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Rice and vege tab le  c rops  a r e  t h e  main 
products  of a g r i c u l t u r e  from t h e  sma l l  
farms. To i n c r e a s e  t h e  p r o d u c t i v i t y  of 
t h e s e  farms i t  i s  necessa ry  t o  i d e n t i f y  and 
c o n t r o l  t h e  l o s s e s .  The o v e r a l l  n a t i o n a l  
l o s s  of t h e  r i c e  h a r v e s t  i s  e s t i m a t e d  t o  he 
a b o l t  20%. A f u r t h e r  10% l o s s  occur s  a f t e r  
t he  h a r v e s t  The l o s s e s  fn ,.he v e g e t a b l e  
c rops  a r e  c o n s i d e r a b l y  h ighe r .  These l o s s e s  
a r e  caused by d i s e a s e s ,  i n s e c t  p e s t s  weeds 
and animals  

Chemical a g e n t s  f o r  t h e  c o n t r o l  of 
a g r i c u l t u r a l  p e s t s  5ave w e n  used f o r  many 
y e a r s  and have been f a i i - l y  s u c c e q s f u l  The 
use  or' t o x i c  chemicals t h r o ~ g h o ~ t  t h e  
country  i n t r o d u c e s  a  new hazard  and cianger 
t o  t h e  human popu la t ion  These chemica l s  
a r e  used a s  s p r a y s  o r  a s  syst-.mfc 
p e s t i c i d e s ,  t h e  l a t t e r  cannot  be washed 
away a s  they  a r e  is t h e  p l a n t  ~ i s s a e s  and 
t h e  danger o f  cumula t ive  po i son ing ,  ove r  a 
per iod  of t i n e ,  i s  now recogn i sed  a s  a 
d e f i n i t e  h e a l t h  hazard  f o r  pe r sons  .rho r a t  
such vege tab le s .  These t o x i c  chemicals  a r e  
a l s o  dangerous t o  t h e  workers ho u s e  then  
and a c c i d e n t a l  poisoning 3 s  cornLon wh-n 
precaut -ons  a r e  i.ot tqken.  

Irnaortnd c b e m i c a ~  p e s t i c j d e s  a r e  c o s t l y  and 
an eve r  i n c r ~ a s i n g  con t inuous  d r a i n  on 
Foreign exchange t h e r e f o r e  an /  s u b s t i t u t e  
trhl-h can  savz  f o r e i g n  exchange w i r l  be 
rrelcome- Chemf c a l  p e s t l  cddes used i n  
a g - i c u l t u r e  hcve c r e a t e d  a  ner- problem f o r  
t he  m r l a r i a  c o n t r o l  program. Mosquitoes 
whlch spread m a l a r i a  have bzcome r e s i s t 2 n t  
t o  chemical  p e s t i c i d e s  s o  t h a t  c o n t r o :  
becomes i n e f f e c L i v e ,  

Because of t h e s e  many d i sadvan tages  and 
dange r s ,  a l t e r n a t i v e  mezhods f o r  p e s t  
c.ort--01 a r e  be ing examined The most 
promis ing of t h e s e  a p p e a r s  L O  be biological 
c o n t r o l .  T h i s  method a t t e m p t s  t o  use  t h e  
n a t u r a l  enemies of p e s t s  t o  d l s t r o y  them 
and t h e r e b y  t o  c o n t r o l  t h e i r  11 mbers. 
B a c t e r i a ,  v i r u s e s ,  f u n g i  and i n s e c t s  a r e  
i d e n t i f i e d  and t h e i r  E2.010gf c a l  
c h a r a c t e r i s t i c s  s t u d i e d  so  t h a t  Lhey czq be 
produced i n  t h e  l a b o r a t o r y  i n  h r g e  
numbers. These a r e  r e l e a s e d  i n  t h e  p e s t  
a f f e c t e d  a r e a s  wherever necessd ry  . 
Research  work i n  b i o l o g i c a l  c o n ~ r o l  i n  S r j  
I anka  i s  done a t  t h e  C e n t r a l  A g r i c u l t u r a l  
P,esearch I n s t i t u t e ,  Ganni ruwa, which 
c o l l a b o r a t e s  w i t h  t h e  'koglmonwealth 
I n s t i t u t e  of B i o l o g i c a l  Con t ro l  ~ h r o u g h  3ts 
I n d i a n  l a b o r a t o r i e s  f n  Eangalore.  A 
consult an^ from t h i s  l a b o r a t o r y  w i l l  soon 
v i s i t  S r i  k n k a  t o  work at  che Gannorux-a 
Kesearch  S t a t i o n  Advice and g u ~ d a n c e  from 
r e s e a r c h  workers i n  t h e  reg'orr w i l l  be 
i n v a l u a b l e .  

The f i r s t  b a c t e r i a l  a g e n t  developed f o r  
b i o - c o n t r o l  was i h e  B a c i l 1 u s ~ h u ~ i n g P e n d . s  
- IU4, i n  1967. Extens ive  f i e l d  t r i a l s  have 
heew c s r r i e d  OL: f o r  t h e  c o n t r o l  of 
v e g e i a b i e  c r o p  p e s t s .  

Blo - c o n t r o l  has been a t t empted  t o  check t h e  
t e a  ~ o r t r i x  - Womona c o f f e a r f a  and t h e  
ccconut c a t e r p i l l a r  - I.Jep11anti.s s e n e r - .  
The cocnnut l e a f  - miner ,  Promecotheca 
c - m i n g i ,  a r e c e n t  i n t r o d u c t i o n  t o  S r i  
Lanka, caused widespread damage and was 
f i nz  l l y  checked by b i o l o g i c a l  c o n t r o l  



employing t h e  p a r a s i t e  t h e  Dimock ia  -- 
iavanica .  

from S r i  h n k a  have been in t roduced i n  
Maur i t ius  and Har-aii. 

The bio-control  of t h e  pes4-s of r i c e  and 
o t h e r  vege tab le  c -ops  has  r ece ived  l i t t l e  
a t t e n t i o n  and provides  z w i d o  f f e l d  and 
ex tens lve  scope f o r  i n v e s t i g a t i o n ,  The 
cabbage p e s t  - t n e  Diamond Back Moth - 
tholigh cklemical c o n t r o l  -1s e x t e q s i v e l  y 
used,  causes  l o s s e s  up t o  80%. Na tu ra l  
enemies which p a r a s i t i z e  t h e  l a r v a  and pupd 
and a v i r u s  i n f e c t i o n  a r e  now being scudfed 
a s  a c o n t r o l  agen t .  S i m i l a r l y  a t t empts  a r e  
being made t o  c o n t r o l  t h e  bean f l v  - a 
s e r i o u s  p e s t  of legumes, t h e  tomato f r u i t  
borer  and t h e  melon f l y  a p e s t  of t h e  
b i t t e r  gourd and snake goarcl. Losses a r e  
e s t ima ted  a s  h igh a s  50%. Chemical c o n t r o l  
of t h e  p e s t s  i s  widely used with varying 
degrees  of success .  Bio-control  has  no+ 
been a t tempted though t h e  known p a r a s i t e r  

S i o l o g i c a l  c o n t r o l  of t h e  ma la r i a  and 
f i l a r i a  mosquito i s  r e c e i v i n g  World Health 
Clrgandsation (WHO) funding. The B a c j - l l u ~  
t h u r i n g i e n s i s  and sphaer i cus  have h e n  - 
i d e n t i - f l e d  a s  s ~ c c e s s f i l i  l a r v i c i d e s  and 
fie1.d t r i a l s  a r e  now befng conducted i n  
Thailand. Other n r e d a t o r s  of mosquLtro 
l a r v a e  such a s  f u n g i ,  nematodes and f i s h  
a r e  under i n v e s t i g a t i o n .  A n  a l t e r n a t i v e  t o  
c h e n i c z l s  i s  u rgen t ly  necessa ry  s i n c e  the  
n o s q ~ ; i t o  appears  t o  develop res is tan .ce  
f a i r l y  r a p i d l y .  Research i n  b i o l o g i c a l  
con- t rol  nseds t o  be extentled hy providing 
nore  s r a i n p d  resea rch  s t a l l  and 5 , n ~ l s  P 
biologiccll  c o n t r o l  l a b o r a t d r y  t ic1l.n itte 
;er r t ra l  A g r i c i l t u r a l  i iesearch I n s t l r u t e  
1ih.n e s t a b l i s h e d  shouid bc a b l e  t o  c!o very 
.~sef u l  work. FurLds may l9c ,vailclble through 
tile U+,-Sr: h n k d  5clence Apreeaent, 
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Many centuries ago man gave up his hunting 
and nomadic habits and settled down to grow 
9lar.t~ and rear animals. He selecied the 
seeds of the plants, and mated the animals, 
shor7ing characters in them which he liked, 
to breed the next generation. In this way 
primitive man began very slowly to improve 
his crops and livestock in quality and in 
quantity so as to produce more food and 
clothing for himself. With the more settled 
way of life he could now enjoy, he was able 
also to leisurely thlnk about 5 ~ s  diseases 
and also perhaps to relate some of them to 
his own heredity. 

This trend of affairs continued until long 
after modern civilizetlol. as e know it had 
begun. Although man coul-d ranipulate his 
plants and animals to obtain improved 
varieties he still dld not know how this 
was brought about. Tl-o basic mechanisms of 
inheritance were still sbrouded in mystery, 
myth and superstition. It ras generally 
believed, even as late as the last century, 
that the characters of the mother and the 
father were mixed In equal proportions in 
the children, although everyday life wou'd 
have surely demonstrated that t'lis Tras not 
so. Any concepts of inheritance hicb they 
had, too were based purely on eulirical 
observations and intuitive reasonqng- 

Then in ~266, a Roman Catholic monk in 
Austria, Gregor herdel, published a paper, 
In German, i.1 an obscure natural history 
journal of +hat country. This was to change 
;he entire qutlook of man. Using very 
simple b-t elegant and rigorously 
scientific methods. and mathematically 

analysing his results, which was unusual 
for a biologist at that time, he announced 
to ihe world the. hitherto, secret laws of 
inheritance! He was ahead of his times, 
however, as most trail-blazers are. No one 
at that tiue unaerstood what he said; for 
34 long years this treasure lay buried in 
the shiftless sands of ignoralce. 

L.f ter his death: three European botanists, 
de  Vries, Correns and Tschermak, 
independently czirying out experiments 
similar to those of Mendel stumbled upon 
the same truths about inheritance, and they 
introduced Mendel in 1900 to the scientific 
world and explained the significance of his 
-rork. The Science of Genetics is therefore, 
actually a product of this century. 

According to Mendel, characters are 
produced in animals and plants by the 
action in them of unseen factors or 
particles which are the ones that are 
transuitted from generation to generation 
i the reproductive cells. He further 
showed that to explain his ' experimental 
fi-dlngs , these factors, which we now call 
genes must act in pairs to produce each 
cnaracter in the plant or animal but that 
they separate into the indtvidual factors 
in ihe g e m  cells. In the paired conditjon, 
one f;ctor could suppress the effects of 
the other, or in other words, one factor 
coula be dominant and the other recessive. 
This concept of the particulate nature of a 
hereditary material and their dominance and 
recessiviiy p~oved to be the essence of the 
ne-I science of genetics. .He further showed 
that such pairs of factors for different 



c h q r a c t e r s  corild co%b,Pe a t  random i n ,  

d i f f e r e n t  ways i n  eacn  gerleia t i o n .  

Ui th  t h i  s  ioeLnoLaL~g3: .:i and coRceptuaJ 
breakthrough i n  t h e  u n d c r r t a n d i n g  of t h e  
proc:esses -jf fche;itanr e ,  ne:r v i s t a s  i;f 

genetLca1 knowledge opeced up. J e r y  so:n i t  
uas  shown by other- genetic.!:.sts cha t  genes  
c r e  ).Inked t o  one a n o t h e r  i n  g roups ,  l i K e  
s t r i n g s  of beads ,  and t h a t  beads from c c e  
s t r i n g  cou ld  excha r~ge  p l a c e s  g i t h  heads  of  
i t s  complementary s t r i n g ;  t??st geces  a r e  
a c t u a l l y  c a r r i e d  on pa f r ed  structures 
c a l l e d  chromosomes i n s i d e  t h n  n u c l e i  of 
c e l l s  and s e e n  on ly  rhro:lgh a microscope ,  
t h a t  t h e  genes  a r e  made of a c h e n i c ~ i  
s u b s t a n c e  c a l l e d  d e o x y r i b o n u c l e i c  a c l d ,  o r  
n o r e  popu?.arly as DHA; t h a t  DNA h a s  a  
def  i - n i t e  s t r u c t u r e  which beautiful1.y 
accoun t s  f o r  a i l  t h e  kncnn p r o ~ j e ~ t i e s  of a  
h e r e d i t a r y  m a t e r i a l ;  t h a t  t h i s  DNA s t o r e s  
a l l  t h e  inforn?;%tion i r :  code f 3 r  producing  
p r o t e i n s  t h a t  go t o  form t h e  organism,  and 
t h a t  a l t h o u g h  D H h  i s  ve ry  s t a b l e  u ~ d e r  
normal c o n d i t i o n s  prcducil lg e x a c t  c o p i e s  of 
L t s e l f ,  somctimer; spon taneous ly ,  o r  under  
t h e  e f f e c t  of  c e r t a i n  i r r a d i a t i o n s  and 
chemical .? ,  t!le codes  g e t  a l t r r + d  producing  
changes i n  t h e  genes ,  t h e s e  a r e  termed 
muta t ions .  

With t h e  expariblng mass ~i b a s i c  knowleZge, 
g e n e t i c s  soon became a  f l o u r i s h i n g  
technology.  Th i s  technology of i n h e r i t a n c e  
has  produced d r a m a t i c ,  Impor tant  and 
F r a c t i c a l  r e s u l t s  f o r  the f a r n e r  and t h e  
animal  b r e e d e r .  

'File application of t h e  new tec l inology t o  
p l a n t s  h a s  produced by f a r  t h e  g r e a t e s t  
economic b e u e f i t s  t o  man, 

r~ -he c u l t i v a t e d  p l a n t s  whlch a r e  of  

paramount Importance t o  man a s  t h e y  s e r v e  
a s  t h e  b a s i c  sou rce  of energy-giv ing  food 
f o r  him and h i s  l i v e s t o c k  a r e  t11s c e r e a l s ,  
r l c e ,  wheat and n a t z e .  S e l s c t i v e  b reed ing  
programmes on t h e s e  p l a n t s  t o  irr!prove t h e i r  
y i e l d s ,  their proLein  c o n t e n t  and t o  make 
them r e s i s t a n t  t o  p e s t s  and diseases form 
t h e  s i n g l e  l a r g e s t  r e s e a r c h  endeavour of 
g e n e t i c i s t s  in t h e  w t ~ o l e  world.  

S e l e c t i v e  b r e e d f n g  i s  where i n d i v i d u a l s  
showing t h e  d e s i r e d  c h a r a c t e r s  a r e  s e l e c t e d  
t o  breed t h e  nexr  g e n e r a t i o n .  Th i s  i s  ve ry  
s i m i l a r  t o  what a n c i e n t  mar, ~ r a c t i s e c t ,  bu' 

w i t h  a d i f f e r e n c e .  It i s  more 
q o p h ~ s t i c a t e d ,  more e f f i c i e n t ,  and produces  
~ : I E  d e s i r e d  r e s u l t s  i n  a  ve ry  s h o r t  t ime.  
Ti -y  a r e  no l o l ~ g e r  t i i a l  and e r r o r  methods 
[ - ~ r t . i i n  c h a r a c t e r s  have a  h i g h  g e n e t i c  
coxpoT;ent and o n l y  t h e s e  c h a r a c t e r s  can  be 
m_aliFpillated by s e r e c t i v e  breeding .  Other  
p h d r z c t e r s  have ve ry  l i t t l e  g e ~ e t i c  
~a- ;~xb i  l i t y  bu t  can  be i n f l u e n c e d  by 
er,\rirorlmenta; f a c t o r s .  Such c h a r a c t e r s  
u s u a l l y  cannot  t- improved by s e l e ~ t h e  
brreirPng metnods bu t  depend on c u l t u r a l  
p r s c t i c e s  namely t h e  way t i l ey  a r e  grown, 
t o  show improvements. To d l s t f n g u i s h  
he: ween t h e s e  two types  of cha -ac t e r s  
r e q u f r t s  a  g c z a t  d e a l  af c a r e f u l  
e x p e r i m e n t a t i o n  

i n  m u t a t i o n ,  b reed ing  seeds  a r c  t r e a t e d  
w i t h  s u b s t a n c e s  r:h:.ch Pnd~ace crranges i n  
genes ,  and t h e  Eew mutant  genes  a r e  t h e n  
s u b j e c t e d  t o  sele-.;ion T h i s  s a ve ry  
w a s t e f u l  procear: a s  ve ry  ofzen  chs  changes 
produced i n  t h e  s e e a s  a r e  harmful  and may 
even I t i l l  titem o r  produce unwanted 
c h a r a c t e r s  i n  t h e  p l a n t s  t h a t  grow from 
such t r e a t e d  seeds .  Few usefu l .  changes  a r e  
e f f e c t e d  by tF'<s ,,lethod, bu t  where l a r g e  
r l~~mhera  of s z e d s  o r  i n d i v i d u a l s  a r e  
a v a i l a b l e  f o r  tPea tment  as w i t h  c e r e a l s  o r  
n icro-organisms,  t h i s  t echn ique  does  g i v e  
q~nj  ck  and economical  r e s i l l t s .  I r l  t h e  y e a s t s  
and o t h e r  f u n g i  t h i s  method h a s  been 
e x p l o i t e d  t o  i n c r e a s e  t h e  y i e l d s  and 
fmprove t h e  q u a l i t y  of t h e i r  p r o d u c t s  such  
a s  a l c o h o l  arid a n t i b i o t i c s .  

rhe t h i r d  method of b reed iqg  - 
\ y b r l d l z a t l o n  - makes u s e  of t h e  f a c t  t h - t  
when u i f f e t e n t  s t r a i n s  of p l a n t s  of t h e  
same s p e c i e s  s ~ ~ c h  a s  maize a r e  c r o s s e d ,  
ttle r e s u l t a n t  s eeds  g i v e  r i 8 ~  t o  p l a n t s  
which a r e  v e r v  v igo rnus  in growth ard 
e x t r e a e l y  ha rdy  towards  p e s t s .  and d i s e a s e s ,  
? 'his  pceqoffiensn c a l l e d  hybr id  v i g o u r  o r  
h e t e r o c f  s ,  nas produced such bumper 
h a r v e s t s ,  e s p e c i a l l y  of maize i n  t h e  Unt ted  
S t a t e s ,  t h a t  t h e  p r o f i t s  from t h e  i n c r e a s e d  
y l e j d s  a r e  s a i d  t o  have pa id  f o r  a l i  
r e s e a r c h  a c t i v i t i e s  i n  g e n e t i c s  up t o  t h e  
p r e s e n t  t h e ?  

Usirg s i m i l a r  met?-iods of b reed ing  o t h e r  
p l r i n t s  s ~ c h  as v e g e t a b l e s ,  p u l s e s ,  tea,  
r~ bber  cocor~i l t  , c o t t o n ,  t obacco ,  
ornamenta l  f l o w e r s  and even f o r e s t  t r e e s  
'-lave been improved 6 9  g i v e  h i g h e r  y i e l d s  of 
t h e i r  p r o d u c ~ s  which a r e  of b e t t e r  q u a l i t y .  



I n  c e r t a i n  p l a n t s  l i k e  t e a ,  f o r  i ~ s t a i l c e ,  
orice good ..;tl:ains have  he--L~ b r e d  the; .  e r e  
~ j r o p a g a t e d  vcget i : r . ivclu as  e c c . n ~ s ,  C!.=rif; 
a r e  g e n e t j c a l i y  u n i f o r , u  r u l  :u:es t h a t  a r e  
e a s y  t o  cu l i . : iva te  on  2 Large ecnuf ic rc ia i  
s c a l e  -. 

X i t h  !:-he ::c !.p of  t h e  -rti t e c h n o l o g y  of 
zpp!.i er! i ; e n ~ t f c s ,  in?pccveruents j n  t h e  

q r ~ a l i t y  a::<; q c s n i l t y  of  a n i r ~ i e l s ,  and +tie 
c o n t r r l i  i d  e l i rn i l in t io r i  of  r e s t s  arZ.3 
d i s e a s e s  have  been  r c h i c v e d  

The greatest amo:?i~t of r:. s e a r c h  s,i ;:. .LOI~~ L 
g o e s  i n t o  Iv,provj.ng t h *  ?roA:iction o f  f ' c d  
Ln te;-,,?s O F  m e a t ,  e g g s  a n d  a i l k  by means o f  
-e: .ect ive b r e e d i n g .  B r e e d i n g  o W t l o r s e s ,  
s h e e p ,  f i s h ,  d o g s ,  c o r s ,  p i g e o n s  and  
v a r i o u s  o t h e r  p e t s  t o  o b t a i n  u s e f u l  and 
f ~ n c i f t t l  s t r a i n s  a r e  c a r r i e d  o u t  i n  t h e  
m e  way. Mutallion b r e e d i n g  methods  a r e  
1 ~ s e d i . n  t h e  c a s e  of  sil.lcworms,, b e e s  and 
o t h e r  u s e f u l  i n s e c t s  where  l a r g e  numbers  o f  
e g g s  a r e  e a s j l y  o h t a i n a b l e  and  " 3.~le  
g e n e r a t i o n  t i m e  i s  s h o r t .  

I n  t h e  b r e e d i n g  programmes o f  !arge a n i m a l s  
s p ~ c i a l  u s e  i s  made o f  two t e c l ~ n i q u e s  One, 
i s  t h e  progeny t e s t i n g  of i n d i v ~ . d u a l  
a n i m a l s .  I n  t h e s e  . t es ts ,  i h e  g e n e ~ i c  
c o n s t i t u t i o n  o f  i n d i v i d u a l  a n i m a l s  w h i c h  
R C ~ :  m a i n l y  m a l e s ,  a r e  a s s e s s e d  by m a t i n g  
rhem t o  a  numb?r of  d i f f s r e n t  f e m a l e s  a n d  
examin ing  c h e i r  p r o g e n y >  Once a  good male  
i s  d e t e c t e d  h a v i n g  t h e  g e n e s  f o r  d e s i r a b 1 . e  
c h a r a c t e r s  t h e n  ~t i s  u s e d  a s  a  s t u d  f o r  
o b t a i n i n g  l a r g e  numbers of p rogeny  w i t h  
t h o s e  d e s i r a b l e  c h a r a c r e r s  f o r  r ~ m w e r c i a l  
p u r p o s e s .  A f u r t h e r  improvemen js i n  t h e  
u s e  of  t h e  setrc?nd of  thc L e r L i ,  c u e s ,  
namely ,  a r t i f i c i a l  i n s e m i n a t l q n  o:  . -  , .- Tho 
sperms of  t h e  s e l e c t e d  ma7e  i s  c x - r a c t e d  
and f r o z e n  and  s t o r e d .  Vhr .ne~rer  t i l e  need  
a r i s e s  t h e y  a r e  thawed and used  t o  
i n s e m i n a t e  a l a r g e  number o f  f e m a l e s  5 1  

f a c t ,  t h e  sperrns of donor  a n i m a l s  c a n  be  
used  i n  t k i s  f a s h i o n  l o n g  a f t e r  t h e  a n i i n a l s  
a r e  dead  and gone .  I n  advanced  c o ~ l n t r i e s  
sperm b a n k s ,  1 f a c t ,  a r e  m a i n t a i n e d  t o  
c a ? e r  t o  t h e  n e e d s  of  a n i m a l  b r e e d e r s .  ~ h L s  
h a s  r e c e n t l y  been e x t e n d e d  t c  t h e  s p e r a s  o f  
humans a s  w e l l -  

With t h e  u s e  oF A T ,  a  f ~ l r t h e r  r e f i n e m e q t  i n  
a n i m a l  b r e e d i n g  h a s  been  l L - t r o d u c c d .  
Normally e q u a l  numbers of  males and  f e m a l e s  
a r e  b o r n  t o  a n i m a l s .  But  i n  c e r t d - r :  

2 . n s t s n c e s  a s  i n  d a i r y  f a n n i n g  i t  i s  
~ d v a n t a g e o ~ . s  t o  have  a ;re f e m a l e  o f f  s p r i n g  
t k a n  rna.ie5:. T h i ?  i s  ~ c h i e v e d  w i t h  a 
r e a s o r , a b l e  d e g r e e  3 f  c 2 . : ~ : c e s ~  by mak?:.ng : ~ s e  
cf sitr k:~owi.edge of  h u w  sex i s  de temined .  

I a~=; i n  o t h e r  mammals i n c l u d i n g  .... ..a..~. . 

':!t~rn.?r: b e i n g s ,  a s  -.i s o  i n  i n s e c t s ,  sex  i s  
d e t - m i n e d  a t  ' ?::ti i z a t i o n  by a 
c k , r  . ,J.-,,#. ,,,. .,omal r n e c h a n ~ 9 a .  5: -  t h e  n u c l e i  of  a l l .  
cei i : .  ' t h e r e  . p a i r s  of i d e n t i c a l  
chrozr!osomt?s. b u t  .n n a l e  c e l l s  t h e  two 
members of' orie 1 , ~ i r  i": n o t  :de? t J .ca l  i n  
s i z e  and a p p e a r a n c e .  These a r z  c . a l l e d  t h e  
s e x  c!:romosomes 92:. a r e  , ' e : - i g n . i t e d  X and Y, 
of  r.rhlc'n thi .  ': L S  t i le  Le-9-.-- one  I n  t h e  
Zeu,ai.e c e l l s  t h e r e  a r e  two X chromosomes. 
dhen  t h e s e  chromosones s e p a r a t e  in!ro t h e  
g e n .  c e l l s ,  e a c h  ovum o r  egg cel.1. i n  t h e  
f e m a l e  would have  ail X chromosome a.nd al l .  
t h e  egg  c e l l s  would be  i d e n t i c a l .  Rut t h e  
sperm i n  i h e  m s l ?  : re  of  two t y p e s ,  t h e  X 
chromosome b e a r i i i g  sperm and t i l e  Y 
chromosome b e a r i n g  sperm. Recatlse t h e  X 
chromosome i s  l s r g e r  t h a n  t h e  Y ,  t h e  X 
sperm i s  h e a v l . f r  t h a n  t h e  Y sperm., 
C e n t r i f u g i n g  t h e  s e m i n a l  F l u i d  s e p a r a t e s  i:, 

a  c e r t a i n  e x t e n t  t h e  two t y p e s  of sperm.  
Now when t h e  f r a c t i o n  o f  f l u i d  con ;a in ing  
nor-.  of t h e  nea-vier  X sperm and 1.ess of t h e  
l i g h t e r  Y sperm i s  u s e d  t o  I n s e m i n a t e  a  
cow, t h e  c h a n c e  o f  g e t t f n g  a f e m a l e  c a l f  i s  
c o n s i d e r a b l y  i n c r e a s e d .  I f  m a l e s  a r e  
r e q u i r e d ,  a s  i n  t h e  meat i n d u s t r y ,  t h e r ~  t h e  
l i g h t e r  f r a c t i o n  of t h e  f l u i d  : :odd  tr used  
t o  g e t  more mal-es- E l e c t r o p h o ~ e s i s  a s  we?.!. 
a s  pH c a n  a l s o  bc u s e d  to sepa i - . a te  
q l l a n t i t a t i v e i y  t i l es0  X 2nd Y s p ? r m s ,  

1i1. tht: c.t;se o f  pcu l t r ! i ,  a s  !n 31.3. b i r d s ,  
f i s h  ~nc: moths, nhe mechar,ism of  s e x  
f i e t e r m i n a t i o n  i s  j u s t  t h e  n p p o s i t e ,  two X 
chromosomes p r o d u c i n g  a  male  sand an X and Y 
a  ? e m a l e  ( a c t i r a l l y  c a i i e d  Z and W 
chromosomes) .  I n  p o u l t r y  t h e  s e x  of chicks 
1 s  n o t  d ! s t i n g u i a h a b l e  e v e n  two weeks a f t e r  
h a t c h i n g  and commerc ia l ly  i t  i s  d e f i n i t e l y  
e c o n o m i c a l  t o  know t h e  s e x  o f  t h e  c h i c k s  a t  
~ . P R S ?  a s  t h e y  h a t c h  o u t .  The u s e  of 
s u i t a b l e  g e n e t i c  m a r k e r s  t o  ~ f % e  
r l i - k f e r e n t l y  c o l o u r e d  ia,a,e:., an* f e m a l e s  have 
h e r  t r i e d  and proved  s u c c e s s f u l  f n  
d l f c e r e n t i a t j n g  s e x ;  b u t  "he m a j o r i t y  of  
pot l t r y  f a r m e r s  have  n o t  t a k e n  t o  t h e  i d e a ,  

173th r ~ g a r d  t o  p e s t  c o n t r o i ,  var;o,s 
g - n e t i c  &le tbods  i r e  . .~sed, p d r t i c u ~ a r l y  f o r  

? i L i n g  i n s e c t  p d o t s .  The most 



s u c c e s s f u l  and popular  method i s  t h e  
s rer i2 .e  n n l e  technj-que. l r r s d i ' . a t i o n s  o r  
chemical  nxntngerls a r e  used t o  induce  
s t e r i l i t y  i n  i.he male i n s e c t  p e s t s .  T h i s  
s t e r 1 l i . t ~  i s  caused by t h e  damage of t h e  
chromosooies i n  t h e i r  s p e r m  due t o  t h e  
t r e a t m e n t ,  w i thou t  I n  any +jay a f f e c t i n g  t h e  
v i a b f . i i t y  of t h e  sperm i t s e l f ,  When eggs  of 
normal f ema les  a r c  f e r t i l i z e d  by  t h e s e  
s p e r m  t h e y  fai; t o  he t ch .  Trr t h s  way 
r epea ted  r e l e a s e s  of s : e r i l e  males ? u t o  
pe~y t  f n f e s r c d  l e g i o n s  \Jill comple t e ly  
e l i m i n a t e  t h ~ m  i r o ~ ,  rhose  a r e a s .  The 
success  of i.hls meth.)a was d r a n a t i c a l i y  
demonst ra ted  i n  t h e  iJSA when t h e  screw-worn" 
f l y  whose grubs  e a r  i n t o  Lhe f l e s h  of 
c . a t t l e ,  was compie te iy  e i i n i n a t e d  from ~ F l e  
f n f e s t e d  a r e a s  cf that .  country .  

Treatment of i n s e c t s  w i t h  mutagens can  a l s o  
induce ,  what. a r e  c a l l e d  t r a r ~ s l o c a t i o n s .  
These a r e  excha r~ges  o f  p a r t s  of d i s s i m i l a r  
chromosomes and they  produce s e m i - s t e r i l i t y  
i n  t h e  i n d i v i d u a l s  which have them. That  
i s ,  h a l f  t h e i r  gerrn c e l l s  a r e  s t e r i l e .  I n  
c h i s  way t h e  p o p u l a t i o n  of p e s t s  cou ld  be 
reduced. Tite impor tant  advantage  i n  t h i s  
method i s  t h a t  the t r a n s l o c a t i o n  i-s c a r r i e d  
i n t o  t h e  ntixt g e n e r a t i o n  i n  i n c r e a s e d  
numbers and h e l p  t o  Gepress  t h e  p c p u l a t i o n  
s i z e  s t i l l  f u r t h e r .  There a r e  many o t h e r  
g e n e t i c  mechanisms which can  be exp lo i t ed .  
f o r  t h e  c o n t r o l  of p e s t s .  Out of a l l  t h e  
methods of p e s t  c o n i r c l  t h e  genetLc methods 
a r e  t h e  s a f e s t  t o  u se ,  h u t  t hey  a r e  ve ry  
s o p h i s t i c a t e d  and i n v o l v e  a  g r e a t  d e a l  of 
e f f o r t  and m n e y  f o r  t h e i r  s u c c e s s f u l  
e x p l o i t a t i o n .  S t i l l  w i t h  t h e  s e r i o u s  t h r e a t  
of g l o b a l  p o l l u t i o n  w i t h  chemical  
p e s t i c i d e s  and t h e  haza rds  of o t h e r  
b i o l o g i c a l  methods of c o n t r o l ,  .very se r io r i s  
a t t e n t i o n  s h o t ~ l d  be pa id  by e n t o m o l o g i s t s  
t o  t h e s e  g e n e t i c  methods of c o n t r o l .  

F i n a l l y  we s h a l l  cciiisider t h e  impo l t an t  
p a r t  g e n e t i c a l  knowledge p l aya  i n  re1;eving 
man from tile s u f f e r i n g s  caused by d i s e a s e ,  

Cancers a r e  due t o  some c e l l s  i n  t h e  body 
beconling wayward and d i v l d i n g  too  soon an& 
too o f t e n ,  and i n  t h i s  u n c o n t r o l l e d  f a s h i o n  
producing mal ignant  growths.  I r x a d i r t i o n s  
and chemfcal mutagens d t s r u p t  t h e  
chromosomes of t h e s e  f a s t  d i v i d i n g  c e l l s  
and a s  i n  t h e  s t e r i l e  n a l e  method cause  
c e l l  dea th .  I n  ,tP\is way t h e  growth of 

c a n c e - s  I s  a r r e s t e d .  The o r i g i n s  ana t h e  
causes  o f  c a n c e r s  a r e  no t  ye; f u l l y  
~ ~ n c l e i s t o o d ,  a l t h o u g h  i t  i s  known t h a t  some 
- r e  due t o  v i r u s e s .  Ac t ive  r e s e a ~ c h  i n  
m o l e r u l ? r  g e n e t i c s  i s  being p ~ r s u e d  i n  t h e  
advanced c o u n t r j  e s  t o  unders tand t h i s  
cancer  proolem 

There a r e  v a r i o u s  d ise : , ses  of man caused 
d t r e c t l y  by genes .  Some mzy be r e l a t i v e l y  
hs rmless  a h n o r m a l i t i e s  l i k e  c o l o u r  
h l j -ndness  and po lydac tg ly ,  which i s  the 
p resence  of e x t r a  d i g i t s  i n  hands and f e e t .  
a t h e r s  a r e  v e r y  ser;ous and dead ly ,  l i k e  
haemophi l ia ,  t h e  b l eed ing  d i s e a s e ;  
pheny lke tonur t a ,  a  hfochemira l  d i s e a s e  
where c e r t a i n  substances accuro~j la te  i n  t h e  
body w i t h  l c c h a l  e f f e c t s  on t h e  nervous 
s y s t e n s  of b a b i e s ,  muscular  dys t rophy,  
which r e s u l t s  i n  t h e  withering s f  muscles 
of t h e  body; s i c k l e - c e l l  anaemia,  a d f s e a s e  
a f f e c t i n g  t h e  red  blood c e l l s  a r id  cavs ing 
d e a t h  i n  i n f a n c y ,  and s o  on. There a r e  two 
ways in which t h e s e  d l s e a s e s  cou la  be  
prevented .  The e a s i e s t  way s t o  avoid  
mar r i age  of two pe r sons  whose fami7ip.s a r e  
knowG t o  have had t h e  same d i s e a s e .  Here we 
run  i n t o  a  p r a c t i c a l  d i f f i c u l t y .  i f  twc 
pe r sons  a r e  ' f n  love  wi th  each  c ~ h e r  i t  
would be  difficult t o  p reven t  Zhefr 
mar r f age  even i f  t hey  know t h a t  they  
harbour  dangerous  genes  i n  them. The o t h e r  
~:ethoci i s  t o  recogii-f.se t h e  g e n e t i c  causes  
e e r l y  and t o  p reven t  t h e  express j .on  c f  
t h o s e  bad genes ,  For  exampl-e, I n  t h e  c a s e  
of haemopti i l ia ,  b l eed ing  can  be stemmed by 
g i v i n g  t h e  p a t i e n t  a  chemical  c a l l e d  
a n t i h a e m o p h i l i a c  f a c t o r  of  mF f o r  s h o r t ,  
wilfch i s  t h e  subs t ance  they  a r e  d e f i c i e n t  
in, I n  t h e  c a s e  of pheny lke tonur i a  which 17;  

t h e  i b i t  t o  break down f u r t h e r  t h e  
a ~ i n o  a c i d ,  pheny la l an ine ,  I f  t h f  s 
c o n d i t i o n  i s  r ecogn i sed  in' e a r l y  i n f a n c y ,  
t h e n  t h e  i n f a n t  can  be mainta ined on 
s p e c i a l  d i e t s  which a r e  d e f i c i e n t  i n  t h a t  
p a r t i c u l a r  amino a c i d .  I n  t h i s  way a  
h o r r i b l e ,  c .onvulsive d e a t h  can  be 
p reven ted ,  and t h e  i n d i v i d u a l  could  grow 
i n t o  a  normal a d u l t *  Mot all. g e n e t i c  
d i s e a s e s  can  be c o n t r o l l e d  i n  t h i s  f a sh ion .  

C e r t a i n  a b n o m a l t t ~ e s  a r i s e  i n  i n d i v i d u a l s  
bue t o  chromosomaP a b e r r a t i o n s .  B-Esexual 
I n d i v i d ~ a l s  o r  hermaphrodi tes  mongol 
i d f o t s ,  a r e  ~ o ~ e  of t h e s e  abnormal be ings .  
Gene ra l ly  such  n b n o r n a l i t j e s  a r i s e  when 
s l i g h t l y  o l d e r  women give b i r t h  t o  



children, aad t h e  o n l y  w a y  c n  prevent  sr:c;l 
b i r t h s  Is f o r  o l d e r  wowen not t o  conceive,  

11 we now evrn to 2n0the7 aspect 9f L:~C 

g e n e t i c s  of man we Eee thst hurnza 
gop;~:atFocs hel.c?rrg to d i f  fernt blood groups 
that ai-e d e t e r u ~ i n e d  by g e a e s ,  , ' i p a - r t f f r m  
t h e  compllcat inns  which a r i s e  i n  g iv ing  
blood t r a n s f u s i o n s  where  Shese types  have  
& - 
t-u be matched before  use ,  t h e  blood group 
systetxs cause secondary coraplfcations.  The 
xhe.-i.xs system p a r ~ i . c u l a r i y  4~s t k e  n o s t  
dangerous of these groups.  I f a  a k e s s  
negat  l've woman  conceives a rhes2s  pr.ci?i.vc 
hatsy t h e n  the  blood c e l l s  of tile foeton 
coilld c l g r a t e  through the  p lacen ta  i n t o  t h e  
blood system of t h e  mother and t h e  an t fgens  
in these  f o r e i g n  blood would induce t h e  
mother t o  s e c r e t e  a n t i b o d i e s .  These 
s n t i b o d i e s  could g e t  back i n t o  t h e  f o e t u s  
o~ a subseq~ient  f o e t u s  and a t t a c k  and 
des t roy  i t s  red blood c e l l s ,  This  causes  
the condi t ion  known a s  e r y t h r o b l a s t o s i s  
f o e t a l i s  g iv ing  r i s e  t o  a s t i l l - b i r t h . 1 f  
t h i s  cond i t ion  i s  recognised i n  t h e  f i r s t  
month of pregnancy then ,  only  a blood 
t r a n s f u s i o n  of t h e  f o e t u s  through t h e  
n o t h e r ' s  body can save it. The a c t i o n  of 
t h e  rhesus  group on pregnancies  i s  not  
q u i t e  s o  s t radghtforward i n  t h a t  t h e i r  
a c t i o n  i s  minimised by t h e  o t h e r  blooc! 
group system, t h e  ARO group. Apart from 
these  complicatoins ,  the  blood groups genes 
have e f f e c t s  on o t h e r  organs of t h e  body. 
For ins tance  i n  t h e  ABO system persons  
belonging t o  c e r t a i n  groups a r e  a l s o  known 
t o  3e predisposed t o  c e r t a i n  types  of 
d i seases  l i k e  cancers  and p e p t i c  u l c e r s ,  
The b l o o ~  g,.oa?g genes can be put t o  good 
use, They can be tased t o  exonerate a m%n 
f rom the  accusatlorn of bei..g t h e  f a t h e r  of 
i l l eg f tdmate  c h i l d r e n  i n  a p a t e r n i t y  s u f t .  
If t h e  c h i l d ' s  blood group does no t  t a l l y  
with t h a t  of t h e  man then he de f1n i tc l . s  
c o u l d  n e t  be t h e  c h i l d ' s  f a t h e r .  

117 S r i  k n k a  hucb ric~rk has Seen rhne .&th 
: . i.3 .&, , . nex teci>nelogy, improved -varle-tries of 
r ice,  tea, rubber snr' cocon22 acd czf RaXky 
+.t,hOP csoya l-ssve been procItici3d &. 

&pro7.emctnts i n  quality and in qua17tltg 
have been achieved i n  cattle and ~ o z l t r g  
'ureedfng f o r  r;mprovernents in the prodrrcfioc 
of nilk and eggs. A great d e a l  o f  
iamecesary human s u f f e r i n g  and pain  'm,s 
bee11 reduced by a p p l i c a t i o n  of genetl.cs il-i 

medicine. I hope tk t  such applScation 
nould f ncreaee conaLderably i n  the  f ritwrc 
so -i:hat; ve cou ld  make Sri L~nka coap.ie2:el.y 
s e l f  su f f l t c i en t  i n  our  Eras" eeqquirimerrts 
of fcad, W e  may r ~ o t  Le a b l e  t o  r i d  
ourseLvev of h e r e d i t a r y  d i s e a s e s ,  i w t  we 
could at  l e a s t  r e l i e v e  human se4,ffering t o  r= 
l a r g e  e x t e n t  through the  knowl.edg.? of 
g e n e t i c s  i n  g e n e t i c  ccunsell i .ng.  

-As f o r  t h e  f u t u r e  teclznology of geuct. lcs,  
o u r  p resen t  knowledge of basic g e ~ i a t i c o  may 
make i t  p o s s i b l e  t o  manipulate g a e s  i n  
such a way as t o  a l t e r  i n d i v i d u a l  genes o f  
animals, p l a n t s  and ourse lves ,  t o  or2.c 

l i k i n g .  h s e r s  could perhaps be used t o  
c a u t e r i z e  h a w f u l  genes wi thout  d i s tu rb fng  
ad jacen t  ones i n  t h e i r  nolecula r 
environment; genes  made t o  order  i n  test 
tubes  could, perhaps,  be i n s e r t e d  i n t o  the 
genomes of i n d i v i d u a l  organisms, o r  we 
could have chemicals on our  benehe~  w f d c h  
would alter s p e c f f i c  genes the way we emnt 
t o  change them. This type  i.sJ ggenet3.c 
eng ineer ing  and d i r e c t e d  mutagenesl.~, .LPke 
many of t h e  g r e a t  d i s c o v e r i e s  423 aciente,  
i s  r a p i d l y  pass ing from t h e  reah of 
science f i c t i o n  and f a n t a s y  t o  became a 
rsonderful new tec-hnlqpde f o r  rhe h e r e f l t  of 
man .. 



BIB.LOGI@AL CONT3OL OF COCONUT PESTS 

(3C.co1111t Cocas n u ~ i  f ei:a ilr occupi eS al?Jut 
472,90D ha ( 1  million acj of land in  Sri 
ranka, and i s  a major plantatioll industry- 
,Its c o ~ t  r i  bulti on t o  t.he nati ona! e!:or?omy i s 
~ a e ' l  2 document.ed ancl has bee:-$ atdu+ 5% of 
t!?e to ta l  GUF in 1982. Sri Lankans consume 
as  nuch a s  11 G coconuts p r  a s~ili cli 
provide a k u t  22% of tble dci-i ly calor ic  
{ntake. I t  i s  a lso  t h e  main so'~.rce of 
dietary f a t  and appears t o  k +he sole 
source of fat for  the lu,,ier i ncon?t3 groups, 

The coconut palin i s  attacked by a nuinlx;: of 
insect pests. The co-onut cake;-pi 1 1 a.r 
i s a arenosel 12, (rep. Crypt-ophasi dae) , 
(ea r l i e r  referred t o  as  Nephantis 
ser-i n ~ )  t!ie Red Weevi 1 , Rhiynchopoals .-.- 
ferrugimeus ( 0 .  (Xrculi.nidae), "ie 
C~conmt Scale, As@ di otus destructor, (Horn. - - -- - - - 
Diasp'iditlae) and tile alack Beetle, Cryctes 
rhinoceros ( Col , Scaral~aedae) are the - 
ilixwrtant vas ts  at the moment. ?he coconut 
leaf miner, P r o ~ e c o l e c a  cuming'r (Col . 
Hi spi-dae) caused exhensi ve danac;e t o  
coconut plantatioris atmut a decade acjo but 
i s  under very sa t is factcry  ccntrcl  he 
Nettle <;nib, Parasa lepida (kp. 
i.,i.macodidae), the aag worri, Planatha a1t)ipes 
(Lep. Psycl-ledae) tile ye1 lor: Spotted iccust , 
Aularchi s mi 'li a r i s  (Ortho. Acrididae) ant1 
t h e  tenni t e s  Cdontotenni s p arc' rni nor 
pests of coconut. 

Cfinerally, pest control i s  taken t o  mean 
; nsectic,i de spraying. The staA:.ure and 
geometry vf adult coconut palms preclude 
such tradi t i  ona? crop protectior, measures 
as  spraying of insecticides. It was 
therefore :Iecessary fo r  the scienti-sts  t o  
develop a1 rerriati v e  vethods of pest control 
ir, coconut. A t  the  Coconut Researctl 
Ins t i tu te  (CEII) of Sr i  I>anl<a, a progrmne 
of bio lodjical co~ltrol  usi ncj naturally - 
occurri 11g parasi kic anti predatory ; nsects 
\,$as l a::.ncT-ied in  the 1950's.  hi s i s perhaps 

the f i r s t  documented. organi sed atterrpt of 
i )~o lcq ;ca l  ~ o n t r o l  In Srl rdnka, 

Hiological control affords a nuurdxr or' 
advantaijes, I t  i s  a low cost method, ideal 
fo r  silali holders, wilicli consti tute ab l l t  

70% of the coconut I101 tii nqs. The per~nanency 
of the control achieved, and the 'lack of 
l~armfal undesi rable e f fec t s  on the 
env-i ronment wi t l ?  no danger t o  man and other 
:]on-tarqet organ-Lsms are factors  w h i  cti 
rneri t seri  gus (xnsi derati on. 

Since i nccpti on, t l ~e  bi olq1: cal conbol 
prcgrariunes a t  the CFll llas developeti a gamut 
of ac t iv i t i e s .  Some of the iqmrtant 
tleveloprnenLs are  docurnerlted 2 ~ 1  ow: 

1 . The Coconut a 1 1 a , Opi si  na 
arenossella -.- 

The Coconut Cate-pi l l a r  i s a serious pest 
of coconut, part icularly prevalent i n the 
Southern, Eastern and the Nestern 
Provinces. Outl~reaks are  often noticed 
dcri 1-t~ peri ods of dry weather, 'The damage 
i s  caused by the caterpi 1 i a r  stage: which 
feeds on the green )+issue of the leaf 
resul king in dried brow~i sh patches, A t  the 
sane tirne, the caterpi l l a r s  make gal ler-ies 
out of frass.  When a large nuroker of 
caterpi 1 l a r s  are present . heavy .feeding 
would resul t  in a large proportion of the 
1e7f turni nrj browrl, The caterpi 1 l a r  pupakes 
in the leaf ,  and the adult moth f a c i l i t a t e s  
spread of the pest 

i n  1940's and early 50 s, the pest was 
control led by sprayc,vrn.J ~ n s e c t ~ c r d e s ,  Thi s 
was an expensive aid a 1dmr.i ous process. 
The biolcg Leal control prcqrzme was 
laanched with the  breedqng and release of 
t h e  pupal p?ras,te, Tr~chospilus pupivors. 
Si,;ce then  research has identifaed several 
d i f f e ~ e n t  paras-ttic hymenopterous insects 
which attack different development stages 
af t h i s  pes t -  



These are as foi lows: 
rarval parasites - Perf s i e ro  ia nepliantidi? 

(Bethy 1 idae ) 

Bracon hebator --- 
(Braconidae) 

Pupal paras-i t e s  - T ~ I  c i ~ o . ~ i  1 us pup1 vora 
( Eulophi tlae) 
Ant rocephal us pandeils - 
( Chalc-I dae) 

Egg parasite - Tr1 cfl=ma brazi I iens> 
(Tri chograr~matidae ) 

The Coconut Research Ins t i tu te  establ i shed 
two i.nsectories, one a t  Lunuk!; ?a arid the 
other a t  Mylamkxiveliy in  the Eastern 
Province t o  multiply these paras i tes ,  The 
parasites are bred on a l ternate  hosts such 
as  Pr0deni.a l i t u r a  (Lep- Idoctuidae) or 
Corcyra cephaloni ca . (Lep, Gal ! er i  dae) ,, - 
which call be rai.setl wi tl!out much e f fo r t  ; 
The parasites are packed i n  g lass  tubes 
we1 1 before thei r emergence f rord the 
cocoons, arld despatched by post t o  affected 
es ta tes  in wooden boxes. 4~11e despatch i s  so 
t imetf  tha t  when the t u k s  reach the es ta te .  
the adult parasites would have just  emerged 
antl reatly for release in  the f i e l d ,  

In the case of the coconut ca te rp l l l a r  it 

has kcome necessary t o  regularly release 
the parasi t e s  t o  augre?t the f ~ e l d  
population Tile resul ts  ach~eved have not 
lxen enti re ly successful , A t  present 
techn~yues are bexnrj deve I ope? t o  use 
l>iological control as a par t  of the 
integrated control that  1s king attempted 
on the coconut caterpl l lar .  

2. The coconut Teaf ,liqer, promezotheca -- 
curni nai 
A 

This pest was inadvertently introduced t o  
Sr i  Lanka i n  1970,. and was detected a t  
Dehiwala. The adult female lays q g s  or1 the 
untlersi de of coco.aut 1 edf 1 e t s  and t h e  
result 'ng 'lawat? feed on the leaf t~ sstie 
while lodged between the upper and the 
'lorqer ep-der-m~s - n  a mlne An est~mated 
30 000 ac r-ras rap7dly lnvaded by the pest 
The attack was so devastating tha t  the 
to ta l  dest r u c t ~  on of the coconut industry 
seemed a d r s t ~  nct and immlne,l~ p s s ~  bi 13 ty. 

::he control uf t h i s  pest is now recortled as  
a remarkable evwt in  ;he ar-rals of pest 
~~ianagemcrlt il-i Sri Ianka; A n k l e u s  cillture 
of airnut 10 hynenopkeerou-; parasites was 
I t o  t h e  cour~try from F i j i ,  This 
corisi s t e J  of the larval parasite,  D i  rtmxki.a 
javani ca (Euiopiii tlae) anti the Iarvai snd 
pupal parasi t e l  Petli.obi 11s arm? u s  
(Eulophiche). Pliese were bred b- 
laim~:a+ory on the pest 1 arva and released 
in  the f i e ld .  Din!rnocl:i.a -javanic~a was t13e 
inost successful parasite.  

The mtxlus 9erandi of t h i s  parasi t:i c .i n s c t  --- 
i s snectacular. Once released i n  affeckecl 
a r m s ,  they r#ould wa? k on t h q  ieik surface 
ant1 seek,. by i.nstant, the iararae of 
Promecotiieca which 1 ive i.n a r ir: .  
between the two surfaces, in  the leaflet ,  
Once i ocated. the parasite waul d d e p s i  t. 
i ts eggs on the M y  of Prorneeotheca larva 
1)y piercing the epidermi.~ using the f i.ne 
sword- l i ke ovipositor F i g  1 ) Parasite 
larvae would emerge from the eggs and, woii.ld, 
devour Promecotheca 1 arva thereby 
control 1 i ng the pest. A t  the same time, the 
parasi-te multiplies. 

In a couple of years the pest ha3 a l l  but 
tlisappared as  dramatically a s  i t  came and 
tlie coconut industry was saved from to ta l  
tlestruction a t  a very low cost, whaci? was 
est~mated a t  akmut 1% of "he annual export 
earn- iigs frorn coconut protlucts. 

3 The Coconut Scale, Aspi.di otus destri.~ctor 
Tile Coconut Scale is a sucking insect found 
on t ' le unclerside of the leaf lets .  Tn 
outbreaks. large areas becone yellow due :lo 
t : ~ e  dmage done t o  t!-~e l ea f le t s  by- the 
scale insects .  The CXI developed dl;? 

l ~ i o i  q i c a  1 cortrol  program-ae tor  ,:hi s pest 
1)y tiarnessi mg the . a c t i v i t y  of 
natural 1 y occlurri ng preda50~ y i. rlsects, 
Eurinq the mid 198@'s, l a m e  nunlxrs of the 
predatory lady bl rd I ~ e r  les  Chilocoru~ 
r t 1 %  arid - Pul Ius xerairp1 i nus were 
nnulcipi 1 ed rn the 1 a b r a t o r v  and released 
i n  the f i e ld .  T!x different development 
stages of t h e  lady bird hieetle devour the 
scale i.nsects, thereby controll inlg it, At. 
present, the scale pest i s  kept in a very 
satisfactory s t a t e  of control, bJhenever a 
s l igh t  outbreak of the pest is encountered, 
the predatory lady bi rd also 
fol. 1 ow, thereby keepi nq the pest under 
control 



Fig. 1 - Parasitization of Promecotheca larva 

The parasite .uses its ovipositor to pierce the leaf 

surface and deposit eggs in the body of the pest larba 

4. The Black Beet le ,  Oryctes  rhinoceros  
The Black beetle is a c o r m n  p e s t  of 
coconut. The a d u l t  1s a l a r g e  beetle, akmut 
40 mm i n  length. I t  1s sh iny  black on t h e  
uvpe- s i d e  and could zasi l y  be 3edent i f  i e d  
by t h e  c h a r a c t e r i s t ~ c  backwardly curvet1 
horn on t h e  heat], Damage i s calmed by t h e  
a d u l t  when 2 t  f e e d s  on t l~e  ~lnopened tender  
fronds. When t h e s e  damaged f ronds  
e v e n t u a l l y  grow ou t ,  t h e  l eaves  appear 
nea t ly  c u t  wi th  a s c i s s o r .  

The p e s t  b i ~ e d s  i n  coconut 1ocj.s and i n  
o t h e r  decaying veqetable  mat te r  The 
gray i sh  whi te  l a rvae ,  which when f u l l y  
grown up would t~ ahout 40-45 nun could be 
seen i n  breedi ng p laces .  

A b io log ica l  ccr i t rol  programme was 
(leveloped r e c e n t l y  t o  con t ro l  t h i s  p e s t .  
Th is  involves  t h e  use  of a fungus, 
Metarhi zi urn ani sop1 i a e  and a vi r u s  
Bacul ovi r u s  =xes, The use of a nematode 
is a l s o  k i n g  i n F G t i g a t e d .  

The fungus would a- tack t h e  l a rvae  and 
cause dea th ,  AL t h e  s m  t i m e -  it 
x u l t i p l  :es and t h e  fungal spores  a r e  spread 
by w i  ~d and a d u l t  b e e t l e s ,  The v i r u s  causes  
a pathological  condi t ion  i n  t h e  g u t  of t h e  
'arvae thereby kki l l i n g  i t  I n  t h e  f i e l d .  
t h e  v i r u s  i s  t r a ~ s m i t t e d  q u i c k l y -  mainly by 
t h e  a d u l t  beetles, 

5. Control of Chromolae~s odorata  ( e a r l i e r  -- 
c a l l e d  Eupatorium odoratum) 

Chromlaena odota ra  is a p e r n i c i o u s  weed i n  
coconut l m d s .  %en allowed t o  grow rank, 
c u l t u r a l  opera t ions  and coconut c o l l e c t i o n  

become very d i f f i c u l t ,  

The CRI introduced an i n s e c t  i n  mid 1970's 
i n  an a ~ t e r p t  t o  con t ro l  t h i s  weed. The 
c a t e r p i  11 a r  s t a g e  of t h e  lepi  dopterous 
i n s e c t  P a r a u c h a e ~ e s  pseudoinsul a t a  
f - U c t i l d a e )  i s  a d e f ~ l ~ a t o r  and has k e n  
observed t o  be a voracious feeder  of t h e  
weed. When t h e  c a t e r p i l l a r s  a r e  p resen t  i n  
l a r g e  numbers t h e  weeds a r e  r e a d ' l y  
d e f o l i a t e d  Although d e f o l i a t r m  i n  i t s e l f  
cannot k i l l  t h e  weed, repeated a c t i o n  by 
t h e  i n s e c t  wezltens t h e  p l a n t  o f t e n  
retluclrg it t o  wood only IT t h e  c l i m a t i c  
c o n d i t i o n s  a r e  adverse  t o  t h e  weed, it 
o f t e n  d i e s  a f t e r  d e f o l i a t i o n .  Complete 
success  has  not  k e n  achieved y e t .  

Circumstances have compelled t h e  use  of 
h i o l o g ~ c a l  con t ro l  i n  coconut pest 
ra?agemnt  This  has proved t o  be of 
cormendable f o r e s ' g h t ,  a s  has  been 
evidenced from t h e  r e s u l t s  ob ta i  ned s o  f a r  . 
The advantages and t h e  value of t h e s e  
methods have been amply demonstrated. 
Biological  c o n t r o l  is r e l a t i v e l y  cheap and 
easy  t o  apply compared t o  t i le o t h e r  c o n t r o l  
methods such a s  i n s e c t i  c; de  appl i c a t i o n  
Sometimes, however, b io iog ica l  control  ' -S a 
r e l a t  Lvel y slow process  t o  prc3uce quick 
r e s u l t s ,  bu t  n e v e r t h e l e s s  t h e  r e s u l t s  are 
longer l a s t i n g  It has  a l s o  t o  be done 
under supervis ion.  The advantages of 
b io log ica l  cont  r o  l outweighs t h e  
disadvantages ,  p a r t i c u l a r l y  i n  a c rop  l i k e  
coconut,  It is because of t h i s  t h a t  
continuous research  is k l n g  c a r r i e d  o u t  t o  
k p r o v e  b io log ica l  con t ro l  techniques  and 
t o  f i n d  m r e  b io log ica l  con t ro l  agents .  



BIOLOGICAL CONTROL OF THE DISEASES OF THE 

HEVEA RUBBER TREE 
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R ~ b b ~ h R ~ n ~ c h 1 ~ ~ ; t i ; t L L a e o ~  Sk iLanha ,  D ~ v ~ t u n 6 i e l d ,  

Ag&akte, S~ Lanha 

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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BIOLOGICAL CONTROL OF PADDY PESTS I N  SRI LANKA 

G . F a  R A J E N D W A M  

The need f o r  pes t  c o n t r o l  a r o s e  w i t h  t h e  
begfnnirlgs of a g r i c a l t u r e .  Even i n  a n c i e n t  
t imes  some b i o l o g i c a l  methods we-e 
p r a c t i s e d ,  such a s  t h e  p lant -der iv . 'd  
chemicals  and i n s e c t  p r e d a t o r s  used t o  
r e g u l a t e  p e s t s  i n  C h i a i a  ( f l i n t  and van den 
Bosch 1981).  I n  S r i  Lanka, t h e  need f o r  
b i o l o g l c a l  c o n t r o l  of  paddy p e s t s  i s  f e l t  
c h i e f l y  due t o  t h e  fo l lowing  ;,roblcms 
a r i s i n g  ou t  of ~ o i l t r o l  measures atfopred 
c u r r e n t l y .  

D i r e c t  chemical  c o n t r o l  has  l e d  t o  c e r t a i n  
drawbacks such as  i n c r e a s i n g  r e s i s t e ' i c e  t o  
i n s e c t i c i d e s  by r i c e  p e s t s ,  d e s t r u c t i o n  01 
u s e f u l  n a t u r a l  i n s e c t  fauna and unnecessai-y 
contaminat ion l e a d i n g  t o  h e a l t h  haza rds .  

The c o n c e n t r a t i o n  of t h e  p r e s e n t  r f c e  
breeding programme towards h igh  yieldLng 
r i c e  v a r i e t i e s  has  r e s u l t e d  i n  t h e  
replacement of a  wide range of -ndige-ous 
r i c e  c u l t i v a r s  w i t h  a  few hfgh y i e l d i n g  
r i c e  v a r i e t i e s ,  t h u s  narrowing t c e  g e n e t i c  
b a s i s  of r e s i s t a n c e ,  and inc -eas ing  
s u s c e p t i b i l i t y  t o  r i c e  p e s t s .  

Improvement of f e r t i l i z e r  and i - r i g a t i o n  
p r a c t i c e s ,  r e g a r d l e s s  of e c o l o g i c a l  
i n t e r a c t i o n s  w i t h  o t h e r  a s p e c t s  of t n e  r i ce  
crop,  has  made t h e  r i c e  c r o p  more s u i t a b l e  
f o r  pes t  build-up. 

In t rpduc t fon  of s h o r t  age v a r i e t i e s  and 
s taggered c u l t i v a r i o n  have ensured p e s t s  
witti a  con t inu ing  h a b i t a t  f o r  re go la^ b u i l d  
up of popula t ions .  

INSECT PESTS OF THE RICE CROP 
A t  p re sen t  t h e  i n s e c t  p e s t s  of i r r i g a t e d  
r i c e  i n  S r i  Lanka cculd  be l i s t e d  a s  major 
and occasionaL a s  fo l lows .  

Majcr P e s t s :  
1. The yellcvd srembore- ,  Tr;-poryoa ---- 

i n c e r  t u l a s  - ~\.:'alker j 
7 ,  The leaf f o l d e r ,  Cqapheioerucjl s ---- -- 

medfna l i s  Guenec --- 
3 The paddy g a l l  m i d g e ,  Un:szoliLh oryzae - . -- - - - - 

(Wood-Mason) 
4.  The brown planthoppc.- ,  K f  1-aparvata - - . - - 

l ugens  ( s t r l )  
5 .  Tile r i c e  l ea fhopper  complex: 

Nepho te t t ix  v-brescens ( D i s t a n t )  
N e p h o t e t t i x  -- n i g r o p f c t u s  ( s t a l l  
Nephot-e t t ix  impic t f ceps  Xshihara ---- 
T e t t l g e i l a  s p e c t r a  ( D i s t a n t )  -- -.- 
Inaz~ima d o r s a l i s  jMotchuluky) - .--- 

6.  The r i c e  t h r i p :  B a l i o t h r i p s  b i fo rmis  - - - 
(Bagn.) 

7 The ?add). bug, L,eptocorisa var1cr.rr.l.s --- - ----- 
F a b r i c i u s  

Occas ional  P e s t s :  
L. The s t emf iy ,  Ather igona exigua S t e i n e r  --- -- 
2. The whorl maggot, H y d r e l l i a  sp.  
3. The c a s e  b e a r e r ,  Nmphula d e p u n c t a l i s  

Guenee 
4 The leaf  e a t i n g  c a t e r p i l l a r  

comp1ex:Spodoptera ~ a u r i t f a  Bo1sdi"va; 
Boro l i a  venalba  Moore 

5. Paddy b lack  bug, Scotinophora l u r i d  
Burmef s t e r .  

THE PRESENT CONTROL PROGEMMME: HOW IT - ---- ---- 
RELATES TO BTOLOGICAL COWTROL - 

To zons fde r  hot+ ;tt presen t  c o n t r o l  
programme of paddy p e s t s  i n  S r i  Lalka n l y  
he extended t o  inc lude  b i o l o g i c a l  c o n t r o l "  
t h e  fo l lowing  f a c i a r s  a r e  r e l e v a n t -  
&. T ~ P  avaPIab iP i ty  of knowledge and 

i n f o m a t i a n  on major r l c e  p e s t r .  



a)  Taxonomy: In fo rma t ion  on t h i s  a s p e c t  
: s  2 a 4 r l y  weil e s t a b l i s h e d  and a t  
p:.eseP., v o r k  o ~ ;  S L L C ! ~  a s p e c t s  a s  t h e  
~ l o r y p c s  of 0,. oryzac-- and N. Lugens i s  - 
he1 [ig cc,nducFed. . 
b) Gene ra l  b io logy :  The knowledga 
p r e s e n t l y  ava i - l ah i e  i s  . of a  
s a t i s f a c t o r y  s t a n d a r d .  

2. F o r e c a s t i n g  s y s t e m  and Economic I ~ j ~ ~ r y  
1.evels:  
a )  There  9,s ncj es ta1 : l t shed  f o r e c a s t i n g  
sys tem f o r  r i ce  p e s t s  i n  S r i  I,ankn at 
pcesen t .  Though l i g h t  t r a p  s i l rveys  a.re 
being  conducted ,  t h i s  i s  o n l y  a t  a  
p r e l l ~ i n a r y  l e v e l  and t-he d a t a  
a v a i l a b l e  have n o t  been i ~ t e g r a t e d  i n t o  
a  d e f i n i t e '  f o r e c a s t i n g  s y s r o u ,  So re  
i n i t i a l  work u t i l i z i n g  pheromone c raps  
i s  be ing  c a r r i e d  o u t  f o r  :he i e a f  
f o l d e r ,  C. m e d i n a l i s  on a n  e x p e r ~ m e n t a l  - 
bas1 s. 

No r e g u l a r  f i e l d  a s se s smen t  IS being  
c a r r i e d  o u t  and Economic I n j u r y  L e v e l s  have 
not  been c a l c u l a t e d .  An e x c e p t i o n  i s  :he 
f i e l d  s u r v e y  c a r r i e d  ou t  d u r l n g  brown 
p l an thoppe r  o u t b r e a k s  t o  e s t a b l i s h  
t h r e s h o l d  l e v e l s .  

SURVEY OF NATURAL ENEMIES 
?rellow Stem Bore r .  Trvaorvza  i h c e r t u l a s  , . .  " 

The ye l low s tem h o r e r  i s  a  s e r i o u s  r l c e  
p e s t  i n  S r i  T,anka. It o c c u r s  a t  a l l  s + a g e s  
of growth and i s  found i n  a l l  t y o e s  of  t h e  
r i c e  c r o p  -- lowland,  deepwa te r ,  f l o a t i n g  
and upland.  It c a u s e s  e x t e n s i v e  damage and 
e x h i b i t s  two k i n d s  of  symptoms. 

) dead h ~ a r t  : During v e g e t a t i v e  groiath 
s t a g e ,  s tem DOI-er  l a r v a e  bore  i n r o  and f e e d  
j n  t h e  l e a f  s h e a t h ,  p r e v e n t i n g  forn la t io l l  of 
p a n i c l e s  : 
i i )  w h i t e  head:  Growing p l a n t  p a r t s  a r e  
severed  a f t e r  p a n i c l e  i n i t i a t i o n .  

Fe r~ iando  (1967) r e p o r t e d  t h e  f o l l o t r i n g  egg 
p a r a s i t e s  i n  SrC Lanka: two Eulophfdae ,  
T e t r a s t i c h u s  s c h o e n o b i i  F i e r i e r e  and 
T e t r a s t i c h u s  l s r a e l i  Mani and Kur i an ,  one -- -- 
S c e l i o n i d a e ,  Tslenomus d ignus  Gahan. and a n  - 
unidentified s p e c i e s  of  T r i c h o g r a m a .  T, - 
i s r a e l i  i s  r a r e  and a t  b e s t - p a r a s i t i z e s  2% 
qf  Lhe second brood of T i n c e r t u l a s  e s g  - - 
masses. P a - a s i t i z a t i o n  by T schoenob ly  may 
be a s  nuch a s  10% i n  t h e  second brood of  
egg masses. 

I. i l igncs i s  t h e  most irrlportant egg -- 
~ a r a s i t e  of  T.  i n c e r t u l a s  i n  S r i  T.anka, 
be ing  a n  excei&nt s e a r c h e r ,  and i s  
respc  n s i b l e  f o r  approximate ly  85% 
p c r a s i t i z s  c l o n  in second brood egg n a s i e s ,  
though cqncomiiant  l o s s  cf c rop  by 
T e  f n c e r t u l a s  t o  t h e  e x t e n t  ~f 20% has  been - 
s u s t a i n e d ,  

Ra japakse  and Ru la seke re  (1980) a l s o  
r e p o r r e d  ttle follo:7ine eag p a r a s i t e s  of - -- 
", i n c e r t u l a s :  Trichogralnma nfnutum R i l e y ,  - --- -- -- - 
T. s c h o e n o h i i ,  T, i s r a e l i  and Tc dignus, .  - 
T. d ignus  was foLncl on-iize t h a n  6 7 L  z g g  - 
masses Combined p a r a s i t i z a t i o n  r a t e s  
averaged 88% ( r a n g e  77-992) and were 71% i n  
D i n i p i t i y a ,  81% i n  Matara ,  81% i n  
h h a l a n t o t a ,  86% i n  Kamburupit iya and 97% 
i n  Kekanadura. 

L a r v a l  p ~ r a s i t e s  of T. i n c e r t ~ i l a s  recorded - 
i n  S r i  Lanka a r e  t h r e e  s p e c j e s  of 
Rracon ic~ae :  Apante les  f l a v i p e s  (,ancrnn, 

-- 
A p ~ n t e l e s  s choenob i i  WiLkjnson 2nd S h l r k t a  -- 
schoenoh i i  V i e r r e c k  ( d o r s a l i s  datsurnara) ,  
one Eu loph idae ,  Apro toce tus  sp .  an([ a n  

- --A 

Ichneumoldae I s o ~ i m a  sp .  (Fernando 1957) ,  
P a r a s i t i z a t i o n  by t h e s e  p a p a s i t e s ,  i n  
g e n e r a l ,  i s  ex t r eme ly  low and no survcy o r  
e v a l u a t i o n  of t h e  r e l a t i v e  iiliportance 01 

t h e  p a r a s f t e s  h a s  y e t  been dsne -  

I n t r o d u c t i o n  of Te~enomus  
-- benef l c u s  

Zehntner  and a  ni~mber of l a r v a l  p a r a s i t e s  
nay ho ld  promise f o r  c o n t r o l  of 
T. i n c e r t u l a s  , - 

Leaf f o l d e r ,  Cnaphaj .acrocis  ~ e d i n a l i s .  The 
damage t o  t h e  paddy p l a n t  I s  caused Gy t h e  
c a t 3 r p i l l a r  which f o l d s  t h e  l e a f  h lade  i-rlto 
tuhula ;  s t r u c t u r e s  an.: f e e d s  on t h e  g reen  
l e a f  t i s s u e s  w i i h i n  t h e s e  s t r u c t u r e s .  
Usua l ly  o n l y  one c a t e r p i l l a r  i s  found 
w i t h i n  each  f o l d , ,  

Rajapakse  and KuZasekers (1982) r e p o r t e d  
t h e  f o l l o ~ i n g  p a r a s i t e s  of C ,  med ina l f s  f n  
S r i  Lanka, i n  arid around th; s o u t h e r n  town 
of N a t a r a :  t h r e e  Braconidae ,  Apante les  
r u f i c u s  ( N a l i d a y ) ,  ~ p a n t e l e s  f l a v i p e s  

-- 
(Cameron) and Plicrohracon h-.betor  Say,  one - - 
Elasnlidae,  Elasmus s o ,  and a Tach iq idae  

-- - 
( D i p t e r a ) .  Bactromyia f r a n s s o n i  Bar. --- 
P a r a s i t j z a t i n n  r a t e s  were 38% i n  
Den ip i t i j r a ,  48% i n  Kainburupit iya,  53% i n  
r l a t a r a ,  602 i n  Kak~qaila and 70% i n  Plalpana, 



Paddy G a l l  Pfidge, Orseol ' ia  o ryzae  
The paddy g a l l  midge i s  a  major  p e s t  of 
paddy i n  t h e  wet zone of S r i  Lanka and i n  
c e r t a i n  p a r t s  of t h e  d r y  zone I n  t h e s e  
a r e a s  abou t  10% of t h e  t i l l e r s  of t h e  paddy 
c rop  a r e  a f f e c t e d  by t h i s  p e s t .  Prolonged 
p e r i o d s  of o v e r c a s t  s k i z s  coupled  w i t h  
l i g h t  t o  moderate r a i n s  f avour  hea iy  c i o p  
i n f e s t a t i o n  by t h i s  p e s t .  Under such 
c o n c l ~ t i o n s  of h i g h  k u n i d i t y ,  up t o  LO% of 
t h e  t i l l e r s  of t h e  paddy s h o o t s  have shown 
s i l v e r  s h o o t s .  The p e s t  a t t a c k s  s e e d l i n g  
paddy. Only on r a r e  occas ion  does  i t  a t t a c k  
mature  paddy. 0. o ryzae  produces no s i l v e r  - -- 
shoor s  on mature paddy, bu t  c a u s e s  t h e  l a s t  
emerging l e e f  t o  become findersized and 
t r a n s v e r s e l y  crumpled. 

Very l i t t l e  informat i -on  i s  a v a i l a b l e  1 S r i  
Lanka on t h e  p o p u l a t i o n  f l u c t u a t i o n  of 
0.  oryzae  i n  paddy f i e l d s .  The f i r s t  - -- 
appearance  of s l l v e r  s h o o t s  i n  t h e  f i e l d s  
i s  s t i l l  t h e  on ly  i n d i c a t l o n  of t h e  
p re sence  of t h i s  p e s t .  

Two hymenopteran p a r a s i t e s  P l a t y g a s t e r  
ory zae  kiani ( S c e l i o n i d a e )  and D i n a n u s  s p ,  --- 
(P te romal idae )  and two p r e d a t o r s ,  t h e  
c a r a b i d ,  Casnoidea i n t e r s t i a l i s  and t h e  -- -- 
zeduvi id  Nabis c a p s i f o r m i s  Germar have been 
observed t o  e x e r t  a  l o w  degree  of n a t u r a l  
c o n t r o l  of 0. oryzea  i n  t h e  f t e l d  (Fernando - -  
1967). The p a r a s i t e s  have been observed 
e m e r ~ i n ~  from t h e  nuoae of 0.  orvzea ,  - - - @. i n t e r s t i a l i s  f e e d s  on t h e  pupae of - 
0 . o r y z e a  i n s i d e  t h e  g a l l s  -- - whi le  
N. copsf  f o r n i s  a t t a c k s  t h e  - a d u l t s .  - -- 

B r o w  P lan thopper ,  N i l a p a r v a t a  l u g e n s  
The brown p l a n t h o p p z  is  o n  of t h e  most 
d e s t r u c t i v e  p e s t s  of  rhe  r i c e  c r o p  i n  S r i  
Lantka. It was f i r s t  recorded a s  a  p e s t  of  
r i c e  under t h e  name N i l a p a r v a t a  g r e e n i  - 
( D i s t a n t )  i n  K a l t i t a ~ a  d i s t r i c t  i n  1912 
(Fernando e t  a l ,  4979) S ince  t h e n  s p o r a d i c  
ou tb reaks  have occur red  i n  s e v e r a l  a r e a s .  
mainly i n  sou:hwestern S r i  Lanka I n  t h e  
l a s t  two decades ,  i t  has  been appea r ing  i n  
l a r g e  numbers ic s e v e r a l  d i s t r i c z s ,  
e s p e c i a l l y  i n  Amparai and B a r t l c a l o a ,  and 
o c c a s i o n a l l y  c a u s i n g  hopperburn a  d ry ing  
up of p l a n t s  i n  l a r g e  pa t ches  (Fernando 
1.975; Dyck and Thomas 1979).  

P a r a s i t i s m  has  g e n e r a l l y  been r ecogn ized  a s  
caus ing l e s s  brown p l a n t h o p ~ e r  m o r t a l i t y  
t h a n  ? r e d a t i o n .  Most p a r a s i t e s  of t h e  brown 

p lan thopper  a r e  low and appea r  t o  have 
l i m i t e d  v a l u e  f o r  checking p lanthopper  
popu la t ion .  However such ,  a  l i n t t a t i o n  may 
be overcome by t h e  combined e f f e c t s  of 
s e v e r a l  p a r a s i t e s  t h a t  a t t a c k  s e q u e n t i a l l y  
d u r i n g  t h e  development of p e s t  i n s e c t  
ou tb reaks .  

P a r a s i t i z a t i o n  of t h i s  p e s t  i n  Arpa ra i  
d i s t r i c t  i s  caused mainly by S t r e p s i p t e r a ,  
but  p a r a s i t i z a t i o n  i s  g e n e r a l l y  low, 
acco rd ing  t o  Otake e t  a i  (1976).  They 
observed t h e  fo l lowing  p r e d a t o r s  i n  Amparai 
a i s t ? i c t : s ~ i d e r s .  t h e  Carabid Casnoidea 
i n t e ~ s t i t i a l i s ,  t ;JO s p e c i e s  3 
C o c c i n e l l i d s ,  a r ~  a s s a s i n  b ~ g  (Reduvi id)  and 
Cry to rh inus  sp.  ( a  Pl i r id) .  T!:t-y a l s o  
-epor ted  hfgn p a r a s i t i c  a c t i v i t i e s  by 
Elenchidae  DLyin idae ,  P i p u n c ~ ~ i d a e  and 
nematodes i n  Kandy d i s t r i c t .  But t h e s e  r e l e  
s p o r a a i c  and a f f o r d e n  no e f f e c t i v e  c o n t r o l .  

Rajendram (1982) c o l l e c t e d  a n  Anthocorid,  
t h e  Mir id  Cry to rh inus  l i v i d i p e n n i s  Reuter  
ancl two ~ o c c ~ l l i d s  i n  t h e  paddy f i e i d s  of 
Amparai and Ba , t i ca loa  d t s t r l c t s .  
Pseudogonotopus s p <  (Dry in idae )  i n  
R a t t i c a l o a  d i s t r i c t  and Nymarids and 
Trichogrammatids,  p a r a s i t i z i n g  eggs of 
N. l u g e n s ,  i n  Kandy d i s t r i c t L  - -  

I n  t h e  n o r t h e r n  p rov ince ,  Rajendram and 
Devara jah  c o l l e c t e d  C .  l i v i d i p e n n i s  from 
Pa ran than  Kalmadu and  J a f f n a  (Rajendram 
1982).  S t u d i e s  have i n d i c a t e d  
C l i v i d i p e n n i s  t o  be an  e f f e c t i v e  p reda to r  
- 
of N. l ugens  (Devara jah  and Rajendram 
1982).  It was p o s s i b l e  t o  mass c u l t u r e  
C l i v i d i p e n n i s  s u c c e s s f u l ~ y  i r  t h e  
l a b o r a t o r y  w i t h  a  view L O  r e l e a s i n g  i t  i n  
t h e  r i c e  f i e l d s  (Devara jah  and Rajendram 
1981) H o ~ ~ e v e r .  sampling of paddy f i e l d s  i n  
Karadianaru  (Rajendran and Devarajah 1981) ,  
K i l i n o c h c h i  and J a f f n a  (Rajendram 1982) 
over  a  2 y e a r  pe r iod  d i d  not  r e v e a l  any 
a p p r e c i a b l e  p o p u l a t i o n  i n  t h e s e  l o c a t i o n s  

Leafhopper complex: N e p h o t e t t i x  v f r e scens  
Nepho te t t i x  n i g r o p i c i u s  
N e p h o t e t t i x  imp ic t i ceps  
T e t t i z e l l a  sDect ra  
Inazuma d o r s a l i s  

San ta  e t  a 1  (1973) r e p o r t e d  t h a t  t he  most 
p r e v a l e n t  l ea fhopper  s p e c i e s  were 
N- v f r e s c e n s  and LT. n i g r o p i c t u s  i n  paddy 

- 
f i e l d s  i n  Kandy d i s t r i c t ,  compris ing  a s  
much a s  37.2% of t h e  "sect popula t io i l .  



These were cbserved t~ i r . r r e a s s  7;c';'Y 
gradually t.ill t h e  tlzading r t a g e  c ?  ? l ie  

. c rop ,  and sharply a.ft:e-c the heading s t a g e ,  
Occae iona l iy ,  N e p h c ~ t e t  -- z i x  :;p e peak 
populat:  on !.;as n;r;.?-ed t ; e l u r e  maxi,xiii!, 
t : i l l e r i n g .   hey r l s o  r e p o r t e d  
p a r a s i t l z a t i a n  C I ~  adu?-:~ and .r,ymphs by 
D o r i l a s  sp. arF t o  1 .  Slnce  i n c r e a s e  13 
p a r a s i t e  .pnpul.aeion w a s  o!>~er.xied %:?ten c r o p  
I s  Seatlfng ::?an a t  t x o  ~ s e ~ k s  a f t e r  
t r a n s p l a ~ t j n g ,  t l?e ' I o .~e r lng  ol' the p e s t  
p o p u l a t i o n  mag be d u e  t o  h igh  pal-as1ti .c  
a c t i v i t y .  Beiice p e s t  ep-f.deaiic may 55 
avqided by a 2  ! n c r e ~ s L a g  ~ o p x l a r j o n  r f 
n a t u r a l  c n ~ v l e s .  The  greda  t o r  
C, l i v i ? i p ~ n n i s  was observed t o  comprise  
2 5 %  a n d s p g e r s  4.1% cf t ~ l e  i n s e c t  
popula t ion .  

Devara jah  (1983) r e p o r t e d  t h e  f o l l o w i n g  
g e n e r a l  p r e d a t o r s  i n  p a d l y  f i e l d s ,  d u r l n g  a  
2 y e a r  survey:  t h e  C o c c i a e l l i d s  Ada l i a  
i n d i c a  and Cocc ine i l a  octomaculae,a an- -- - 
Odorlata L e s t e s  s p . ,  and Pscudagr ion  5 2 ,  I n  - -- 
Karadianaru ,  K i l f n o c h c h i  and J a f f n a  and 
Orchetrum sp .  and Anax sp .  i n  Xaradianaru  - --- - 
and Ki l inochch i .  

The p r e s e n t  su rvey  i n d i c a t e s  t h e  p re sence  
of endemic p a r a s i t e s  and p r e d a t o r s  t h a t  
could  be manipula ted  i n  bio1ogl.cai  c o n t r o l  
of p e s t s  of the  r i c e  crop.  Where, t h e  l o c a l  
stock of n a t u r a l  enemies i s  inadequa te '  t o  
acil leve s a t i s f a c t o r y  b i o l o g i c a l  c o n t r o l ,  
t h e s e  can  be supplemented w i t h  i n t r o d u c e d  
e ~ i o t i c  n a t u r a l  enemies.  
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