N fertiliser applica­
tion favoured the d isease incidence 
(R ajalekshm y et a i ,  1979). R ecent 
e x p e r im e n ts  c o n d u c te d  in 
K a rn a ta k a  in d ic a te  th a t  h ig h  
v o lu m e  s p ra y in g  o f  m an c o z e b  
(D i th a n e  M  45) 0 .2  p e r  cen t, 
c a rb e n d a z im  (B a v is tin )  0.05 p e r  
cent of Bordeaux m ixture 1 per cent 
a t an inter\-al of 2 to 3 w eeks during  
refoliation period  is effective in the 
control of Corynespora leaf disease 
on young trees (5  to 7 years old).

2. S O U T H  A M E R IC A N  LEAF 
BLIGHT

South Am erican leaf Blight (SALB) 
is considered as the m ost dangerous 
d isease of rubber. It is very destruc­
tiv e , ra p id ly  sp re a d in g  an d  v ery  
e x p e n s iv e  to  c o n tro l .  R e p e a te d  
defoliation of rubber p lan ts by SALB, 
besides retard ing  grow th  can lead to 
die back of shoots and  their eventual 
death.

SALB w as present in the tropical rain 
forests of ^ u t h  Am erica as a  m inor 
disease of the w ild rubber tree. W hen 
the selections of rubber developed 
in Asia w ere rein troduced  to  South 
an d  Central A m erica for commercial 
cultivation  from  1895 onw ards, this 
m in o r d isease  of w ild  ru b b er tree 
c a u se d  e p id e m ic s  in  th e  n ew  
plantings.

T h e re  h as  b e e n  m an y  re p o r ts  on 
severe infestation of SALB in South 
A m e ric a . In  1927 F o rd  M o rto r  
c o m p a n y 's  ru b b e r  p la n ta tio n s  in 
F o rd la n d ia , B razil (3200 h a ) h ad  
to  b e  a b a n d o n e d  d u e  to  SALB 
epidem ics. Similarly Belterra p lan ta­
tions in Brazil p lan ted  in  1934 was 
a d a n d o n ed  in 1943 d u e  to  severe  
SALB in c id e n c e . G o o d  y e a r  
com pany 's  Speed w ay  Estate (1000 
ha) in  C osta Rica an d  All w ea th er 
Estate in P anam a w ere also sim ilarly 
abandoned  (H ilton, 1955). A nother 
a ttem p t to recultivate rubber in the 
SALB escape areas a lso  failed due  
to em ergence  of new  races  of the 
pa th o g en  w hich  d ev asta ted  nearly  
1 lack hectares o u t of the 1.5 lakh 
hectares p lan ted  upto  1986 (Libereief 
n i, 1989).

S ym ptom s o f SALB

The sym ptom s of SALB on the leaves 
dep en d  on  the leaves a t the tim e of 
infection . If the  in fection  is a t the 
b ro w n  (v ery  y o u n g )  s ta g e  o f the
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leav es , th e  lea fle ts  c r ia k le  d u e  to 
n e c ro s is  a n d  fall o ff le a v in g  the 
p e tio les  o n  the  b ran ch es  for a few 
m o re  d a y s .  W h e n  th e  in fe c t io n  
occur in the  ligh t g reen  stage of the 
leaves, g rey ish  p o v /d ery  m asses of 
conidia a re  seen  on  the lov/er surface. 
The lesions have as  a n g u la r  outline. 
O n  th e  u p p e r  s u rfa c e  o f th e  leaf, 
c o rrespond ing  to the  lesion on  lovk^er 
s ide , a tra n s lu c e n t area  is  form ed. 
A s the  leaf m a tu res , th e  p o w d e ry  
appearance is lost, the  lesion becom es 
b ro w n  in  co lo u r an d  its cen tre  rots 
aw ay  (Chee an d  H olliday, 1986).

T h e  n e x t  s ta g e  o f  th e  d ise a s e  is 
d e v e lo p m e n t  o f  p y c n id ia  o f the  
fu n g m . Pycnid ia  are  form ed on  the 
u p p e r  su rface  o f h a rd e n in g  leaves 
a lo n g  the  fringes of the  lesion. The 
p y c n o s p o re s  a re  fo rm e d  in  th e  
p y c n id ia .  P y c n o s p o re s  a re  n o t  
capable  o f infection an d  are  th o u g h t 
to  b e  sperm atia  of the fungus.

W hen  th e  leaf is  fu lly  m atu re , the 
strom a becom e m assive and  ascocarp 
is  fo rm e d  in  e r ru m p e n t  s c a tte re d  
m asse s  a ro u n d  th e  le s io n s  o r  th e  
sh o t h o l^  form ed d u e  to d ea th  of cells 
in  the  lesion . T hese d a rk  spherical 
s tru c tu re s  a re  th e  p erith ec ia  o f the 
fu n g u s w hich  b ea r the  ascospores.

Infection of M ulei can  a lso  occur on 
p e tio les  g re e n  s te m , in flo rescen ce  
and  y o u n g  fruits. Since the infection 
occur on a restricted p a rt of actively 
g ro w in g  tis su e , i t  le a d s  to  tis su e  
d i s to r t i o n .  S tem  p e tio le s  o r  
inflorescence w h en  infected becom e 
c u rle d , tw is te d  o r  sp ira lly  ro lled  
w ith  the infected a rea  on  the concave 
surface.

D is tr ib u tio n  o f SALB

A t p resen t SALB is confined to South 
and  C en tra l Am erica and the islands 
in  th is  re g io n . T h e  d is e a s e  is 
r e p o r te d  f ro m  B ra z il, B o liv ia , 
Ecuador, G uyana, Peru , Surinam  and

Venezuela. The attem pte to cultivate 
ru b b er  for com m ercial p ro d u ctio n  
in  T rin id a d  a n d  H a iti r e su lte d  in 
sp read  of SALB to these areas. The 
d is e a s e  h a s  b e e n  r e p o r te d  f ro m  
P anam a, Costa Rica, G uatim ala  and 
H onduras.

C asual organ ism

T h e  p a th o g e n  c a u s in g  SALB, 
M icrocyclus ulei w as first collected 
a n d  identified  as Dothidella ulei by 
Ule in  1905. The pycnidial s tate of the 
fungus w as observed an d  nam ed  as 
Aposphaeria ulei an d  the  conidial s tate 
of the  fu n g u s  as  F usicladium  
macrosporuni. M uller an d  von Arx 
transferred  the fu n g u s to the  genus 
M icrocyclus an d  estab lished  th at the 
d ifferent n am es rep resen t only three 
stages of the sam e pathogen.

H o st range

M icrocyclu ls u lei in fec ts  o n ly  the 
g e n u s  H evea. N o  o th e r  p lan ts  are 
so  far k n o w n  as a host. O f the  ten  
species of Hevea SALB is rep o rted  
only on fourspecies. viz. H. brasiliensis, 
H. beutham iana H. gu ianensis and
H. sprnceana. The o th er six species 
nam ely H. camporum, H. microphylla,
H. uilida H. pauciflora, H  camargoana 
and H. rig id ifo lia  a re  free  fro m  
infection. (Chee 1976, Holliday, 1970).

Life cycle o f M. tilei

T h e  fu n g u s  o v e r  w in te r  in  th e  
p erithec ia l s tage o n  m atu re  rubber 
leaves w hich  rem ain on the tree or fall 
on the ground . D uring  cool weather, 
th e  a sc o sp o re s  a re  re le a se d . The 
ascospores germ inate  and  infect the 
y o u n g  le a v e s  fo rm in g  d ise a s e  
lesions on  the low er surface. C onidia 
a re  p ro d u ce d  in larg e  n u m b ers  in 
these lesions. Conidia are responsible 
for rap id  spread  of the disease.

The conidia of M.ulei are  one celled 
o r m ore com m only  tw o  celled and

d u b  sh a p ed . T he p ro x im al cell of 
th e  tw o  c e lle d  c o n id ia  h a v e  a 
p ronounced  s ingle twist. The conidia 
infect and  cause d isease on brow n or 
pale green y o u n g  leaves. O n m ahjre 
leaves, co n id ia l in fection  resu lt in 
sm a ll s p o ts  only. O n the  infected 
leaves conidia germ inate, penetrate 
th e  e p id e rm is  a n d  th e  m ycelium  
spreads w ith in  the  tissue. Sporulation 
o c c u r  in  a b o u t  f iv e  d a y s  a fte r  
infection.

A fte r  a b o u t  a m o n th , the  strom a 
develops on u p p er surface of infected 
leaves. Initially  pycn id ia  are formed 
w h ic h  p ro d u c e  d u m b  bell shaped  
p y n o s p o re s . T h e  s tro m a  becom e 
m ore p rom inen t w hen  ascocarps are 
form ed. The perithecia  produce asci 
e a ch  b e a r in g  e ig h t  a sp c o sp o re s . 
A sc o sp o res  a re  tw o  ce lled . T hey 
in fe c t  y o u n g  le a v e s  in  th e  n ex t 
season.

P hysio log ical races

E ffo r ts  to  e v o lv e  re s is ta n t Hevea 
clones by  crossing  H. brasiliensis with
H. benlham iana  fa iled  d u e  to  the 
evolution of physiological races of the 
fu n g u s. M ost o f th e  ea rly  crosses 
w ere m ad e  b e tw een  h igh  yield ing  
selections of H. brasiliensis and  clone 
F 4542 a H. benthaniana  se lec tion  
w hich w as show ing  h igh  resistance. 
By 1960 it b e c am e  c le a r  th a t  the 
resistance derived  from  F 4542 was 
not stable. Several offsprings of the 
c rosses m ad e  w h ich  w ere inititally 
c la s s if ie d  a s  r e s is ta n t ,  becam e  
susceptible.

C hee et al. (1986) id en tif ie d  nine 
physiological races of M. ulei based 
on the b ehav iour o f the  pathogen on 
several d ifferentia l clones. Hashim  
and  A lm eida (1987) confirm ed six of 
these races based on thier infection on 
five differential clones viz. IAN 717, 
LA N  3925. LAN 710, Fx 2261 and 
Fx 985.
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Physiology o f resistance  to  in fection

The p a r t  p la y e d  b y  p h e n o ls  
and o x id a t iv e  e n z y m e s  in  th e  
p a th o g en es is  o f  SA LB h a s  b e e n  
studied. Blazquez and O w en  (1957) 
reported presence of tan n in s  in the 
V’e l l o w  b ro w n  reg io n  s u rro u n d in g  
the d ise a se  le s io n s . F ig a ri (1965) 
observed g r e a te r  i n h ib i t io n  of 
conidial germ ination  in loaf extracts 
of resistant clones th an  of susceptible 
and s u g g e s te d  t h a t  th e  tox ic  
substance is  a f la v a n o l.  T h is  
was id e n t i f ie d  a s  k a e m fe ro l  3 
rham nodiglucoside (M artins et a l,  
1970). H ashim  et a i ,  (1980) observed 
that the toxic substance  is  querectin . 
They a lso  o b s e rv e d  th a t  c lo n e s

■ resistan t to  SALB h a d  lo w e r  
peroxidase an d  lA A  oxidase  acHvit)'. 
Presence o f g ro w th  su b s ta n c e  like 
lAA, Kinetin, GA, and  P N aph thoxy  
acetic acid red u ced  the  lesion  size 
on detached leaf discs.

Likely b eh a v io u r  o f M . ulei in  Asia

In the  SALB e n d e m ic  a re a s  of 
tropical Am erica the an n u a l rainfall

■ exceeds 250 cm  w ith  n o  lo n g  d ry  
period. R elative h u m id ity  is m ore

 ̂ than 80 p e r cent d u r in g  m ost p a rt of 
the year M oderate  SALB incidence 

/  is noticed ev en  in a reas  w ith  less 
" '  than 200 cm  rainfall w ith  no  long dry 

period. In areas w ith  long d ry  period 
' disease incidence  is low. But su ch  

areas are not su itab le  for g ro w th  of 
rubber. C hee (1980) o b se rv ed  th a t 
epidemics o f  SALB occur w hen daily 
temperature is less d^an 22‘̂ C for more 
than 13 hours an d  RH m ore than  92 
per cent for m ore than  10 hours w ith 
•■ainfail m ore than  1 m m  for a period  
of 7 days.

Considering the clim adc conditions of 
South East Asia, it can be predicted 

j that if SALB is in troduced  in to  this 
* ^rea, it can ca u se  ep id em ics . The 

nibber grow ing areas of South India 
receive 250-300 cm rainfall annually.

T he rela tive  h u m id ity  a lso  is high 
(60-95 p e r cent) p articu larly  d u rin g  
b o th  S o u th  W est an d  N o rth  E ast 
m o n so o n  p e r io d s .  T h e  h ig h  R H  
o b s e rv e d  f ro m  S e p te m b e r  to 
Decem ber coupled w ith the afternoon 
s h o w e rs  o f N o r th  E ast m o n so o n  
w hich  can p ro long the period  of leaf 
w e tn e ss  can  ca u se  id ea l s itu a tio n  
for rap id  sp read  of the d isease  in 
S ou th  In d ia  if suscep tib le  stage of 
leaves are  available. Such susceptible 
le a v e s  can  o c c u r  in  th e  n u r s e ry  
p lan ts  an d  on trees w hich  refoliate 
e a r ly  O nce  in fec ted , th e r  d isease  
can  sp re a d  v e ry  fas t a s  the  en tire  
p lan tin g  is w ith  susceptible clones.

A n a rgum ent often m ade is that since 
the  spores of M. ulei are heavy and 
are d isp ersed  in w ater drop lets, their 
long  d istan ce  tra n sp o rt is unlikely. 
But the spread of the sim ilar pathogen 
causing  coffee rust {Hemileia vastatrix) 
from  S ou th  Asia to South A m erica in 
the  p a s t N u tm an  et a l, 1960) p rov ide 
am ple evidence for spores carried  in 
ra in sp lash  crossing oceans.

M an ag em en t o f SALB

A ttem pts to  develop  SALB resistant 
clones w ere initiated by Ford M ortor 
C o m p a n y  fo llo w in g  th e  fa ilu re  of 
their early  p lan ta tions in  Fordlandia 
a n d  B e lte r ra .  T h e  p la n t s  w h ic h  
su rv ived  SALB epidem ics (eg. F 170, 
F 315 F 351, F 1425, F 4542) w ere  
crossed w ith  h igh  y ield ing  selections 
from Asia (eg. Avros 49, Avros 193, 
Avros 363, PB 86 Tjir 1 etc.) Later the 
Brazilian Research Institu tes (IPEAN 
an d  CNPSD) con tinued  the w o rk  by 
c ro ss in g  in tro d u c ed  h ig h  y ield in g  
clones w ith  p rim ary  Ford clones and 
the progenies of earlier Ford crosses. 
U nfortunately in m ost of the crosses 
resistance derived  from  F 4542 w as 
used  and  this resistance broke dow n 
w ith  the appearance of physiological 
races of M. ulei. Lately, H. pauciflora 
(eg. clone P. 10) is be ing  crossed w ith
H. brasilioisis an d  H. beiilhamiafin.

The failure of the early  crosses was 
m ain ly  d u e  to the  d ep en d en ce  on 
v e r t ic a l  re s is ta n c e . In v e r t ic a l ly  
resistant m aterial infection by  M. ulei 
c a u se s  h y p e r s e n s i t iv e  rea c tio n  
leading to cell collapse and preven­
tion of fu rth er spread  of the fungus. 
T h is  ty p e  o f  re s is ta n c e  can  be 
o v e rc o m e  b y  n e w  ra c e s  o f the  
pathogen. A m ore desirab le  type of 
resistance is horizontal resistance in 
which there  is no  host cell collapse, 
but the rate of fungal spread, lesion 
d evelopm ent and  sporu lation  of the 
fu n g u s  a re  a ffec ted . H a sh im  and  
Periera (1989) ind icated  that clones 
GT 711, RRIM  501, CN SA M  7701, 
SIAL 842 A N D  SIAL 263 possess such 
type of resistance.

C row n b u d d in g

In the 1940s crow n bud d in g  w as used 
to salvage som e of the surv iv ing  trees 
in Ford plantations. But the lack of 
r e s i s ta n t  c ro w n  c lo n e s  a n d  the  
depressive effect of crow n  on  grow th 
an d  y ield  o f tru n k  clone w ere  the 
m ain  limitatior>s. But the technique 
w a s  u s e fu l  in  a v o id in g  SALB. 
C urren tly  h igh  y ield ing  clones like 
RRIM 600, GT 1, PB 235 and  PB 260 
are c row n b u d d ed  w ith H. pauciflora 
c lones PA 31, PX a n d  SIAL 842 in 
Brazil.

C hem ical Control

C hem ica l con tro l of SALB is very  
c ostly  as  m ore than  six  ro u n d s  of 
s p ra y in g  is  n e c e s s a ry  to  o b ta in  
sa tisfac to ry  d isease  control. In  the 
n u r s e r ie s ,  w e e k ly  s p ra y in g  of 
t r ia d e m e fo n  0.02 p e r  c e n t  o r 
c h lo ro th a lo n il  0.3 p e r  c e n t w e re  
found  to be effective.

In Brazil, sp ray in g  of m atu re  trees 
w ith  f u n g ic id e s  w a s  a tte m p te d  
only since 1970s. Aircrafts, therm al 
fog generators and  tractor m ounted  
a irb la s t  s p ra y e rs  w ere  trie d . The 
fungicides used initially  w ere copper
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and m ancozeb. Bur n ew er system ic 
fungicides like benom yl (0.3 kg /ha), 
chlorothalonil (1.6 k g /h a )  a n d  
thiophanate m eth y l 0.3 k g /h a  are  
now b e in g  u s e d .  R e s is ta n c e  to 
benomyl has been noticed  in certa in  
M, ulei isolates (H ash im , 1988).

Prevention o f SALB

The outbreak of SALB in the Asian 
selections o f  r u b b e r  p la n te d  in 
South Am erica raised concern about 
the sp read  o f th e  d ise a se  b ey o n d  
South A m erica. T he m a g n itu d e  of 
the threat of SALB a n d  p rev en tiv e  
m easures to  be  u n d e r ta k e n  h av e  

j  been described (H ilton, 1955). Since 
then atten tion  has b een  d irec ted  to 

j quarantine m easures ag a in st SALB.

' The possible w ay s by  w h ich  SALB 
canacddentallybeinhroduced loAsia 
and Africa are  :

p o ly e th y le n e  c lo th  a n d  in fe c te d  
le a v e s  g a v e  26 to  53 p e r  cen t 
germ ination.

1) im p o rta tio n  of in fec ted  ru b b e r  
planting m aterial

2) im porta tion  of p lan ts  o ther than 
rubber con tam inated  by  spores of 
M. ulei.

3) contam ination of body, baggages 
and b e long ings of a ir  travellers

^  from South Am erica,

The long viability of M. idei spores 
may fa v o u r  i ts  s p re a d  th ro u g h  
contam ination  on  im p o rted  p lan ts  
and o n  h u m a n  b o d ie s  a n d  
belongings. The con id ia  of M. ulei 
stored a t 24°C on  glass slides w ere 
viable even after three weeks. Conidia 
on infected leaves s to red  a t 85-100 
per cen t R H  re m a in e d  v iab le  for 
hvo w eeks an d  w h en  d esicated  for 
sixteen w eeks (Chee et a l,  1986). The 
ascospores su rv ive  for three  w eeks 
w ithin the  p e rith ec ia  an d  for tw o  

^  weeks after their release (Chee, 1980). 
V^ Zang et a l ,  (1986) s h o w e d  th a t  

conidia o fM . »/ei stored  for 7 days on 
materials like glass, artifical leather.

The co nd itions laid d o w n  through 
these ru les w ith  respect to im port of 
Heuea into India are  ;

The spores of M. u/cjcan be killed by: i.

1. D ire c t  e x p o s u re  to  UV l ig h t  
(253 nm ) for a tleast 15 m inutes.

2. Exposure to m oist heat (55^’C) or 
d ry  heat (75'̂ ’C) for 30 m inutes.

3. E x p o s u re  to  fo rm a lin  v a p o u r  
fo r  15 m in u te s  (35 p e r  cen t 
F o rm a ld e h y d e  a t  th e  r a te  of 
1 m l/8  cu cm).

4. Soap so lu tion  (40 mg/1).

D etailed  schedules for trea tm en t of 
s e e d s  a n d  b u d w q o d  o f r u b b e r  
im ported  from  SALB endem ic areas 
have  been o u tlined  (A ssociation of 
N atural Rubber Producing Countries, 
1995). T h is  in v o lv e s  tre a tm e n t of 
the  m ate ria ls  e ith e r in  one o r tw o 
in te rm e d ia ry  q u a ra n t in e  s ta t io n s  
ou tside  SALB endem ic area, besides 
t re a tm e n t a n d  c e rtif ica tio n  a t  the  
p o in t  of o r ig in . S tric t q u a ra n tin e  
treatm ents are  und ertak en  on  a rrival 
in Asia. The im ported  m ateria ls are 
grow n in isolation and u n d e r close 
superv ision .

Q u a ra n tin e  ag reem ents

T h ere  a re  tw o  a g re e m e n ts  w h ich  
cover p revention  of in troduction  of 
SALB in to  Asia ;

1. Asia and Pacific P lant Protection 
C om m ission  A greem ent.

2. ANRPC A greem ent on SALB.

P h y to san ita ry  reg u la tio n s  in  Ind ia

The im p o rt of p lan t m ateria ls  into 
India are  regulated by ;

1. D estructive Insect Pest Act (1914).

2. P lants, fruits and seeds (Regula­
tion of im ports  into India) order 
1984 (am ended in 1989).

Im p o rt of rubber and  all species 
of H evea from  A m erica and  West 
Indies is prohibited.

2. Im p o r t  fro m  o th e r  c o u n tr ie s  
s h o u ld  a c co m p a n y  a n  official 
phy tosanitary  certificate from  the 
country  of origin.

3. The declaration in phytosanitary  
certificate shou ld  include absence 
of contam ination  w ithM . w/eiand 
Sphaerosfilbe repeiis.

A N R PC  T ech n ica l C o m m ittee  on
SALB

The AN RPC has set up  a Technical
C om m ittee  on  SALB. The term s of
reference of the  C om m ittee are :

1. Periodically review the progress of 
SALB a n d  o th e r  econom ically  
im portantexotic diseases oiHevea.

2. Suggest m easures for strengthe­
n in g  phy tosan itar)' m easures.

3. M o n ito r  a ir l in e  m o v em e n t 
betw een South America and NR 
grow ing  countries.

4. W ork o u t joint em ergency eradi­
cation program m es.

5. Establish and operate a fund for 
em ergency eradication  of SALB 
and  other exotic diseases.

6. E n su re  th a t  m em b er c o u n tries  
have technical and  adm inistrative 
m a c h in e ry  fo r  em e rg e n cy  
eradication.

7. Encourage research on SALB and 
o ther exotic diseases.

8. C o -o rd in a te  a c tiv itie s  of SALB 
coun try  comm ittees.
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9. Establish lia iso n  w ith  re le v a n t 

p lan t p r o te c t io n  c o u n c i l s /  
com m ittees in o th e r  reg io n s  of 
the w orld.

Although India is n o t a s igna to ry  to 
ANRPC a g re e m e n t  o n  SA LB w e 
co-operate w i th  a ll  a c t iv i t ie s  of 
ANiA’C on  p reven tion  of SALB. One 
scientist of RRII has been tra ined  in 
Brazil on IRRDB Fellow hip  a n d  one 
sDentist in M alaysia u n d e r ANRPC 
training p rogram m e. We take p a rt in 
the m eetings of A N R PC  techn ical 
committee o n  SALB. T he tw e lf th  
m eeting o f th is  c o m m itte e  w a s  
held in Brazil d u r in g  A u g u s t 1997. 

.»■ Wie have also  d isp lay ed  p o ste rs  on 
^  SALB at In te rn a tio n a l a irp o rts  and  

■■ im portan t o ffic es  o f th e  R u b b e r  
Board. A b o o k le t  o n  SA LB w a s  
distributed to all q u a ran tin e  officers 
in the country.

H o w  c o m p e te n t  a re  w e  to  d o  
em ergency  eradication?

In case of a n  accidental in troduction 
of SALB into India, w e are technically 
com peten t to e rad icate  the  d isease. 
We have vast experience of over 30 
y ea rs  in  aeria l sp ra y in g  of ru b b er 
areas. We have also developed  very  
efficient ground  sp rayers w hich  can 
th ro w  fu n g ic id e s  to  a h e ig h t  of 
ab o u t 25 m eters. T he fungicides used 
in  con tro l of SALB are  availab le  in 
In d ia .  E x p e r im e n ts  c o n d u c te d  a t 
RRII h as  in d ica ted  th a t e th ep o n  at 
h ig h e r  d o s e s  c a n  be  s p ra y e d  for 
defo liation of ru b b er w ith  m inim um  
h a rm fu l  e ffe c ts . H o w e v e r  th e  
practical feasibility of using  defolia­
tio n  a s  a m e th o d  fo r e m e rg e n c y  
e r a d ic a t io n  in  In d ia  is  d o u b tfu l  
b e c a u s e  m o s t  o f  th e  ru b b e r  is 
c u l t iv a te d  b y  s m a ll  h o ld e r s  a s

h o m e s te a d  g a rd e n  in te r s p e r s e d  
w i th  o th e r  c u lt iv a te d  c ro p s . So 
a e r ia l  s p r a y in g  o f d e fo l ia n ts  if 
r e q u ir e d  m ay  d e m a n d  s tro n g  
adm in istrative  supp o rt.

T h e  e ffe c tiv e n e ss  o f  e ra d ic a t io n  
d e p en d s on how  quickly w e act. It 
is therefore very im p o rtan t th at the 
incidence o f the  d isease  an yw here  
in  th e  c o u n try  is b ro u g h t  to  the 
a tten tio n  of R ubber Board o r RRII. 
S in ce  ru b b e r  e s ta te s  in  In d ia  
a re  m a n a g e d  u n d e r  v e ry  c lo se  
s u p e rv i s io n  w e  c a n  e x p e c t  th a t  
s u c h  d ise a s e  in c id e n c e  w ill be 
n o ticed  im m edia te ly . Let us hope 
th a t the  q u a ra n tin e  m easu res  now  
ad o p ted  will p rev en t any accidental 
in tro d u c tio n  an d  th a t  the  d isease  
w h ic h  h a s  n o t  s p re a d  b e y o n d  
S o u th  a n d  C e n tra l A m erica  o v e r 
nearly  a cen tu ry  will rem ain  so.
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