
GERMPLASM RESOURCES AND GENETIC IMPROVEMENT 

y , ANNAMMA VARGHESE

R u b b er R e se a rc h  In s t i tu te  o f In d ia , K ottayao'eSG O O S, K e ra la . In d ia .

H evea b r a s i l i e n s ls  (W illd . e x  A d r . de  J u s s . )  M ue il. A rg . i s  p e rh a p s

th e  you n g est o f th e  m a jo r d o m e s tic a te d  c ro p s  in  th e  w o r ld . T h e  g en e tic  

b a se  o f  H evea In th e  E ast i s  v e r y  n a r ro w , l im i te d  to  a  few se e d lin g s

c o l le c te d  from  a  m inuscu le  o f th e  g e n e tic  ra n g e  o f H ev ea  b r a s i l i e n s ls  In 

Boim . n e a r  th e  T a p a jo s  r i v e r  in B ra z il  { W y ch e rley , 1968. S c h u lte s .  1977;

A lle n . 19 8 4 ). I t  i s  from  t h i s  sm a ll g en e tic  fo u n d a tio n  t h a t  s p e c ta c u la r  y ie ld

im p ro v em en t o f ab o u t ten  tim e s  h a s  been  a c h ie v e d .  H o w ev er, th e  g en e tic

a d v a n c e  ga in ed  in  th e  e a r ly  b re e d in g  p h a s e s  se em s to  h a v e  slo w e d  down

in  th e  m ore re c e n t  p h a s e s  o f b re e d in g  (T an . 1987: Ong and  T an , 1987; 

S im m onds, 1989). f o r  w h ic h  d i f fe r e n t  re a so n s  h a v e  been  a t t r ib u t e d .

THE GENETIC BASE

T h e  p a ra  r u b b e r  t r e e  c u l t iv a te d  in  S outh  E a st A s ia  b e lo n g s to  th e  

o r ig in a l  c o lle c t io n  o f S ir  H enry  Wickham in  1876 ( s e e  C h a p te r  1 . E d s . ) .

T he n u m b er of W ickham s e e d lin g s  w h ic h  h a v e  c o n tr ib u te d  to  th e  o r ie n ta l  

p la n ta t io n  s to c k  I s  b e l ie v e d  to  b e  o n ly  a ro u n d  22 . a lth o u g h  a ro u n d  2000

s e e d s  h ad  been  se n t to  S r i  L anka. S in g a p o re . P e ra k  and  J a v a  (W y ch erley ,

1977). I t  i s  p e r t in e n t  to  n o te  th a t  a l l  th e  e a s te rn  c lo n e s  h a v e  o r ig in a te d  

from  a  r e l a t i v e ly  few t r e e s  s u rv iv in g  from  W ic k h a m 's  o r ig in a l  c o lle c t io n ,

r e f e r r e d  to  a s  th e  'W ickham  b a s e ' (S im m onds, 1969).

FACTORS LEADING TO DECREASE IN GENETIC DIVERSITY

T he co m m erc ia lly  a c c e p te d  p r a c t ic e  o f c lo n a l p ro p a g a t io n , d ir e c t io n a l

s e le c t io n  fo r  y ie ld  «md a  c y c l ic a l  a s s o r ta t iv e  b re e d in g  p a t te r n  have

c o n tr ib u te d  to  a f u r th e r  d e c r e a s e  in  g en e tic  d i v e r s i t y .

P ro p a g a tio n  by  b u d g ra ftin g  h a s  becom e th e  e s ta b l i s h e d  com m ercial

p r a c t i c e  In H. b r a s i l i e n s l s . W ith th e  d ev e lo p m en t o f h ig h  y ie ld in g  c lo n e s ,

e x te n s iv e  a r e a s  a r e  being  p la n te d  w ith  a  l im ite d  n u m b er o f m odern  c lones

of h ig h  p ro d u c tio n  p o te n t ia l .  W ith th e  narro w  g e n e tic  b a s e  and a b reed in g  

m eth o d  b a se d  on a d d i t i v i t y  o f gene c o n tro l (W y c h e r le y . 1969; S im m onds.



1969). c lo n a l p ro p a g a tio n  h a s  re d u c e d  th e  g e n e tic  b a se  s t i l l  f u r th e r .

In  th e  o r te t  s e le c tio n  p ro g ram m e, a im ed  a t  d ev e lo p m en t o f c lo n e s , 

th e  m o th e r  t r e e s  w ere  s e le c te d  m a in ly  b a s e d  on y ie ld  c o n s id e ra t io n s  

(D ljk m an , 1951). E ffo r ts  f o r  h y b r id is a t io n  s t a r t e d  d u r in g  th e  la te  tw e n tie s ,  

and  ag a in  th e  p r im a ry  co n ce rn  w as p r o d u c t iv i ty  Im p ro v em en t. T he e a r l i e r  

h y b r id  c lo n e s  re c o rd e d  a  f iv e fo ld  In c re a s e  In y ie ld  o v e r  th e  o r ig in a l  un­

s e le c te d  s e e d l in g s .  H ow ever, co n seq u en t to  su c h  a d ir e c t io n a l  se lec ticm  fo r  

y i e ld ,  g e n e tic  v a r i a b i l i t y  in  r e g a rd  to  many s e c o n d a ry  c h a r a c te r s  in flu e n c in g  

o v e r a l l  p e rfo rm an ce  w as Ig n o red  (W y c h e r le y , 1969) le a d in g  to  a  c e r ta in  

am ount o f g e n e tic  e ro s io n .

One of th e  m ajo r d is a d v a n ta g e s  o f  th e  c o n v e n tio n a l b re e d in g  sy s te m  

i s  th e  c y c l ic a l  'g e n e ra t io n -w is e  a s s o r t a t i v e  m a tin g ' (GAM), w h e re  th e  b es t 

g e n o ty p e s  In one g e n e ra tio n  w ere  u se d  a s  p a r e n ts  f o r  th e  n ex t c y c le  of 

b r e e d in g . T h is  r e s u l te d  in  a  l im ite d  n u m b er of h ig h  y ie ld in g  c lo n e s , m a jo r ity  

o f  w h ic h  o r ig in a te d  from  a  few  p ro m in e n t p a r e n ts  (S im m onds. 1966, 1969). 

Most o f th e  c lo n e s  b re d  to  d a te  In M a lay sia  can  b e  tr a c e d  back  to  abo u t 

se v e n  e a r ly  c lones v i z . ,  T j i r  1 . P il  A 44 . P il  B 84 , PB 24. PB 49 . PB 56 

and  PB 86 (S ubram anlam . 1980; T an, 1 9 8 7 ). S im i la r ly ,  in  In d ia  th e  p r e s m t  

d a y  p o p u la r  c lo n es  o r ig in a te d  from  a b o u t 20 c lo n e s  (F ig . 1 ) .  The s i tu a t io n  

i s  no t d i f f e r e n t  In o th e r  r u b b e r  p ro d u c in g  c o u n tr ie s  in  A s ia  and A fric a .

T h e  e a r ly  se le c t io n s  r e c o rd e d  s u b s ta n t ia l  y ie ld  In c re a se  o v e r  th e  

W ickham  m a te r ia l  and som e e a r l i e r  c lo n e s  (GT 1) a r e  s t i l l  u n d e r com m ercial 

c u l t iv a t io n  and som e o th e r s  (PB  86, PR 107 e t c . )  p o p u la r  in  c e r ta in  a r e a s .  

From  an  y ie ld  le v e l  o f 450 kg  ha~ ^ y r~ ^  In  th e  u n se le c te d  m a te r ia ls ,  th e  

e a r ly  p r im a ry  ( P i l  B 84) and h y b r id  clcm es (RRIM 501 and RRIM 600) a t ta in e d  

an  y ie ld  o f 1000, 1300 and  1550 kg  h a~ ^  y r~ ^  r e s p e c t iv e ly  (T an . 198 7 ). How­

e v e r ,  th e  y ie ld  im provem en t in  f u r th e r  g e n e ra tio n s  d id  no t k e e p  p a c e  w ith  t t ie  

s p e c ta c u la r  ach iev em en t in  th e  e a r ly  p h a s e s  ( e . g . .  RRIM 700 and  800 

s e r i e s ) .  T h u s a  s low ing  dow n of g e n e tic  ad v an ce  In  th e  m ore re c e n t b re e d in g  

p h a s e s .  In c o n tra s t  to th e  r e m a rk a b le  e a r ly  p r o g re s s ,  i s  e v id e n t (S im m onds. 

1986; T an . 1987). G enetic s tu d i e s ,  in  g e n e ra l ,  a ls o  in d ic a te  in b re e d in g  

d e p r e s s io n  and u n p re d ic ta b le  In te ra c tio n  w hen r e la te d  p a re n ts  a re  u sed  In 

b re e d in g  (S im m onds. 1969; G ilb e r t  e t  a l . .  1973; Nga and  S ubram anlam . 1974).

So f a r .  a  p h e n o ty p ic  s e le c tio n  of p a r e n ts  f o r  h ig h  y ie ld  was p r a c t ic e d  

in  h y b r id iz a t io n  p ro g ram m es. Such a  s e le c t io n ,  h o w e v e r , d id  n o t, In g e n e ra l, 

ta k e  in to  account th e  com bin ing  a b i l i t y  o f th e  p a r e n ts  in  r e g a rd  to  y ie ld  

c o m p o n en ts . P a re n ts  w ith  c o m p le m e n ta ry  y ie ld  com ponents p ro d u c e  h ig h e r  

y ie ld s  th a n  b o th  th e  p a re n ts  ( J a l j i a n  an d  J in g x la n ,  1990).
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EFFORTS TO INTRODUCE NEW GERMPLASM

A fte r  th e  W ickham m a te r ia l ,  a  few  in tro d u c tio n s ,  in c lu d in g  H. sp ru cea n a  

and  H. g u lan en s lB . w ere  m ade In In d o n e s ia  from  B ra z il  and  Surinam  in  1896, 

1698 and  betw een  1913 and  1916 (D ijk m a n . 19 5 1 ). In  M a la y s ia , se e d lin g s  

b e long ing  to  H. b r a s i l i e n s l s . H. b e n th a m ia n a . H. g u ia n e n s is . H. sp ru cean a  

and  H. p a u c if lo ra  a s  w e ll a s  h y b r id  s e e d s  from  d i f fe r e n t  p ro v e n a n c e s  in

B ra z i l  w ere  im p o rte d  d u rin g  1951-52 (B ro o k so n , 1956; T an , 196 7 ). Of the 

106 IAN c lo n es  im p o rte d  b y  M a lay sia  from  B ra z il  v ia  S r i  Lanka in  1952 

( B a p t is te ,  1961), IAN 873 an d  IAN 717 r e c o r d e d  c o m p a ra tiv e ly  good y ie ld ,  

to le ra n c e  to  C o lle to tr ic h u m  a n d  to  som e p h y s io lo g ic a l  r a c e s  o f M ic rocyclus 

(Ong and  T an, 19 8 7 ). O th e r  In tro d u c t io n s  to  M a lay sia  w ere  25 SALB r e s i s t a i t  

c lo n e s  from  B ra z il  d u rin g  1953-54 (B ro o k so n . 1956) and 821 s e e d s  belonging 

to  se v e n  H evea s p p .  from  S c h u l te s ' m useum , B elem . B ra z il  in  1966 (IBPGR. 

1 9 6 4 ). M ost o f th e  in tro d u c e d  m a te r ia ls  h a v e  been  e x ch an g e d  betw een  S ri 

L anka and  M a la y sia .

A F ra n c o -B ra z ilia n  p ro s p e c tio n  in  1974 c o l le c te d  budw ood from  se le c te d  

g e n o ty p e s  from  th e  f o r e s ts  o f A c re , Rcmdonia and  P eru  (Com pagncsi, 1977). 

N ig e r ia  im p o rte d  H evea c lo n e s  from  M a la y s ia  and S r i  Lanka in  th e  s ix t i e s

(O la p a d e , 1988) w h ic h  le d  to  th e  re p la c e m e n t o f th e  low y ie ld in g  g en o ty p es 

and  th e s e  w ere  u se d  a s  th e  new p a r e n ta l  b re e d in g  s to c k .  In  In d ia ,  th e

m ain  so u rc e  o f g e n e tic  m a te r ia l  h a s  b e « i  th e  W ickham gene p o o l. A to ta l

o f 114 c lo n es  in tro d u c e d  d u r in g  d i f f e r e n t  p e r io d s  c o n s titu te d  th e  e 

com ponent o f th e  p r e s e n t  gene p o o l.  T h e se  e x o tic  m a te r ia ls  in c lu d e  

o th e r  s p e c ie s  (H . b en th am ian a  and  H. s p r u c e a n a ) .  one in t e r  s p e c i f ic  h y b ; 

(F x  516) and tw o IAN c lo n e s  (IAN 717 and  IAN 8 7 3 ). In B ra z il  in  1972

c o l l e c t i o i s  w ere  m ade from  A cre  an d  R ondonia and  b re e d in g  w as b a se d  on

m o th e r  t r e e s  in ju n g le  ( C o n c e iv e s , 198 2 ).

In g e n e ra l, th e s e  l a t e r  in t ro d u c tio n s  w ere  o f r e l a t i v e ly  sm a ll sam ple

s iz e  and  o f low y ie ld  p o te n t ia l  and  h en ce  h a v e  c o n tr ib u te d  l e s s  to  U e

p la n ta t io n  in d u s try  (S im m onds, 1969).

'GERMPLASM 1961'
R ecognizing th e  fac t th a t  in te rn a t io n a l  a c t io n  was im p e ra t iv e  to  e n r ic h  

th e  a v a i l a b le  g e n e tic  v a r i a b i l i t y  o f H evea in  th e  o r ie n t ,  th e  In te rn a tio n a l 

R u b b e r R e sea rch  and  D evelopm ent B o a rd  (IRRDB) o rg a n iz e d  a m ajo r c o lle c tio n  

e x p e d i t io n  to  th e  Amazon r a in  f o r e s ts  in  1961. T h is  e f fo r t  can  be  c m s id e re d  

a s  one o f th e  m ost s ig n if ic a n t  e v e n ts  In th e  h i s to r y  o f r u b b e r  germ plasm  

c c U e c tJo n , w ith  a view to  e n su rin g  a h e a l th y  fu tu re  fo r  th e  p la n ta tio n  

in d u s t r y .



T h is  Jo in t e x p e d i t io n  o f th e  IRRDB and  th e  B ra z i l ia n  G overnm ent 

(N a tio n a l C e n tre  fo r  G enetic  Resources-CENARGEN u n d e r  EMBRAPA -  N ational 

A g r ic u l tu ra l  R e sea rch  S y stem ) c o l le c te d  a  to ta l  o f  64735 s e e d s  (Ong e t  a l . .  

1983: M ohd. Noor and  Ib ra h im , 198 6 ). from  th e  s t a te s  o f A c re , M atte G rosso  

and th e  t e r r i t o r y  o f R ondonia. T h e se  th r e e  W estern  S ta te s  of B ra z il  w ere 

s e le c te d  fo r  th e  e x p e d i t io n  a s  i t  w as known th a t  R ondonia and A cre  h ad  

v ig o ro u s , h ig h  y ie ld in g  t r e e s  and th a t  A cre  g e n o ty p e s  p ro d u c e d  s u p e r io r  

q u a l i ty  r u b b e r  (W y c h e r le y , 1977; S c h u lte s .  1977, 1987). E co log ica l

d if fe r e n c e s  betw een  th e s e  s t a te s  o f fe re d  c h a n c e s  o f s e le c t io n  o f m a te r ia ls  

s u i t a b le  fo r  d iv e r s e  s i tu a t io n s .  A c c e s s ib i l i ty  to  th e  w ild  t r e e s  in  th e s e  

a r e a s  w as a n o th e r  co f^ s id e ra tio n . T he team  a ls o  c o l le c te d  budw ood from 

194 p re su m a b ly  h ig h  y ie ld in g  t r e e s ,  c h e c k in g  v i s u a l ly  th e  ab se n c e  o f lea f  

b l ig h t  an d  P h y to p h th o ra  le a f  f a l l  (Ong e t  a l . ,  198 3 ).

T h e  m a te r ia ls  c o l le c te d  w ere  f i r s t  d e s p a tc h e d  to  th e  N atio n a l C e n tre  

of R u b b e r  and O il Palm  R e se a rc h  (CNPSD) in  M anaus, B r a z i l .  A f te r  s tr in g e n t 

p h y to s a n i ta r y  m easu res  a t  t h i s  p r im a ry  c e n t r e ,  50% of th e  s e e d s  and c lones 

w ere  r e ta in e d  a t  Manaus In co m p lian ce  w ith  t h e  In te rn a tio n a l  co d e  o f p la n t 

c o l le c t io n .  T he rem ain in g  50% s e e d s  w ere s e n t  to  tw o germ plasm  c e n t r e s ;  

M a lay sia  and  I v o ry  C o a st. M alaj-sia  r e c e iv e d  75% of th e  c o l le c t io n s .  The 

s e e d s  w e re  s e n t  th ro u g h  an in te rm e d ia te  q u a ra n tin e  s ta t io n  a t  Tun A bdul 

R azak L a b o ra to ry ,  B r ic k e n d o n b u ry , U .K . B udw ood of 162 c lo n e s  w ere  

m u lt ip l ie d  in  th e  p r im a ry  n u r s e ry  a t  M anaus. T h e  in te rm e d ia te  q u a ra n tin e  

n u r s e ry  in  G uadeloupe. B r a z i l ,  r e c e iv e d  budw ood m a te r ia ls  from  th i s  p r im a ry  
n u r s e r y .

T h e  t r a n s f e r  o f th e s e  g en o ty p es  to  th e  m em ber in s t i tu te s  in  A sian  

C o u n tr ie s  from  th e  M alay sian  C en tre  and to  th e  A fric a n  c o u n tr ie s  from  th e  

Iv o ry  C o a st C e n tre  h a s  been  in i t ia te d  and a  good n u m b er o f g en o ty p es  h av e  

a l r e a d y  been  In tro d u c e d .

BASE BROADENING FOR RESISTANCE TO DISEASES

S o u th  A m erican  L eaf B lig h t (SALBJ c a u se d  b y  th e  fungus, M lc ro cy c lu s 

u l e l . th e  g r e a te s t  s in g le  th r e a t  to  th e  w o rld  s u p p ly  o f n a tu ra l r u b b e r ,  

h a s  c a u s e d  abandon ing  of am b itio u s  p rog ram m es o f e x te n s iv e  r u b b e r  c u l t i -  

vatlcffi in  South  A m erican  hum id t r o p ic s .  S c reen in g  t e s t s  fo r  r e s is ta n c e  to 

Sa l B h a v e  show n th a t  none o f th e  o r ie n ta l  c lo n e s  h a s  r e s is ta n c e  to  th is  

d e v a s ta t in g  d is e a s e  ( B a p t i s te .  1961; W ijew an tha , 1 9 6 5 ), T h is  may be  e i th e r  

due to  la c k  o f r e s is ta n c e  g enes in  th e  W ickham c o l le c t io n  o r  to su b se q u e n t 

e ro s io n  o f  suer, g enes in  b re e d in g  and s e le c t io n  p r o c e s s .  T h e re  a r e  a lso  

in d ic a t io n s  of gene e ro s io n  to  O idium and  G lo eosporlum  in  th e  o r ig in a l  

W ickham  m a te r ia l  (W y c h e r le y . 1977). Many re c e n t  r e p o r t s  In d ic a te  in s ta n c e s



of l e s s  s e r io u s  d is e a s e s  becom ing m ore s e v e r e .  C o ry n esp o ra  le a f  d is e a se  

a f fe c tin g  c lo n e s  RRIC 103, KRS 21 and  RRIM 72S In S r i  L anka, a new 

a n th ra c n o s e  cau sed  by  Fuslcoccum  r e p o r te d  d u r in g  1987 in  M a la y sia , a minor 

d is e a s e  c a u se d  b y  G u lg n a rd ia  o b s e rv e d  in te r m i t te n t ly  in  M alaysian  e s ta te s  

s in c e  1962 a f fe c tin g  c lo n e s  l ik e  PB 235 , PB 260 and  PB 217 (IRROB, 1987J 

and th e  id e n t i f ic a t io n  o f ta rg e t  le a f  sp o t ( T h a n a th e p h o ru s  c u c u m e ris ) in 

M a lay sia  (IBFGR, 1964) a r e  som e of th e  e x a m p le s . F o r in tro g re s s io n  of 

d is e a s e  r e s is ta n c e  in  h ig h  y ie ld in g  o r ie n ta l  c lo n e s  I t  i s  v i t a l  th a t  a l l  

a v a i la b le  so u rc e s  o f  r e s i s t a n t  g en e s , i r r e s p e c t i v e  of t h e i r  o r ig in ,  shou ld  

be  u t i l i s e d  in  b re e d in g  p ro g ram m es . E ach  c o u n try  sh o u ld  th e r e fo r e  co n serv e  

in d ig e n o u s , e x o t ic  and w ild  g e n e tic  r e s o u rc e s .

GERMPLASM RESOURCES

T he d i f fe r e n t  so u rc e s  o f Hevea germ p lasm  a r e  d e p ic te d  in  F ig . 2 (see 

C h a p te r  3 fo r  o r ig in  and c e n tre  of d i v e r s i t y  o f genus H evea . E d s . ) .

F ig . 2 . S pectrum  of g erm p lasm  of H evea b r a s i l i e n s i s .



T h e  c e n tr e s  o f c u l t iv a t io n  in c lu d e  c o i ^ t r i e s  l ik e  In d o n e s ia . M a lay sia , 

T h a i la n d . C h in a . I n d ia ,  S r i  L anka. L i l je r ia ,  N ig e r ia . Z a ire .  Iv o ry  C oast. 

C am eroon. P h i l ip p in e s  and B urm a.

CONSERVATION. EVALUATION AND UTILIZATION OF GENETIC RESOURCES

C o n se rv a tio n  o f  g en e tic  re s o u rc e s  o f H evea in  p e r p e tu i ty  i s  an  u rgen t 

need  of th e  tim e . IBPGR h a s  in c lu d e d  R u b b e r a s  one o f th e  h ig h e s t  p r io r i t y  

c ro p s  fo r  c o n s e rv a tio n  o f th e  e n t i r e  g en epoo l (A nnual R e p o rt ,  IBPGR, 1984). 

A p o s s ib le  d a n g e r o f r e s t r i c t i n g  c u l t iv a t io n  to  a  few  h ig h  y ie ld in g  s t r a in s  

o f any  a g r ic u l tu r a l  c ro p  in  any  g e o g ra p h ic a l  a r e a  i s  th e  n a rro w in g  down 

o f  g e n e tic  v a r i a b i l i t y .  T h is  in  c o u rse  o f tim e  m ay le a d  to  d is e a s e  and  p e s t  

e p id e m ic s . On th e  o th e r  h a n d , n a tu r a l  d i v e r s i t y  o f th e  g en e tic  m a te r ia l

i s  a u se fu l  so u rc e  o f in d iv id u a l  a l l e le s  th a t  c o n fe r  a d a p t iv e  a d v a n ta g e s  su ch  

a s  r e s i s t a n c e  to  d is e a s e s  and  p e s ts ,  d ro u g h t, e t c .  W ild g e n o ty p e s  m ay be 

u se fu l in  d i r e c t  in t ro g re s s io n  of c e r ta in  o lig o g e n ic  a s  w e ll  a s  p o ly g en ic  

ch eu -ac te rs  and  a ls o  in  f a c i l i ta t in g  p la n t  b re e d in g  p ro g ram m es (S n eep , 1979).

M o tiv es fo r  g e n e tic  c o n s e rv a tio n  b y  b r e e d e r s  o f H evea a r e  c la s s i f ie d  

a s  s p e c i f i c ,  g e n e ra l and  in n o v a tiv e  { W y ch e rley , 19 7 7 ). T he b a se  c o lle c tio n  

sh o u ld  in c lu d e  a l l  known v a r ia n t s ,  e v e n  th o se  w h ic h  a r e  o f no im m ed ia te

u s e ,  in  o r d e r  th a t  th e  w id e s t p o s s ib le  ran g e  o f  m a te r ia l  i s  a v a i la b le  fo r  

In n o v a tiv e  p u r p o s e s .  E ven r e la te d  g e n e ra  o f  H ev ea . l ik e  M ic ra n d ra , 

J o h a n n e s ia . w h ic h  y ie ld  la te x  m ay a ls o  b e  c o l le c te d  and  ccHiserved 

(W y c h e rle y , 1977). T hus germ plasro  c o lle c tio n s  s h o u ld  r e f l e c t  th e  re q u ire m e n ts  

o f th e  p r e s e n t  and  sh o u ld  b e  r e s e r v o i r s  o f g e n e tic  d i v e r s i t y  fo r  fu tu re .

C w ise rv a tio n  o f g e n e tic  r e s o u rc e s  o f H evea I s  in d e e d  e l a b o r a t e . 

e x p e n s iv e  and d i f f i c u l t .  T he germ plasm  c o l le c t io n s ,  m a in ta in ed  in  th e  f ie ld  

a s  'a c t i v e  c o l le c t io n s ' a r e  e x p o s e d  to  n a tu r a l  c a la m it ie s  a s  w e ll a s  p e s t  

and d is e a s e  o u tb re a k s .  E ffo r ts  to  e s t a b l i s h  'b a s e  c o l le c t io n s ' fo r  long term  

m ain tenance  and e v a lu a tio n  o f th e  g e n e tic  m a te r ia ls  sh o u ld  r e c e iv e  p r io r i t y

in  c o n s e rv a tio n  p ro g ram m es . From t h i s ,  'c o r e  c o l le c t io n s ' o r  a  condensed

a s se m b ly  o f  g erm plasm  sh o u ld  b e  id e n t i f ie d  and  e s t a b l i s h e d  fo r  e f f ic ie n t  

c o n s e rv a tio n  a s  w ell a s  fo r  e lim in a tin g  re d u n d e n c y  in  c o l le c t io n s .  F in a l ly , 

a  'w o rk in g  c o l le c t io n ' to  s u i t  s h o r t  te rm  n e e d s  o f in d iv id u a l  b r e e d e r s  and 

b re e d in g  p rog ram m es can  be e s ta b l is h e d  fo r  c u r re n t  u se .

In  a d d i t io n  to  c o n v en tio n a l m eth o d s of c o n s e rv a tio n , ^  v i t r o  te c h n iq u e s  

h av e  d e m o n s tra te d  ab u n d an t p o te n tia l  in  som e c ro p  p la n t s .  C ry o p re s e rv a tio n  

o r  f re e z e  p r e s e r v a t io n  o f c u l tu re s  in  l iq u id  n itro g e n  a t  -196®C o f fe r s  sc o p e  

fo r  p r e s e r v a t io n  o f r a r e ,  e l i t e  and d e s i r a b l e  g erm p lasm  of v p s e ta t lv e ly  

p ro p a g a te d  p la n ts  w ith  r e c a lc i t r a n t  s e e d s  ( B a la j .  1 9 8 6 ). In  th e  germ plasm  

c o n s e rv a tio n  of a  p e re n n ia l p la n ta t io n  c ro p  l i k e  H ev ea . c ry o b io lo g y  o f fe rs



much p o te n t ia l .

T h e  s iz e a b le  n u m b er o f w ild  g e n o ty p e s  o f th e  1981 germ plasm  sh o u ld  

t>e e v a lu a te d  and docum ented  fo r  v a lu a b le  w ild  d e s i r a b l e  g enes and a  s t r a te g y  

d e v e lo p e d  fo r  u t i l iz in g  them  in b re e d in g  p ro g ra m m e s . N o n -a v a i la b i l i ty  of

s u f f ic ie n t  a r e a  fo r  f i e ld  e v a lu a tio n  and th e  long l i f e  s p a n  of th e  c ro p  lim it

th e  sc o p e  fo r  d e ta i l e d  e v a lu a tio n s  o f a l l  th e  c o l le c t io n s .  T h e re fo re , i t

becom es im p e r a t iv e  to  d e v is e  minimum d e s c r ip to r  l i s t s  f o r  b a s ic  c h a r a c te r i s ­

a t io n  w ith in  th e  minimum tim e . A s ta n d a rd  s e t  o f d e s c r ip to r s  a r e  n e c e s sa ry  

fo r  e n s u r in g  u n ifo rm ity  o f e v a lu a tio n  o f  d a ta  from  am ong th e  d i f f e r a i t

r e s e a r c h  i n s t i t u t e s .  O b je c tiv e s  in  f u r t h e r  c h a ra c te r lsa tl< » n  and  e v a lu a tic n  

s h o u ld  b e  to  t e s t  th e  in tro d u c e d  m a te r ia l ,  c h o o se  th e  r i g h t  p a r e n ts  in  making 

c r o s s e s ,  t e s t  th e  p ro g e n ie s  d e r iv e d  from  a  h e te ro g e n o is  p o p u la tio n  and 

e v a lu a te  e l i t e  l in e s  fo r  s p e c i f ic  a t t r ib u t e s .

P re l im in a ry  e v a lu a tio n  o f th e  w ild  g e n o ty p e s  i s  u n d e rw ay  a t  the 

d i f fe r e n t  i n s t i t u t e s  w h e re  th e y  h a v e  b een  in tro d u c e d  and e s ta b l i s h e d .  

E le c t ro p h o r e t ic  s tu d ie s  on th e s e  m a te r ia ls  a s  w e ll  a s  o f S c h u l te s ' c o lle c tio n  

and W ickham  m a te r ia l ,  u sin g  Izozym e m a rk e rs  ( C h e v a l l i e r ,  1966; C h e v a llle r  

e t  a l . .  1988a) r e v e a l  th a t  th e  g en o ty p es  d i s p l a y  h ig h  v a r i a b i l i t y .  S im ila rly  

s tu d ie s  on  ag ronom ic  v a r i a b i l i t y  (D em ange, 1968) and  le a f  m orp h o lo g y  a lso  

In d ic a te  a  d i s t in c t io n  betw een  1981 g erm p lasm  an d  clcoies e v o lv e d  from  th e  

W ickham  b a s e .

P re l im in a ry  e v a lu a tio n  o f  som e of th e  1981 g erm p lasm  in  In d ia  (Annamma 

e t  a l . .  1988. 1989a) a lso  r e v e a l  w id e  v a r i a b i l i t y  w ith  r e s p e c t  to  g row th 

p a ra m e te r s  l i k e  p la n t  h e ig h t ,  g i r th ,  n u m b er o f  l e a v e s ,  n u m b er o f f lu s h e s , 

b a rk  th ic k n e s s ,  n u m b er of la te x  v e s s e l  r in g s  and  Ju v e n ile  y i e l d .  S tu d ies 

In M a lay sia  a ls o  in d ic a te  c o n s id e ra b le  v a r ia t io n s  in  g ro w th  v ig o u r  and  d ise a se  

r e s is ta n c e  among an d  w ith in  th e  g en o ty p es  from  th e  d i f f e r e n t  s t a te s  in  B raz il 

(Ong and  T an , 198 7 ). P rom inen t le a f  s c a r ,  v e r y  c lo s e  and d is ta n t  lea f

f lu s h e s ,  dom e s h a p e d  f lu s h e s ,  c lo s e  le a v e s  and  p ro m in e n t p u lv in u s  and

num erous sm a ll  n a rro w  c r in k le d  le a v e s  ( F ig .  3 ) a r e  som e of th e  m o rp h o lo g ica l 

v a r ia t io n s  o b s e rv e d .  V a r ia tio n s  in  le a f  c o lo u r , s h a p e ,  s i z e  and  num ber, 

p e t io la r  and  le a f le t  o r ie n ta t io n ,  d w a rf  and  s e m id w a rf  s t a tu r e  w ere  a ls o  noted 

(Annamma e t  a l . ,  1989a). W ide v a r ia t io n s  o b s e rv e d  among th e  germ plasm  

g e n o ty p e s  in  g ro w th  v ig o u r , b a r k  s t r u c tu r e ,  ju v e n i le  y ie ld  and  m o rp h o lo g ica l 

c h a r a c te r s  w ere  in  acco rd a n c e  w ith  th e  g e n e ra l  e x p e c ta t io n  th a t  w ild  and 

p r im i t iv e  fo rm s from  th e  c e n tr e  of o r ig in  w ould  e x h ib i t  su c h  v a r i a b i l i t y .  

W hile c h a n c e s  fo r  any  d i r e c t  s e le c t io n  fo r  h ig h  p r o d u c t iv i ty  a p p e a r s  to

be l im ite d  (A nnam ira e t  a l . .  1989a), th e  p o te n t ia l  v a lu e  o f th e  7.981

in tro d u c ticx ) of w ild  germ plasm  from th e  p ro v e n a n c e s  o f R ondonia, A cre  and 

M atto G ro sso  In  B r a z i l ,  in  p ro v id in g  m any v a lu a b le  g en es fo r  in c o rp o ra tio n



F ig . 3 . M orp h o lo g ica l v a r ia t io n s  in 1981 germ plasm  a c c e s s io n s .

a .  d is ta n t  le a f  f lu s h e s  (c o n tro l on l e f t ) ,  b . v e r y  c lo s e  le a f  f lu s h e s ,  

c .  p ro m in e n t p u lv in u s , d .  num erous s m a ll ,  n a r ro w , c r in k le d  le a v e s .



in to  th e  b re e d in g  poo l n e e d s  no e m p h a s is .

T he c o u rse  o f e v a lu a tio n  and  u t i l i s a t io n  f o r  th e  th r e e  main sou rces 

o f germ plasm  v i z . ,  in d ig en o u s  c o l le c t io n s ,  e x o t ic  c o lle c tio n s  and wild 

m a te r ia ls  a r e  o u tlin e d  in  F ig . 4.

W ith the. g row ing  g e n e tic  r e s o u rc e s  a v a i l a b le  to  p la n t  b r e e d e r s  it  

h a s  becom e im p o rta n t th a t  th e  in io rm a tio n  s y s te m  sh o u ld  b e  a  c o h e s iv e  and 

c o m p re h e n s iv e  d a ta  r e p o r t in g ,  p ro c e s s in g  and com m unication  sy s tem  fo r  a ll 

g e rm plasm  u s e r s .  C om puter b a se d  in fo rm a tio n  s y s te m s  h a v e  been in  u se  for 

th e  l a s t  tw o d e c a d e s  fo r  s to r a g e  and r e t r i e v a l  o f d a ta  on g e rm p la sm . An 

in fo rm a tio n  s to ra g e  and  r e t r i e v a l  p ro g ram m e c a l le d  EXIR h a s  been  deve lo p ed  

b y  th e  s c ie n t i s t s  o f In fo rm a tio n  S e r v ic e s  and G enetic  R e so u rces  P ro g ra raae  

a t  th e  U n iv e r s i ty  o f C o la ra d o , USA to  m eet s p e c i f ic  n e e d s  o f s c ie n t is t s  

in v o lv e d  w ith  d a ta  m anagem ent p ro b le m s .

STRATEGIES FOR GENETIC IMPROVEMENT

B reed in g  o b je c t iv e s

T he u ltim a te  o b je c t iv e  o f H evea b re e d in g  i s  to  s y n th e s is e  id e a l  clones 

w ith  h ig h  p ro d u c tio n  p o te n t ia l  com bined  w ith  d e s i r a b l e  s e c o n d a ry  a t t r ib u te s .  

I n i t i a l  v ig o u r , sm o o th  th ic k  b a r k  w ith  a  good la te x  v e s s e l  s y s te m , good 

b a rk  re n e w a l, h ig h  g ro w th  r a t e  a f t e r  o p e n in g , to le ra n c e  to m ajo r d ise a se s  

and  w ind a r e  c o n s id e re d  to  b e  good se c o n d a ry  c h a r a c te r s .  In  a d d i t io n ,  low 

in c id e n c e  o f ta p p in g  p a n e l d ry n e s s  (b ro w n  b a s t )  can  be a  se lec ticm  c r i te r ic n .  

Good re sp o n s e  to s tim u la tio n  and  low f re q u e n c y  ta p p in g  a r e  a t t r ib u t e s  a in e d  

a t  in  re c e n t t im e s . When d isc o u n te d  c a s h  flow  i s  c o n s id e re d  c lo n e s  with

e a r ly  a t t a in a b i l i t y  o f ta p p in g  g i r th  an d  h ig h  in i t i a l  y ie ld s  a r e  to  be

p r e f e r r e d  o v e r  c lo n e s  w ith  h ig h e r  y i e ld s  in  l a t e r  p h a s e s  o f e x p lo ita t ic n  

{Lim e t  a l . .  1973).

S p e c if ic  o b je c t iv e s  may h o w e v e r  v a r y  d e p e n d in g  on a g ro -c U m a tlc  and 

so c lo -ecc n o m ic  re q u ire m e n ts . In  c o u n tr ie s  w h e re  la b o u r  i s  r e l a t i v e ly  ch eap , 

c lo n e s  s u i ta b le  fo r  h ig h  in te n s i ty  ta p p in g  a r e  p r e f e r r e d .  Cn th e  o th e r  hand , 

c lo n e s  re sp o n d in g  to  low fre q u e n c y  ta p p in g  sh o u ld  be  b re d  In c o u n tr ie s  w ith

la b o u r  s h o r ta g e .  S im ila r ly  in  c o u n tr ie s  w ith  s h o r ta g e  of s u i ta b le  la n d ,  ru b b e r

c u l t iv a t io n  i s  be in g  e x te n d e d  to m a rg in a l l a n d s ,  n e c e s s i ta t in g  e v o lu tio n  of

c lo n e s  c a p a b le  o f w ith s ta n d in g  s t r e s s  ccm d ltlo n s (d ro u g h t,  c o ld , h i ^  

e le v a t io n ,  e t c . ) .  G eno types s u i ta b le  f o r  h ig h  d e n s i ty  p la n tin g  and p o o r  !>oil 

f e r t i l i t y  cou ld  a ls o  b e  a im ed  a t .  E ven  c lo n e s  w ith  h ig h e r  t im b e r  output 

co u ld  becom e a fu tu re  b re e d in g  o b je c t iv e .



Ind igenous

1

GERMPLASM 
------T

E xo tic
I

F ig . 4 . Flow c h a r t  o u tlin in g  u t i l i s a t io n  o f H evea g e rrap la sm ,



T he co n v e n tio n a l b re e d in g  m e th o d s  a d o p te d  in  H evea v i z . .  o r te l 

s e le c t io n  and h y b r id iz a t io n  h a v e  c o n tr ib u te d  to  s u b s ta n t ia l  in c re a s e s  in 

p r o d u c t iv i t y .  Two s ig n if ic a n t  d e v e lo p m e n ts  in  th e  seccxid d e c a d e  o f th is  

c e n tu ry  w ere  ( i )  th e  r e a l i s a t io n  o f th e  la rg e  v a r i a b i l i t y  in  y ie ld  in  the 

s e e d lin g  p o p u la tio n  o b se rv e d  b y  th e  D utch w o rk e rs  in  J a v a  and Sum atra 

(W h itb y , 191S) and  Cii) th e  su c c e ss  o f b u d g ra ftin g  b y  Van H elton  in  1918. 

T h e se  le d  to  th e  d e v e lo p m e n t o f e a r ly  p r im a ry  clcm es th ro u g h  o r te t  s e le c tio n  

o r  m o th e r t r e e  s e le c t io n .  T h is  o ld e s t  b re e d in g  m eth o d  i s  a im ed  a t  sy s te m a tic ­

a l l y  sc re e n in g  fo r  o u ts ta n d in g  s e e d lin g  g e n o ty p e s  r e s u l ta n t  of g e n e tic  r e ­
co m b in a tio n  in  n a tu re .

R a p id  p ro g re s s  w ith  m o th e r  t r e e  s e le c t io n  w as a c h ie v e d  in  In d o n esia

betw een  1919 and  1926. S c reen in g  of v e r y  la rg e  se e d lin g  a r e a s  r e s u l t e d  in  

a  n um ber of p o p u la r  c lo n es  su c h  a s  T j i r  1 . PR 107, GT 1 . T J ir  16. BD 5,

BD 10. AVROS 49 . AVROS 255, AVRC6 352 and LCB 1320. In  M a la y s ia , out­

s ta n d in g  m o th e r t r e e s  r e s u l te d  in  c lo n e s  l i k e  PB 86, PB 5 /6 0 , PB S/139, 

PB 6 /9 ,  PB 6 /5 0 , PB 2 8 /5 9 , PB 2 8 /8 3 , P il  B 84 , P il  D 65 , G1 1. Ch 4. 

Ch 30. CHM 3 . S . R eko, Lun N, e t c .  A t RRIM, la rg e  a r e a s  o f adv an ced  

g e n e ra tio n  s e e d l in g s  h a v e  been  e s ta b l i s h e d  in  com m erc ia l p la n tin g . F u r th e r

s y s te m a tic  sc re e n in g  p ro g ram m e of s e e d lin g  t r e e s  o f PBIG/GG s e r i e s  was 

I n i t i a te d  in  1972 and  a  to ta l  o f 57 c lc n e s  from  tw o p h a s e s  o f  s e le c t io n  h av e  

b een  e s ta b l i s h e d  in  p ro m o tio n  p lo t s  (RRIM, 19 8 2 ). T h e  p r im a ry  c lones 

d e v e lo p e d  in  S r i  Lanka in c lu d e  M il 3 /2 ,  H il 28 , H il 55, Wagga 6278.

W arring  4 , RRIC 52 , e t c .  In  In d ia ,  th e  e a r l i e r  m o th e r  t r e e  s e le c t io n s  in c lu d e

46 c lo n e s ;  RRII 1 , RRII 2 , RRII 3 . RRII 4 . RRII 5 , RRII 6 , RRII 33 , RRII 43,

RRII 44, e t c .  w h ic h  a r e  u n d e r  la rg e  s c a le  ev aluaticv ) (M ara ttu k a lam  e t  a l . .  

19 8 0 ). In  r e c e n t y e a r s ,  o v e r  150 p r e l im in d ry  s e le c t io n s  h a v e  been  e s ta b l is h e d  

in  sm a ll  s c a le  t r i a l s .  S ince th e  se e d lin g  a r e a s  a r e  in c re a s in g ly  bein g  re p la c e d  

w ith  m odern  c lo n e s , f u r th e r  e x te n s iv e  s c re e n in g  fo r  y i e l d ,  r e s is ta n c e  to 

d i s e a s e ,  d ro u g h t, e t c .  s h o u ld  b e  g iv en  p r i o r i t y .

W ith a  v iew  to  r a i s in g  se e d lin g  p la n tin g  m a te r ia ls ,  s p e c ia l  p o ly c lo n a l

se e d  g a rd e n s  w ith  e l i t e  c lo n e s  a s  com ponent c lo n e s  a r e  to  b e  l a id  o u t .  The 

c h o ic e  o f p a r e n ts  sh o u ld  b e  b a s e d  on G en era l Com bing A b i l i ty  (GCA) e s t im a te s  

(S im m onds. 1 9 8 9 ). T he e v a lu a tio n  of su c h  p o ly c ro s s  p o p u la t io i  and  s e le c t io i  

o f p ro m is in g  re c o m b in a n ts  can  b e  c o n s id e re d  a s  s e le c t iv e  b r e e d in g .  Such 

m u lt ip a re n t ,  f i r s t  g e n e ra tio n  s y n th e t ic  v a r i e t i e s  (S Y N -l-p o ly c ro s s e s  of 

r u b b e r  '  S im m onds, 1986} h a v e  been  eco n o m ica lly  su c c e s s fu l  f o r  many d ecad e s  

p re d o m in a n tly  d ue  to  a d d i t iv e  g e n e t i r  c o n tro l o f v ig o u r , y ie ld  an d  h igh  

GCA (T an , 1987; S w am in a th an , 1977; S im inonds, 19 8 6 ). T h e se  s e e d l in g s  a i^



le s s  e x p e n s iv e  and a re  in  g e n e ra l  m ore m anag eab le  and v ig o ro u s . P ro g e n ies  

o f good p o ly c lo n a l se e d  g a rd e n s  h a v e  a g r ic u l tu r a l  m e r i ts ,  though th e y  a re  

in  g e n e ra l b eh in d  th e  b e s t  c lo n e s  in  p r o d u c t iv i t y .  H ence, th e r e  i s  a

cOTitinuous need  fo r  h ig h  q u a l i ty  s e e d  g a rd e n s  to  s e r v e  a s  r e s e r v o i r s  fo r

co n tin u ed  o r te t  s e le c t io n . At RR II. s tu d ie s  h a v e  in d ic a te d  sc o p e  fo r  id e n t i f i c ­

a t io n  o f l i k e ly  p re p o te n ts  on th e  b a s i s  o f a  p e rfo rm a n c e  in d e x , com puted  

fo r  th e  se e d lin g  p ro g e n ie s  o f c lo n e s  [K a v ith a  e t  a l . ,  1 9 9 0 a).

As a  r e s u l t  o f h y b r id is a t io n  and  s e le c t io n ,  a  good num ber of h y b r id  

c lo n e s  o f co m m ercia l s ig n if ic a n c e  h a v e  been  e v o lv e d .  T he e v a lu a tio n  of

p ro g e n ie s  o f h y b r id iz a t io n  s e r i e s  i s  e la b o r a te  and e x p e n s iv e  and  r e q u i r e s  

much t im e . T he con v en tio n a l m e th o d s  in v o lv e  p r e l im in a r y  e v a lu a tio n  in  sm a ll 

s c a le  c lo n e  t r i a l s  (SSCT) fo r  ro u g h  s o r t in g  of num erous e n t r i e s ,  seco n d  s ta g e  

o f e v a lu a tio n  v i z . ,  la rg e  s c a le  c lo n e  t r i a l  (LSCT) of s e le c te d  e n t r i e s  fo r

m ore a c c u ra te  s t a t i s t i c a l  t r i a l s  and f in a l b lo c k w is e  e v a lu a tio n  of p ro m is in g  

s e le c t io n s  from  sm a ll s c a le  and la rg e  s c a le  t r i a l s  fo r  com m ercia l e v a lu a tio n . 

S lm m cnds (1989] su g g e sted  g e n e ra liz e d  l a t t i c e  d e s ig n s  and  re c ta n g u la r  p lo ts  

to  b e  m ore e f f ic ie n t  th an  b a la n c e d  l a t t i c e s  w ith  two r e p l ic a t io n s  fo r  sm a ll 

s c a le  c lo ie  t r i a l s .

T h e  e a r ly  c lo n es w ere  u se d  a s  p a r e n ts  o f th e  f i r s t  h y b r id is a t io n  s e r i e s  

and  r e s u l t e d  in e a r ly  h y b r id  c lo n e s  o f co m m erc ia l s ig n if ic a n c e  ( e . g . .

RRIM 500 and 600 s e r i e s ) .  T h e  y ie ld  l e v e ls  o f  th e s e  s e le c tio n s  w e re , in

g e n e ra l ,  s u p e r io r  to  th o se  o f p r im a ry  c lo n e s . T he p a re n ts  of th e  l a t e r  

h y b r id iz a t io n  s e r i e s  w ere  th e  b e s t  s e le c t io n s  o f th e  e a r l i e r  s e r i e s .  T h is  

s o r t  o f c y c l ic a l  g e n e ra tio n -w is e  a s s o r ta t iv e  m atin g  (GAM) w as fo llo w e d  in

d i f f e r e n t  R u b b er R e sea rch  I n s t i tu te s  o v e r  th e  p a s t  y e a r s .  In M a la y sia , th e  

R u b b e r R e sea rch  I n s t i tu te  ( e s ta b l i s h e d  in  1 9 25J, d e v e lo p e d  and re le a s e d  

RRIM SOO, 600 , 700 , 800 and  900 s e r i e s  o f c lo n e s  and  th e  P rang  B e sa r

I n s t i tu te  d e v e lo p e d  a  s e r i e s  o f PB c lo n e s . T h e  In d o n esian  R e sea rch  In s t i tu te  

fo r  e s t a t e  c ro p s  in  J a v a  and  Sum atra  (BPPM) e v o lv e d  PR. AVROS, BPM. 

LCB, PPN and RR c lo n e s . T h e  RRIC c lo n e s  o r ig in a te  from  R u b b er R e search  

I n s t i tu te  o f S r i  Lanka, KRS c lo r e s  from  R u b b e r R e se a rc h  C en tre  a t  Hat Y ai. 

T h a ila n d  and  D afeng, H aiken , YRITC (Yunnan R e se a rc h  In s t i tu te  and T ro p ic a l  

C ro p s)  and  SCATC (South C h in a  A cadem y of T ro p ic a l  C ro p s)  c lo n es  from  
C h in a .

In  In d ia ,  com m ercial p la n tin g  in  a 200 ha  p la n ta t io n  in 1902 m ark ed  

th e  b eg in n in g  ol r u b b e r  p la n ta t io n  in d u s t r y  (N a ir  e t  a l . .  19 7 6 ). C rop 

im p ro v e m e n t program m es w ere  in i t i a t e d  in  1954 w ith  th e  in c e p tio n  o f RRII. 

So f a r  o v e r  1 ,6 0 ,0 0 0  c o n tro l le d  p o ll in a t io n s  h a v e  been  a t te m p te d , a round 

5700 h y b r id  se e d lin g s  p ro d u c e d  and  abo u t 1500 c lo n e s  w ere d e v e lo p e d  

(Annamma e t  a l . .  1990a). o f w h ic h  RRII 100 s e r i e s  {N air and P a n ik k a r .



1966; N a ir  and G eorge, 1969; G eorge e t  a l . ,  1980, N azeer e t  a l . ,  1986), 2tX) 

s e r i e s  (S a ra sw a th y  Amma e t  a l . .  1 9 8 0 a ) . and  300 s e r i e s  (P rem ak u m arl e t  a l . .  

1984) a r e  o f com m ercial im p o rta n c e . T he p ro g e n ie s  of l a t e r  h y b r id iz a t io n  

s e r i e s  a r e  u n d er v a r io u s  s ta g e s  of e x p e r im e n ta l  e v a lu a tio n .

In West A fr ic a , b re e d in g  of c lo n e s  h a s  been  a c c o m p lish e d  a t  in s t i tu t  

d u  R e c h e rc h e s  s u r  l e  C aoutchouc (IRCA a t  A b id ja n , I v o ry  C o ast) and at 

th e  R u b b er R e sea rch  I n s t i t u t e ,  N ig e r ia  (R R IN ). In  B ra z i l ,  many e a r l i e r  

a t te m p ts  to  p la n t  r u b b e r  f a i l e d  d u e  to  th e  in c id e n c e  o f  SALB. Lack of 

s u i t a b l e  I n f r a s t ru c tu r e  and a p p r o p r i a t e  te c h n o lo g ic a l in p u ts  a ls o  ccm trib u ted  

to  t h i s  s i tu a t io n . H ow ever, th e r e  i s  a  r e c e n t  re su rg e n c e  o f in te r e s t  in  B raz il 

on r u b b e r  r e s e a r c h ,  th e  le a d in g  ag en cy  b e in g  th e  N ational A g r ic u ltu ra l 

R e se a rc h  S y stem . EMBRAPA, w h ic h  w o rk s  on b e h a lf  o f th e  n a tio n a l ru b b e r  

a u th o r i ty .  SUDHEVEA.

Y ie ld  gap

A w id e  gap e x i s t s  b e tw een  th e  a v e ra g e  com m erc ia l p r o d u c t iv i ty  and 

th e  y ie ld  re c o rd e d  in  e x p e r im e n ta l  p l o t s .  T h e  n a t io ia l  a v e ra g e  d u r in g  19S9 

in  M a la y s ia , In d ia . T h a ila n d , S r i  L an k a . In d o n e s ia  and C h in a ( in  1985) w ere 

1062, 988. 812, 766, 650 and  750 kg  ha~ ^  y r  ^ r e s p e c t iv e ly .  In g e n e ra l ,  tne 

n a tio n a l  a v e ra g e s  of p r o d u c t iv i ty  ten d  to  be  ts ily  ab o u t h a l f  of th e  p ro d u c t i ­

v i t y  in  good e s ta te s .  T h e  p r e s e n t  y i e ld  l e v e ls  o f c e r ta in  c lo n es  in  e x p e r i ­

m en ta l p lo ts  and good e s ta te s  ra n g e  from  2500-4000 kg h a “ ^ y r '^ .  T he fa c to rs  
r e s p o n s ib le  fo r  th e  gap b e tw een  e x p e r im e n ta l  y ie ld  and a c tu a l co m m ercia l

p r o d u c t iv i ty  a r e  to  b e  id e n t i f i e d  and  c a ta lo g u e d  (o r  e a c h  le v e l  o f manage­

m en t. T he o c c u rre n c e  o f s ig n if ic a n t  g e n o ty p e  env ircsim en t (GE) in te ra c tio n

(P a a rd e k o o p e r . 1964; J a y a s e k e ra  e t  a l . ,  1977) su g g e s ts  th a t  t r i a l s  sh o u ld  

b e  c o n d u c ted  in  d iv e r s e  envircarim ents f o r  p ro p e r  e v a lu a tio n  o f th e  p e rfo rm a n c e  

of p la n tin g  m a te r ia ls .  T h is  n a tu r a l ly  d em ands e x te n s iv e  a r e a s  and h ig h e r  

c o s t s .  H ow ever, lo c a tio n  s p e c i f i c  p la n tin g  reco m m en d atio n s (Ho e t  a l . .  1974) 

w ould  h e lp  to mciximise p r o d u c t iv i ty .

H y b rid iza tic ff) : ln v o lv in g  d iv e rg e n t  g e n o ty p e s  can  g e n e ra te  g r e a te r  ra n g e  of 

v a r i a b i l i t y  and th e r e fo re ,  i t  can b e  e x p e c te d  th a t  by  cho o sin g  c lo n e s  fo r

s p e c i f i c  s i tu a t io n s  th e  p r e s e n t  y ie ld  le v e l  o f H evea b r a s i l i e n s is  can  be 

in c re a s e d -  In  a d d i t io n ,  fo r  f u r t h e r  b r e a k - th ro u g h  in  y i e ld ,  b r e e d e r s  w ill 

h a v e  to w o rk  h and  in  hand  w ith  a n a to m is ts ,  p h y s io lo g i s t s ,  b io c h e m is ts  and 

b io le c h n o lo g is ts .  S e lh u ra j  t l9 8 1  and  1987) id e n t i f ie d  in i t i a l  flow  r a t e ,  

p lu g g in g  in d e x , d ry  r u b b e r  co n te n t and  le n g th  o £ .O h a -^ a p p in g  c u t a s  m ajor 

y i e ld  com ponents in  H eveaf^^ rp n eS "’ Way b e  c h a r a c t e r i s e  f ^ d  c a ta lo g u ed  b ased  

on y ie ld  com ponent a n a l y ^ s  and  ,^hei h e r i t a b i l i t y  o f p h y s io lo g ic a l  c h a r a c te r s  

e s t a b l i s h e d  (S e th u ra J , IG S j) . An im p ro v e d  b re e d in g  s y s t e ^  a im ed  a t  com bin ing
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s p e c i f ic  y ie ld  com ponents an d  a m o d ifie d  s e le c t io n  p ro g ram m e, u t i l iz in g  b o th  

W ickham c lm e s  and  f r e s h  g erm p lasm  cou ld  r e s u l t  in  h ig h e r  y ie ld  le v e ls  

(N a ijia n  and  J in g x ia n g , 1990).

CREATION OF GENETIC VARIABILITY

P o ly p lo id y  and m u ta tio n s

A ttem p ts  fo r  b ro a d e n in g  th e  g e n e tic  b a se  in H evea th ro u g h  a r t i f i c i a l  

in d u c tio n  o f p o ly p lo id y  (S h e p h e rd .  1969; Ong and S u bram an iam , 1973; M arkose 

e t  a l . ,  1974; L ing e t  a l . ,  1986; S a ra sw a th y  Amma e t  a l . .  1980b; G oncalves 

a t  a l . ,  1983) and  m u ta tio n s (M ark o se  e t  a l . .  1977; S a ra sw a th y  Amma e t  a l . .  

1983) h a v e  been  m ade in  l im i te d  s c a le  in  d i f fe r e n t  c o u n tr ie s .  T h e  In d ia n  

w o rk e rs  su c c e e d e d  in  e v o lv in g  a  t e t r a p lo id  (S a ra s w a th y  Amma e t  a l . .  1984} 

and in  s y n th e s is in g  a t r ip l o i d  (S a ra sw a th y  Amma e t  a l . ,  1980b) u s in g  c lone  

RRIl 1 0 5 ). A sp o n ta n eo u s t r ip l o i d  h a s  a ls o  been  id e n t i f i e d  (N a z e e r and 

S a ra sw a th y  Amma, 19 8 7 ). F r u i t s  b e in g  th e  p r im a ry  so u rc e  o f in o c u la o  fo r  

ab n o rm a l le a f  f a l l  d i s e a s e ,  la c k  o f  f r u i t  s e t  in  t r i p l o i d s  m ay be of 

s ig n if ic a n c e . A n a tu r a l  g e n e tic  v a r ia n t  show ing  d w a rf  s t a tu r e  h a s  a ls o  been 

id e n t i f i e d ,  w h ic h  m ay be o f  u se  in  e v o lv in g  com pact fo rm s fo r  h ig h  d e n s ity  

p la n tin g  (M ark o se  e t  a l . ,  1 9 8 1 ).

In v i t r o  c u ltu re  te c h n iq u e s

In  v i t r o  te c h n iq u e s  In  r u b b e r  o f fe r  v a r io u s  p o s s i b i l i t i e s  f o r  p ro p a g a tio n  

and crea tlcm  of g e n e tic  v a r i a b i l i t y  fo r  c ro p  im p ro v e m e n t p rog ram m es and 

i s  an a d ju n c t to  co n v e n tio n a l b re e d in g  m e th o d s . T h is  a p p ro a c h  in c lu d e s  m ic ro - 

p ro p a g a tio n , p ro d u c tio n  o f h a p lo id s ,  e x p lo i ta t io n  o f g am eto c lo n a l and  som a- 

c lo n a l v a r i a b i l i t y  and s e le c t io n  o f c e l l  l in e s  to  e v o lv e  c lm e s  r e s i s t a n t  to 

d ro u g h t,  c o ld , d is e a s e s ,  e t c .

R e p o rts  on m ic ro p ro p a g a tio n  s tu d ie s  ( S a c h i th a n th a v a le ,  1974; P a ra n jo th y  

and G h a n d h im a th i, 1975; S ln h a  e t  a l . ,  1985) and a n th e r  c u l tu r e  (C hen e t  a l . ,  

1982; Hu Han, 1984) r e v e a l  v a ry in g  d e g re e s  o f s u c c e s s .  In th e  RRII,

s c ie n t i s t s  h a v e  su c c e e d e d  in  p e r fe c tin g  a  t i s s u e  c u l tu r e  sy s te m  u t i l i s in g

sh o o t t i p s  o f som e of th e  p o p u la r  c lo n es  and th e  p la n ts  h a v e  a lr e a d y  been 

e s ta b l is h e d  in  a f i e ld  t r i a l  (A shokan  e t  a l . .  198 8 ). In a d d i t io n  to  m ass 

m u lt ip lic a t io n , som aclonal v a r ia n t s  o c c u r r in g  in  th e  p o p u la tio n s  r a i s e d  th ro u g h  

t is s u e  c u l tu r e  (L a rk in  and  S c o w c ro ft, 1981) can  a d d  to  g e n e tic  v a r i a b i l i t y  

in  H evea .

T he C’-op b e in g  h ig h ly  h e te ro z y g o u s  and v e g e ta t iv e ly  p ro p a g a te d , le th a l

genes a r e  l i k e ly  to  s u r v iv e  and b e  tr a n s m it te d  from  g e n e ra tio n  to g e n e ra tio n .

T h is  m ay a f fe c t  y ie ld  and  o th e r  q u a n t i ta t iv e  c h a r a c t e r s .  Now th a t  i t  i s



p o s s ib le  to  d e v e lo p  h e m iz y g o u s . h a p lo id  p la n ts  th ro u g h  p o lle n  c u l tu r e ,  th ese  

l e th a l  g enes a re  e f f e c t iv e ly  s e le c te d  a g a in s t ,  so  t h a t  th e  s u rv iv in g  h a p lo id s  

c a r r y  no le th a l  g e n e s . P o lle n  d e r iv e d  p la n ts  a r e  r e p o r te d  to  b e  grow n in 

C hina (C hen  e t  a l . .  1982; Hu Han. 1984, S h i j ie  e t  a l . .  19 9 0 ). Chen e t  a l .  

(1982) d e s c r ib e d  re g e n e ra tio n  o f r u b b e r  p la n ts  from  e m b ry o ld s  d e r iv e d  

from  th e  c u l tu re  o f a n th e r s  and r e p o r te d  m ix tu re  of h a p lo id ,  d ip lo id  and 

a n e u p lo id  p la n ts  among th e  r e g e n e ra te d  p la n t s .  T h ese  a c h ie v e m e n ts  g ive 
o p tim ism  fo r  f u r th e r  a d v a n c e m e n ts .

C o n s tra in ts  in  b re e d in g

T h e  m ain c o n s tra in ts  in  H evea b re e d in g  a r e  la c k  o f r e l i a b l e  e a r ly  

s e le c t io n  m e th o d s , long b re e d in g  and  s e le c t io n  c y c le ,  low  f r u i t  s e t  e tc . 

S y s te m a tic  e f fo r t s  a r e  e s s e n t ia l  to  overco m e th e s e .

E a r ly  s e le c tio n  m e th o d s

Any r e l i a b l e  m eth o d  f o r  e a r ly  p r e d ic t io n  o f y ie ld  and  y ie ld  c o n tr ib u tin g  

f a c to r s  w ould  r e s u l t  in  q u ck  r e le a s e  o f c u l t iv a r s  a s  w ell a s  sa v in g s  on tim e, 

money and  la n d . R e a lis in g  th e  s ig n if ic a n c e  o f  Ju v e n ile  s e le c t io n ,  e a r ly  

w o rk e rs  s tu d ie d  a  n u m b er o f p a ra m e te r s  a t  th e  young s ta g e  in  r e la t io n  to 

y ie ld  in  m a tu re  p la n t s .  T he p a ra m e te r s  l i k e  g i r th ,  h e ig h t ,  b a rk  th ic k n e s s ,  

l a te x  v e s s e l  n u m b er, la te x  v e s s e l  and s ie v e  tu b e  d ia m e te r s  and  ru b b e r  

h y d ro c a rb o n  in  b a r k  and p e t io le  show ed  v e r y  p o o r  and in c o n s is ta n t  r e la t io n ­

s h ip s  (T an , 1987). C ram er (1938] d e v e lo p e d  th e  ' t e s t a t e x '  m eth o d  using 

a  s p e c ia l  k n ife  c o n s is t in g  o f  fo u r  'V  sh a p e d  b la d e s  s e t  one below  th e  o th e r  

w ith  w h ic h  in c is io n s  cou ld  b e  m ade tm one to  tw o y e a r  o ld  p la n ts  f o r  making 

q u a l i t a t iv e  a s se s sm e n t o f th e  la te x  ozzing  o u t. H ow ever, t h i s  m eth o d  was 

found u se fu l o n ly ' f o r  c u llin g  (C ra m e r. 1938; D ijkm an, 195 1 ). O th e r  p r e ­

s e le c tio n  m e th o d s , l i k e  u se  o f p e r fo ra tin g  w h ee l (M ey er, 19 5 0 ), a s ing le  

h a l f  s p i r a l  s lo p in g  cu t ( F e r r a n d ,  1939) and n e e d le  p r i c k  t e s t  (W aidyanatha  

and  F e rn a n d o , 19 7 2 ), a ls o  h a v e  l im i ta t io n s .  T h e  m o d ified  H am aker M orris 

Mann m ethod  (T an  an d  S u b ram an iam . 19 7 6 ), th e  one w id e ly  a d o p te d  b y  many, 

c o n s is ts  o f su c c e s s iv e  ta p p in g s  o f tw o to  th r e e  y e a r  o ld  p la n ts  and q u a n tify ­

ing th e  l a te x  y i e ld .  F re m ak u m ari e t  a l  (1989) found th a t  th e  mean of y ie ld  

r e c o rd e d  in  d i f f e r e n t  se a so n s  was m ore r e l i a b l e  th a n  one r e c o rd in g  a lo n e .

Annamma e t  a l .  (198 9 b ) su g g e s te d  an  in c is io n  m ethod fo r  p r e d ic t io n  of 

Ju v e n ile  y ie ld  a t  th e  age o f one y e a r .  G ir th ,  b a rk  th ic k n e s s ,  num ber of

la te x  v e s s e l  r in g s ,  la te x  v e s s e l  d e n s i ty  and f i r s t  to  t h i r d  y e a r  y ie ld  a re
u sed  b y  b r e e d e r s  f c r  p r e l im in a r y  s e le c t io n  in  sm a ll s c a le  t r i a l s  w ith  a 

v iew  to  d e te rm in in g  la te x  y ie ld  a t  a  s t i l l  younger ag e .



F ern an d o  and  d e  S ilv a  (1971) u s in g  s e e d s  o f d i f f e r e n t  c lones r e p o r te d  

an In v e r s e  r e la t io n s h ip  betw een  o il  co n ten t o f c o ty le d o n s  w ith  g ro w th  and 

la te x  y ie ld  in som e c lo n es  and su g g e s te d  d e te rm in a t io n  o f o i l  co n ten t a s  

a p o s s ib le  m ethod  fo r  e a r ly  s e le c tio n  of H evea s e e d l in g s  fo r  g ro w th  and 

y i e ld .  NPK c o n te n t (Ho, 1976), num ber of s to m a ta  (S en an ay ak e  and S am ara- 

n a y a k e , 1970] and  gas exch an g e  p a ra m e te r s  [N ugaw ela and  A lu thew age, 1985J 

h av e  a l s o  been  su g g e s te d  a s  e a r ly  d e te c tio n  p a r a m e te r s .  Huang e t  a l .  (1981) 

r e p o r te d  s ig n i f ic a n t  a s so c ia tio n  betw een  la te x  v e s s e l ,  num ber of l a te r a l  ve in  

and p e t io le s  of young c lo n es  w ith  m a tu re  y i e ld .  Zhou e t  a l .  (1982) su g g e sted  

p e t io lu le  la te x  m eth o d  and la te r a l  v a in  la te x  m eth o d  fo r  p r e d ic t in g  ru b b e r

y ie ld  a t  th e  n u r s e r y  s ta g e . H ow ever, th e  r a t i o  o f th e  p e tio lu le  ru b b e r

c o ite n t  to  d r y  w e ig h t o f th e  m id d le  le a f le t  su g g e s ts  th a t  t h i s  m ight be

a  p a ra m e te r  fo r  e a r ly  s e le c t io n , bu t no t a p e r f e c t  one (S am sudd in  and  Mohd. 

N oor, 1 9 8 8 ).
S tu d ie s  on c o r re la t io n  betw een n u r s e ry  y ie ld  and  m a tu re  c h a r a c te r s  

r e v e a le d  o n ly  low to m o d era te  c o r re la tic m s  (Ho e t  a l . ,  1985). P rem akum ari

e t  a l .  (1989) o b s e rv e d  a c o r re la t io n  c o e f f ic ie n t  o f r  * 0 ,5 5  (P  < 0 .0 1 )

betw een  im m atu re  y ie ld  and y ie ld  of f i r s t  y e a r  r e g u la r  ta p p in g , w ith  a

g ra d u a l  f a l l  b e tw een  y ie ld s  o f l a t e r  y e a r s ,  in  a s e e d l in g  p o p u la tio n . H ighly  

s ig n if ic a n t  a s s o c ia t io n  of n u r s e ry  y ie ld  > and p lu g g in g  in d e x  w ith  m atu re  y ie ld  

h a v e  a ls o  b een  r e p o r te d  (Ho, 1976).
N e a r ly  80% of th e  v a r ia t io n  in y ie ld  b e tw een  c lo n e s  a t th e  n u rs e ry

s ta g e  w as a c c o u n ta b le  by  b a rk  th ic k n e s s ,  n u m b er o f la te x  v e s s e l  r in g s ,

g i r th  in c rem en t and  p lugg ing  in d e x  (N aray an an  e t  a l . .  197 4 ). In  a  s tu d y  

on a s s o c ia t io n  o f  c h a r a c te r s  in  h an d  p o l l in a te d  p ro g e n ie s . Ju v e n ile  p la n t

h e ig h t ,  g i r t h ,  la te x  v e s s e l  row s and b a rk  th ic k n e s s  co u ld  e x p la in  43% of

th e  y ie ld  v a r i a b i l i t y  in  th e  n u r s e ry  s ta g e  (L ic y  and P re m ak u m ari, 1988).

H ow ever, w ith  th e  a v a i la b le  e a r ly  p r e d ic t io n  m e th o d s , n u r s e ry  y ie ld  can

b e  c o n s id e re d  a s  a f a i r  p r e d ic to r  o f m atu re  y i e ld s  (Ong e t  a l . ,  1986; L icy 

e t  a l . ,  1990). T h e  p re s e n t  s t r a te g y  a d o p te d  a t  RRII i s  to  e x e r c i s e  on ly  

m ild  s e le c t io n  (a ro u n d  20%) of th e  h y b r id  p ro g e n ie s  b a s e d  on Ju v e n ile

c h a r a c t e r s  fo r  f u r th e r  te s t in g ,  so  th a t  minimum lo s s  o f  th e  p o te n tia l  h ig h

y ie id e r s  i s  e n s u re d  (i-\nnamma e t  a l . .  1990 b ).

Some a t te m p ts  h av e  a ls o  been m ade fo r  e a r ly  p r e d ic t io n  o f d e s i r a b le  

se c o n d a ry  a t t r i b u t e s .  N u rse ry  sc re e n in g  te c h n iq u e s  f j r  G loeosporium  d is e a s e

( U a s t ie ,  1973), a  r a p id  la b o ra to ry  m ethod  of a s s e s s in g  s u s c e p t ib i l i t y  of 

c lo n e s  to  O idium  (L im , 1973). in  v i t r o  s c re e n in g  fo r  r e s is ta n c e  to

P h y to p h th o ra  le a f  f a l l  (C h ee . 1969), p e t io l a r  s to m a ta l  c h a r a c te r s  fo r  

P h y to p h th o ra  le a f  f a l l  (P rem ak u m ari e t  a l , .  1979, 1 9 8 8 ), e v a lu a tio n  o f clcmes 

to b la c k  s t r i p e  e t c , ,  a r e  som e of th e  e x a m p le s . Q u an tity  o f e p ic u t ic u la r



w ax es and  o p t ic a l  p r o p e r t i e s  o f le a v e s  w ere  s u g g e s te d  to  be  u se fu l by  Rao 

e t  a l .  (1988) fo r  p r e d ic t in g  d ro u g h t r e s i s t a n c e .  F u r th e r  m u ltid is c ip lin a ry ' 

e f f o r t s  a r e  d e s i r a b l e  to  e v o lv e  u se fu l e a r ly  p r e d ic t io n  p a ra m e te rs  f o r  y ie ld  

and se c o n d a ry  a t t r ib u t e s .

B reed in g  a n d  s e le c t io n  c y c le

W ith a  v iew  to  sh o r te n in g  th e  b re e d in g  c y c le ,  Subram aniam  (1980) 

su g g e s te d  an a c c e le ra te d  m ethod  of e v a lu a t io n . In  th i s  t r i a l  sy s te m , the 

b e s t  one p e r  c e n t o f th e  h an d  p o ll in a te d  p ro g e n y  i s  s e le c te d  b a se d  on 

ju v e n i le  y i e l d ,  d u r in g  th e  f i f th  y e a r ,  fo llo w e d  b y  re g io n a l clone  t r ia ls  

(p ro m o tio n  p lo t  t r i a l s )  o f SO p la n ts  p e r  c lo n e  in  tw o r e p l ic a t io n s ,  in 

su b s e q u e n t y e a r s .  E a r ly  r e s u l t s  r e v e a l  th a t  a  f a i r  p ro p o r t io n  of th e  tes ted  

c lo n e s  a r e  p ro m is in g  (Ong e t  a l . .  19 8 6 ). In t h i s  m e th o d , though  id e n tif ic a t io n  

o f a few  p ro m is in g  c lo n e s  a t  an e a r ly  ag e  i s  l i k e l y ,  th e  m ain re se rv a tio n  

i s  th a t  o n ly  a v e r y  sm a ll p ro p o r t io n  i s  s e le c te d  fo r  e v a lu a tio n . Through 

a  d r a s t i c  r e d u c tio n  in  p o p u la tio n  s iz e  b a s e d  on n u r s e r y  y i e ld ,  many p o ten tia l 

y i e ld e r s  a s  w ell a s  b e s t reco m b in an ts  fo r  s e c o n d a ry  c h a r a c te r s  a r e  not 

e v a lu a te d  in  a  sy s te m a tic  m anner. H ow ever, su c h  new a p p ro a c h e s  a r e  useful 

in  id e n t i f ic a t io n  of som e p ro m is in g  c lo ie s  a t  an e a r ly  s ta g e  and h en ce  may 

be  c o n s id e re d  a s  an  a d ju n c t to co n v en tio n a l b r e e d in g .

M arkose  and  P a n ik k a r  (1984) su g g e s te d  e s ta b l is h m e n t  o f r e p lic a te d  

f ie ld  t r i a l s  d u r in g  th e  t h i r d  y e a r  a f t e r  hand  p o l l in a t io n  and  ta s k  w ise  t r ia l s ,  

i f  p o s s ib le  in  d i f f e r e n t  lo c a tio n s , d u r in g  th e  1 2 th  y e a r .  T h is  w ould enab le  

p la n tin g  reco m m en d atio n  in  24-25 y e a r s  and s im u lta n e o u s  w ith  th e  se le c tio n  

p r o c e s s ,  p ro g e n y  te s tin g  and  g en e tic  a n a ly s i s  fo r  com bining a b i l i t y ,  

h e r i t a b i l i t y ,  g e n e tic  a d v a n c e  e t c . .  can  b e  done from  th i s  r e p l ic a te d  t r i a l .

Low f r u i t  s e t

O th e r c o n s t ra in ts  in  H evea b re e d in g  a r e  se a so n a l  f lo w e rin g  p a tte rn , 

la c k  o f sy n c h ro n iz a tio n  o f flo w erin g  in  d i f f e r e n t  c lo n e s  and  low f r u i t  set 

fo llo w in g  h an d  p o l l in a t io n s .  H y b r id iz a tio n  p ro g ram m es a r e  c a r r ie d  out during  

th e  norm al f lo w e rin g  se a so n  o f Ja n u a ry -M a rc h  in  I n d ia .  P o lle n  s to ra g e  couid 

be  e x p lo re d  a s  a m eans to s o lv e  th e  p ro b lem  of n o n -sy n c h ro n o u s  flo w erin g . 

An a v e ra g e  f r u i t  s e t  o f 3 -5  p e r  cen t i s  m et w ith  in s ta n c e s  of s u c c e ss  ra te  

ran g in g  from  0-12 p e r  cen t w ith in  co m b in a tio n s  in v o lv in g  th e  sam e fem ale 

p a r e n t ,  in d ic a tin g  c o n s id e ra b le  In flu en ce  o f th e  m ale p a r e n t ,  h av e  been 

r e p o r te d  (K a v ith a  e t  a l . ,  1 9 9 0 b ). S e v e re  Q idium  in fe c tio n  d u rin g  the 

flo w e rin g  se a so n  fo llo w ed  b y  f r u i t  d ro p  c a u s e d  b y  P h y to p h y th o ra . o th e r  

f a c to r s  l i k e  c lo n a l d if f e r e n c e  in  fem ale  f e r t i l i t y  and  in ju ry  cau se d  to the 

fem ale  f lo w e rs ,  c o n tr ib u te  to  low f r u i t  s e t .  A p p lic a tio n  o f e x t r a  n itrogen



to in c r e a s e  f r u i t  s e t  was su g g e s te d  b y  S iv an an d an  and  G h an d h im a th l [1986]. 

G h a n d h im a th i and  Yaang [1984) su g g e s te d  a new m ethod  o f  h and  poU inatio iT  

and r e p o r te d  in su f f ic ie n c y  of p o lle n  a s  a  c a u s e  of low f r u i t  s e t .  K av lth a  

e t  a l .  (1989) co m p ared  d if fe r e n t  p o ll in a t io n  t r e a tm e n ts  and found th a t  th e  

tre a tm e n t u sin g  b u t te r  p a p e r  c o v e r  re c o rd e d  s ig n i f ic a n t ly  h ig h e r  f r u i t  s e t  

in  com pariscm  to  o th e r  t r e a tm e n ts .  E ven  u n d e r  th e s e  m ethods th e  e x te n t  

o f f in a l  f r u i t  s e t  i s  too in a d e q u a te  and  h e n c e , f u r th e r  in v e s tig a tio n s  a r e  

n e c e s s a ry .  W ith a  v iew  to  e r^ u r in g  s u c c e s s  o f c o n tro lle d  p o U in a tio n  

p ro g ram m es . K a v ith a  e t  a l .  (1990b) su g g e s te d  e s ta b l is h m e n t  o f b re e d in g

o r c h a r d s ,  p r o p e r  m anagem ent o f t r e e s  w ith  optim um  d o se s  o f f e r t i l i z e r s ,  

in d u c tio n  of o f f -se a so n  flo w e rin g  to  a d v a n c e  th e  flo w e rin g  se a so n  and 

s y n c h ro n is e  f lo w e rin g  among c lo n e s , p o l l in a t io n  o f  6 -8  f lo w e rs  p e r  in f lo r e ­

sc e n c e  to  re d u c e  f r u i t  lo a d  and c o m p e titio n  f o r  a s s im i la te s  and bagging of 

p o l l in a te d  f lo w e rs  w ith  a  b u t te r  p a p e r  c o v e r  to  m in im ise  in ju ry  to  f lo ra l  

p a r t s .

B reed in g  fo r  d is e a s e  r e s is ta n c e

In  th e  d i f fe r e n t  r u b b e r  p ro d u c in g  c o u n t r ie s ,  w h e re  any  p a r t i c u la r  

d is e a s e  p o s e s  s e r io u s  p ro b le m s , som e e f f o r t s  In  b re e d in g  fo r  r e s is ta n c e  

h a v e  been  m ade w ith  v a ry in g  d e g re e s  o f  s u c c e s s .  In  g e n e ra l ,  th r e e  le a f  

d is e a s e s  v i z . .  ab n o rm a l le a f  f a l l  ( P h y to p h th o ra  s p p . ) ,  p o w d e ry  m ildew  

( O idium  h e v e a e ) and s e c o n d a ry  le a f  s p o t  ( C o lle to tr ic h u m  g lo e o s p o ro id e s ) 

c a u se  s e r io u s  p ro b le m s in  H ev ea . In  In d ia ,  ab n o rm a l le a f  f a l l  and  p o w d ery  

m ildew  r e s u l t s  in  v a ry in g  d e g re e s  o f y ie ld  d r o p .  In  S r i  L anka a ls o  

P h y to p h th o ra  and  Oidium  c a u se  s e v e re  dam age (B a p t i s te ,  1961), w h ile  in 

In d o n e s ia . O idium  i s  a m ajo r p ro b le m . B ird s  e y e  sp o t ( D re c h s le ra  h e v e a e ) 

i s  r e p o r te d  from  G hana. W hite ro o t d i s e a s e  i s  a  s e r io u s  p ro b lem  in  N ig e r ia . 

In RRIM n u r s e r y  a ls o ,  in c id e n c e  of ro o t d is e a s e  h a s  been  r e p o r te d .  In B ra z i l ,  

th e  h o t  s p o t  o f SALB, dam ages a r e  a ls o  d ue  to  ta rg e t  le a f  sp o t ( P e l l lc u la r ia

f ila m e n to s a  -  G on ca lv es , 1958). B reed in g  fo r  C o lle to tr ich u m  and Oidium

r e s is ta n c e  a r e  p r i o r i t i e s  in  M a lay sia  and  In d o n e s ia  r e s p e c t iv e ly  w h e re a s , 

in  In d ia  m ore e m p h a s is  i s  g iv e n  fo r  P h y to p h th o ra  and  Oidium  r e s is ta n c e  

in  th e  r e c e n t h y b r id iz a t io n  p ro g ram m es .

B reed in g  fo r  SALB (M ic ro c v c lu s  u l e i ) r e s is ta n c e  sh o u ld  b e  g iv en  

p r i o r i t y  no t o n ly  in  B r a z i l ,  b u t a ls o  in  o th e r  r u b b e r  p ro d u c in g  c o u n tr ie s . 

F o r tu n a te ly  fo r  th e  p la n ta t io n  r u b b e r  in d u s t r y  o f th e  o ld  w o r ld , p ro d u c in g  

o v e r  90% of th e  w o r ld 's  n a tu ra l  r u b b e r  re q u ire m e n t ,  t h i s  d is e a s e  i s  s t i l l  

co iifin ed  to  th e  t r o p ic a l  A m e ric a s . H o w ev er, in  s p i t e  o f th e  s tr in g e n t  

q u a ra n tin e  m easu res  a d o p te d , th e  c h a n c e s  o f th e  s p r e a d  o f t h i s  d is e a s e  

to  th e  e a s te rn  h e m lso p h e re  cannot be  c o m p le te ly  ru le d  o u t. P ro m isin g  c lo n es



(F x  25 , Fx 3899 and  F x  3164) w ere  b r e d  b y  F o rd  M otor Company in  B ra z il 

and  b y  F i r e  S tone R u b b e r Company (MDF an d  MDx s e r i e s )  in  L ib e r ia  and 

G uatem ala ( E d a th i l ,  1 S 86). S u b se q u e n tly  a  l a r g e  n u m b er of r e s i s t a n t  c l o n ^  

w ere  b re d  In  B r a z i l ,  o f w h ic h  csily s i x  (F x  25 , 3610, 3899, 3925, IAN 710 

and  IAN 717] seem  to  be  c o m m e rc ia lly  a c c e p ta b le .  H ow ever, in  many c a s e s , 

th e  r e s i s t a n t  - c lo n es  s e le c te d  w ere  p a th o ty p e  s p e c i f i c .  B reak  dow n of 

r e s is ta n c e  b y  o c c u rre n c e  of p h y s io lo g ic  r a c e s  (L angdon , 1965) i s  a se rio u s  

problf^m and  b re e d in g  fo r  r a c e  n o n sp e c if ic  r e s i s t a n c e  sh o u ld  be a im ed  a t . 

Sim m onds (1969) s t r e s s e d  th e  need  of b re e d in g  fo r  h o r iz o n ta l  r e s is ta n c e  

In c o n t r a s t  to  v e r t i c a l  r e s is ta n c e  to  SALE. S im i la r ly  q u a n t i ta t iv e  o r  p a r t ia l  

r e s i s t a n c e  r a t h e r  th a n  q u a l i t a t iv e  o r  h ig h  l e v e l  o r  a b so lu te  r e s is ta n c e  o ffe r  

d u r a b le  r e s i s t a n c e  to  fungal d is e a s e s  in  an y  c ro p  s p e c ie s  (Annamma, 1985; 

Annamma and  R o b b e le n , 198 4 ). In H evea a v a i l a b l e  r e s u l t s  In d ic a te  p o ly g en ic  

in h e r i ta n c e ,  im p ly in g  ch a n c e s  o f o b ta in in g  h o r iz o n ta l  r e s is ta n c e ,  w h ic h  is  

m ore s t a b le  and d u r a b le .  H ow ever, e x te n s iv e  s tu d i e s  on th e  g en e tic  b as te  

o f r e s i s t a n c e  to  SALE and o th e r  d i s e a s e s  a r e  n e c e s s a ry  so  a s  to  p r o v id e

a sound b a s is  fo r  b re e d in g . S im u lta n eo u sly  v a lu a b le  so u rc e  o f w ild  genes 

r e n d e r in g  r e s is ta n c e  to  d i f fe r e n t  d i s e a s e s ,  a v a i la b le  In  th e  f r e s h  w ild  

g e rm p lasm  sh o u ld  b e  id e n t i f i e d ,  c o n s e rv e d  a n d  In c o rp o ra te d  in  b re e d in g  

p ro g ra m m e s .

G enetic  s tu d ie s

' I n  H evea th e  c h a r a c te r s  o f econom ic  Im p o rta n c e  a r e .  in  g e n e ra l ,  

p o ly g e n ic a l ly  c o n t r o l le d .  In  o r d e r  to  a s c e r ta in  th e  in flu e n ce  of g enes and 

v a r io u s  nongenlc f a c to r s  in  th e  e x p r e s s io n  o f c h a r a c t e r s ,  d e ta i le d  b io m e tr ic

a n a ly s is  i s  r e q u i r e d .  T h is ,  h o w e v e r . I s  r e l a t i v e l y  s c a n ty . V ary in g  le v e ls  

o f h e r i t a b U i ty  fo r  y ie ld  h a v e  been r e p o r t e d .

H e r l t a b i l i ty  (h ^ )  I s  h e r e d i to r y  o r  g e n o ty p ic  v a r ia n c e  e x p r e s s e d  as
2

percen tage of to ta l varian ce  and can be e s tim a te d  as h  > VG/VP (broad
s e n s e )  o r  VA/VP (n a rro w  s e n se )  w h e re  VG « to ta l g e n e tic  v a r ia n c e ,

VP » p h e n o ty p ic  v a r ia n c e ,  VA » a d d i t i v e  g e n e tic  v a r ia n c e s ,  h ^  d e c re a s e s

w ith  th e  in c r e a s e  In  en v iro n m en ta l com ponent o f v a r ia n c e  fo r  th e  c h a r a c te r

u n d e r  o b s e rv a t io n .  I t  e s t im a te s  th e  d e g re e  o f  re se m b la n c e  betw een  o f fs p r in g s
2

and  p a r e n t s .  G iven an e s t im a te  o f h  . g e n e tic  ad v an ce  u n d e r s e le c tio n  is  
2

p r e d ic te d  b y  R « ih  o p  w h e re  o p i s  a  d im e n s io n le s s  s t a t i s t i c a l  p a ra m e te r  

d e f in e d  b y  th e  in te n s i ty  o f s e le c t io n  (S im m onds, 1969). V ary ing  h e r l t a b i l i t y  

e s t im a te s  fo r  y i e ld ,  v i z .  low (0 .2 1 , A l ik a . 19 8 2 ), m edium  (0 .4 2 ,  Liang 

e t  j 1 . ,  19B0) and h lh g  (0 .8 2 , M a rk o se , 1984) h a v e  been  r e p o r te d .

P re d o m in a n tly  a d d i t iv e  in h e r i ta n c e  h a s  been  e s ta b l is h e d  fo r  s e v e ra l  

s e e d lin g  c h a r a c te r s  o b se rv e d  in  th e  n u r s e r y  (T an  and S ubram anlam , 1976).



S t a t i s t i c a l l y ,  com bin ing  a b i l i t i e s  a r e  m ore ro b u s t  th a n  h e r i t a b i l i t y  (S im m onds. 

198 9 ). C om bining a b i l i t y  s tu d ie s  h a v e  re v e a le d  th a t  y ie ld  and g i r th  v a r ia t io n  

can  b e  l a r g e ly  accoun ted  fo r  by a d d i t iv e  g e n e tic  v a r ia t io n  (G ilb e r t  e t  a l . ,  

1973; Nga and S ubram aniam . 1974). T h is  su g g e s ts  th a t  p h e n o ty p ic  se le c tio n  

o f p a r e n t s  w ould b e  g e n e ra l ly  e f f e c t iv e ,  bu t s e le c t io n  b a se d  on g en e ra l 

com bin ing  a b i l i t y  w il l  be  m ore p r e c i s e  a n d  r e l i a b l e .  Sim m onds (1969) 

r e p o r te d  th a t  v a r ia t io n  In  GCA can  accoun t f o r  m ost of th e  d i f fe re n c e s  

betw een  fa m ily  y i e ld s .  Tan (1978) r e p o r te d  th a t  GCA e s t im a te s  on th e  b a s is  

of n u r s e r y  s e e d lin g s  can h e lp  e a r ly  Id e n t i f ic a t io n  o f p ro m is in g  p a r e n ts .

S im m onds (1989) id e n t i f ie d  fo u r  c o r r e la t io n s  a s  im p o rta n t f o r  p lann ing

b re e d in g  p ro g ram m es , t h e s e  a re  (1 )  betw een  t e s t  ta p p in g  of young b u d d ed  

p la n ts  and  p e rfo rm a n c e  in  su b se q u e n c e  c lo n e  t r i a l s  ( r  « 0 .7 3 ,  r i s in g  to  0 .8 5 ,

Ho. 1 9 7 6 ), (2 )  betw een  t e s t  ta p p in g  o f  young n u r s e r y  s e e d lin g s  and y ie ld

in  sm a ll s c a le  c lo n e  t r i a l s  ab c u t 0 .3  (T an , 19 8 7 ), (3 )  betw een  y ie ld  in

sm a ll s c a le  c lo n e  t r i a l s  and in su b se q u e n t la rg e  s c a le  c lo n e  t r i a l s ,  and 

(4 )  b e tw een  GCA e s tim a te s  fo r  se e d lin g s  and fo r  th e  sam e g en o ty p e  a s  c lones 

a f t e r  f iv e  y e a r s  o f ta p p in g . S ig n if ic a n t p o s i t iv e  c o r r e la t io n s  of p la n t h e ig h t 

and g i r th  tiU tt  Ju v e n ile  y ie ld  of s e e d l in g s  h a v e  b e e n  r e p o r te d  (Annamma 

e t  a l . .  1989a: K av ith a  e t  a l . .  1990a).

C o r re la t io n  c o e f f ic ie n ts  w orked  ou t from  b re e d in g  d a ta  h a v e  re v e a le d  

th a t  y ie ld  and  g i r t h  a r e  r e la te d  to  e a c h  o th e r  and  in  g e n e ra l p o s i t iv e ly

c o r r e la te d  (N arayanan  and  Ho, 1973; L iu , 1 9 8 0 ). S ig n ific a n t p o s i t iv e  

c o r r e la t io n  of d r y  r u b b e r  y ie ld  w ith  volum e y i e l d ,  l a t e x  v e s s e l  ro w s and 

v i r g in  b a r k  th ic k n e s s  h a v e  been  r e p o r te d  (N ara y an an  e t  a l . .  1974; 

W y c h e r le y , 1969). M arkose (1984) a ls o  o b s e rv e d  s im i la r  a s s o c ia t io n s  

(T a b le  1 ) .  A n e g a tiv e  a s so c ia t io n  of g i r th  and g i r th  in c rem en t w ith  ru b b e r  

y ie ld  h a s  been o b s e rv e d  (N aray an an , 1973) fo r  t r e e s  u n d e r  ta p p in g  w h ere  

p la n t  a s s im i la te s  a r e  p a r t i t io n e d  in fa v o u r  o f l a te x  fo rm a tio n  r a t h e r  th an  

g ro w th , p a r t i c u l a r ly  in  th e  c a se  o f h ig h  y ie ld in g  c lo n e s . P a th  c o e f f ic ie n t 

a n a ly s is  f o r  se v e n  d i f fe r e n t  c h a r a c te r s  b y  M arkose  (1984) r e v e a le d  th a t  

volum e of la te x  h ad  th e  h ig h e s t  p o s i t iv e  d i r e c t  e f fe c t  on d r y  ru b b e r  y ie ld .

iVith th e  in tro d u c tio n  of new am azonian  g e rm p lssm  (1981 c o lle c tio n )  

and a n o th e r  e x p e d i t io n  to  th e  c e n tre  ol o r ig in  c o n te m p la te d , th e  g en e ra l 

p ro b lem  r e g a rd in g  th e  n a rro w  g en e tic  b a s e  h a s  been  ta k e n  c a r e  o f . B asic  

g e n e tic  s tu d ie s  and b re e d in g  s t r a te g ie s  b i s e d  on y i e ld  com ponen ts , w ith  

th e  o b je c t iv e  of e v o lv in g  c lo n es  fo r  d if f e r e n t  a g r o - c lim a t ic  s i tu a t io n s  sh o u ld  

p ro v e  to  be  re w a rd in g . T he em erg ing  in te rn a tio n a i  c o -o p e ra t io n  in  th i s  a re a  

w il l  f u r th e r  s tr e n g th e n  th e  e f f o r t s  of P lan t B re e d e rs .
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