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INTRODUCTION 

It i s  important t o  d e f i n e  what i s  meant by 
'b iological  con t ro l  of p l a n t  d i s e a s e s ' ,  
before  settxrlg o u t  t o  d e s c r i b e  t h e  e f f i c a c y  
of such systems developed f o r  any c rop  
p lan t .  Most p l a n t  d 4 s e a s e s  a r e  caused by 
fungi ; and t h e  usual method of con t ro l  1 ing 
such d i s e a s e s  is t o  use a fung ic ide ,  which 
wi 11 e f f e c t ;  vely  k i l l  o f f  t h e  fungus, 
e l  iminati  ng t h e  d i sease .  However, t h e r e  a r e  
o ther  methods of con t ro l  1 i ng p l a n t  d' s e a s e s  
o r  reducing the i  r economi c e f f e c t ,  s o  t h a t  
t h e  damage caused i s rni nimal and monetary 
l o s s e s  a r e  contained The use of r e s i s t a n t  
p l a n t s ,  adjust 'ng plant i i lg  d a t e  o r  dep th  of 
p l a n t i n g ,  s o  a s  t o  reduce d i s e a s e  incidence 
( d i s e a s e  escape)  , applying t h e  knowledge 
ava ' l ab le  07 t h e  f a c t o r s  leading t o  d ' sease  
severi  t y  t o  avoid p l a n t  d i s e a s e  epiclemi cs* 
reduc ' ng t h e  i nocul um p o t e n t  l a1  of t h e  
pathogen by var ;ous  dev lces  t o  reduce 
i n f e c ~ i ~ o r ,  a1 te;ing t h e  so; 1 organ ic  mat te r  
content  o r  reac t 'on-  s o  a s  t o  c r e a t e  
c o n c ' i t i o ? ~  in:mical t o  t h e  paihogen 2-ld a l l  
o ther  dev ices  t h a t  can &se used t o  reduce o r  
e l imina te  t h e  use  of fung ic ides ,  can be 
regarded a s  b io log ica l  rrzans of c o n t r o l l i n g  
d ' seases .  We w i  1 1 use t h  ,s broad concept of 
t h e  s u b j e c t ,  i n  t h i s  p a p e r ,  i n  o r d e r  t o  
desc r ibe  t h e  many f a c e t s  of t h ; s  
i n t e r e s t i n g  problem, a s  i t  a p p l i e s  t o  t h e  
rubber indus t ry ,  po in t ing  o u t  t h e  success  
w e  have achieved, by i n t e n s i v e  s tudy  of 
simple i d e a s  and f i t t i n g  t h e  d a t a  oq t o  a 
l a r g e r  canvas,  t o  f l n d  s o l u t i o n s  t o  t h e  
o r i g i n a l  quest ion.  

The rubber t r e e  (Hevea bras;  1 i e n s i s ,  
Muell-Arg.) is s u s c e p t i b l e  t o  a number o f  
d i seases ,  l i k e  most o t h e r  c rop  p l a n t s .  The 
d i s e a s e s  of economic importance of t h i s  
t r e e  i n  S r i  Lanka a r e  t h e  fol lowing,  
grouped acccrding t o  t h e  p a r t s  of t h e  p l a n t  
af Zected by each d i s e a s e .  

Root ., white  roo t  and black roo t  d i sease ,  
caused by Rigidoporus l ignosus and 
Xyla r ia  t h w a i t s i i ,  respect ively.  -- 

Stem and hark . bark r o t  and d i e  back, 
caused by Phytophthora meadii 

J ~ a f  Oidium lea f  d i sease ,  caused by 0; i l im 
heveae, Phytophthora l ea f  f a l l  caused 
by Phytophthora meadii and 
Gloeosporium l e a f  d i s e a s e  caused by 
Col le totr ichum qloeosporioides  

In tens ive  s t u d i e s  have been c a r r i e d  o u t  on 
a l l  t h e s e  d l s e a s e s  by t h e  RUk+er Research 
I n s t i t u t e  of S r i  Lmka (RRISL) and, i n  
near ly  a l l  c a s e s ,  successful  methods f o r  
t h e i  r b i o l o g i c a l  con t ro l  have been 
developed, based on d a t a  gathered on t h e  
b 'o logy  of t h e  causa l  fungus of each 
d i s e a s e  its methods cf i n f e c t i o n  and 
spread i n  t h e  f i e l d  a?d t h e  e f f e c t  of 
weather c o n d i t i o n s  on t h e  sever:ty of the 
d i sease .  These methods have heen t r f e d  and 
t e s t e d  over severa l  y e a r s  genere l ly  from 
?bout t h e  e a r l y  1960s s o  cha t  we now ~ 2 n d  
very l i t t l e  money on t h e  con t ro l  of t h e  
d i s e a s e s  3f t h e  rubber tree This is one of 
t h e  important f a c t o r s  t h z i  has  contr ibuted 
t o  t h e  s u r v i v a l  of t h e  rubber indus t ry  i n  
S r i  Lanka; a s  c o s t s  of d i s e a s e  con t ro l  have 
been reduced from a b u t  =/I2 cts p e r  kg of 
d ry  rubber produced- t o  about half  a cen t  
Per  kg, 

ROOT DISEASES 

There a r e  s e v e r a l  roo t  d i s e a s e s  a f fec t i r -3  
ruhber trees i ?  d i f f e r e n t  count r ies ,  but  
t h e  on ly  one of economic importance i n  S r i  
IanKa is white  root d i s e a s e ,  caused by t h e  
fungus R. l ignosus.  Th is  is considered t o  
be t h e  most important d i s e a s e  of rubber 
t d a y  (Liyanage, 1977a). Black root  



disease, caused by XX, tiawaitsii x c u r s  only 
i.n certain pa r t s  07 Sri Lanka, anai.nly i.11 
the Kegal i e  Dis t r ic t .  T h i s  is a s  virulent a 
disease a s  the  fomer;  but due t o  its 
restricted t3i s t r ibut ion i ~ t  is not as  
iriprrtant. Essen'c i a1 l y tlae same methocis are  
recommended for  the control of Lmth 
diseases, so that  only white root cli sease 
w i  11 be described in detai I here,  Both 
d i  seaxes &re essent i a1 1 y replant di.seases 
ie ,  their  inc-idence creates a prol.>!em 
i n 4  nly i n  replanted areas. 

Kl imi n.ati on of i nocu: am --- 
The fungi I<. jignosus, i s  a weak parasit-e, 

.--- 

in  the sense tha t  it requires a large 
sotnrc:e of i.nocul~ui~, usually an infected old 
root, t o  cause infection of a new plant. 
Therefore, one off the c lass ical  methods of 

- control 1 ing tiii s disease baas tc. prepare a 
d i  sease f ree  area for- p! anti ng rub&r. by 
uprooting and burning a l l  rocts infected by 
root diseases a t  the time of planting. All 
vecjetahle matter ro ts  a f t e r  a cer ta in  
p e r i d  of burial in  tlze soi 1. Thlerefore: 
the  sarrie result  a s  uprooting and burning 
can be achieved by leavi.2~; the soi 1 fa1 low 
for  7-2 years lxfore replanting, so a s  t o  
enable i.nCected roots time t o  rot. Tile sarne 
result  earl be achieved by another neat 
method ly chanrji ng the planting p s i  t ion a t  
each round of repla.17-Lirig. Ttli s gives tirne 
for  infected roots of the previous t r ees  t o  
disintegrate before the roots of the iiew 
rep!ants reach them ( L i  yanage et a'l , 1934), 

Intensif1 cation of rott ing --.-- 
we have a l so  found tha t  any method of 
encouraging tlle ra te  of rot.ti.ng of old 
infected roots, i n  replarited areas, reduces 
the incidence (Liyanage 6; R r i e s ,  1984) of 
white root disease (Liyanage & E r i e s ,  
1983). m o  metl~ods are  usually recormnerided; 
( a )  the use of various elierni cal s on the cut 
surfaces of t r e e  sturips eg urea, h r a t e s  
antf cer ta in  kionnones, ( 1 )  the growti; of 
legume ground covers in  replanted areas, 
which a p p a r e ~ t l y  er:courage the grc~vkh. of 
wmd rutt ing Eungi an,d bacteria (Liyanage, 
1980). T h i s  metl.icd also depends on the 
principle that  a large source cf innoculurn 
i s  necessary t o  cause i d e c t i o n  and contact 
rnust be establ i.shed between t k  !~ealtlly 
root .ant3 the fangus, for  infection t o  take 
place. Thereefore, the  rmre rapid the ra te  
of w o a J  ro tg  the less  chance there is for  
contact between healthy r w t s  and the 

pathqei? before the source of innoculm 
i%co;nes too small t o  support an infection. 

Soi 1 amen3ment 
The coiilposi t i  on of the soi 1 mi crobia 1 
content can be altered by various methods 
such a s  alterincj the s o i l  reaction; its 
r ru t r i t iw  content or  i t s  arganic matter 
composi~tion_ The RRISL recoi~mnds the use 
of approximately 110 g of sulphur per 
square metre of soi l  surface in  infected 
s i i e s ,  t o  reduce the incidence of thi.s 
disease (Peries e t  a l ,  1964)., The addition 
of sulphur rapidly increases the acidi ty  of 
the soi.1 and increases the populati.on of 
Tr ichodem spp. and Penj.ci l lilwi - qp,. n 
the soi!. Both these fungal species are  
antagonistic t o  the pathogen and reduces 
t3isease incitlence in  high risk areas. 
Sulphur i s very expensi ve now. and i t s  use 
i s  recomnended cjr~ly i n  areas where the old 
rubber stand showed a liigli incidence of 
\ihite root disease (Peri e s  & Liyanage, 19-33) , 

STEM Br\D BARK DISEASES 

Ylie only stern and bark diseases of any 
significance on Uevea i.n Sri Lanka are stern 
(lie back of young plants and bark rot of 
rnature t r ees ,  h t h  caused bj P. meadi i -- 
Wt11 these diseases have k e n  skcess fu l ly  
control led in  our country by bioloq ical 
rneans. The main source of i r ~ e c t i - o n  by 
P,. m a d i i  -is the zoospore, which is - -  
produced almost ent i re ly  on mature rubber 
pods, Our strategy t o  reduce di.sease 
inctdence is t o  reduce pod s e t  in  rubber 
t r ees  t o  a baie m! nimuni just suf f i ci.e?t t o  
produce enough seed fo r  t l ~ e  rubber stock 
nurseries,  Thi s happy s i tuat ion i.s achi.eved 
by the judicio~is control of Oi.dium leaf 
tli sease. The causal fungus of thi s di sease, 
0. heveae, a lso  infects  rubber flowers, - - 
Theref ore, by reducing the i ntens; t y  of 
Oi-dim control ,  and le t t ing the fungus, 
ififect a majority of rubber flowers, we 
have reduced pod se t  and thereby reduc4 
the substrate on which P- meadii car1 grow 
anti sporulate (Liyanage & Peries, 1983 b)  , 
This strategy has enabled us not only t o  
reduce expenditure on Oidium leaf disec'se 
control, but v< rtua! ly elirni nate the 
necessity t o  control Pl>,ytopB~thora die  back 
and h r k  rot ,  



:n the rare cases wk;e ::l;oo~ dGe ixic:; of 
young @isn{Ls does occ:ir now, ;re nave founc! 
tiiat i k is more inlportai:Ht-,o pick off the 
r e  p t i s  f ron t i  InaCuze bees 
surrouncii i-ig the yourig rep1 ;.,nt.ad area rather 
thar: use fungicides t o  ccntrol the 51 seast. 
on affected p!ants. The incitlence of th f  s 
disease i s  rare a t  present; kcause  es ta te  
managers arc? a1 i ve t o  t h e  fa!- ;:-.hat yolinq 
plants should not :E placed in  the shadoc~ 
of mature t rees ,  bear-i ilq 1 aaqe nuxhers ~f 
i I-lf ec';ed pods, and take nec;ess.-lry act<-on t o  
avoid thi $3,  

The use of fur-~gici des, for ?ontroI of 
bark ro t ,  I!as practi ca l l  y been eliin-i naked 
since the mid - 1960s i n  Sri Lankai 
l ~ c a u s e ,  in  addition t o  tlie red~lction in  
~mcl s e t ,  the WIST, has insisted that  ruhber 
t rees  sho~lld not LE tapped socn a f te r  rain, 
w!ien there are pods i-nfected by 2, rneacii i 
or: the t rves (Peries,  1975). i s  i s  
 cause tilere i s always the possi bi 1 i tji 
that  the zoospores of tile fungus will swi in  
c'!uwn to  the tapping c u t  in r ne s:-rface 
r~~oi sture,  and cause bark rof i nf ection, -i f 
t,?ppincj is done before the moisture d r ies  
off the surface of the tree.  This advice 
and i t s  acceptance by rubber growers has 
r~iade bark L-ot of r u l r  t r ees  an  unusual 
siyllt i n  Sri 1,anka - a f a r  cry from the 
si tuation in the 1 9 5 0 ~ ~  when a l i  e s ta tes  
used bark rot fungicides as a routine 
mezure on a1 2 [nature cleari  ngs. 

TJ'AL' DISEASES 

There were t!?ree -leaf diseases of Hwea of --- 
c?conomic importaiwc i 1; Sri ~ a n k a  u~ t o  mid 
. .  1960s; however, ;-low except for  
G'l oeospcri um 1 eaf di sease, whi cl1 calises 

.- 

some concern i.n stet years on young 
replanted rubher, these di seases cause nu 
econoini c diurlage i n t lli s country any 1 orlger . 
Tl-~i s sa t i  sfaztory position has k e n  
achieved by the developmer,: of biological 
rwthods of controi that  keep the i r  
:.nci dence a t  sub-economi c 1 eve1 s.  

Otdium leaf a1 ,ease 
Ttle most important methods of control i - nq 
Oidiuin ieaf disease ir; Sr.i Mnka are :  --- 
( a )  the use of disease io lerant  cicnes and 
(b) the r e s t r i c t i o ~ .  of rubber plant2ng t o  
areas L~low 300 m ahove mean sea level, 
This together with the f a c t  tha t  ke have 

f 0ur.d tliat , tile i 2c.i dence of Pk1ytopl1tliora 
lzaf ,  ]>ark arid stein diseuses car k kept 
Gown t-o sa t i  sfaztcr:: levels by a1 1c ;w i  ng a 
large pro:+rtion of flowers t o  L?e i n!:ected 
!'I? t h i s  pathqien aiici thus anor";heerneives.. 
i ias he! p-zd us e i i zii i ,at e the expenses on 

i cl I m. con? ro! . 0. --:, -- 
rnl . ,;;e clcnes 1 i ke Tji r 1 and RD 5, which were 
:>opiY;ar i n  Sri Ianka up Lo the early i950s 
1:atl "iin ciiti-cles and the new leaf surfaces 
Lock a loiig tinte t o  harder? a f t e r  bud-.kjurst; 
Tlli s a? lo-~?d t.!:e coni di a of tl:e patklcq$n 
anple time kc: germinate on the leaf 
surfaces, penetrate into the leaf and 
estab? i sn infection. T I  n ~ s r  pcpular 
clone, used i n  the early days of t%e  rubber 
replanting subsidy scl1eme (RkSS) , started 
in  1953, was PB 86. The leztves of t h i s  
clone have a ti-ii-cker cuti.cle and one of i, ts 
roost i-qmrtant cliaracteri s t i  cs i s the 
rapidity with which leaf f a l l  i s  follobged isy. 
ref01 ia t ion and the hardedi ng of the 
cu t ic le  a f t e r  wintering. Iihe new leaves of 
W 86 reach maturity in  atmu: 7 days 
compared t o  akmut i 0-1 4 days i n  clones I j.ke 
m- ' 
L j1 r 1 and E3D 5. Therefore, sulphur dustri ny 
i s  not regui red t o  control Oidium on clone 
1% 86, a t  sea level and elevations ilp t o  
2-300m above mean sea level. 

The pathogen causing Oiui-urn leaf di-sease 
qrows best under corld~iti.ons of high 
'n~unidi ty ,  ten~2erature.s s l  i.ght iy lobier than 
normal for  the wet low country areas i.e. 
a t  25-2S°C, ioi? i ight i ntensi t i e s  and the 
absence of prolonged rainf a1 I .  Therefore, 
the disease ratised t~y 2. heveae i s  more 
vi rulent i n areas where t-here i.s heavy mist 
in the morniilqs, occasional showers in the 
uveni.nys wi t i )  c lear ni cghts and s l i  cjbtly 
lower temperatures 2 condi tioris m r e  1 i k ~ l y  
t o  occur a t  hiqher e levat io~is ,  a h v e  300 m ,  
";ai? a t  sea level or the low country 
eiel,raf ions, These are  the reasons :,rlTy the 
HRISL recommends that  rubber be planted a t  
elevations below 300 in a b v e  mean sea 
level. However, t h e  new clones cEeTieloped by 
"_he parti.cnlar1.y RKIC 102, 6 t . h  
leaves which mature rapidly a f t e r  
,diil~ev: a;ld a cuticle,  thicker than 
PI 86, can be planted successfully a t  
i1.i @:er e:evations l i ke Ca~pola and tile 
lower reac!les of Radul l a  Tjistrict 
! Pernanc!~, persor~ai cormu.nl cati.on) . 



+-ou.htkiora ?e& disease ~E2L~eI- 
The nust ~ ~ r t a n t £ a ~ t o r ~  that led t o  the 
rec~mendst isa  made by tile PB.lSL +&he? 

PR>tophthilira .--- leaf di.sGane dces not warraat 
the use of control n.e'ct!,cds under: .Sri m k a n  
conditions were: (a j  t h e  causal f m g ~ s  
-sporw.lates nai.nly on : rubkr  g-&s and ~d 
set can SE reduced by a ixduction i n  the 
intensity of O f d i u m  leaf disease cor.trc.1 
(b)  the cweather conditions i n  S r i  Lar?kc 
durirng the rubks  seeddnu season, with 
br ighb hotp surarv days occurring between 
the rainy spells,  were not con~ucive t o  the 
derr.elopmnt of Fhhytop1khora leaf disease 
@pidentics ( c )  the loss of a fe:? leaves f ron 
the K~&~s)c tcee, due t o  Phytophthora 
i.nfecti on, did not cause arxy deieterious 
effects  c n  yield; as most rubber t rees  
produced an excess of leaves ( R r i e s  e t  ai, 
1964; Liyanage, 1976!, These simple pieces 
of information were put together av.d the 
FC-ISL advised all r ~ b ' ~ ~  growecs, a s  far  
back as 1953 tha t  t ias  dmaqe cawe6 ty t h i s  
disease i i i .2 rx)t warrant t h e  adoption of 
controi rleasures. This recc\mndation has 
saveCi the rubber gnrr~i.ring i imdust ry m i  i 1 .i ons 
of rupees, and, i r i  fact, t h e  iadustry riculd 
not have k e n  viable in  t h i s  couatry, i f  
t h i s  disease had to  k contr:,ll& by t h e  
use of copper £urigicidesc 

G'i.cwlose,orii.m~ leaf d i. sease --- 
T h i s  disease i s  nf ;ai.r~or Pmmrkance i.n s r i  
Lanka, ccjrpared to  i t s  considerable 
importance i n  Xr-?!aysia. It causes 
occasi.or,al concern i n  wetC- yea-rs i.n bo th  
- i ,mture rubber and ~aizure rubber, the 
la t ter  only inmedial-ely after refoliation. 
The damage done t o  mature t rees  is often 
? irnited; as  the 1 ~ 3 ~ s  @f a f e r ~  !eaves from 
the large numl~r set  a£ t e r  wi nteri.fig j s of 
no conseqence, F!mever, t h e  loss of a 
~s':-role whorl of ~ r e w  leaves f ram an ilvnatur-e 
plant, car) cause concern, Many of t h e  Rev7  

I-I-F.IC eiones, particularly RRIC 102, are 
t-r,iefa~?t t o  Gloeosprlmn leaf d~sease ,  mnd 
2 s  ' i h e ~ e  clones are now being r eeomndd  
for  planting al-most exclusively in the 
replanked areas, the damage done by t b l s  
disesae can l~ expected t o  t a i l  off i n  t he  
EuLuP~.  

The results of long years of studies, which 
:lave keen sunmaris& here, i n  a siriplif ied 
fom, show that bbo!ogl.cal met.hoiis @f 
disease control can be developed f o r  many 
crops, by careful study of the biology of 
the Ertlnti.al pathogens and t h e  hast plant. 
Often, control cf diseases is bas& on 
siriiple observations of day t o  da-g grswtla of  
the host and pathoyen and ti;eiz interaction 
with each othec- T!E exi;lrp'Lr of t he  control 
of mtcpht11ora leaf 2nd h z i c  diseases is . 
irpsrtant here. The effect one disease has 
oil the ir~ci.de~ace of another, several months 
la ter ,  is inter:zcting. 

The contr-01 of white root disease of rubber 
by purely biolcyical means is one of he 
mwsf t ~ r t a n t - .  developnents i.n plant-, 
disease control achieved by the WRISL. T h i s  
shoxs t i ~ a k c r i t i c a l  i%eveloprnents i n  scienace 
can be made by local seienti.sts by 
coilscienti ous  eSfort. We trust  t h a t  t h i s  
will encourage mre rewardd workers t o  
exwr.tl t h e i  r effor ts  i.n t h i s  country, to  
produce satisfying results h k h  for 
themselves and their  o m  land. 

The work descr-ikd here also shows the 
v a l ~ e  of research t o  an industry. The 
rubber i pdilstry would have f ou,.d the 
eco;ami cs of prot!vct ion uratencb le had the 
rnany diseases now being ccor?roaled by 
l n o l q ~  cal mars LQ be control led chemically, 
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