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Chapter 1
IN T R O D U C T IO N



IN TRO DUCTIO N

CZhe p a r a  r u b b e r  t r e e ,  H evea brasiliensis ( W i l ld .  e x  A d r . d e  J u s s . )  M u e l l .  A r g .  is  a  

p e r e n n i a l  t r e e  b e l o n g i n g  t o  t h e  f a m i ly ,  E u p h o r b i a c e a e  a n d  i s  t h e  m a j o r  s o u r c e  o f  n a tu r a l  

r u b b e r .  N a t u r a l  r u b b e r  i s  h a v i n g  v a r i e d  i n d u s t r i a l ,  t e c h n o l o g i c a l  a n d  d o m e s t i c  u s e s .  T h e  

u n i q u e  a n d  v e r s a t i l e  p r o p e r t i e s  o f  t h i s  m a t e r i a l  h a v e  m a d e  i t  h i g h l y  i n d i s p e n s a b l e  f o r  t h e  

m o d e r n  l i f e .  A m o n g  t h e  t r e e  c r o p s ,  n o  o t h e r  p l a n t  s p e c i e s  h a s  i n f l u e n c e d  h u m a n  l i f e  a s  

m u c h  a s  n a t u r a l  r u b b e r  a n d  t h e  r u b b e r  p l a n t a t i o n  i n d u s t r y  h a s  n o w  a l m o s t  r e v o l u t i o n i z e d  

t h e  i n d u s t r i a l  w o r l d .  T o d a y ,  n a t u r a l  r u b b e r  c u l t i v a t i o n  i s  a  g o o d  p r e p o s i t i o n  o f  e c o l o g i c a l l y  

s u s t a i n a b l e ,  s o c i a l l y  a c c e p t a b l e  a n d  e c o n o m i c a l l y  v i a b l e  a g r i c u l a t u r e ;  A p a r t  f r o m  l a t e x ,  

t h e  r u b b e r  p l a n t a t i o n  i s  a l s o  b e in g  v a lu e d  f o r  it s  t im b e r ,  w h ic h  r e d u c e s  t h e  p r e s s u r e  o n  n a tu r a l  

f o r e s t s  f o r  t i m b e r  a n d  w o o d  ( J a c o b ,  2002).

N a t u r a l  r u b b e r  h a s  b e e n  f o u n d  in  t h e  l a t e x  o f  o v e r  2000 s p e c i e s  o f  p l a n t s  b e l o n g i n g  

t o  311 g e n e r a  o f  79 f a m i l i e s .  T h e  m i n o r  s o u r c e s  o f  n a tu r a l  r u b b e r  a r e  M anihot glaziovii 

( E u p h o r b i a c e a e ) ,  F icus elastica  ( M o r a c e a e ) ,  P arthenium  argentatum  a n d  Taraxacum  

koksaghyz ( C o m p o s i t a e ) .  I n  a d d i t i o n ,  m a n y  o th e r  s p e c i e s  l i k e  Castilla elastica ( M o r a c e a e ) ,  

Cryptostegia grandiflora ( A s c l e p ia d a c e a e )  a n d  Funtumia elastica ( A p o c y n a c e a e )  h a v e  b e e n  

e x p e r i m e n t e d  a s  p o s s ib l e  m i n o r  s o u r c e s  o f  n a tu r a l  r u b b e r  (W y c h e r le y ,  1992). T h e  g e n u s  Hevea  

c o m p r i s e s  t e n  s p e c i e s  viz., Hevea benthamiana, H. brasiliensis, H. camargoana, H. camporum, 

H. guinensis, H. microphylla, H. nitida, H. pauciflora, H. rigidifolia, and H. spruceana  

( S c h u l t e s ,  1970,1977,1987; W y c h e r l e y ,  1992). O f  th e  a b o v e  t e n  s p e c i e s ,  o n ly  H. brasiliensis



p r o d u c e s  99 p e r  c e n t  o f  t h e  w o r l d ’s n a tu r a l  r u b b e r  ( S a r a s w a t h y a m m a ,  2 0 0 2 ). T h e  q u a l i t y  a n d  

q u a n t i t y  o f  n a t u r a l  r u b b e r  p r o d u c e d  b y  H. brasiliensis is  s u p e r io r  to  t h o s e  o f  a l l  o th e r  s p e c i e s .

H. brasiliensis i s  a  n a t i v e  t o  t h e  t r o p i c a l  r a i n  f o r e s t  o f  C e n t r a l  a n d  S o u t h  A m e r i c a  

a n d  i s  o n e  o f  t h e  r e c e n t l y  d o m e s t i c a t e d  c r o p  s p e c i e s  i n  t h e  w o r ld .  Hevea i s  i n t r o d u c e d  to  

S o u t h  E a s t  A s i a  i n  1876 b y  S i r  H e n r y  W i c k h a m  a n d  h a s  b e e n  c o m m e r c i a l l y  c u l t i v a t e d  in  

I n d i a  s i n c e  1902 ( N a i r  et a l,  1976). T h e  o r i g i n a l  g e n e t i c  m a t e r i a l  o f  Hevea i s  r e f e r r e d  a s  

‘W i c k h a m  g e n e  p o o l ’. R u b b e r  i s  p r o p a g a t e d  b y  g e n e r a t i v e  a n d  v e g e t a t i v e  m e a n s .  G e n e r a t i v e  

m e t h o d  i s  t h r o u g h  s e e d s  a n d  v e g e t a t i v e  m e t h o d  i s  t h r o u g h  b u d g r a f t i n g .

T h e  e c o n o m i c  l i f e  s p a n  o f  t h e  t r e e  i s  v e r y  l o n g  w i t h  a  g e s t a t i o n  p e r i o d  o f  s i x  to  

s e v e n  y e a r s  ( P l a t e  1). T h e  r u b b e r  t r e e  is  s t u r d y ,  q u i c k  g r o w i n g  a n d  t a l l  ( P l a t e  2 ). A  w a r m  

h u m i d  e q u a b l e  c l i m a t e  (21“ C t o  35“ C) a n d  a  f a i r l y  d i s t r i b u t e d  a n n u a l  r a i n f a l l  o f  n o t  l e s s  

t h a n  200  c m  a r e  n e c e s s a r y  f o r  t h e  o p t i m u m  g r o w th .  T h e  t r e e  g r o w s  s u c c e s s f u l l y  u n d e r  

s l i g h t  v a r y i n g  c o n d i t i o n s  a l s o .  T h e  t r e e  i s  n o w  g r o w n  i n  t r o p i c a l  r e g i o n s  o f  A s i a ,  A f r i c a ,  

a n d  A m e r i c a .  R u b b e r  t r e e  h a s  a  w e l l - d e v e l o p e d  t a p r o o t  a n d  l a t e r a l s .  T h e  b a r k  o n  t a p p i n g  

y i e l d s  l a t e x  ( P l a t e  3). L a t e x  p r e s e n t  i n  l a t e x  v e s s e l  r o w s  in  t h e  b a r k  o f  t h e  t r e e  t r u n k  is  

e x p l o i t e d  c o m m e r c i a l l y  f o r  th e  e x t r a c t i o n  o f  l a t e x  ( P l a te  4 a  a n d  b ) . T h e  c a m b i u m  in  b e tw e e n  

w o o d  a n d  b a r k  i s  r e s p o n s i b l e  f o r  t h e  i n c r e a s e  i n  g i r t h  o f  t h e  t r e e  i n c l u d i n g  b a r k  r e n e w a l .  

T h e  l e a v e s  a r e  t r i f o l i a t e  w i t h  l o n g  s t a lk s .  N o r m a l  a n n u a l  l e a f  f a l l  k n o w n  a s  “ w i n t e r i n g ” 

o c c u r s  i n  t h e  c a s e  o f  m a t u r e  t r e e s  d u r i n g  t h e  p e r i o d  D e c e m b e r  t o  F e b r u a r y  i n  S o u t h  I n d i a .  

R e f o l i a t i o n  a n d  f l o w e r i n g  f o l l o w  w in t e r in g .  S o m e  t r e e s  m a y  o c c a s i o n a l l y  s h o w  o f f - s e a s o n  

f l o w e r i n g  d u r i n g  S e p t e m b e r  -  O c t o b e r .  T h e  r u b b e r  t r e e  i s  m o n o e c i o u s .  B o t h  m a l e  a n d  

f e m a l e  f l o w e r s  a r e  s e e n  i n  t h e  s a m e  i n f l o r e s c e n c e .  M a l e  f l o w e r s  a r e  m u c h  m o r e  n u m e r o u s  

t h a n  f e m a l e  f l o w e r s  w h i c h  a r e  b i g g e r  a n d  f o u n d  t e r m i n a t i n g  t h e  m a i n  b r a n c h e s  o f  t h e



p a n i c l e .  P o l l i n a t i o n  i s  b y  i n s e c t s .  O n l y  a  s m a l l  p r o p o r t i o n  o f  t h e  f e m a l e  f l o w e r  s e t  f r u i t s  

a n d  g o o d  n u m b e r  o f  f l o w e r s  a r e  s h e d  d u r i n g  t e n d e r  s t a g e  ( S a r a s w a t h y a m m a ,  1990). T h e  

f r u i t s  m a t u r e  i n  a b o u t  f i v e  t o  s i x  m o n t h s  a f t e r  p o l l i n a t i o n .  T h e y  a r e  t h r e e  s e e d e d  a n d  b u r s t  

w h e n  m a t u r e ,  s c a t t e r i n g  t h e  s e e d s  15-18 m e t e r s .  T h e  s e e d s  w e i g h  f o u r  t o  s i x  g r a m s .  T h e y  

p o s s e s s  a  h a r d  b r o w n  c o a t  h a v i n g  c h a r a c t e r i s t i c  m o t t l i n g .  S e e d s  o f  s e e d l i n g  t r e e s  a n d  

d i f f e r e n t  c l o n e s  v a r y  i n  s i z e ,  s h a p e ,  w e i g h t  a n d  s e e d  c o a t  m a r k i n g s .  T h e  s e e d s  b e l o n g i n g  

t o  a  c l o n e  h a v e  c h a r a c t e r i s t i c  s i z e ,  s h a p e  a n d  s e e d  c o a t  m o t t l i n g s .  I t  h a s  b e e n  r e p o r t e d  

t h a t  s e e d  c o a t  c a n  b e  u t i l i z e d  f o r  t h e  i d e n t i f i c a t i o n  o f  c l o n e s  ( P o l h a m u s ,  1962; 

S a r a s w a t h y a m m a  et a l,  1981; M e r c y k u t t y  et a l ,  2002 a n d  S e b a s t i a n  et a l,  2002).

R u b b e r  p la n t a t i o n  in d u s t r y  i n  I n d i a  h a s  r e g i s t e r e d  c o m m e n d a b le  g r o w th  in  p r o d u c t io n  

a n d  p r o d u c t iv i ty .  I n d i a  h a s  a t t a in e d  th e  f i r s t  p o s i t io n  in  te r m s  o f  p r o d u c t iv i ty  w i th  1576 k i lo g r a m s  

p e r  h e c t a r e  p e r  y e a r  ( D e s a l p h i n e ,  2 0 0 2 ). T h e  c o u n t r y  h o l d s  t h i r d  p o s i t i o n  i n  t e r m s  o f  

p r o d u c t i o n  ( 6 3 1 ,4001) c o v e r i n g  a n  a r e a  o f  5 6 6 ,5 5 8  h a  a n d  f o u r t h  in  c o n s u m p t i o n  o f  n a t u r a l  

r u b b e r  ( K r i s h n a k u m a r ,  2003). T h i s  a c h i e v e m e n t  i s  m a i n l y  d u e  to  t h e  d e v e l o p m e n t  a n d  

p r o p e r  u t i l i s a t i o n  o f  g e n e t i c a l l y  i m p r o v e d  p l a n t o g  m a t e r i a l s .  T h e  d e v e l o p m e n t  a n d  r e l e a s e  

o f  R R n  105, t h e  o u t s t a n d i n g  h i g h  y i e l d e r  h a s  c o n t r i b u t e d  s u b s t a n t i a l l y  f o r  t h i s  p r o g r e s s .  

T h e  p o t e n t i a l  a n d  r e a l i s e d  y i e l d  o f  s o m e  o t h e r  RRII c lo n e s ,  a l s o  s h o w e d  t h a t  a  f e w  o f  t h e m  

p e r f o r m  e x t r e m e l y  w e l l  i n  c e r t a i n  a r e a s  ( M a th e w ,  2002).

G e n e t i c  i m p r o v e m e n t  p r o g r a m m e  in  t r e e  c r o p s ,  e s p e c i a l l y  Hevea i s  l a b o r i o u s  a n d  

a  m i n i m u m  p e r i o d  o f  20 - 25 y e a r s  i s  r e q u i r e d  f o r  t h e  e v a l u a t i o n  a n d  r e l e a s e  o f  a  c l o n e .  

E a r l i e r  s e l e c t i o n s  w e r e  m a d e  a m o n g  t h e  t r e e s  o b t a i n e d  f r o m  s e e d s  t h a t  p r o d u c e d  o n l y  

200 - 300 k i l o g r a m  p e r  h e c t a r e  p e r  y e a r  ( k g  h a - ’y r ' ) .  L a t e r ,  n e w  c l o n e s  w e r e  d e v e l o p e d  

a d o p t in g  v a r io u s  g e n e t i c  im p r o v e m e n t  p r o g r a m m e s .  T h e s e  s e le c t io n s  b o o s t e d  a n n u a l  p r o d u c t io n



to  2000 k g  h a '* y r ' .  N o w  th e r e  a r e  c lo n e s  h a v in g  a  p r o d u c t io n  p o te n t ia l  o f  a r o u n d  4000 k g  h a '‘y r ‘ 

( S a r a s w a t h y a n im a ,  2002). T o d a y  I n d i a  a c c o u n t s  f o r  n i n e  p e r  c e n t  o f  t h e  w o r l d  p r o d u c t i o n  o f  

NR ( R u b b e r  B o a r d ,  2003).

T h e r e  a r e  s e v e r a l  p r o b l e m s  t h a t  h a m p e r  b r e e d i n g  a n d  q u i c k  r e l e a s e  o f  c u l t i v a r s  f o r  

l a r g e  s c a l e  p l a n t i n g .  T h e y  i n c l u d e  s e a s o n a l  n a t u r e  o f  f l o w e r i n g  a n d  lo w  f r u i t  s e t ,  l o n g  

b r e e d i n g  a n d  s e l e c t i o n  c y c l e ,  l a c k  o f  f u l l y  r e l i a b l e  e a r l y  s e l e c t i o n  m e t h o d s ,  e t c .  I n  I n d i a ,  

f l o w e r in g  i s  r e s t r i c t e d  to  a  s h o r t  p e r io d  o f  tw o  to  th r e e  m o n th s ;  h o w e v e r ,  a l l  t h e  c lo n e s  d o  n o t  

f l o w e r  s i m u l ta n e o u s l y  ( G e o r g e  et al, 1967). T h i s  n o n - s y n c h r o n iz a t io n  o f  f l o w e r in g  in  s o m e  o f  

t h e  p a r e n t  c lo n e s  s e l e c te d ,  l im i ts  t h e  p o s s ib i l i t y  o f  a t t e m p t in g  a l l  p o s s ib le  c r o s s  c o m b in a t io n s .

D u r i n g  t h e  p a s t ,  t h e  m a i n  o b j e c t i v e  i n  b r e e d i n g  w a s  t o  i m p r o v e  p r o d u c t i v i t y .  

S u b s e q u e n t l y ,  i m p r o v e m e n t  o f  s e c o n d a r y  c h a r a c t e r s  b e c a m e  o n e  o f  t h e  o b j e c t i v e s  in  Hevea 

b r e e d i n g  p r o g r a m m e .  Y ie ld  in  Hevea is  d e t e r m i n e d  b y  th e  v o lu m e  o f  la t e x  a n d  th e  p e r c e n t a g e  

o f  r u b b e r  i t  c o n t a i n s .  T h e  r u b b e r  y i e l d  in  H. brasiliensis i s  a  c o m p l e x  m u l t i f a c t o r i a l  t r a i t  a n d  

i s  a  m a n i f e s t a t i o n  o f  v a r i o u s  m o r p h o lo g i c a l ,  a n a to m ic a l ,  p h y s i o l o g i c a l  a n d  b io c h e m ic a l  

c h a r a c t e r s  o f  t h e  t r e e  ( P o l l i n e r e ,  1966). T h e  c h o i c e  o f  a  s u i t a b l e  b r e e d i n g  m e t h o d  f o r  

i m p r o v e m e n t  o f  y i e l d  a n d  i t s  c o m p o n e n t s  d e p e n d s  o n  g e n e t i c  v a r i a b i l i ty ,  a s s o c ia t i o n  b e tw e e n  

c h a r a c t e r s ,  h e r i t a b i l i t y  a n d  t h e  v a l u e  o f  e x p e c t e d  g e n e t i c  a d v a n c e  u n d e r  s e l e c t i o n .

A t t e m p t s  h a v e  b e e n  m a d e  t o  s t u d y  t h e  r e l a t i o n s h i p  b e t w e e n  y i e l d  a n d  y i e l d  

a t t r i b u t i n g  f a c t o r s  a n d  s e v e r a l  y i e l d  c o m p o n e n t s  h a v e  b e e n  i d e n t i f i e d  ( S w a m i n a th a n ,  1977; 

M a r k o s e ,  1984; S i m m o n d s ,  1989; S a r a s w a t h y a m m a ,  1990; P r e m a k u m a r i ,  1992; M y d i n ,  1992; 

L i c y ,  199 7 ). H o w e v e r ,  a  d e a r t h  o f  k n o w l e d g e  s t i l l  e x i s t s  o n  t h e  n a t u r e  a n d  e x t e n d  o f  g e n e t i c  

a n d  e n v i r o n m e n t a l  c o n t r o l  o f  th e s e  t r a i t s .  M o r e o v e r ,  i n d e p t h  i n f o r m a t io n  o n  th e  p e r f o r m a n c e  

o f  m a n y  o f  t h e  e x o t i c  c l o n e s  i n  l o c a l  a g r o c l i m a t i c  r e g i o n  o f  I n d i a  i s  s c a n ty .  H e n c e  t h e



present investigation was taken up including a set of 13 H evea  clones (12 introduced clones 

along with RRII105) with the following objectives:

>  T o  e v a l u a t e  t h e  p e r f o r m a n c e  o f  a  s e t  o f  12 e x o t i c  c l o n e s  in  t h e  lo c a l  a g r o c l i m a t i c  

c o n d i t i o n .

>  T o  e x a m i n e  t h e  g e n e t i c  v a r i a b i l i t y  f o r  y i e l d  a n d  y i e l d  c o m p o n e n t s  a m o n g  th e s e  

c l o n e s  a l o n g  w i t h  i n d i g e n o u s  c l o n e ,  RRII105.

>  T o  a s s e s s  t h e  r e l a t i o n s h i p  b e t w e e n  y i e l d  a n d  f a c t o r s  c o n t r i b u t i n g  t o  y i e l d .

>  T o  s e l e c t  g e n e t i c a l l y  d i v e r g e n t  g e n o t y p e s  f o r  t h e  u t i l i z a t i o n  o f  t h e m  in  t h e  

h y b r i d i z a t i o n  p r o g r a m m e  in  f u t u r e .

>  T o  i d e n t i f y  p r e p o t e n t  c lo n e s  b a s e d  o n  p e r f o r m a n c e  o f  s e e d l i n g  p r o g e n i e s  f o r  

t h e i r  u t i l i z a t i o n  i n  p o l y c l o n a l  s e e d  g a r d e n s .

>  T o  s t u d y  l a t e x  a n d  r u b b e r  p r o p e r t i e s  o f  t h e  a b o v e  13 c lo n e s .

>  T o  identify clones having high yield and desirable secondary attributes in 

comparison with outstanding clone RRII 105.

S e l e c t i o n s  b a s e d  o n  t h e  i n f o r m a t i o n  o b t a i n e d  f r o m  g e n e t i c  s t u d i e s  o n  y i e l d  a n d  

y i e l d  c o m p o n e n t s  c a n  p r o v i d e  b e t t e r  c a n d i d a t e s  in  t h e  c r o p  i m p r o v e m e n t  p r o g r a m m e  in  

t h i s  s p e c i e s .



Plate I. An immature Hevea plantation with cover crop



Plate 2. A view o f the mature Hevea plantation



Plate 3. A mature tree under tapping



(a)

(b)

Plate 4. (a) Radial longitudinal scction o f Hevea bark showing the latex vessel rows

(b) Transverse longitudinal section o f  Hevea bark showing interconnections of 

latex vessels



Chapter 2
R E V IE W  O F  L IT E R A T U R E



REV IEW  OF LITER A TU R E

2.1. Genetic base of Hevea

CZhe g e n e t i c  b a s e  o f  H evea  i s  n a r r o w  ( W y c h e r le y ,  1968; S c h u l t e s ,  1977; A l l e n ,  1984). 

F r o m  t h i s  l i t t l e  g e n e t i c  f o u n d a t i o n  s p e c t a c u l a r  y i e l d  i m p r o v e m e n t  o f  a b o u t  t e n  t i m e s  h a v e  

b e e n  a c h i e v e d  ( V a r g h e s e ,  1992). H o w e v e r ,  r e p o r t s  o f  T a n ,  (1987 ); O n g  a n d  T a n ,  (1987 ); 

S i m m o n d s ,  (1989) e l u c i d a t e  t h a t  t h e  g e n e t i c  a d v a n c e  g a i n e d  in  t h e  e a r l y  b r e e d i n g  p h a s e s  

s e e m s  t o  h a v e  s l o w e d  d o w n  i n  t h e  m o r e  r e c e n t  p h a s e s  o f  b r e e d i n g .  T h e r e  a r e  a  n u m b e r  o f  

f a c t o r s  t h a t  n a r r o w  d o w n  t h e  g e n e t i c  v a r i a t i o n ,  viz., (1) w id e r  a d a p ta t io n  o f  c lo n a l  p r o p a g a t io n  

b y  b u d d i n g  (2) d i r e c t i o n a l  s e l e c t i o n  f o r  y i e l d  (3) a n d  c y c l i c a l  a s s o r t a t i v e  b r e e d i n g  p a t t e r n .  

S u c h  u n i d i r e c t i o n a l  s e l e c t i o n  f o r  y i e l d  o v e r  t h e  y e a r s  i g n o r i n g  t h e  g e n e t i c  v a r i a b i l i t y  w i th  

r e g a r d  t o  s e c o n d a r y  c h a r a c t e r s  ( W y c h e r l e y ,  1969) h a s  r e d u c e d  t h e  g e n e t i c  v a r i a b i l i t y  in  t h e  

p o p u l a t i o n .  I n  g e n e r a t i o n  w i s e  a s s o r t a t i v e  m a t in g  b e s t  g e n o ty p e  in  o n e  g e n e r a t i o n  is  u s e d  a s  

t h e  p a r e n t s  f o r  n e x t  a n d  s o  o n  ( S i m m o n d s  1986a, 1989). S o  th e  p a r e n t a g e  o f  t h e  b e s t  c lo n e s  

c a n  b e  t r a c e d  b a c k  t o  a  l i m i t e d  n u m b e r  o f  p a r e n t  g e n o ty p e s  (T a n ,  1987 a n d  V a r g h e s e ,  1992). 

H o w e v e r ,  e f f o r t s  a r e  i n  p r o g r e s s  t o  b r o a d e n  t h e  g e n e t i c  b a s e  o f  H evea  b y  t h e  i n t r o d u c t i o n  

o f  w i l d  g e r m p l a s m  f r o m  t h e  c e n t r e  o f  o r i g in  a n d  i n t r o d u c t i o n  o f  e x o t i c  c l o n e s .  M o r e o v e r ,  

t h e  h i g h l y  h e t r o z y g o u s  n a t u r e  o f  t h e  c l o n e  c a n  a l s o  b e  e x p l o i t e d  f o r  e n h a n c i n g  t h e  e x i s t i n g  

g e n e t i c  v a r i a b i l i t y .

Hybridization programme between clones in India started in 1954 with the 

available clones introduced earlier into the country (Nair and Panikkar, 196 6 ). So far



around 5700 hybrid seedlings have been produced and about 1500 clones were developed 

(Varghese e ta l , 1990) of which RRn 100 series (Nair and Panikkar, 1966; Nair and George, 1969; 

George e t a l ,  1980 and Nazeer e t a l , 1986), 200 series (Saraswathyamma et a l , 1980) and 

300 series (Premakumari et a l , 1984) are of commercial importance. Among the initial 

selections designated as RRII100 series of clones (Nair and George, 1969) RRII105 is the 

most outstanding clone. Hybridisation and ortet selection are the two conventional breeding 

methods practiced in H evea  that contributed to substantial increase in productivity. The 

identification of variability and successful implementation of bud grafting are the two 

developments that successfully led to the synthesis of early primary clones through ortet 

selection or mother tree selection.

2.2. M ajor yield components

2.2.1. Growth

G r o w t h  i s  o n e  o f  t h e  m o s t  im p o r t a n t  c h a r a c t e r i s t i c s  o f  a  c lo n e ,  n e x t  to  y ie ld .  D u r in g  

t h e  f i r s t  f e w  y e a r s ,  g r o w th  i s  m a i n ly  in  l e n g th ,  a n d  a  r a p i d  in c r e a s e  in  g i r th  b e c o m e s  n o t i c e a b le  

a f t e r  t h e  t r e e s  a r e  a  f e w  y e a r s  o ld .  D i f f e r e n t  c lo n e s  h a v e  d i f f e r e n t  c h a r a c t e r i s t i c  g r o w th  p a t t e r n s  

( P o l h a m u s ,  1962). G i r t h  m e a s u r e m e n t s  a r e  c o n s i d e r e d  a n  i m p o r t a n t  c r i t e r i o n  o f  t a p p a b i l i t y ,  

s i n c e  v i g o r o u s  c l o n e s  e n a b l e  e a r l y  o p e n i n g  o f  t h e  t r e e s  f o r  t a p p i n g  ( O s t e n d o r f ,  1932; 

V o l l e m a  a n d  D i j k m a n ,  1939; D i j k m a n ,  1 9 5 1 ;P e r ie s ,  1970; W e b s t e r  a n d  P a a r d e k o o p e r ,  1989; 

W r ig h t ,  1998). A n n u a l  g r o w th  p a t t e m  o f  r u b b e r  t r e e s  d u r in g  th e  im m a tu r e  a n d  m a tu r e  p h a s e s  h a v e  

b e e n  d i s c u s s e d  in  d e ta i l  (T e m p le to n ,  1 9 68 ,1969 ; P il la y , 1980; W e b s te r  a n d  P a a r d e k o o p e r ,  1989; 

S e t h u r a j  a n d  M a t h e w ,  1992; G e o r g e  a n d  J a c o b ,  2000 ) a n d  t h e  r e l a t i o n s h i p  b e t w e e n  g i r t h  

i n c r e m e n t  r a t e  a n d  r u b b e r  y i e l d  i n  d i f f e r e n t  c l o n e s  h a v e  b e e n  w e l l  e s t a b l i s h e d .  ( N g a  a n d  

S u b r a m a n i a n ,  1974; O n g ,  1981; C h a n d r a s e k a r ,  1994 a n d  T u y ,  1997). In g e n e r a l ,  a  g r o w t h  

r e t a r d a t i o n  i s  o b s e r v e d  d u r i n g  t a p p i n g ,  w h i c h  a l s o  s h o w s  w i d e  c l o n a l  v a r i a t i o n .



Vollema (1941) reported that tapping does retard the growth of the Hevea. However, 

Schweizer (1941) indicated that rubber production in connection with growth increases. 

Annual girth increment showed difference among clones and high yielding clones generally 

showed low girth increment on tapping (Markose, 1984). However, Licy (1997) reported no 

such trend in a set of clones.

Analysis of monthly growth pattern and its duration in 13 H evea  clones from a 

traditional rubber growing tract in India, indicated that the peak growth period is about 

2 months (Jul - Aug) and the active growth period is about 6 months (May - Oct.) 

(Chandrasekar et a l ,  2002). Clonal differences in growth could be mainly attributed to 

genotypic differences. However growth is also determined by other factors like soil, climate, 

planting density, cultural operation etc. A few reports are also available on the monthly 

growth pattern of H evea  trees exposed to long drought and high summer temperature in 

subhumid tropies (Chandrasekar et a l ,  1996; Chandrashekar e t al., 1998 ). The results 

showed that by analysing the growth of rubber, potentially drought tolerant clones can 

be identified.

2.2.3. Physiological components of yield

Harvesting of H evea  is carried out by the controlled wounding of the bark of 

the tree trunk. This process is known as tapping. The standard girth generally accepted 

for commencement of tapping is 50  cm at a height of 125 cm from bud union for all the 

bud-grafted materials.

Sethuraj (1 9 6 8 ,1 9 8 1 ,1 9 7 7 )  identified initial flow rate, plugging index, dry rubber 

content and length of the tapping cut as major physiological yield components in H evea, 

and established the relationship between yield with its major yield components. The



influence of initial flow rate on yield has been established (Sethuraj et a l ,  1974; Yeang and 

Paranjothy, 1982). Sethuraj et al., (1974), Sethuraj (1981) found initial flow rate to be a clonal 

character. Relationship between seasonal variation in initial flow rate and variation in yield 

in different clones of H evea  has been reported (Saraswathyamma and Sethuraj, 1975).

Plugging index is an index that measures the extent of time during which latex 

flows out or it indicates the intensity of flow restriction mechanism operating in the latex 

vessel after tapping (Milford e ta l ,  1969). It is also a major component of yield in H evea. 

Clonal variation in plugging index have been established by Milford et a l, (1969); Paardekooper 

and Somosom (1969); Sefliuraj e ta l , (1974); Saraswathyamma and Sefliuraj, (1975). Yield has been 

found to be positively correlated to the initial flow rate (Paardekooper and Somosom, 1969) 

and negatively correlated to plugging index (Milford et a l ,  1969).

The dry rubber content (DRC) of natural rubber latex, as obtained from the tree, 

varies from 30 to 40% by weight. Clonal characteristics, age of tree, length of tapping cut, 

frequency of tapping, stimulant application, time of tapping, environmental conditions 

etc. are some of the factors that affected DRC of latex (Kang and Hasim, 1982). Seasonal 

variation in yield is a result of volume of latex and not that of mbber content. Paardekooper and 

Sookmook, (1969) have established a negative correlation between yield and rubber content, 

this indicate that high yielding character of a clone is a result of the low plugging and that 

because of the higher extraction of latex the rubber content can be maintained only at a lower 

level under a given regenerative capacity (Sethuraj, 1992). The dry rubber content (DRC) 

of latex varies in different clonal lattices (Ng et a l ,  1979). It is reported that the rubber 

content of latex tends to become higher during the lowest yield periods like summer. 

Generally DRC is highest at the time of first opening and gradually reaches a stable condition.



Wittshire (1934) reviewed the earlier work on DRC variations. Schweizer (1936) noted a decrease 

in DRC during wintering which rapidly regained normal condition. Rebaillier (1972) also 

reported seasonal changes in DRC.

The length of tapping cut is another major component that control yield. The length 

of the tapping cut is determined by the girth of the tree for a given system of tapping 

(Sethuraj, 1992). pH of latex is considered to be an important factor regulating the metabolic 

activity of the laticiferous system and highly significant positive correlations have been 

obtained between pH and latex production under certain conditions (Brozozowska - 

Hanower e? a/., 1979; Cretin e? a/., 1980; Eschback e? a/., 1984).

The factors that influence annual rubber yield from a unit area is determined by the 

average yield tree"* tap'', the number of trees and number of tapping per year (Sethuraj, 1992). 

In India, the period of peak yield is from September to January (Sethuraj, 1992). Seasonal 

variations in yield is being mediated through variation in both initial flow rate and plugging 

index (Milford et a l , 1969; Paardekooper and Somosom, 1969; Saraswathyamma and 

Sethuraj, 1975 and Sethuraj, 1977). It was clearly demonstrated that the effect of drought and 

high temperature is mediated mainly through changes in plugging index than through changes 

in initial flow rate (Ninane, 1970).

The lowest value for rubber content is during monsoon season and highest values 

during dry seasons (drought season), which are the highest and lowest yielding periods 

respectively (Sethuraj, 1992). Negative relations between yield recorded over a period of one 

year and rubber content has been established (Heuser and Holder, 1931; Wittshire, 1934; 

Brozozowska - Hanower et a l , 1979).



It is evident that the annual yield of a clone or clones depends upon the average 

values of initial flow rate, plugging index and dry rubber content through different seasons 

of the year. The environmental factors leading to lower flow rate and higher plugging will 

reduce yield. The variation in rubber content is related to its interaction with plugging and 

the volume of the latex lost. When yield is reduced due to high plugging rubber content 

will increases (Sethuraj, 1992 ). The latex yield is dependent on the rate and duration of latex 

flow (Markose, 1984).

2.2.4. Anatomical components of yield

The major type of laticifers exploited commercially for its latex is secondary 

laticifers distributed in the bark of tree trunk. Bryce and Campbell (1917) have briefly 

illustrated the structure of H evea  bark. The outermost protective layers of tissues are called 

cork cells. Interior to the cork cells, there are two more distinguishable zones, an inner soft 

zone and an outer hard zone. Sclerified stone cells are present in the outer zone, which 

makes this region so harder. The latex vessels in Hevea  appear as concentric rings, alternating 

with layers of phloem cells. The differentiation of laticifers from the cambial cells is a rhythmic 

process and a ring of laticifers is produced each time (Premakumari et a l, 1992). Latex vessels 

are developed by the activity of vascular cambium. Rao (1975), Premakumari et a l , (1981) 

reported that the rate of cambial activity shows seasonal variations. Thomas et a l ,  (2002) 

reported climatic variations have significant influence on cambial rhythm.

The number of latex vessel rings is a clonal character (Sanderson and Sutcliffe, 1921; 

Vischer, 1921,1922 andBobilioff, 1923) and the frequency of laticiter differentiation is genetically 

controlled (Premakumari e t al., 1 9 92 ). Depending upon the clone, age of the tree, growth 

rate, seasonal factors etc. the number of latex vessels varies. Age of the clone is one of



the major factors that determine the frequency of distribution of latex vessel rows in virgin 

bark. Gomez (1 9 8 2 ) reported that in the trees belovi' five years, majority of the laticifer rings 

were concentrated in the first 4  - 5 mm, and only 40%  being in the second. Between five 

and ten years, laticifer rings were concentrated near the cambium and it would be almost 

zero near the eight millimeter and by about 25  years about 75%  of the latex vessel rings 

were oriented at the inner most five millimeter of the bark. Bark is regenerated due to the 

continued activity of vascular cambium. During this process new phloem tissues are produced 

and normal process of laticifer differentiation continues. The protective tissue lost by 

tapping is replaced by the formation and activity of a new phellogen below the cut surface 

(Bobilioff, 1923 ; Panikkar, 1974 ).

Various workers have already established highly significant correlations between 

yield and structural features. Bobilioff (1920 ), La Rue (1921) and Taylor (1926) reported 

significant correlations between yield and number of latex vessel rows in seedling progenies. 

Elaborate studies and yield component analysis proved that the number of latex vessel 

rows is the major single factor related to yield. When this character was related with girth 

and plugging index, that accounted for 75 per cent of the yield variations in young plants. 

A significant correlation between number of latex vessel rows and initial flow rate could 

be identified (Sethuraj e t a l ,  1974b ). Laticifer area and orientation of latex vessel rows are 

reported to be the factors that influence yield of H evea  clones (Premakumari e t a l , (1 9 8 8 ).

2.3. Genetic studies on yield and m ajor yield components

2.3.1. Variability, heritability and genetic advance

The success of any breeding programme usually depends upon the quantum of 

genetic variability present in the materials. The knowledge of genetic variability, heritability



and genetic advance in H evea  is very essential for a breeder to choose desirable parents 

and to decide the correct breeding methodology for crop improvement. Genetic studies in

H. brasiliensis are time consuming, mainly due to the perennial habit of the planting 

materials. Simmonds (1969) reported that most of the differences between family yields 

could be accounted for by additive gene effect. Analysis of variance vî ere carried out on 

yield and girth of seedling progenies of earlier hand pollination (Gilbert e t a l ,  1973; Nga and 

Subramanian, 1974; Tan e? a/., 1975; Tan, 1975; Alika, 1980 and Liang e? a/., 1980). In analysis 

of variance, magnitudes of sum of squares of relevant terms as well as variance components 

are used to quantify sources of variation.

The economically important characters like yield and components of yield are not 

determined by a single gene but it is polygenically controlled. To ascertain the influence of 

genes and various nongenic factors, detailed biometrical study is essential. However this 

is relatively limited. The knowledge of the phenotypic variance of a trait and its separation 

into genetic and environmental components is useful for helping breeders to design an 

effective selection method. Genotypic coefficient of variation indicates the relative magnitude 

of genetic diversity present in the material and helps to compare the genetic variability 

present for different characters. Mydin (1992) reported high genetic variability for volume 

of latex under stress, plugging index under stress, annual mean dry rubber yield, and dry 

rubber yield during stress and peak periods was indicated by high estimates of genotypic 

coefficient of variation. Markose (1984) reported high genotypic coefficient of variation 

for dry rubber yield, latex volume, bark thickness and latex vessel rows, however, DRC 

showed low GCV. Licy et a l , (1992) indicated high GCV for total volume of latex and lowest 

for bark thickness, among a set of 23 hybrid clones. Licy (1997) reported that the phenotypic



coefficient of variation was higher than genotypic coefficient of variation for all the 

characters studied. However it was closer for most of the characters suggesting less 

environmental influence. Moderate to high GCV is observed for the annual mean dry rubber 

yield, summer yield, peak yield, volume of latex, girth increment rate, number of latex 

vessel rows in virgin, and renewed bark, rate of latex flow and plugging index.

Heritability, is useful for comparing and improving the efficiency of selection methods. 

It is mathematically defined as the ratio between the additive variance (cĵ A) and the phenotypic 

variance (oP̂ ). Varying levels of heritability for yield and major yield components has already 

been reported (Liang e t a l , 1980; Alika, 1982; Markose, 1984; Mydin, 1992 and Licy, 1997). 

It estimates the degree of resemblance between offsprings and parents. Heritability decreases 

with the increase in environmental component of variance for the character under selection 

(Varghese, 1992). The major functions of heritability estimates are to provide information on 

transmission of character from the parent to the progeny. Such estimates facilitate evaluation 

of hereditary and environmental effects in phenotypic variation and thus aid in selection. 

Heritability estimate can be used to predict genetic advance under selection so that breeder 

can anticipate improvement from different types and intensities of selection. Information in 

advanced generations on estimates of heritability and genetic advance on rubber yield and 

its components in H evea is very limited (Simmonds, 1986a). Genetic advance under selection 

can be estimated from the given heritability value (Alika, 1982; Simmonds, 1989). Tan and 

Subramanian (1976) established additive inheritance for several seedling characters in the 

nursery. Gilbert et a l ,  (1973) and Nga and Subramanian (1974) noted that yield and girth 

variation can be largely accounted for by additive genetic variation.



Markose (1984) reported that broad sense heritability was high for dry rubber yield, 

latex volume, bark thickness and number of latex vessel rows. Mydin (1992) reported that 

additive gene effects offering scope for improvement through selection was indicated for 

dry rubber yield, latex flow rate and volume of latex girth increment rate, annual plugging 

index, plugging index under stress by the moderate to high heritability estimates along 

with high genetic advance for these traits. Non-additive gene action was indicated by the 

high heritability and low genetic advance for dry rubber content during the three periods, 

girth and bark thickness. Licy et a l ,  (1992), reported that nature and magnitude of genetic 

variability, heritability and heterosis were assessed in 23 Fl hybrid clones, derived from the
r '  V

cross between RRII105 and RRIC100 o f H evea brasiliensis at premature phase. IS^an annual 

yield exhibited a high heritability with high genetic advance. Licy (1997) reported high 

heritability coupled with high genetic advance observed for some of the economic traits 

like dry rubber yield, volume of latex, rate of flow.

2.3.2. Genetic divergence

Multivariate analysis by means of Mahalanobis statistic has been recognized as a 

powerful tool in the hands of breeders to quantify the degree of divergence between genotypes, 

biological population at genotypic level.

Based on analysis for yield and various yield components a set of mature 

Wickham clones were grouped in to eight (Markose, 1984; Mydin et al., 1992) and nine 

(Abraham e t al., 1997) genetically divergent clusters. Considerable genetic diversity was 

revealed by the wide range of values and intra and inter cluster distances. The forty 

clones were grouped into genetically divergent clusters irrespective of their country of



origin indicating the absence of any relationship between geographic diversity and genetic 

divergence (Markose, 1984; Mydin e t a l , 1992).

2.3.3. Association of characters

The component traits are not independent in their action but are interlinked and in 

this complex genetic system, selection practiced for an individual trait might subsequently 

bring about a simultaneous change in the other. Thus an understanding of the association 

among component trait is essential to bring a rational improvement. Breeders regularly have 

to improve two or more traits simultaneously, such as high yield with desirable secondary 

attributes. Such traits often show correlated response.

A knowledge of the association of quantitative traits, especially of yield and its 

attributes will be of immense practical value in crop breeding programme. Selection pressure 

can be profitably exerted on any of these easily discernible characters having close association 

with yield (Kamalam et a l , 1978). Correlation studies between various yield components at 

nursery stage have established the influence of vigour, bark thickness and number of latex 

vessel rows on the yield of H evea  clones (Ho et a l ,  1973; Narayanan and Ho, 1973).

G r a n t h a m  (1925) a n d  H e u s s e r  a n d  H o l d e r  (1931) f o u n d  a  n e g a t i v e  c o r r e l a t i o n  b e t w e e n  

y i e l d  a n d  d r y  r u b b e r  c o n t e n t .  L e e  a n d  T a n  (1979) f o u n d  a  c l o s e  a s s o c i a t i o n  b e t w e e n  d a i l y  

l a t e x  v o l u m e  a n d  y i e l d  o f  r u b b e r  a n d  s u g g e s t e d  t h a t  l a t e x  v o l u m e  w a s  a  d o m i n a n t  f a c t o r  

d e t e r m i n i n g  y i e l d .  C o r r e l a t i o n s  b e t w e e n  y i e l d  a n d  m o r p h o l o g i c a l  c h a r a c t e r i s t i c s  o f  t h e  

p l a n t i n g  m a t e r i a l s  h a v e  b e e n  a t t e m p t e d  b y  v a r i o u s  w o r k e r s  ( W h i tb y ,  1919; S a n d e r s o n  a n d  

S u t c l i f f e ,  1929; D i j k m a n  a n d  O s t e n d o r f ,  1929; G i l b e r t  e r a / . ,  1973; N a r a y a n a n  e f  a / . ,  1973; L e e  

a n d  T a n ,  1979; L i a n g  e ta l ,  1980; L iu ,  1980; F i l h o  e ta l ,  l 9 8 2 ; H a m a z a h  a n d  G o m e z ,  1982 a n d  

P a v i a  e ta l ,  1982 ). L i c y  (1997) r e p o r t e d  t h a t  g e n o t y p i c  c o r r e l a t i o n  i n  g e n e r a l  w a s  h i g h e r  t h a n



phenotypic correlations in most of the cases, among the 18 characters studied, most of the 

correlations were found to be in the positive direction. At both phenotypic and genotypic 

level, summer yield, peak yield, volume of latex, number of latex vessel rows in both virgin 

and renewed bark and virgin bark thickness exhibited high positive association with annual 

mean dry rubber yield. The above characters in turn showed high positive association among 

themselves too. This suggests the scope for simultaneous improvement of these traits by 

selection, which in turn will improve yield as well. A positive correlation between initial flow 

rate of latex and number of latex vessel rows in a population of cross-pollinated families was 

estimated (Sethuraj e ta l ,  1984).

From the correlation studies it has been reported that yield and girth are related to 

each other and in general positively correlated (Narayanan and Ho, 1973; Liu, 1980 ). 

Significant positive correlations of dry rubber yield with volume of latex, latex vessel 

rows and virgin bark thickness have been reported (Wycherley, 1969; Narayanan et a l ,  1974 

and Markose, 1984). A negative correlation of girth increment with rubber yield has been 

observed (Narayanan e t al., 1973) for trees under tapping where the plant assimilates are 

partitioned in favour of latex formation rather than growth, particularly in case of clone 

having high yield potential.

Markose (1984) and Mydin (1992) reported that yield was positively and significantly 

correlated with latex volume, bark thickness, and number of latex vessel rows. The 

correlations of bark thickness and latex vessel rows with yield were found mediated through 

volume of latex at both genotypic and phenotypic levels, annual mean dry rubber yield 

showed moderate to high positive correlation with dry rubber yield during the stress and 

peak periods, volume of latex, dry rubber content and latex flow rate during the various



s e a s o n s ,  g i r t h ,  g i r t h  i n c r e m e n t  r a t e ,  l e n g t h  o f  t a p p i n g  p a n e l  a n d  b a r k  t h i c k n e s s  a n d  n e g a t i v e  

c o r r e l a t i o n s  w i t h  y i e l d  d e p r e s s i o n  u n d e r  s t r e s s  a n d  p l u g g i n g  in d e x  d u r i n g  t h r e e  p e r i o d s .

2.4. Latex and rubber properties

T h e  c h e m i c a l  c o m p o s i t i o n  o f  f r e s h l y  t a p p e d  H evea  l a t e x  is  c o m p l e x  c o m p a r e d  to  

s y n t h e t i c  l a t t i c e s .  T h i s  i s  b e c a u s e  H evea  l a t e x  is  a  c y t o p l a s m .  I n  a d d i t i o n  t o  t h e  r u b b e r  

h y d r o c a r b o n  H evea  l a t e x  c o n t a i n s  a  l a r g e  n u m b e r  o f  n o n - r u b b e r  c o n s t i t u t e s  i n  s m a l l  

q u a n t i t i e s .  M a n y  o f  th e s e  a r e  d i s s o lv e d  i n  t h e  a q u e o u s  s e r u m  o f  t h e  la t e x ,  o th e r s  a r e  a d s o r b e d  

a t  t h e  s u r f a c e  o f  t h e  r u b b e r  p a r t i c l e s  a n d  s o m e  a r e  t h e  n o n - r u b b e r  p a r t i c l e s  s u s p e n d e d  in

the latex. A typical composition of fresh latex is as follows.

Total Solid Content -  41 .5%

Dry R u b b e r  C o n t e n t  -  36%

P r o t e i n  -  1.4%

Neutral lipids - 1.0%

Phospholipids - 0.6%

Ash -  0 .5%

Inositol and Carbohydrates - 1.6%

O t h e r  N i t r o g e n  c o m p o u n d s  -  0 .3%

W a t e r  -  58 .5%

T h e r e  a r e  3 m a j o r  p a r t i c u l a r  c o m p o n e n t s  s u s p e n d e d  i n  a n  a m b i e n t  s e r u m .  T h e y  

a r e  t h e  r u b b e r  p a r t i c l e s ,  l u t o i d s  a n d  t h e  F r e y - W y s s l in g  p a r t i c l e s .  R u b b e r  p a r t i c l e s  c o n s t i t u t e  

25  - 45%  o f  t h e  v o l u m e  o f  t h e  l a t e x  in  f r e s h  l a t e x .  T h e  r u b b e r  p a r t i c l e s  in  f r e s h  l a t e x  a r e  

p r o t e c t e d  b y  a  c o m p l e x  f i l m  c o n t a i n i n g  p r o t e i n s  a n d  l i p i d s .  T h e  r u b b e r ,  c o n t a i n e d  i n  t h e  

p a r t i c l e s ,  i s  n o n  w a t e r  -  s o l u b l e  a n d  o c c u r s  a s  m o l e c u l a r  a g g r e g a t e s .



N a t u r a l  r u b b e r  l a t e x  i s  a  m i l k y  l i q u i d  t h a t  c o n s i s t s  o f  e x t r e m e l y  s m a l l  p a r t i c l e s  o f  

r u b b e r  s u s p e n d e d  o r  d i s p e r s e d  in  a n  a q u e o u s  m e d i u m .  I t  i s  o b t a i n e d  f r o m  a  g r e a t  v a r i e t y  o f  

p l a n t s ,  hwiHevea brasilensis i s  t h e  o n ly  c o m m e r c i a l  s o u r c e  o f  l a t e x .  T h e  c h e m i c a l  s t r u c t u r e  

o f  n a t u r a l  r u b b e r  i s  c i s - 1 ,4 - p o l y i s o p r e n e ,  i t  i s  a  h i g h  m o l e c u l a r  w e i g h t  p o ly m e r .  I n  a d d i t i o n  

t o  t h e  p u r e  r u b b e r  h y d r o c a r b o n ,  n a t u r a l  r u b b e r  c o n t a i n s  v a r i o u s  o t h e r  s u b s t a n c e s  l i k e  

p r o t e i n s ,  f a t s  a n d  f a t t y  a c id s  c a r b o h y d r a t e s ,  m i n e r a l  m a t t e r  e t c .  A l l e n  a n d  B lo o m f i e l d  (1963) 

r e p o r t e d  t h e  h y d r o c a r b o n  c o n t e n t  i s  a b o u t  94% . T h e  p r e s e n c e  o f  n o n - r u b b e r  s u b s t a n c e s ,  

t h o u g h  t h e y  a r e  i n  s m a l l  c o n c e n t r a t i o n s ,  i s  r e p o r t e d  to  i n f l u e n c e  t h e  c h e m i c a l  a n d  p h y s i c a l  

p r o p e r t i e s  o f  t h e  h y d r o c a r b o n  p o ly m e r .  T h e  p r o p e r t i e s  o f  n a t u r a l  r u b b e r  d e p e n d  u p o n  t h e  

s t a t e  o f  c r o s s - l i n k i n g .  I t  h a s  r e p o r t e d  t h a t  t h e  c i s  c o n t e n t  o f  t h e  p o l y m e r  i n  NR i s  to  b e  

a l m o s t  100 p e r  c e n t .  H o w e v e r  T a n a k a ,  (1985) r e p o r t e d  t h e  p r e s e n c e  o f  a b o u t  t h r e e  t r a n s  u n i t  

p e r  c h a i n .

T h e  u l t i m a t e  o b j e c t i v e  o f  Hevea b r e e d i n g  i s  t o  i m p r o v e  t h e  y i e l d  p o t e n t i a l  a n d  

e c o n o m i c a l l y  im p o r t a n t  s e c o n d a r y  c h a r a c t e r s .  B u t  s e l e c t i o n s  o f  g e n o ty p e s  h a v i n g  l a t e x  w i th  

g o o d  t e c h n o l o g i c a l  p r o p e r t i e s  a r e  a l s o  i m p o r t a n t  in  p r e s e n t  s c e n a r io .  S o m e  te c h n o l o g ic a l  

c h a r a c t e r s  o f  r u b b e r  s u c h  a s  i t ’s  v i s c o s i ty  o r  p la s t i c i t y  r e t e n t i o n  in d e x  (PRI) c o u ld  b e  a  s e l e c t i o n  

t a r g e t  i f  i m p r o v e m e n t  w e r e  d e e m e d  e c o n o m i c a l l y  ( D e m a n g e  et a l,  2001). A t  p r e s e n t  t h e  

s e l e c t i o n  i s  b a s e d  m a i n l y  o n  b i o l o g i c a l  c h a r a c t e r i s t i c s  s u c h  a s  y i e l d  o f  l a t e x ,  g i r t h  a n d  

r e s i s t a n c e  t o  d i s e a s e  a n d  w i n d  d a m a g e .  H o w e v e r  a  h i g h  y i e l d i n g  c l o n e  w i t h  v i g o r o u s  

g r o w t h  a n d  r e s i s t a n c e  t o  m a l a d i e s  n e e d  n o t  a l w a y s  p r o d u c e  l a t e x  a n d  r u b b e r  o f  d e s i r a b l e  

p r o p e r t i e s .  A  s t u d y  o f  t h e  p r o p e r t i e s  o f  t h e  c l o n a l  r u b b e r s  i s  o f  i m p o r t a n c e  b e c a u s e  p r o p e r  

u n d e r s t a n d i n g  o f  t h e s e  c h a r a c t e r s  w i l l  e n a b l e  p l a n t  b r e e d e r s  t o  c o n s i d e r  r e l a t e d  p r o p e r t i e s



i n  t h e i r  c h o i c e  o f  c l o n e s  f o r  p l a n t i n g .  M o r e  e m p h a s i s  i s  n o w  b e i n g  p l a c e d  o n  t h e  p r o p e r t i e s  

o f  t h e  l a t e x  a n d  r u b b e r  o b t a i n e d  f r o m  i n d i v i d u a l  c lo n e s .  F u l l e r  (1988) r e p o r t e d  t h a t  a  m a j o r  

s o u r c e  o f  v a r i a b i l i t y  w i t h i n  a n d  b e t w e e n  n a t u r a l  r u b b e r  g r a d e s  i s  p r o b a b l y  t h e  d i f f e r e n c e  

i n  t h e  p r o p e r t y  o f  t h e  l a t e x  d e r i v e d  f r o m  d i f f e r e n t  c lo n e s .  S e v e r a l  p r o p e r t i e s  o f  c l o n a l  

l a t t i c e s  h a v e  b e e n  s t u d i e d  a n d  d o c u m e n t e d  ( S u b r a m a n i a n ,  1975). T h e  p h y s i c a l  p r o p e r t i e s  

o f  c l o n a l  r u b b e r  h a v e  b e e n  l e s s  e x a m i n e d .  D i f f e r e n t  c l o n e s  h a v e  d i f f e r e n t  c h a r a c t e r i s t i c s  

a n d  g i v e  r u b b e r  w i t h  d i f f e r e n t  p r o p e r t i e s .  T h e  c o l o u r  a n d  c o m p o s i t i o n  o f  t h e  l a t e x  a n d  t h e  

p l a s t i c i t y  o f  t h e  r u b b e r  t e n d  to  b e  u n i f o r m  w i t h i n  a  c l o n e  a n d  d i f f e r e n t  f o r  d i f f e r e n t  c l o n e s  

( M a r t i n ,  1 9 61 ). S e a s o n a l  f a c t o r s  a n d  s o i l  c h a r a c t e r i s t i c s  c o u l d  a l s o  a f f e c t  b o t h  t h e  q u a n t i t y  

a n d  c o m p o s i t i o n  o f  t h e  l a t e x  ( E b i  a n d  K o l a w o l e ,  1992). R e p o r t s  o n ,  s y s t e m a t i c  s t u d y  o f  

l a t t i c e s  a n d  r u b b e r  p r o p e r t i e s  o f  d i f f e r e n t  c l o n e s  a r e  s c a n ty .

2.5. M olecular m arkers

M o l e c u l a r  m a r k e r s  h a v e  a  g r e a t  p o t e n t i a l  f o r  p l a n t  b r e e d i n g  a s  i t  p r o m i s e s  to  

e x p e d i t e  t h e  t i m e  t a k e n  t o  p r o d u c e  c r o p  v a r i e t i e s  w i t h  d e s i r a b l e  c h a r a c t e r s .  T h e  e f f i c i e n c y  

o f  c o n v e n t i o n a l  p l a n t  b r e e d i n g  i s  g r e a t l y  i m p r o v e d ,  a s  t h e  s e l e c t i o n  i s  b a s e d  n o t  d i r e c t l y  

o n  t h e  t r a i t  b u t  o n  m o l e c u l a r  m a r k e r s  l i n k e d  to  t h a t  t r a i t .  I n  Hevea, s t u d i e s  o n  t h e  a p p l i c a t i o n  

o f  m o l e c u l a r  m a r k e r s  h a v e  b e e n  i n i t i a t e d  a n d  a  f e w  r e p o r t s  o n  t h e  p o t e n t i a l  u s e  o f  t h i s  

p o w e r f u l  t e c h n i q u e  a r e  a v a i l a b l e .  M o l e c u l a r  m a r k e r s  l i k e  i s o z y m e  h a v e  b e e n  u t i l i z e d  f o r  

v a r i o u s  p u r p o s e s  i n  p l a n t  b r e e d i n g .

I s o z y m e s  a r e  m u l t i p l e  f o r m s  o f  a n  e n z y m e  t h a t  d i f f e r e d  b y  m i n o r  v a r i a t i o n s  i n  a m i n o  

a c id  c o m p o s i t i o n  r e a c t io n ,  b u t  e x h ib i t  d i f f e r e n t  p h y s i c a l  o r  k in e t i c  p r o p e r t i e s .  B e r g m a n  (1987); 

C o u s i n e a u  a n d  D o n n e l l y  (1992); G r a n g e r  et a l,  (1992) r e p o r t e d  t h a t  i s o z y m e s  c a n  p r o v i d e  

u s e f u l  i n f o r m a t i o n  a t  t h e  g e n o m i c  l e v e l  a n d  a r e  w id e ly  u s e d  to  id e n t i f y  a n d  d i s c r im in a t e



c u l t iv a r s  i n  m a n y  a g r i c u l t u r a l  a n d  h o r t i c u l tu r a l  c r o p  s p e c ie s .  S r e e l a th a  et al, (1993) u t i l i z e d  

i s o z y m e  p o ly m o r p h i s m  f o r  th e  id e n t i f ic a t io n  o f  d i f f e r e n t  c y to ty p e s  o f  Hevea brasiliensis.

T h e  c h a r a c t e r i z a t i o n  a n d  id e n t i f i c a t i o n  c a n  b e  c a r r i e d  o u t  o n  t h e  b a s i s  o f  p h e n o t y p i c  

d i f f e r e n c e s  o f  e l e c t r o p h o r e t i c  b a n d i n g  p a t t e r n s .  T h e  a d v a n t a g e  o f  i s o z y m e s  i s  t h a t  t h e s e  

p a t t e r n s  c a n  u s u a l l y  b e  i n t e r p r e t e d  i n  t e r m s  o f  l o c i  a n d  a l l e l e s .  T h e  p h e n o t y p i c  a p p r o a c h  

f o r  c h a r a c t e r i z i n g  a n d  c o m p a r i n g  p o p u la t i o n s  h a s  b e e n  c r i t i c i z e d  b e c a u s e  i t  d o e s  n o t  p r o v i d e  

g e n o m e  i n f o r m a t i o n  ( C r a w f o r d ,  1983; S i m p s o n  a n d  W i t h e r s ,  1986 ). T h e r e f o r e ,  i s o z y m e s  

a r e  i d e a l  g e n e t i c  m a r k e r s  w h e n  e s t i m a t i n g  g e n e t i c  v a r i a b i l i t y  a n d  p l a n t  p o p u l a t i o n .  T h e  

a d v a n ta g e s  o f  i s o z y m e s  o v e r  o t h e r  b io c h e m ic a l  m a r k e r s  a r e  ( a )  a l l e l i c  e x p r e s s io n  is  g e n e r a l ly  

c o - d o m i n a n t ,  f r e e  o f  e p i s t a t i c  i n t e r a c t i o n  a n d  u s u a l l y  u n c h a n g e d  b y  e n v i r o n m e n t a l  e f f e c t s

( b )  a l l e l e s  o f  d i f f e r e n t  lo c i  a r e  g e n e r a l l y  d i s t i n g u i s h a b l e  ( c )  e n z y m a t i c  s y s t e m s  to  b e  s t u d i e d  

a r e  u s u a l l y  c h o s e n  f o r  t e c h n i c a l  r e a s o n s  i n d e p e n d e n t  o f  t h e i r  l e v e l  o f  g e n e t i c  v a r i a b i l i t y ,  a s  

a  r e s u l t  o f  t h i s  t h e y  c a n  r e p r e s e n t  a  r a n d o m  s a m p l e  o f  t h e  g e n o m e  ( d )  a l l e l i c  d i f f e r e n c e s  a r e  

a lw a y s  d e t e c t e d  a s  m o b i l i t y  d i f f e r e n c e  in d e p e n d e n t  o f  t h e  f u n c t io n i n g  a n d  l e v e l  o f  v a r i a b i l i t y  

o f  e a c h  e n z y m e  s y s t e m .

G e n e t i c  d iv e r s i t y  a m o n g  w i l d  a n d  c u l t i v a t e d  p o p u la t i o n s  o f  Hevea w a s  a s s e s s e d  

u s i n g  i s o z y m e s  (Y e a n g  et a l,  1998). I s o z y m e s  c a n  b e  u t i l i z e d  f o r  t h e  i d e n t i f i c a t io n  o f  c u l t iv a r s ,  

( Y e e t  et a l,  1977), p r o v i d e  i n f o r m a t i o n  o n  t h e  o r g a n i s a t i o n  o f  g e n e  p o o l  i n  a  la r g e  n u m b e r  o f  

s p e c i e s  ( G o t t i l e b ,  1981). I s o z y m e  m a r k e r s  a r e  u t i l i z e d  in  Hevea b r e e d i n g  p r o g r a m m e s  s u c h  a s  

t h e  a s s e s s m e n t  o f  g e n e t i c  d iv e r s i t y  a n d  r e la te d n e s s  ( C h e v a l l i e r  et al., 1985; C h e v a l l i e r ,  1988; 

B e s s e  et al., 1994) e s t i m a t i o n  o f  o u t c r o s s i n g  r a t e s  ( S u n d e r a s a n  et a l,  1994) a n d  c l o n e  

i d e n t i f i c a t i o n  ( L e c o n t e  et a l,  1994).



T h e  p o t e n t i a l  u s e  o f  i s o z y m e s  in  t r e e  b r e e d i n g  p r o g r a m m e  ( A d a m s ,  1983) h a s  n o t  

b e e n  e x p lo i t e d .  T h i s  t e c h n i q u e  is  u s e d  f o r  t h e  c o n f o r m i t y  o f  t h e  p l a n t in g  m a t e r i a l s  in  t h e  b u d  

w o o d  g a r d e n s  ( Y e a n g ,  1988; L e c o n a t e  et a l, 1994). I s o z y m e s  o f f e r  m o s t  r e l i a b l e  s i n g l e  g e n e  

m a r k e r s  a n d  t h e y  a r e  o f t e n  c o d o m i n a n t  in  i n h e r i t a n c e  ( A r u l s e k a r  a n d  P a r f i t t ,  1986).

T a n k s l e y  a n d  O r t o n  (1983 ), N i e l s e n  (1984), S i m p s o n  a n d  W i t h e r s  (1986), K a h l e r  a n d  

P r i c e  (1987), C h a p m a n  (1989), H a m r i c k  a n d  G o d t  (1990) e tc .  r e v i e w e d  p l a n t  i s o z y m e s  d e a l i n g  

w i th  c r o p  p o p u la t io n ,  g e n e t i c  v a r i a b i l i ty  a n d  c h a r a c te r i z a t io n .  I n  a d d i t io n  to  th e  c h a r a c t e r i z a t io n  

a n d  id e n t i f i c a t io n  o f  c u l t iv a r s  v a r i e t i e s  a n d  n a tu r a l  p o p u la t io n ,  i s o z y m e  e le c t r o p h o r e s i s  is  u s e d  

f o r  ( a )  v a r i e ta l  u n i f o r m i ty  a s s e s s m e n t  (A r u s ,  1983) (b )  p h y lo g e n e t ic  s tu d ie s  ( C r a w f o r d ,  1983; 

S im p s o n  a n d  W i th e r s ,  1986) ( c )  e s t im a t io n  o f  m a t in g  s y s te m  a n d  s e le c t io n  p a r a m e te r s  ( T a n k s le y  

a n d  O r to n ,  1983; B r o w n  et a l,  1990) (d )  e v a lu a t io n  o f  s e a s o n a l  v a r i a t i o n  ( E v a n s  a n d  S h a r p ,  

1986 ) a n d  ( e )  g e n e t i c  l i n k a g e  m a p p i n g  ( T a n k s l e y ,  1983; A l l a r d ,  1990 a n d  1999).

T h o u g h  I s o z y m e s  a r e  t h e  p o w e r f u l  t o o l  f o r  t h e  c h a r a c t e r i z a t i o n  a n d  e s t i m a t i o n  o f  

g e n e t i c  d iv e r g e n c e ,  t h e y  h a v e  c e r t a in  l im i ta t io n s  i n  p l a n t  b r e e d i n g .  T h e  tw o  m a j o r  d r a w b a c k s  

i n  u s i n g  i s o z y m e s  a n d  p r o t e i n  a s  m a r k e r s  a r e  (1) n o t  a l l  t h e  g e n e t i c  c h a n g e s  o c c u r r i n g  a t  

t h e  DNA l e v e l  a r e  d e t e c t e d  a t  t h e  p r o t e i n  l e v e l  (2) o n l y  o n e  s e t  o f  s t r u c t u r a l  g e n e s  o f  

o r g a n i s a t i o n  a r e  r e p r e s e n t e d  i n  t h e s e  p r o t e i n s  a n d  t h i s  s e t  m a y  n o t  b e  r e p r e s e n t a t i v e  o f  t h e  

w h o l e  g e n o m e .  A n o t h e r  l i m i t i n g  c h a r a c t e r i s t i c  o f  i s o z y m e  s y s t e m s  i n  p o p u l a t i o n  s t u d i e s  

i s  t h e  r e l a t i v e  l o w  n u m b e r ,  w h i c h  c a n  b e  o b s e r v e d  b y  g e l  e l e c t r o p h o r s i s .  O f  a b o u t  3000 

e n z y m e s  k n o w n  i n  p l a n t s ,  o n l y  a b o u t  60 h a v e  b e e n  a n a l y z e d  f o r  i s o z y m e  p o l y m o r p h i s m  

( V e lle jo s ,  1983) l i s t e d  57 d i f f e r e n t  i s o z y m e  s y s te m . I s o z y m e s  a r e  a ls o  in f lu e n c e d  b y  e n v i r o n m e n t  

a n d  d e v e l o p m e n t .



DNA m a r k e r s  a r e  c o n s i d e r e d  t o  b e  s u p e r i o r  t o  e x a m i n e  t h e  g e n e t i c  r e l a t i o n s h i p  

b e t w e e n  c l o n e s  /  c u l t i v a r s  b e c a u s e  o f  t h e  a v a i l a b i l i t y  o f  a  l a r g e r  n u m b e r  o f  p o t e n t i a l  

p o l y m o r p h i c  s e q u e n c e s .  T h e s e  m a r k e r s  d o  n o t  d e p e n d  o n  e n v i r o n m e n t  a n d  d e v e lo p m e n t .  

T h e s e  in c l u d e  r e s t r i c t i o n  f r a g m e n t  l e n g th  p o ly m o r p h i s m  (RFLP), s im p le  s e q u e n c e  r e p e a t s  (SSR) 

a n d  r a n d o m  a m p l i f i e d  p o l y m o r p h i c  DNA (RAPD). T h e s e  t e c h n i q u e  d i f f e r  in  t h e i r  p r i n c i p l e s  

a n d  g e n e r a t e  v a r y i n g  a m o u n t s  o f  in f o r m a t io n  ( D a s  e? al, 1999). D e te c t io n  o f  DNA p o ly m o r p h i s m  

b y  PCR b a s e d  RAPD g a in e d  m o r e  im p o r t a n c e  d u e  to  i t s  s im p l ic i ty ,  e f f ic i e n c y ,  r e l a t i v e ly  e a s y  to  

p e r f o r m  a n d  n o n - r e q u i r e m e n t  o f  p r i o r  DNA s e q u e n c e  in f o r m a t io n  ( V e n k a ta c h a l a m  et al, 2002). 

R e c e n t l y  t h e  a p p l i c a b i l i t y  o f  RAPD m a r k e r s  f o r  g e n e t i c  a n a ly s i s  in  Hevea w a s  e v a lu a te d  in  a  s e t  

o f  24 c lo n e s  f r o m  t h e  b r e e d i n g  p o o l  o f  RRII (V a rg h e s e  et al, 1997). A m o n g  d i f f e r e n t  c l o n e s  

s e l e c t e d  RRIC100 d i s p l a y e d  t h e  h i g h e s t  m e a n  g e n e t i c  d i s t a n c e .  U s e  o f  t h i s  c l o n e  a s  a  p a r e n t  

i n  h y b r i d i z a t i o n  p r o g r a m m e s  h a s  r e s u l t e d  i n  h i g h l y  h e t e r o t i c  h y b r i d s  ( L i c y  et a l,  1996).

A p p l i c a t io n  o f  m o l e c u l a r  to o l s  in  m b b e r  t r e e  im p r o v e m e n t  i s  l a g g i n g  b e h i n d  b e c a u s e  

o f  l i m i t e d  k n o w l e d g e  o f  t h e  g e n o m e .  T h e  g e n e t i c s  o f  t h e  r u b b e r  t r e e  h a s  b e e n  p o o r l y  

i n v e s t i g a t e d  ( L e s p i n a s s e  et a l,  2000). I n  Hevea t h e  l o n g  j u v e n i l e  p e r i o d  w o u l d  m a k e  RAPD 

m a r k e r s  a n  e x t r e m e l y  u s e f u l  t o o l  f o r  i d e n t i f i c a t i o n  o f  c u l t i v a r s  d u r i n g  p r o p a g a t i o n  a n d  

p l a n t i n g  ( V a r g h e s e  e ta l,  1997).

A  v a r i e t y  o f  m o l e c u l a r  t e c h n i q u e s  h a v e  b e e n  u s e d  to  s t u d y  t h e  e x t e n t  o f  t h e  g e n e t i c  

v a r i a t i o n  b e t w e e n  d i f f e r e n t  w i l d  a n d  c u l t i v a t e d  Hevea  c l o n e s .  A m o n g  t h e  d i f f e r e n t  

t e c h n i q u e s ,  i s o z y m e s  a n d  RFLP w e r e  u s e d  f o r  t h e  a s s e s s m e n t  o f  g e n e t i c  v a r i a b i l i t y  b e t w e e n  

w i l d  a n d  c u l t i v a t e d  p o p u l a t i o n  ( C h e v e l l i e r ,  1988 a n d  B e s s e  et a l,  1994) a n d  RFLP w a s  u s e d  

to  e s t i m a t e  p h y l o g e n e t i c  r e l a t i o n s h ip  f r o m  m i t c h o n d r i a l  DNA ( L u o  et a l, 1995) a n d  t o  a s s e s s  

t h e  g e n e t i c  v a r i a b i l i t y  f r o m  r i b o s o m a l  DNA ( B e s s e  et al, 1993). G e n e s  f o r  p o w d e r y  m i ld e w



r e s i s t a n c e  w a s  i d e n t i f i e d  b y  th e  RAPD a n a ly s i s  ( S h o u c a i  et a l , 1994). V a r g h e s e  et a l ,  (1997) 

a l s o  r e p o r t e d  t h a t  DNA p o l y m o r p h i s m  c o u l d  b e  d e t e c t e d  w i t h i n  24 H evea  c lo n e s .  R e c e n t l y ,  

L e s p i n e s s e  e t a l ,  (2000) e s t a b l i s h e d  t h e  f i r s t  g e n e t i c  m a p  o f  H evea brasiliensis u s i n g  RFLP, 

ALFP, m i c r o s a t i l l i t e  &  i s o z y m e  m a r k e r s .  T h e  r e s u l t s  o f  DNA p o l y m o r p h i s m  in  37 c u l t i v a t e d  

H evea  c l o n e s  u s i n g  RAPD a n a ly s i s  in v o l v in g  80 r a n d o m  o l i g o n u c le o t id e  p r i m e r s  a r e  r e p o r t e d  

b y  V e n k a t a c h a l a m  e t a l ,  (2002). T h e  o b s e r v e d  p o l y m o r p h i s m  m a y  b e  u s e f u l  f o r  d e v e l o p i n g  

m o l e c u l a r  m a r k e r s  h e l p f u l  f o r  s c r e e n i n g  v a r i o u s  t r a i t s  i n  H evea  i m p r o v e m e n t  p r o g r a m m e s .  

E v e n  t h o u g h  m o r p h o lo g i c a l  t r a i t s  a r e  a l s o  c o m m o n ly  u s e d  to  d e t e r m i n e  g e n e t i c  r e l a t i o n s h ip s ,  

t h e y  d o  n o t  p r o v i d e  g o o d  e s t i m a t e s  o f  g e n e t i c  d i s t a n c e  b e c a u s e  t h e y  a r e  i n f l u e n c e d  b y  

e n v i r o n m e n t  a n d  a r e  n o t  v a r i a b le  e n o u g h  to  a d e q u a te ly  c h a r a c t e r i z e  g e n e t i c  d i f f e r e n c e s  a m o n g  

e l i t e  g e n o ty p e s .

2.6. Progeny analysis

T h e  p r o p a g a t i o n  o f  H evea brasiliensis i s  c a r r i e d  o u t  u s i n g  s e e d s  o r  v e g e t a t i v e  

p a r t s .  E a r l i e r  t h e  p r o p a g a t i o n  o f  t h e  c r o p  w a s  t h r o u g h  s e e d s  o n ly .  H o w e v e r ,  v e g e t a t i v e  

p r o p a g a t i o n  u s i n g  b u d s  b e c a m e  c o m m o n  i n  l a t e r  y e a r s  ( M a r a t t u k a l a m  et a l , 2 0 0 0 ). A t  

p r e s e n t  s e e d s  a r e  u s e d  m a i n l y  f o r  p r o d u c i n g  r o o t s t o c k s .  S p e c i a l  t y p e s  o f  s e e d s  k n o w n  a s  

p o l y c l o n a l  s e e d s  a r e  u s e d  d i r e c t l y  f o r  p r o p a g a t i o n .  P o l y c l o n a l  s e e d s  a r e  h y b r i d  s e e d s  t h a t  

a r e  p r o d u c e d  i n  p o l y c l o n a l  s e e d  g a r d e n s .  H e r e  s e v e r a l  c l o n e s  a r e  p l a n t e d  i n t e r m i x e d  t o  

m a x i m i z e  o p t i m u m  c r o s s - p o l l i n a t i o n .  T h e  c l o n e s  p l a n t e d  i n  t h e s e  g a r d e n s  s h o u l d  p o s s e s s  

d e s i r a b l e  c h a r a c t e r s  l i k e  h i g h  y i e l d ,  d i s e a s e  r e s i s t a n c e ,  v ig o u r ,  a b i l i t y  t o  p r o d u c e  g o o d  

s e e d l i n g  f a m i l i e s  a n d  p r o f u s e  p r o d u c t i o n  o f  s e e d s .  T h e  n u m b e r  o f  c lo n e s  in  t h e  s e e d  g a r d e n s  

u s u a l ly  v a r i e s  f r o m  th r e e  to  s e v e n  ( S im m o n d s ,  1986b). T o  m a x i m i z e  c r o s s  -  p o l l in a t io n ,  s p e c i a l  

d e s i g n s  a r e  a d o p t e d  w h i l e  p l a n t in g  ( M a r a t t u k a l a m  et a l , 2 000). S u p e r i o r  c lo n e s  a r e  u s e d  a s



p a r e n t s  i n  o p e n  -  p o l l i n a t i n g  s e e d  g a r d e n s  in  o r d e r  to  p r o d u c e  s u p e r io r  s e e d l in g  p r o g e n y .  T h e  

t e c h n i q u e  r e m a i n s  in  u s e  to d a y .  S a r a s w a t h y a m m a  (1990) r e p o r t e d  t h e  e v a l u a t i o n  o f  s e e d l in g  

p r o g e n i e s  o f  m a l e  s t e r i l e  c lo n e s  in  Hevea b a s e d  o n  j u v e n i l e  y i e l d  a n d  s e c o n d a r y  a t t r i b u t e s .

P o l y c l o n a l  s e e d l i n g s  r e s u l t a n t  o f  c r o s s  p o l l i n a t i o n  e x p r e s s  h e t e r o s i s  o r  h y b r i d  

v ig o u r .  P o l y c r o s s  o r  s y n t h e t i c  s e e d l i n g  p o p u l a t i o n s  o f  p o l y c l o n a l  s e e d  g a r d e n s  o f  g o o d  

c l o n e s  h a v e  b e e n  s u c c e s s f u l l y  u s e d  a s  p l a n t i n g  m a t e r i a l s .  A l l o g a m y  c o u p l e d  w i t h  s e e d  

p r o p a g a t i o n  i n c r e a s e s  v a r i a t i o n  th r o u g h  g e n e t i c  r e c o m b i n a t i o n  i n  s e e d l i n g  p o p u l a t i o n .  T h e  

s e e d l i n g  p o p u l a t i o n  h a v e  s p e c i a l  a g r i c u l t u r a l  m e r i t s  i n  m a i n t a i n i n g  t h e  g e n e t i c  v a r i a b i l i t y  

a n d  a d a p t a b i l i t y  o f  t h e  p o p u l a t i o n  ( M y d in ,  1990; V a r g h e s e ,  1992). S e e d l i n g s ,  t h o u g h  n o t  

c o m p a r a b l e  w i t h  h i g h  y i e l d i n g  c lo n e s  in  p r o d u c t i o n  p o te n t i a l ,  h a v e  a  s p e c i a l  a g r i c u l t u r a l  

m e r i t  f o r  r a i s i n g  s u p e r i o r  p o l y c r o s s  p r o g e n y  f r o m  s p e c i a l  p o l y c l o n a l  s e e d  g a r d e n s .  T h e  

e v a l u a t i o n  o f  s u c h  p o ly c r o s s  p o p u la t i o n  c a n  b e  c o n s i d e r e d  a s  s e l e c t i v e  b r e e d i n g .  S u c h  ‘m u l t i  

p a r e n t ’ f i r s t  g e n e r a t i o n  s y n t h e t i c  v a r i e t i e s  h a v e  b e e n  e c o n o m i c a l l y  s u c c e s s f u l  f o r  m a n y  

d e c a d e s ,  p r e d o m i n a n t l y  d u e  t o  a d d i t i v e  g e n e t i c  c o n t r o l  o f  v i g o u r  a n d  y i e l d  a s  w e l l  a s  h i g h  

g e n e r a l  c o m b i n i n g  a b i l i t y  ( S i m m o n d s ,  1986b; T a n ,  1987).

T h e  g e n e t i c  s u p e r i o r i t y  o f  s e l e c t e d  m o t h e r  t r e e s  c a n  b e  i d e n t i f i e d  t h r o u g h  p r o g e n y  

t e s t i n g .  T h e  e s t i m a t i o n  o f  g e n e t i c  s u p e r i o r i t y  o f  m o t h e r  p a r e n t s  t h r o u g h  s e e d l i n g  p r o g e n y  

a n a l y s i s  i s  a l s o  r e f e r r e d  a s  p r e p o t e n c y  t e s t i n g .  A l l a r d  (1960) r e p o r t e d  t h a t  p r e p o t e n c y  is  t h e  

c a p a c i t y  o f  a  p a r e n t  t o  i m p r e s s  c h a r a c t e r i s t i c s  o n  i t s  o f f s p r i n g s  s o  t h a t  t h e y  r e s e m b l e  t h a t  

p a r e n t  a n d  e a c h  o t h e r  m o r e  c l o s e l y  t h a n  u s u a l  w h e r e  g e n e  c o m b i n a t i o n  t e n d  to  c o h e r e  b u t  

d o  n o t  r e c o m b i n e  r e s u l t i n g  i n  s o m e  s o r t  o f  f u n c t i o n a l  h o m o z y g o s i t y  ( H a r l a n d ,  1957 ). I n  

c a s h e w  t h e  s t u d y  w a s  c a r r i e d  o u t  t o  e s t i m a t e  l a r g e  n u m b e r  o f  c a s h e w  m o t h e r  t r e e s  in



r e l a t i o n  t o  t h e  c h a r a c t e r s  o f  t h e i r  s e e d l i n g  p r o g e n i e s  to  f o r m u l a t e  a n  e f f i c i e n t  m e t h o d  o f  

e v a l u a t i o n  o f  m o t h e r  t r e e s  f o r  l a r g e  s c a l e  p r o d u c t i o n  o f  q u a l i t y  s e e d s  ( G e o r g e  et al., 1984). 

H o w e v e r  i n  c o c o n u t  p a l m ,  a  s t u d y  w a s  u n d e r t a k e n  t o  f o r m u l a t e  a n  e f f i c i e n t  m e t h o d  f o r  

e v a l u a t i o n  o f  g e n e t i c  s u p e r i o r i t y  o f  m o t h e r  p l a n t s  t h r o u g h  e a r l y  s e e d l i n g  p r o g e n y  a n a l y s i s  

( S h y l a r a j  a n d  G o p a k u m a r ,  1987). M y d i n  (1990) r e p o r t e d  t h a t  t h e  p r e p o t e n t  a b i l i t y  o f  a  c l o n e  

t o  p r o d u c e  h i g h  q u a l i t y  s e e d l i n g s  c o u l d  b e  d e t e r m i n e d  b y  s y s t e m a t i c  a n d  p l a n n e d  

e x p e r i m e n t s  l i k e  s e e d l i n g  p r o g e n y  a n a ly s i s .  M y d i n  et a l,  (1996) i n d i c a t e d  t h a t  h i g h  m e a n  

p e r f o r m a n c e  o f  t h e  p r o g e n y  o f  a  c l o n e  c o u p l e d  w i t h  h i g h  p r o p o r t i o n  o f  s u p e r i o r  s e e d l i n g s  

w i t h i n  t h e  p r o g e n y  i s  i n d i c a t i v e  o f  t h e  a b i l i t y  o f  t h e  p a r e n t  t o  t r a n s m i t  s u p e r i o r  t r a i t s  t o  i t s  

p r o g e n i e s .  B a s e d  o n  t h e  h i g h  p e r f o r m a n c e  i n d e x  a n d  h i g h  r e c o v e r y  o f  s u p e r i o r  s e e d l i n g s  

o f  c e r t a i n  c l o n e s  w e r e  i d e n t i f i e d  a s  l i k e ly  p r e p o t e n t s .  M y d i n  et al., (2002) r e p o r t e d  p r e p o t e n t  

c l o n e s  f o r  u s e  a s  s e e d  g a r d e n  c o m p o n e n t s ,  b a s e d  o n  h a l f - s i b  p r o g e n y  a n a l y s i s  o f  e l e v e n  

c l o n e s  r e c o m m e n d e d  f o r  p l a n t i n g  i n  I n d i a .  T h e  tw o  y e a r  o ld  p r o g e n i e s  s h o w e d  s i g n i f i c a n t  

v a r i a t i o n  f o r  t e s t  t a p  y i e l d ,  g i r t h  a n d  b a r k  t h i c k n e s s .  S u p e r i o r  p r o g e n i e s  w e r e  i d e n t i f i e d  b y  

p e r f o r m a n c e  i n d e x  b a s e d  o n  j u v e n i l e  t r a i t s ,  t h e  r e c o v e r y  o f  s u p e r i o r  s e e d l i n g s  w i t h i n  e a c h  

p r o g e n y  w a s  w o r k e d  o u t .  O u t  o f  t h e  e l e v e n  c l o n e s  e v a l u a t e d  f i v e  c l o n e s  w e r e  i d e n t i f i e d  a s  

l i k e l y  p r e p o t e n t  w i t h  h i g h  p e r f o r m a n c e  i n d e x  a n d  h i g h  r e c o v e r y  o f  s u p e r i o r  a n d  e l i t e  

s e e d l i n g s  i n  t h e i r  p r o g e n y .

S t u d i e s  h a v e  i n d i c a t e d  t h e  s c o p e  f o r  i d e n t i f i c a t i o n  o f  l i k e ly  p r e p o t e n t s  o n  th e  b a s i s  

o f  a  p e r f o r m a n c e  in d e x ,  c o m p u t e d  f o r  t h e  s e e d l in g  p r o g e n i e s  o f  c lo n e s  ( M y d in  et a l, 1990). 

N i n e  c l o n e s  i d e n t i f i e d  a s  l i k e l y  p r e p o t e n t s  o n  t h e  b a s i s  o f  s e e d l i n g  p r o g e n y  a n a l y s i s  a t  t h e  

a g e  o f  t w o  y e a r s  ( M y d i n ,  1992). M a r k o s e  (1984) r e p o r t e d  t h a t  n o  s i g n i f i c a n t  d i f f e r e n c e  w a s  

n o t e d  i n  e a r l y  g r o w t h  b e h a v i o r  o f  c l o n a l  s e e d l i n g  p r o g e n i e s  r a i s e d  f r o m  o p e n  p o l l i n a t e d



s e e d s  a t  10 m o n t h s  g r o w t h  i n  n u r s e r y .  I t  a p p e a r s  t h a t  t h e  e x p r e s s i o n  o f  c l o n a l  c h a r a c t e r s  in  

s e e d l i n g s  n e e d s  f u r t h e r  g r o w t h  i n  f i e ld .

2 . 7 .  R e c e n t  t r e n d s  i n  H evea  b r e e d i n g

I n  I n d i a ,  m o r e  t h a n  e i g h t y  p e r  c e n t  o f  t h e  r u b b e r  p l a n t a t i o n  i s  b e i n g  p l a n t e d  w i t h  a  

s i n g l e  c l o n e  i . e . ,  RRII105, d e v e l o p e d  b y  t h e  R u b b e r  R e s e a r c h  I n s t i t u t e  o f  I n d i a .  T h e  m a j o r  

r e a s o n  f o r  t h i s  i s  d u e  t o  i t s  y i e l d  p o t e n t i a l .  T h i s  c l o n e  i s  a l s o  o c c u p y i n g  m o r e  t h a n  n i n e t y  

p e r c e n t  o f  t h e  n e w  p l a n t i n g  a r e a .  T h i s  p r a c t i c e  h a s  l e d  t o  a  s i t u a t i o n  o f  m o n o c l o n a l  p l a n t i n g  

f o r  t h e  l a s t  t w o  d e c a d e s .  I f  t h i s  t r e n d  c o n t i n u e s  i t  c a n  l e a d  t o  s e r i o u s  c o n s e q u e n c e s  l i k e  

d i s e a s e  e p i d e m i c s  c o m m o n  t o  s u c h  m o n o c u l t u r e  p l a n t a t i o n s .  S o  a s  a  p r e c a u t i o n .  R u b b e r  

B o a r d  r e c o m m e n d e d  m u l t i c l o n a l  p l a n t i n g  t o  p r e v e n t  e p i d e m i c s  o r  o t h e r  d a m a g e  v u l n e r a b l e  

t o  s u c h  m o n o c l o n a l  c u l t i v a t i o n .  L i y a n a g e  et a l,  (1989) r e p o r t e d  t h a t  s e v e r e  i n c i d e n c e  o f  

Corynespora l e a f  d i s e a s e  a f f e c t e d  RRIC103 i n  S r i  L a n k a  l e a d i n g  t o  i t s  w i t h d r a w a l  f r o m  t h e  

p l a n t i n g  r e c o m m e n d a t i o n s .  RRII 105 h a s  b e e n  r e p o r t e d  t o  b e  i n f e c t e d  b y  t h i s  d i s e a s e  in  

K a r n a t a k a  r e g i o n  o f  I n d i a  ( J a c o b ,  1997). E v e n  t h o u g h ,  t h e r e  i s  n o  a l a r m i n g  s i t u a t i o n  a t  

p r e s e n t ,  t h e r e  i s  a  n e e d  f o r  p l a n n i n g  a l t e r n a t e  m e a s u r e s  t o  p r e v e n t  p o s s i b l e  d a n g e r  

( S a r a s w a t h y a m m a  et a l,  2000). I n  o r d e r  to  e n r i c h  t h e  g e n e p o o l  f o r  u t i l i z a t i o n  i n  h y b r i d i z a t i o n  

p r o g r a m m e s ,  RRII h a d  i n t r o d u c e d  Hevea c l o n e s  f r o m  o t h e r  r u b b e r  g r o w i n g  c o u n t r i e s .  

S a r a s w a t h y a m m a  et a l,  (1992 a n d  2000) r e p o r t e d  t h a t  a  t o t a l  o f  127 c l o n e s  h a v e  b e e n  

i n t r o d u c e d  i n  t o  I n d i a  f r o m  o t h e r  c o u n t r i e s .  I n d i a  h a s  o b t a i n e d  c l o n e s  d e v e l o p e d  i n  C h i n a ,  

I n d o n e s i a ,  I v o r y  C o a s t ,  L i b e r i a ,  M a l a y s i a ,  S o u t h  A m e r i c a ,  S r i  L a n k a  a n d  T h a i l a n d .  C lo n e s  

d e v e l o p e d  i n  I n d i a  w e r e  s u p p l i e d  to  C h i n a ,  I v o r y  C o a s t ,  M a l a y s i a ,  S r i  L a n k a  a n d  T h a i l a n d  

( S a r a s w a t h y a m m a  a n d  M a r a t a t t u k a l a m ,  1996; S a r a s w a t h y a m m a  et a l,  2000). T h e  r e c e n t  

a p p r o a c h  i n  Hevea  b r e e d i n g  i s  t o  d e v e l o p  n o t  o n l y  a  h i g h  y i e l d i n g  c l o n e  b u t  c l o n e s  h a v i n g



o t h e r  d e s i r a b l e  s e c o n d a r y  a t t r i b u t e s  a l o n g  w i t h  y i e l d .  RRIM 928, RRIM 929, RRIM 931, 

RRIM 2014 e t c .  a r e  s o m e  o f  t h e  l a t e x  t i m b e r  c l o n e s  d e v e l o p e d  b y  R u b b e r  R e s e a r c h  I n s t i t u t e  

o f  M a l a y s i a .  I n  I n d i a  RRII5 a n d  RRII203 a r e  n o t e d  f o r  t h e i r  a v e r a g e  y i e l d  a n d  g o o d  q u a n t i t y  

o f  t i m b e r  ( S a r a s w a t h y a m m a  et a l,  2 0 0 0 ). A s  p e r  t h e  l a t e s t  i n f o r m a t i o n  t h e  p r e s e n t  c l o n e s  

a r e  c l a s s i f i e d  i n  v a r i o u s  c a t e g o r i e s  b a s e d  o n  t h e  p e r f o r m a n c e  (IRRDB, 2001). I n  M a l a y s i a  

PB 280, PB 260 a n d  PB 217 a r e  i n c l u d e d  i n  c a t e g o r y  I, PB 280 c o n s i d e r e d  a s  l a t e x - t i m b e r  

c l o n e .  PB 255 i n  c a t e g o r y  II w h e r e a s ,  PB 310, PB 311, PB 312 a n d  PB 314 i n  c a t e g o r y  m .  I n  

V i e t n a m  PB 255 a s  c l a s s  I c l o n e s ,  h o w e v e r  i n  I n d o n e s i a  PB 217 a n d  PB 260 a s  l a t e x  c l o n e s  i n  

c l a s s  I c a t e g o r y .  T h e  y i e l d  p e r f o r m a n c e  o f  t h e  c l o n e  PB 255 a n d  PB 260 a r e  h i g h  in  T h a i l a n d  

a s  t h e s e  c l o n e s  w e r e  r e c o m m e n e d  i n  c l a s s  I c l o n e  a n d  PB 235 a s  c l a s s  II c l o n e .  I n  S r i  L a n k a  

PB 217 i s  c l a s s i f i e d  a s  g r o u p  I a n d  PB 235 a n d  PB 260 i n  c l a s s  II, t h e  c l o n e  PB 255 i s  i n  t h i r d  

g r o u p .  I n  C o m b o d i a ,  PB 235 w a s  i n c l u d e d  i n  c l a s s  I a n d  PB 217 a n d  PB 310 i n  c l a s s  II 

c l o n e s ,  h o w e v e r  PB 255 a n d  PB 260 a r e  c l a s s  III c a t e g o r y .  T h e  y i e l d  p e r f o r m a n c e  o f  PB 217 

i n  C o t e  d ’ I v o r i e  w a s  h i g h  h e n c e  i t  i n c l u d e d  u n d e r  c l a s s  I, PB 235 a n d  PB 260 in  c l a s s  II 

w h e r e a s ,  PB 255 i n  c l a s s  III c a t e g o r y .

I m p r o v i n g  t h e  q u a l i t y  o f  l a t e x  i s  a l s o  i m p o r t a n t  a s  n a t u r a l  r u b b e r  f o r m s  t h e  r o w  

m a t e r i a l  f o r  v a r i o u s  i n d u s t r i a l  a n d  t e c h n o l o g ic a l  p u r p o s e s .  H e n c e  t h e  s t u d y  r e l a t e d  to  q u a l i t y  

i m p r o v e m e n t  o f  n a t u r a l  r u b b e r  o f  Hevea c l o n e s  i s  a l s o  w o r t h w h i l e .  S y n t h e s i s  o f  c l o n e s  

h a v i n g  c o m b i n e d  e f f e c t  o f  h i g h  p r o d u c t i o n  p o t e n t i a l  w i t h  e x c e l l e n t  l a t e x  a n d  r u b b e r  

p r o p e r t i e s  s h o u l d  p r o v e  t o  b e  r e w a r d i n g .  M o l e c u l a r  m a r k e r s  a r e  i m p o r t a n c e  i n  p e r e n n i a l  

c r o p s  l i k e  Hevea  w h e r e  t h e  c o n v e n t i o n a l  g e n e t i c  a n a l y s i s  i s  d i f f i c u l t  d u e  t o  l o n g  b r e e d i n g  

a n d  s e l e c t i o n  c y c l e  a n d  d i f f i c u l t i e s  i n  r a i s i n g  n e x t  g e n e r a t i o n .  I s o z y m e s  a n d  DNA b a s e d  

RAPD m a r k e r s  a r e  e f f e c t i v e  t o o l s  f o r  a n a l y z i n g  t h e  g e n e t i c  r e l a t i o n s h i p  b e t w e e n  c lo n e s .



T h e  a p p l i c a t i o n  o f  RAPD m a r k e r s  f o r  g e n e t i c  a n a l y s i s  w a s  e v a l u a t e d  i n  a  s e t  o f  c l o n e s  f r o m  

t h e  b r e e d i n g  p o o l  o f  RRII. A m o n g  d i f f e r e n t  c l o n e s ,  o n e  w h i c h  r e c o r d e d  t h e  h i g h e s t  g e n e t i c  

d i s t a n c e ,  a r e  u t i l i z e d  a s  p a r e n t  in  h y b r i d i z a t i o n  p r o g r a m m e  t h a t  r e s u l t e d  i n  h i g h l y  h e t e r o t i c  

h y b r i d s .  C h a r a c t e r i z a t i o n  o f  l a t e x  a n d  r u b b e r  p r o p e r t i e s  i s  a n o t h e r  t r u s t  a r e a ,  w h i c h  s h o u l d  

b e  c o n s i d e r e d  i n  b r e e d i n g  p r o g r a m m e  t o  i m p r o v e  t h e  q u a l i t y  o f  r a w  r u b b e r  t h a t  e x t r a c t e d  

f r o m  t h e  c l o n e s  o f  Hevea. D i f f e r e n t  c l o n e s  h a v e  d i f f e r e n t  c h a r a c t e r i s t i c s  a n d  g i v e  r u b b e r  

w i t h  d i f f e r e n t  p r o p e r t i e s .



Chapter 3
M A T E R IA L S  A N D  M E T H O D S



M A TERIA LS AND M ETH O DS

3.1. Location of the study

(Z h e  s t u d y  w a s  c o n d u c t e d  a t  t h e  R u b b e r  R e s e a r c h  I n s t i t u t e  o f  I n d i a ,  (9“ 32’ N 76“ 36’E) 

K o t t a y a m ,  K e r a l a .  I t  i s  a  t r o p i c a l  l o w  e l e v a t i o n  r e g i o n ,  t h e  m o n t h l y  m e a n  t e m p e r a t u r e  

v a r i e s  f r o m  26 - 28“C. D u r i n g  t h e  p e a k  l a t e x  p r o d u c t i o n  p e r i o d  o f  N o v e m b e r ,  d a i l y  

t e m p e r a t u r e  v a r i e s  f r o m  22“C t o  31"C.

3.2. Experim ental M aterials

T h e  s t u d y  w a s  c o n d u c t e d  o n  13 c lo n e s  o f  Hevea brasiliensis. D e ta i l s  o f  t h e  c lo n e s  

s t u d i e d  a r e  g i v e n  in  T a b le  1. O u t  o f  t h e  t h i r t e e n  c lo n e s  i n c l u d e d  in  t h e  s tu d y ,  t h r e e  c lo n e s  viz., 

KRS 25, KRS 128 a n d  KRS 163 w e r e  i n t r o d u c e d  f r o m  T h a i l a n d  a n d  n i n e  c l o n e s  viz., PB 217, 

PB 235, PB 255, PB 260, PB 280, PB 310, PB 311, PB 312 a n d  PB 314 w e r e  f r o m  M a l a y s i a  u n d e r  

t h e  c l o n e  e x c h a n g e  p r o g r a m m e .  T h e s e  c l o n e s  a r e  b e i n g  e v a l u a t e d  in  a  l a r g e - s c a l e  t r i a l  

e m p l o y i n g  r a n d o m i z e d  b l o c k  d e s i g n  w i t h  f i v e  r e p l i c a t i o n s  a n d  s e v e n  p l a n t s  p e r  p l o t  a t  t h e  

r e s e a r c h  f a r m  o f  t h e  R u b b e r  R e s e a r c h  I n s t i t u t e  o f  I n d i a ,  K o t t a y a m .  T h e  t r i a l  w a s  l a i d  o u t  

i n  1989 a n d  t h e  t r e e s  w e r e  o p e n e d  f o r  t a p p i n g  d u r i n g  1997 i n  t h e  8* y e a r  a f t e r  p l a n t i n g .  T h e  

p l a n t s  w e r e  u n d e r  e x p l o i t a t i o n  a d o p t i n g  1/2S d/3 6d s y s t e m  o f  t a p p i n g .



Table 1. Details of the clones included in the study

C l o n e P a r e n t a g e C o u n t r y  o f  o r i g i n

PB 217 PB 5/51 X  PB 6/9 M a la y s ia

PB 235 PB 5/51 X  PBS/78 M a la y s ia

PB 255 PB 5/51 X  PB 32/36 M a la y s ia

PB 260 PB 5/51 X  PB 49 M a la y s ia

PB 280 P r im a ry  c lo n e M a la y s ia

PB 310 PB 5/51 X  RRIM 600 M a la y s ia

PB 311 RRIM600XPB 235 M a la y s ia

PB 312 RRIM 600 xPB 235 M a la y s ia

PB 314 RRIM 600 xPB 235 M a la y s ia

KRS25 P r im a ry  c lo n e T h a i la n d

KRS 128 PB 5/63 X  KRS 13 T h a ila n d

KRS 163 PB 5/63 X  RRIM 501 T h a ila n d

RRHIOS T j i r  1 X G11 I n d ia



3.3. Yield and yield attributes

3.3.1. Girth

G i r t h  a t  a  h e i g h t  o f  150 c m  f r o m  t h e  b u d  u n i o n  w a s  m e a s u r e d  f o u r  t i m e s  a  y e a r  ie ,  

i n  M a r c h ,  J u n e ,  S e p t e m b e r  a n d  D e c e m b e r  f r o m  1998 t o  2001 u s i n g  n o n  s t r e a t c h a b l e  

m e a s u r i n g  t a p e .

3.3.2. Girth increment rate on tapping (GI)

I n c r e a s e  i n  g i r t h  f o r  t h e  p e r i o d  u n d e r  s t u d y  w a s  d e t e r m i n e d ,  f r o m  w h i c h  t h e  m e a n  

g i r t h  i n c r e m e n t  p e r  y e a r  w a s  w o r k e d  o u t .

3.3.3. Dry rubber yield (DRY)

D r y  r u b b e r  y i e l d  p e r  t r e e  p e r  t a p p i n g  w a s  r e c o r d e d  o n c e  i n  e v e r y  t w o  w e e k s  f o r  a  

s u c c e s s i v e  p e r i o d  o f  t h r e e  y e a r s  f r o m  M a r c h  1998 t o  F e b r u a r y  2001 . Y ie ld  w a s  d e t e r m i n e d  

b y  c o a g u l a t i n g  t h e  l a t e x  i n  t h e  c o l l e c t i o n  c u p  u s i n g  o n e  p e r  c e n t  f o r m i c  a c id .  T h e  c o a g u l a  

w e r e  d r i e d  i n  t h e  s m o k e  h o u s e  f o r  a  m o n t h  a n d  t h e i r  w e i g h t s  d e t e r m i n e d .  T e n  p e r  c e n t  o f  

t h e  w e i g h e d  s a m p l e  w a s  d e d u c t e d  s i n c e  t h e  l u m p s  r e t a i n  m o i s t u r e  e v e n  a f t e r  p r o l o n g e d  

d r y i n g ,  t o  c o m p e n s a t e  f o r  t h e  r e s i d u a l  m o i s t u r e  ( M a r k o s e ,  1984).

M e a n  v a l u e s  f o r  a n n u a l  y i e l d ,  y i e l d  d u r i n g  s t r e s s  ( s u m m e r )  p e r i o d  ( F e b r u a r y  to  

M a y )  a n d  p e a k  y i e l d i n g  s e a s o n  ( O c t o b e r  t o  J a n u a r y )  f o r  t h e  s t u d y  p e r i o d  w a s  c o m p u t e d .

3.3.4. Latex yield (LY)

T o ta l  v o l u m e  o f  l a t e x  f r o m  e a c h  t r e e  p e r  t a p p i n g  w a s  r e c o r d e d  a t  m o n t h l y  i n t e r v a l s .  

T h r e e  t r e e s  p e r  r e p l i c a t i o n  w e r e  s e l e c t e d .  M e a n  v a l u e s  f o r  a n n u a l ,  s t r e s s  a n d  p e a k  p e r i o d  

o v e r  t w o  y e a r s  w e r e  c a l c u l a t e d  s e p a r a te ly .

3.3.5. Initial flow rate (IFR)

I n i t i a l  r a t e  o f  f l o w  o f  l a t e x  f o r  t h e  f i r s t  f i v e  m i n u t e s  o f  t a p p i n g  w a s  r e c o r d e d  a t  

m o n t h l y  i n t e r v a l s .  R a t e  o f  f l o w  o f  l a t e x  p e r  u n i t  l e n g t h  o f  t a p p i n g  c u t  w a s  e s t i m a t e d  a s



I n i t i a l  v o l u m e  f o r  t h e  f i r s t  f i v e  m i n u te s  ( m l/m in '^ )  x  50/ l e n g t h  o f  t a p p i n g  c u t  ( c m ) .  

M e a n  v a l u e s  f o r  a n n u a l ,  s t r e s s  a n d  p e a k  p e r i o d  w e r e  w o r k e d  o u t  s e p a r a te l y .

3.3.6. Dry rubber content (DRC)

A  k n o w n  w e i g h t  o f  l a t e x  s a m p l e s  f r o m  e a c h  e x p e r i m e n t a l  t r e e  w e r e  c o l l e c t e d  

a n d  c o a g u l a t e d .  T h e  c o a g u l u m  a f t e r  p a s s i n g  t h r o u g h  r o l l e r s ,  w a s  d r i e d  a t  55“C f o r  

o n e  w e e k .  T h e  p e r c e n t a g e  o f  d r y  r u b b e r  c o n t e n t  f o r  e a c h  s a m p l e  w a s  d e t e r m i n e d  b y  

t h e  f o r m u l a .

O v e n  d r i e d  c o a g u l u m  
DRC= --------------------------------------------- xlOO

f r e s h  w t .  o f  l a t e x  s a m p le  c o l l e t e d  

M e a n  v a lu e s  f o r  a n n u a l ,  s t re s s  a n d  p e a k  s e a s o n  o v e r  tw o  y e a r s  w e r e  c o l le c te d  s e p a ra te ly .

3.3.7. Plugging Index (PI)

P lu g g in g  in d e x  w a s  e s t im a te d  a t  m o n th ly  in te rv a ls  f r o m  M a r c h  1998 to  F e b r u a i y  2000 

a n d  PI w a s  c a l c u l a t e d  b y  t h e  f o r m u l a  p r o p o s e d  b y  M i l f o r d  et a l,  (1969).

( m e a n  in i t i a l  f l o w  r a t e  ( m l /m in )
P lu g g i n g  i n d e x  = ---------------------- -------------------------  x  100

t o t a l  v o lu m e  o f  l a t e x  (m l)

A v e r a g e  v a l u e s  f o r  a n n u a l ,  s t r e s s  a n d  p e a k  s e a s o n  w e r e  e s t i m a t e d  s e p a r a te l y .

3.3.8. Length of tapping panel (LTP)

L e n g t h  o f  t a p p i n g  p a n e l  w a s  m e a s u r e d  u s i n g  m e a s u r i n g  t a p e  o n c e  i n  e v e r y  s i x

m o n t h s .

3.3.9. Bark anatomy

S a m p l e s  o f  v i r g i n  a n d  r e n e w e d  b a r k  w e r e  c o l l e c t e d  ( d u r in g  4 *  y e a r  o f  t a p p i n g )  

s i m u l t a n e o u s l y  t o  s t u d y  t h e  n u m b e r  o f  l a t e x  v e s s e l  r o w s ,  a n d  t h i c k n e s s  o f  t h e  b a r k .  S a m p l e s



w e r e  c o l l e c t e d  a t  150 c m  h e i g h t  f r o m  t h e  b u d  u n i o n  u s i n g  a  s p e c i a l l y  d e s i g n e d  c h i s e l .  

R a d i a l  l o n g i t u d i n a l  s e c t i o n s  o f  40 - 60 m m  t h i c k n e s s  w e r e  t a k e n  a n d  s t a i n e d  u s i n g  S u d a n  

IV. T o ta l  t h i c k n e s s  o f  b a r k ,  t h i c k n e s s  o f  t h e  h a r d  a n d  s o f t  b a r k s  a n d  t h e  n u m b e r  o f  l a t e x  

v e s s e l  r o w s  i n c l u d i n g  f u n c t i o n a l  a n d  n o n f u n c t i o n a l  w e r e  r e c o r d e d  f r o m  f i v e  s e c t i o n s  f o r  

e a c h  s a m p l e .  T h e  o b s e r v a t i o n s  f o r  t o t a l  t h i c k n e s s  o f  b a r k ,  t h i c k n e s s  o f  t h e  s o f t  a n d  h a r d  

b a r k  a n d  t h e  n u m b e r  o f  l a t e x  v e s s e l  r o w s  w e r e  m a d e  f o r  b o t h  v i r g i n  a n d  r e n e w e d  b a r k  

s a m p l e s .  T h e  d a t a  w a s  s u b j e c t e d  t o  s t a t i s t i c a l  a n a ly s i s .

3.4. Latex and rubber properties

L a t e x  s a m p l e s  o f  d i f f e r e n t  c l o n e s  w e r e  c o l l e c t e d  i n  d i f f e r e n t  s e a s o n s  f o r  tw o  

c o n s e c u t i v e  y e a r s .  L a t e x  s a m p l e s  w e r e  c o l l e c t e d  f r o m  t h r e e  r e p l i c a t i o n s .  F o r  e a c h  

r e p l i c a t i o n s  s a m p l e s  f r o m  7 t r e e s  w e r e  m i x e d  t o g e t h e r  to  c o n s t i t u t e  o n e  s i n g l e  c o m p o s i t e .  

L a t e x  f r o m  e a c h  c l o n e  w a s  t h e n  p r o c e s s e d  in t o  s h e e t  r u b b e r .  P r o p e r t i e s  o f  f i e l d  l a t e x  s u c h  

a s  p H  a n d  n o n -  r u b b e r  s o l i d s  (NRS) w e r e  i n v e s t i g a t e d  a s  p e r  IS s t a n d a r d s .  T h e  d r y  r u b b e r  

p r o p e r t i e s  e x a m i n e d  a r e  t h o s e  i n c l u d e d  in  t h e  I n d i a n  S t a n d a r d  S p e c i f i c a t i o n  f o r  r a w  n a t u r a l  

r u b b e r .  A c e t o n e  e x t r a c t  a n d  g e l  c o n t e n t  o f  t h e  r u b b e r  s a m p l e s  w e r e  m e a s u r e d  a s  p e r  IS 3660 

a n d  ASTM D-2765-84 r e s p e c t iv e ly .  R e s u l t s  a r e  e x p r e s s e d  a s  t h e  m e a n  o f  a l l  t h e  v a lu e s  o b t a i n e d  

i n  e a c h  c a s e .

3.5. Statistical techniques

3.5.1. Genetic variability

T h e  m e a n  d a t a  c o m p u t e d  f o r  e a c h  c h a r a c t e r  f r o m  t h e  f i v e  r e p l i c a t i o n s  w e r e  

s u b j e c t e d  t o  s t a t i s t i c a l  a n a l y s i s .  T h e  e s t i m a t e s  o f  m e a n ,  v a r i a n c e  a n d  s t a n d a r d  e r r o r  w e r e  

w o r k e d  o u t  b y  a d o p t i n g  s t a n d a r d  m e t h o d  s u g g e s t  b y  P a n s e  a n d  S u k h a t m a  (1985).



3.5.1.1. Analysis of variance [ANOVA]

A n a l y s i s  o f  v a r i a n c e  w a s  c a r r i e d  o u t  i n  o r d e r  to :

1. T e s t  w h e t h e r  t h e r e  e x i s t  s i g n i f i c a n t  d i f f e r e n c e s  a m o n g  c l o n e s ,  w i t h  r e s p e c t  to  

v a r i o u s  t r a i t s .

2 .  E s t i m a t e  t h e  c o m p o n e n t s  o f  v a r i a n c e  a n d  c o v a r i a n c e .

3 . C o m p u t e  t h e  p h e n o t y p i c  a n d  g e n o t y p i c  c o r r e l a t i o n  c o e f f i c i e n t s .

T h e  s i g n i f i c a n c e  t e s t  w a s  c a r r i e d  o u t  b y  r e f e r r i n g  t o  t h e  s t a n d a r d  ‘F ’ t a b l e  g i v e n  b y  

F i s h e r  a n d  Y a te s  (1963).

A n a l y s i s  o f  v a r i a n c e  w a s  c a r r i e d  o u t  f o r  a l l  t h e  c h a r a c t e r s  s t u d i e d  u s i n g  t h e  s t a n d a r d  

p r o c e d u r e .  W i t h  r e g a r d  t o  d r y  r u b b e r  y i e l d ,  v o l u m e  o f  l a t e x ,  f l o w  r a t e  o f  l a t e x ,  p l u g g i n g  

i n d e x ,  a n d  d r y  r u b b e r  c o n t e n t ,  t h e  d a t a  f o r  a n n u a l ,  s t r e s s  a n d  p e a k  p e r i o d s  w e r e  a n a l y s e d  

s e p a r a t e l y .  T h e  p o o l e d  d a t a  w a s  a n a l y s e d  a s  s u g g e s t e d  b y  P e a r c e  (1953 ). T h e  m a n i f e s t a t i o n  

o f  g e n o t y p i c  (G) a n d  e n v i r o n m e n t a l  (E) e f f e c t s  o n  t h e  o b s e r v e d  t o t a l  v a l u e  o f  a  c h a r a c t e r  

w a s  p a r t i t i o n e d  b y  t h e  s t a n d a r d  m e t h o d  ( K e m p t h r o n e ,  1975).

V Q  =  V q +  V ( E )

OR

P (x ) =  a^g  (x ) +  CT̂ e (X)

W h e r e  ( x )  i s  t h e  p h e n o t y p i c  v a r i a n c e  o f  c h a r a c t e r  X, a ^ g  i s  t h e  g e n o ty p i c  v a r i a n c e  

o f  X, a n d  o ^ e  (X) i s  t h e  v a r i a n c e  d u e  t o  e n v i r o n m e n t .

3.5.2. Genetic parameters

3.5.2.1. Phenotypic and genotypic variance

P h e n o t y p i c  a n d  g e n o t y p i c  v a r i a n c e  w a s  e s t i m a t e d  u s i n g  t h e  f o r m u l a  d e r i v e d  b y  

S i n g h  a n d  C h o u d h a r y  (1985).



t r e a t m e n t  m e a n  s q u a r e  -  e r r o r  m e a n  s q u a r e
Genotypic variance (a^g) = ---------------- r---- ------— ------------------

n u m b e r  o f  r e p l i c a t i o n s

Phenotypic variance (ct̂ )  = a^g + a^e

W h e r e  o ^ g  =  G e n o t y p i c  v a r i a n c e .

W h e r e  a ^ p  =  P h e n o t y p i c  v a r i a n c e .

W h e r e  a ^ e  =  E r r o r  v a r i a n c e .

3.5.2.2. Coefficient of variation

G e n o t y p i c  a n d  p h e n o t y p i c  c o e f f i c i e n t s  o f  v a r i a b i l i t y  w e r e  e s t i m a t e d  a s  p r o p o s e d  b y  

B u r t o n  a n d  D e v a n e  (1953).

i. Genotypic coefficient of variability (GCV)

G C V  =  W h e r e  — x  1 0 0  
X

Where a^g is the genotypic variance x, the mean of the population.

ii. Phenotypic coefHcient of variability (PCV)

P C V  =  — -  X  1 0 0
X

Where a^P is the phenotypic variance and X is the mean of the population.

3.5.2.3. H eritability (EP) - Broad sense

H e r i t a b i l i t y  i n  b r o a d  s e n s e  w a s  e s t i m a t e d  ( J a in ,  1982). I t  i s  t h e  f r a c t i o n  o f  t h e  t o t a l  

v a r i a n c e  t h a t  i s  h e r i t a b l e .

H e r i t a b i l i t y  ( f f )  =—^  x  1 0 0

3.5.2.4. Genetic advance under selection (GA)

Genetic advance under selection was calculated employing the formula



G e n e t i c  a d v a n c e  (G A ) =
K H ^ a ^ p  (x )

X

W h e r e  I f  =  H e r i t a b i l i t y  e s t i m a t e

P  =  P h e n o t y p i c  s t a n d a r d  d e v i a t i o n  

K  =  S e le c t io n  d i f f e r e n t i a l  w h ic h  i s  e q u a l  to  2 .06  a t  5%  in t e n s i t y  

o f  s e l e c t i o n  ( A l l a r d ,  1960).

X  =  M e a n  o f  t h e  c h a r a c t e r  X

3.5.3. Association of characters

3.5.3.I. Simple correlation

S i m p l e  c o r r e l a t i o n  c o e f f i c i e n t  w a s  e s t i m a t e d  a s  b e l o w  

C o v  ( x y )
r  =

V V ( x ) V ( y )

W h e r e ,  r x y  =  s i m p l e  c o r r e l a t i o n  c o e f f i c i e n t  b e t w e e n  c h a r a c t e r  x  a n d  y  

C o v ( x y )  =  C o v a r i a n c e  o f  c h a r a c t e r s  x  a n d  y

V ( x )  =  V a r i a n c e  o f  c h a r a c t e r  x

V ( y )  =  V a r i a n c e  o f  c h a r a c t e r  y

3.S.3.2. Genotypic and phenotypic correlation

G e n o t y p i c  (r^ ) a n d  p h e n o t y p i c  (tp ) c o r r e l a t i o n s  c o e f f i c i e n t s  a m o n g  a l l  t h e  c h a r a c t e r s  

w e r e  e s t i m a t e d  u s i n g  v a r i a n c e  a n d  c o v a r i a n c e  c o m p o n e n t s  a s  s u g g e s t e d  b y  S i n g h  a n d  

C h o u d h a r y  (1985 ). M e a n  v a l u e s  o f  d i f f e r e n t  c h a r a c t e r s  w e r e  u t i l i s e d  f o r  t h e  e s t i m a t i o n  o f  

t h e  c o r r e l a t i o n .

i. Genotypic correlation 

G e n o t y p i c  c o r r e l a t i o n  c o e f f i c i e n t  ( r^ ^ (g ))



Cov xy (g)

X (g) a^yg

Where Cov xy(g) = genotypic covariance of character x and y

x(g) = genotypic variance of character X

(g) = genotypic variance of character Y

ii. Phenotypic correlation

Phenotypic correlation coefficient (r̂  ̂(p))

_ Cov xy (p)

Va  ̂X (p) a^y (p)

W h e r e  C o v  x y  ( p )  =  p h e n o t y p i c  c o v a r i a n c e  o f  c h a r a c t e r  x  a n d  y

X  ( p )  =  p h e n o t y p i c  v a r i a n c e  o f  c h a r a c t e r  X

a^y ( p )  =  p h e n o t y p i c  v a r i a n c e  o f  c h a r a c t e r  Y

S i g n i f i c a n c e  o f  t h e  c o r r e l a t i o n  c o e f f i c i e n t s  w e r e  t e s t e d  a c c o r d i n g  to  F i s h e r  a n d  

Y a te s  (1963).

3.6. Classificatory analysis

3.6.1. Analysis

Genetic divergence of the 13 clones was estimated by D Statistic as per Mahalanobis 

(1 9 2 8 ,1 9 3 6 )  and computed as:

4=i|(?iVidj
Where, x = number of metric traits in point, 

p = number of genotypes

d i  a n d  d j  =  t h e  d i f f e r e n c e s  b e t w e e n  t h e  m e a n  v a l u e s  o f  t w o  g e n o t y p e s ,  f o r  

i*  a n d  j *  c h a r a c t e r s  r e s p e c t i v e l y .

= dispersion matrix reciprocal to the common dispersion matrix.



After computing the relative genetic distance between the clones, they were clustered 

into genetically divergent clusters as per iterative relocation algorithm suggested by Friedman 

and Rubin (1967) and modified by Suresh and Unnithan (1996). The mean intra cluster 

distances were computed using the formula

=  2 ( d , / / n

where d..̂  is the distance between i* and j* genotypes in the same cluster.

n = number of values

The mean inter distances were worked out by using the distances between all 

possible combinations of the clusters obtained. For this purpose, the sum of distances 

between all possible combinations of the clones in a pair of clusters was taken. The sum of 

values divided by the product of the number of genotypes in each cluster gave the inter 

cluster distance between the particular pair of clusters. The mean inter and intra cluster 

distances were then tabulated.

3.7. Isozyme studies

Nine isozyme systems viz., alcohol dehydrogenase (E.C.l.1.1.1), glutamate 

dehydrogenase (E.C.l.4.1.2), peroxidase (B.C. 1.11.1.7), shikimate dehydrogenase (E.C.l. 1.1.25), 

superoxide dismutase (E.C.l.15.1.1), aspartate aminotransferase (E.C.2.6.1.1), acid phosphatase 

(E.C.3.2.3.1), alkaline phosphatase (E.C.3.1.3.1) and aryl esterase (E.C.3.1.1.2) were studied. 

However, some of them, which are poorly resolved and are not giving any polymorphism 

among clones, were eliminated from the studies. Finally the four enzyme systems selected 

were aryl esterase, peroxidase, shikimate dehydrogenase and aspartate aminotransferase. 

Staining protocols were as defined by Tanksley and Orton, 1983. After staining the gels 

were fixed and photographed using a ‘Fotodyne VariQuest 100’ white light illuminator.



3.7.1. Enzyme extraction

O n e  g r a m  o f  y o u n g  l e a f  t i s s u e  w a s  g r o u n d  t o  a  f i n e  p o w d e r  w i t h  l i q u i d  n i t r o g e n  

w i t h  a  m o r t a r  a n d  p e s t l e .  T w o  h u n d r e d  m i l l i g r a m  o f  i n s o l u b l e  p o l y v e n y l p o l y p y r r o l i d o n e  

w a s  a d d e d  t o  r e m o v e  t h e  p h e n o l i c s .  1 m l  o f  t h e  e x t r a c t i o n  b u f f e r  (50  m M  T r is ,  10 m M  c y s t e in ,  

p H  7 .4  a n d  1 m M  P M S F ) w a s  a d d e d  t o  a l l o w  t h e  g r o u n d  t i s s u e  t o  t h a w  in  t h e  b u f f e r .  A f t e r  

t h a w i n g  t h e  s a m p l e s  w e r e  s q u e e z e d  t h r o u g h  4  l a y e r s  o f  c h e e z e  c l o t h  t o  a  1.5 m l  m i c r o f u g e  

t u b e .  T h e  t u b e s  w e r e  c e n t r i f u g e d  a t  1 2 ,0 0 0  r p m  f o r  15 m in .  a t  4“c. T h e  c l e a r  s u p e m a ta n t  w a s  

r e c o v e r e d  a n d  i t s  p r o t e in  c o n te n t  w a s  m e a s u r e d  b y  L o w r y ’s  m e t h o d  ( L o w r y  et al., 1951). T h e  

s a m p l e s  w e r e  s t o r e d  i n  -70“c  u n t i l  u s e  a n d  t h i s  c r u d e  e n z y m e  p r e p a r a t i o n  w a s  u s e d  f o r  

i s o z y m e  s t u d i e s .

3.7.2. Electrophoresis

Proteins were separated in a 7.5 per cent native polyacrylamide gel. Electrophoresis 

was carried out at 8“C in a refrigerator and the samples were run overnight at a constant 

voltage of 50V.

3.8. M olecular approaches

The plant materials were obtained from the bud wood nurseries of Rubber Research 

Institute of India. Plants were cut back and after one month the newly expanded leaves 

were collected for enzyme extraction. Leaf samples of the same age were collected at 

random from three replications of all clones.

3.8.1. Random amplified polymorphic DNA (RAPD) analysis

3.8.2. Preparation of Genomic DNA

Genomic DNA from fully expanded and disease free young leaves of selected clones 

was isolated and purified following the modified CTAB extraction procedure (Doyle and



D o y le  1990). O n e  g r a m  o f  f r e s h  l e a f  t i s s u e  w a s  g r o u n d  to  a  f in e  p o w d e r  u n d e r  l iq u id  n i t r o g e n  a n d  

h o m o g e n i z e d  in  DNA i s o l a t i o n  b u f f e r  (2% CTAB; h e x a d e c y l t r i e t h y l a m m o n i u m  b r o m i d e ) ,

1.4 M  Nad, 20mMEDTA (p H  8.0), 100 mM T ris -H C l (p H  8.0), 1% p o ly v in y l  p o ly p y r o l id o n e  (PVPP), 

1% 2 - m e r c a p t o e t h a n o l ) .  T h e  h o m o g e n a t e  w a s  t h e n  i n c u b a t e d  i n  a  w a t e r  b a t h  a t  65°C  f o r  

30  m i n  w i t h  g e n t l e  m i x i n g .  T h e  e x t r a c t s  w e r e  c e n t r i f u g e d  f o r  15 m i n  (1 2 0 0 0  x g )  a n d  t h e  

s u p e r n a t a n t  w a s  t r e a t e d  w i t h  a n  e q u a l  v o lu m e  o f  p h e n o l :  c h lo r o f o r m ;  i s o a m y l  a l c o h o l  (25;24;1) 

a n d  s p u n  a t  10 ,000  r p m  f o r  10 m i n .  T h e  a q u e o u s  p h a s e  w a s  c a r e f u l l y  r e m o v e d  t o  n e w  t u b e s  

a n d  i n c u b a t e d  a t  37°C  f o r  1 h  a f t e r  t h e  a d d i t i o n  o f  10 |i,I o f  R N a s e  A (1 0  m g / m l ) .  T h e  s a m p l e s  

w e r e  e x t r a c t e d  w i t h  c h l o r o f o r m  a n d  s p u n  a t  1 0 ,0 0 0  r p m  f o r  5 m i n  a n d  r e - e x t r a c t e d  

u n t i l  a  c l e a r  a q u e o u s  p h a s e  w a s  o b t a i n e d .  T h e  DNA w a s  p r e c i p i t a t e d  w i t h  a n  e q u a l  v o l u m e  

o f  i s o p r o p a n o l .  A f t e r  15 m i n  o f  c e n t r i f u g a t io n  a t  10,000 r p m ,  t h e  DNA p e l l e t  w a s  w a s h e d  w i th  

70 p e r  c e n t  e t h a n o l ,  a i r - d r i e d  a n d  d i s s o l v e d  i n  a b o u t  300JJ.1 o f  TE b u f f e r  (1 0  m M  T r i s - H C l ,  

p H  8.0; 1 m M  EDTA, p H  8 .0 ). DNA q u a l i t y  w a s  a n a l y s e d  b y  0 .8  p e r  c e n t  a g a r o s e  g e l  

e l e c t r o p h o r e s i s  a n d  s t o r e d  a t  -20“C u n t i l  u s e  f o r  PCR a m p l i f i c a t i o n .

3.8.3. DNA amplification by PCR

PCR w a s  c a r r i e d  o u t  i n  a  20 u l  r e a c t i o n  m i x t u r e  c o n t a i n i n g  15 n g  o f  t e m p l a t e  DNA, 

250 n M  of primer, 1.5 mM MgClj, 100 [iM each o f  dATP, dGTP, dCTP a n d  dTTP (Amersham- 

P h a r m a c i a ,  UK), 0.5 u n i t  o f  Taq DNA P o ly m e r a s e  e n z y m e  a n d  I x  r e a c t io n  b u f f e r .  In o r d e r  to  

a v o i d  e v a p o r a t i o n ,  t h e  r e a c t i o n  m i x tu r e  w a s  o v e r l a id  w i th  25 p,l o f  m i n e r a l  o i l  (Sigma, USA). 

A m p l i f i c a t i o n  w a s  p e r f o r m e d  i n  0.5 m l  t u b e s  p l a c e d  i n  a  4 8 - w e l l  t h e r m a l  c y c l e r  [ P e r k i n -  

Elmer DNA Thermal C y c l e r  480 , USA]. Tubes c o n t a i n i n g  a l l  the reaction c o m p o n e n t s  e x c e p t  

DNA t e m p l a t e  w e r e  i n c l u d e d  a s  c o n t r o l  f o r  each p r i m e r  u s e d .  The PCR p r o g r a m m e  i n c l u d e d :  

a  4  m i n  i n i t i a l  d e n a t u r a t i o n  s t e p  a t  94“c , 1 m i n  d e n a t u r i n g  a t  94“c , 1.30 m i n  a t  38“c f o r



annealing and 2.0 min at 72“c  for extension. Thirty-five cycles were performed and the last 

cycle was followed by 7 min at 72“c  to ensure that primer extension reactions proceeded to 

completion. Eighty random oligonucleotide primers (OPA, OPB, OPC, OPD and OPE), each 

of 10 nucleotides long (Operon Technologies Inc., Alameda, CA, USA) were used as single 

primer for the amplification of genomic DNA. The primers, which produced clear banding 

pattern after PCR amplification were selected for further RAPD analysis of 13 clones. In 

order to confirm whether the amplified products are reproducible, amplification with each 

primer was repeated at least thrice.

3.8.4. Gel electrophoresis and photography

After P C R  amplification, 6x loading buffer was added to the amplified products. 

The R A P D  products were separated by electrophoresis in 1.5%  agarose gels containing 

0.5  ug/ml ethidium bromide in 0 .5X  T B E  buffer (Sambrook e t a l , 1989). Electrophoresis 

was performed at 5 0 V  for about 4 h until the bromophenol blue dye front had migrated to 

the bottom of the gel. The molecular standard used was the lambda D N A  double digested 

by EcoRI/Hindin. The gels were visualized under UV-light and photographed with Canon 

Camera, Japan.

3.8.5. DNA blotting

A m p l i f i e d  R A P D  p r o d u c t s  w e r e  e l e c t r o p h o r e s e d  o n  1.5%  a g a r o s e  g e l  i n  T B E  b u f f e r  

(0 .0 4 5  M  T r i s - b o r a t e  a n d  0 .001  M  E D T A ) a t  25  V  f o r  8 h .  A f t e r  d e p u r i n a t i o n  i n  0 .2 5  M  H C l 

f o r  10 m i n ,  d e n a t u r a t i o n  o f  t h e  D N A  i n  t h e  g e l s  w a s  c a r r i e d  o u t  i n  1.5 M  N a C l ;  0 .5  M  N a O H  

f o r  3 0  m i n  a n d  t h e n  n e u t r a l i z e d  f o r  30 m i n  i n  1.5 M  N a C l .  1.0 M  T r is -H C l p H  7 .4 . T h e  D N A  

w a s  t h e n  t r a n s f e r r e d  o n t o  a  n y l o n  m e m b r a n e  ( H y b o n d  N+, A m e r s h a m - P h a r m a c i a ,  U K ) in  

lOX SSC  b u f f e r  ( I X  SSC  is  0 .15 M  N a C l ,  0.015 M t r i s o d iu m  c i t r a te )  f o r  18h  ( S a m b r o o k  et a l, 1989).



After DNA transfer, the nylon membranes were rinsed in 2X SSC buffer, UV-crosslinked and 

stored at 4®C until use.

3.8.6. DNA probe preparation, labelling and hybridization

T h e  s e l e c t e d  p o l y m o r p h i c  b a n d  w a s  c u t  o u t  f r o m  t h e  l o w - m e l t i n g  a g a r o s e  g e l  a n d  

DNA w a s  e l u t e d  ( S a m b r o o k  et a l ,  1989). T h e y  w e r e  t h e n  r e e x t r a c t e d  o n c e  w i t h  

p h e n o h c h l o r o f o r m  1:1 a n d  th e  DNA p e l l e t  w a s  d is s o lv e d  in  s t e r i l e  d o u b le  d i s t i l l e d  w a te r  a n d  

u s e d  f o r  la b e l l in g .  R a d io a c t iv e  p r o b e s  w e r e  s y n th e s iz e d  w i th  a-̂ P̂dATP (BARC, T ro m b a y , M u m b a i ,  

I n d i a ,  4000 C i / m m o l )  u s i n g  t h e  r a n d o m  p r i m e r  l a b e l i n g  k i t  ( A m e r s h a m - P h a r m a c i a ,  UK). 

T h e  n y l o n  m e m b r a n e s  w i t h  DNA w e r e  p l a c e d  i n  h y b r i d i z a t i o n  b o t t l e s  a n d  p r e h y b r i d i z e d  

f o r  4 h  ( H y b r i d i z a t i o n  b u f f e r  i s  6X  SSC, 5X D e n h a r d t ’s ,  0.5% SDS) a t  65®C. A f t e r  4  h ,  t h e  r a d i o  

l a b e l e d  DNA p r o b e  w a s  a d d e d  in t o  t h e  p r e h y b r i d i z a t i o n  b u f f e r  a n d  h y b r i d i z a t i o n  w a s  

p e r f o r m e d  a t  65“c  f o r  20 h  in  a  r o t a r y  h y b r i d i z a t i o n  o v e n  ( A m e r s h a m - P h a r m a c i a ,  UK). 

A f t e r  c o m p l e t i o n  o f  h y b r i d i z a t i o n ,  m e m b r a n e s  w e r e  w a s h e d  a t  l o w  s t r i n g e n c y  a t  r o o m  

t e m p e r a t u r e  t w i c e  i n  2X SSC +  0.1% SDS f o r  5 m i n  a n d  IX SSC +  0.1% SDS f o r  15 m i n  a n d  h i g h  

s t r i n g e n c y  a t  65”c ,  t w i c e  i n  0.5X SSC + 0.1% SDS f o r  30 m i n  a n d  O.IX SSC +  0.1% SDS f o r  

30 m i n ,  f o l l o w e d  b y  r a d i o  a c t i v e  s i g n a l  g e n e r a t i o n .  T h e  l a b e l l e d  b l o t s  w e r e  t h e n  e x p o s e d  

t o  X - r a y  f i l m  ( X - O m a t ,  K o d a k )  w i t h  i n t e n s i f y i n g  s c r e e n s  a t  -SÔ C.

3.8.7. Data analysis

A conservative approach to scoring of the amplified fragments was adopted and 

only consensus bands were included for the final analysis. Individual amplified bands 

were indicated by the primer used and its size in bp. Data were scored for computer analysis 

on the basis of the presence or absence of the amplified product of a given length. If a 

product was present in a genotype it was designated “1”; if absent, it was designated “0”. 

Pair-wise comparisons of genotypes, based on the presence or absence of unique and shared



polymorphic products were used to generate complementation o f Jaccard’s similarity 

coefficients. The matrix of dissimilarities was then used to construct a dendrogram according 

to the UPGMA (unweighed pair-group method with arithmetical average) using the TREECON 

programme (Van de Peer and De Wachter, 1994).

3.9. Perform ance Index

Performance index of the genotypes was computed based yield and major yield 

components viz., dry rubber yield, latex yield, initial flow rate of latex, plugging index, dry 

rubber content, virgin bark thickness and latex vessel rows in virgin bark.

Application o f discriminant function as a basis for making selection on several 

characters simultaneously is aimed at discriminating the desirable genotypes from 

undesirable ones on the basis of their phenotypic performance. Singh and Chaudhary (1985) 

defined the genetic worth (H) of an individual as;

H = a G + a  G + ............+ a G1 1 2  2 n n

Where, G , G  ............... G are the genotypic values on individual characters and
1 2 n

a , a ............. a signify their relative economic importance. Another function (I) based on1 2  n

the phenotypic performance of various characters, is defined as;

I = b p  + b  p + ............+ b p1^1 2 ^ 2  n ^ n

Where, b , b  ..............   b are to be estimated such that the correlation between H
1 2 D

and I, ie, r (H, I) becomes maximum. Once such function is obtained, descrimination of 

good genotypes from the undesirable ones will be possible on the basis of phenotypic 

performance, ie, P , P .............. . P directly.
1 2  n

The maximization o f r (H, I) leads of a set of simultaneous equations which upon 

solving give the desired estimate of b; values. Considering the 16 characters in this study, 

the simultaneous equations are as follows:



b,x„+b2x„ + .............b,x„ = a,G„ + a2G,2 + ...........

b j  X21 +  b z  X22 +  ............... ^7 ^27 =  1̂ ^21 2̂ ^22 .............  h  ^ 2 7

b j  X^l +  b 2  X 7 2  + ....................... ^ 7  ^ 7 7  -  ̂ 1  ̂ 7 1  ■*■ ̂  ̂ 7 2  ■*■

w h i c h  i n  m a t r i x  f o r m  b e c o m e ;

X X
71 72

G  G
11 12

G  G21 22

17

27

77 .

17

27

r ” ' !
b 2

bL 7 J

G  G  ....... G
71 72 77

■ a  ■
1

a
2

a
L 7

a , G 77

T h e  s o lu t io n  o f  th e s e  e q u a t io n s  g iv e  th e  e s t im a te s  o f  bj v a lu e s  in  th e  f o l lo w in g  m a n n e r :

b = x ‘ G a

w h e r e ,  b  i s  t h e  c o l u m n  v e c t o r  x  ‘ i s  t h e  i n v e r s e  o f  t h e  p h e n o t y p i c  v a r i a n c e  a n d  

c o v a r i a n c e  m a t r i x ,  G  i s  t h e  g e n o t y p i c  v a r i a n c e  a n d  c o v a r i a n c e  m a t r i x  a n d  a  i s  t h e  c o l u m n  

v e c t o r  f o r  e c o n o m i c  w e i g h t s .  W e  t a k e  a  a s  a  u n i t  v e c t o r  a s s u m i n g  e q u a l  e c o n o m i c  

im p o r t a n c e  f o r  a l l  c h a r a c t e r s .  T h e  g e n o ty p e s  w e r e  r a n k e d  b a s e d  o n  th e i r  p e r f o r m a n c e  in d ic e s .

3.10. Progeny analysis

O p e n  p o l l i n a t e d  s e e d s  w e r e  c o l l e c t e d  f r o m  12 i n t r o d u c e d  c l o n e s  f r o m  M a l a y s i a  

a n d  T h a i l a n d  a l o n g  w i t h  t h e  s e e d s  o f  R R I I 105. F o r  e a c h  c l o n e  s e e d s  w e r e  c o l l e c t e d  f r o m  

t r e e s  c o v e r i n g  a l l  t h e  f i v e  r e p l i c a t i o n s .  S e e d l i n g  p r o g e n i e s  w e r e  p l a n t e d  i n  r a n d o m i z e d  

b l o c k  d e s i g n  w i t h  t h r e e  r e p l i c a t i o n s  P l a t e  5 . F o r t y  p l a n t s  p e r  p r o g e n y  w e r e  r a i s e d  in



r e p l i c a t i o n s  i n  a  s p a c i n g  o f  60 x  60  c m  w a s  a d o p t e d .  O b s e r v a t i o n s  o n  j u v e n i l e  y i e l d ,  g i r t h ,  

h e i g h t  a n d  n u m b e r  o f  w h o r l s  w e r e  ta k e n  f r o m  16 p la n t s  g r o w n  in  tw o  c e n t r a l  r o w s  d i s c a r d in g  

t h e  b o r d e r  o n e s .

O b s e r v a t i o n s  f o r  m o r p h o l o g i c a l  t r a i t s  viz., g i r t h  ( a t  10 c m  f r o m  t h e  g r o u n d  l e v e l ) ,  

h e i g h t  a n d  n u m b e r  o f  l e a f  f l u s h e s  w e r e  m a d e  a t  t h e  f i r s t  a n d  s e c o n d  y e a r  a f t e r  p l a n t i n g .  

S e e d l i n g  h e i g h t  a t  t h e  a g e  o f  s i x  m o n t h s  w e r e  a l s o  r e c o r d e d .  J u v e n i l e  y i e l d  w a s  d e t e r m i n e d  

b y  t h e  t e s t  t a p p i n g  o f  t h e  s e e d l i n g s  a t  t h e  a g e  o f  t w o  y e a r s  b y  t h e  m o d i f i e d  H a m m a k e r  

M o r r i s  M a n n  m e t h o d  f o l l o w i n g  a  1/2S d/3 s y s t e m ,  a t  a  h e i g h t  o f  15 c m  f r o m  t h e  p l a n t  

b a s e .  L a t e x  f r o m  t e n  s u c c e s s i v e  t a p p i n g s  w a s  a l l o w e d  t o  a c c u m u l a t e  i n  c o l l e c t i o n  c u p ,  

f o l l o w i n g  w h i c h  t h e  c u p  l u m p s  w e r e  o v e n  d r i e d  a n d  w e i g h e d  t o  r e c o r d  y i e l d .  A n a l y s i s  

o f  v a r i a n c e  w a s  w o r k e d  o u t  t o  e s t i m a t e  v a r i a b i l i t y  a m o n g  p r o g e n i e s  w i t h  r e s p e c t  t o  a l l  

v a r i a b l e s  s t u d i e d .

P e r f o r m a n c e  i n d e x  o f  t h e  13 p r o g e n i e s  w a s  e s t i m a t e d  b a s e d  o n  v e g e t a t i v e  v i g o u r  

a n d  j u v e n i l e  y i e l d  a t  t h e  a g e  o f  t w o  y e a r s  ( M y d in ,  1990). C o n s i d e r i n g  t h e  v a r i a b l e s ,  p l a n t  

h e i g h t  (xl), g i r t h  (x2) n u m b e r  o f  l e a f  f l u s h e s  (x3) a n d  j u v e n i l e  r u b b e r  y i e l d  (x4).

P e r f o r m a n c e  I n d e x  =  Wlxl + W2x2 + W3x3 + W4 x4

W h e r e  Wl, W2, W3 and W4 = l/CT,̂  1/a/, 1/â  ̂ and 1/a/

denote weights attached to the traits XI, X2, X3 and X4 respectively and provide information 

on each trait, x l, x2, x3 and x4 represents the mean value of the traits XI, X2, X3 and X4.

P r o g e n i e s  w e r e  r a n k e d  o n  t h e  b a s i s  o f  t h e i r  p e r f o r m a n c e  i n d i c e s .  T h e  p e r c e n t a g e  

o f  s e e d l i n g  p r o g e n i e s  w h i c h  r e c o r d e d  a b o v e  a v e r a g e  m e a n  y i e l d  o f  t h e  t o t a l  s e e d l i n g  

p o p u l a t i o n  w e r e  a l s o  c o m p u t e d .



Plate 5. A view o f seedling nursery under test tapping. 
A Seedling under test tapping (inset)



Chapter 4
R E S U L T S



R ESU LTS

4.1. Clonal variability

4.1.1. Analysis of variance

CZhe a n a l y s i s  o f  v a r i a n c e  w a s  c a r r i e d  o u t  f o r  a l l  t h e  c h a r a c t e r s  i n  d i f f e r e n t  s e a s o n s  

viz., g i r t h  a t  o p e n i n g ,  g i r t h  i n c r e m e n t  r a t e  o n  t a p p i n g ,  g i r t h  a t  f i f t h  y e a r  o f  t a p p i n g ,  d r y  

r u b b e r  y i e l d  ( a n n u a l ,  s t r e s s ,  p e a k ) ,  y i e l d  d e p r e s s i o n  u n d e r  s t r e s s ,  l a t e x  y i e l d  ( a n n u a l ,  s t r e s s ,  

p e a k ) ,  i n i t i a l  f l o w  r a t e  ( a n n u a l ,  s t r e s s ,  p e a k ) ,  r u b b e r  c o n t e n t  ( a n n u a l ,  s t r e s s ,  p e a k ) ,  p l u g g i n g  

i n d e x  ( a n n u a l ,  s t r e s s ,  p e a k ) ,  l e n g t h  o f  t a p p i n g  p a n e l ,  b a r k  t h i c k n e s s ,  n u m b e r  o f  l a t e x  v e s s e l ,  

r o w s ,  a n d  t h e  l a t e x  a n d  r u b b e r  p r o p e r t i e s  ( T a b le  2 ).

4.1.2. Performance of clones in yield and associated characters

4.I.2.I. Girth at opening

H i g h l y  s i g n i f i c a n t  v a r i a t i o n  w a s  o b s e r v e d  f o r  g i r t h  a t  o p e n i n g  a m o n g  t h e  c l o n e s  

s t u d i e d .  T h e  g i r t h  o f  c l o n e s  d u r i n g  t h e  c o m m e n c e m e n t  o f  t a p p i n g  is  g i v e n  i n  T a b l e  3. 

M e a n  g i r t h  a t  o p e n i n g  f o r  d i f f e r e n t  c lo n e s  w a s  o b s e r v e d  to  b e  55.66 c m .  T h e  h i g h e s t  g i r t h  a t  

o p e n i n g  w a s  r e c o r d e d  f o r  t h e  c l o n e  PB 235 (61.33 c m )  f o l lo w e d  b y  PB 280 (60.02), PB 314 (57.83) 

a n d  PB 255 (57.39) w h i l e  KRS 128 e x h i b i t e d  l o w e s t  g i r t h  a t  o p e n i n g  (50.96 c m ) .  A l l  t h e  c l o n e s  

w e r e  f o u n d  t o  b e  o n  p a r  w i t h  RRII105. T h r e e  c l o n e s  viz., PB 255, PB 314 a n d  PB 280 w e r e  o n  

p a r  w i t h  PB 235 w h e r e a s ,  PB 235 a n d  PB 280 w e r e  s i g n i f i c a n t l y  s u p e r i o r  t o  RRII 105.



T a b le  2 .  A N O V A  f o r  y ie ld  a n d  a s s o c ia te d  c h a r a c t e r s

Sl.No. Characters F value Significance

1. G irth  at opening 4.67 **

2. G irth  increm ent on  tapping 1.83 NS

3. G irth  at 5th year o f  tapping 2.67 **

4. D ry rubber y ield  (annual) 9.08 **

5. D ry rubber y ield  (stress) 8.37 **

6. D ry rubber y ield  (peak) 10.29 **

7. Y ield depression  during stress 9.94 **

8. L atex  y ield  (annual) 6.42 **

9. L atex  y ield  (stress) 7.26 **

10. Latex  y ield  (peak) 8.26 **

11. Initial flow  rate  (annual) 7.67 **

12. Initial flow  ra te  (stress) 5.67 **

13. In itia l flow  ra te  (peak) 10.81 **

14. D ry rubber content (annual) 13.46 **

15. D ry rubber content (stress) 10.10 **

16. D ry rubber content (peak) 12.39 **

17. Plugging  index (annual) 24.77 **

18. Plugging index (stress) 11.92 **

19. Plugging  index (peak) 22.95 **

.20. L ength  o f  tapping panel 2.34 *

21. M rg in  b ark  thickness 7.39 **

22. L atex  vessel row s in  virgin bark 5.16 **

23. R enew ed b ark  thickness 4.65 **

24. Latex vessel rows in renewed bark 7.43

* S ignificant at P  <0.05, ** S ignificant a t P  < 0.01, NS: Not significant



4.1.2.2. Girth increment rate on tapping

T h e  m e a n  g i r t h  i n c r e m e n t  o n  t a p p i n g  f o r  d i f f e r e n t  c l o n e s  w a s  f o u n d  t o  b e  

n o n - s i g n i f i c a n t .  T h e  r a n g e  o f  v a r i a t i o n  in  g i r t h  i n c r e m e n t  w a s  f r o m  1.58 c m  f o r  t h e  c l o n e  

RRH105 to  2.98 c m  f o r  PB 255 ( T a b le  3). T h e  g e n e r a l  m e a n  w a s  2.16 c m  p e r  y e a r .  T w o  c lo n e s  viz., 

PB 255 a n d  PB 310 w e r e  s ig n i f i c a n t ly  s u p e r io r  to  RRU105 w h i le  f i v e  c lo n e s  viz., PB 260, PB 310, 

KRS 25, KRS 128 a n d  KRS 163 r e c o r d e d  h i g h  g i r t h  i n c r e m e n t  r a t e  a n d  w e r e  o n  p a r  w i t h  PB 255.

4.1.2.3. Girth at 4*'' year of tapping

T h e  v i g o u r  o f  t h e  c lo n e s  in  te r m s  o f  g i r th  a t  f i f th  y e a r  o f  t a p p i n g  is  s h o w n  in  T a b le  3. 

T h e  r a n g e  o f  v a r i a b i l i t y  o f  g i r t h  w a s  57.88 c m  f o r  KRS 128 to  65.99 c m  f o r  PB 255 w i t h  a  g e n e r a l  

m e a n  o f  60.82 c m .  T h r e e  c l o n e s  v iz . ,  PB 310, PB 280 a n d  PB 235 r e c o r d e d  h i g h  g i r t h  o n  p a r  

w i t h  PB 255 w h i l e  PB 235, PB 255 a n d  PB 280 w e r e  s i g n i f i c a n t l y  s u p e r i o r  t o  RRII105.

4.1.2.4. Dry rubber yield

T h e  a n n u a l  m e a n  d r y  r u b b e r  y i e l d  o f  t h e  13 c l o n e s  i s  g i v e n  i n  T a b le  3 . T h e  h i g h e s t  

y i e l d  w a s  o b s e r v e d  f o r  t h e  c l o n e  PB 255 i . e . ,  73.52 g  t'* t" ' w h e r e a s ,  c l o n e  PB 217 e x h i b i t e d  

t h e  l o w e s t  y i e l d  (38.17 g  t ’ t ”' )  w i t h  a  g e n e r a l  m e a n  o f  57.26 g  t'* t ’’ . E i g h t  c l o n e s  r e c o r d e d  

y i e l d  a b o v e  g e n e r a l  m e a n .  O f  t h e s e ,  t h e  c l o n e s  PB 311, PB 312, KRS 163, PB 260, PB 280, 

PB 314 a n d  PB 255, r e c o r d e d  a b o v e  60.00 g  t'* t  ' . T w o  c l o n e s  viz., PB 280 a n d  PB 314, w e r e  

o n  p a r  w i t h  t h e  h i g h e s t  y i e l d i n g  c l o n e  PB 255. S e v e n  c l o n e s  PB 255, PB 260, PB 280, PB 311, 

PB 312, PB 314 a n d  KRS 163 w e r e  s i g n i f i c a n t l y  s u p e r i o r  t o  RRII 105.

D u r i n g  s t r e s s  p e r i o d ,  t h e  c l o n e s  PB 255 a n d  PB 217 r e c o r d e d  t h e  h i g h e s t  a n d  l o w e s t  

d r y  y i e l d  r e s p e c t i v e l y .  T h e  h i g h e s t  v a l u e  e x h i b i t e d  w a s  52.74 g  t" ' f '  a n d  t h e  l o w e s t  v a l u e  

w a s  26.29 g  t '  t ’  ̂ w i t h  a  g e n e r a l  m e a n  o f  36.30 g  t"' t" '. O n ly  o n e  c l o n e  viz., PB 314 w a s  o n  p a r  

w i t h  PB 255 w h e r e a s ,  PB 255, PB 311, PB 312 a n d  PB 314 w e r e  s ig n i f i c a n t l y  s u p e r i o r  t o  RRII 105.



During the peak period, the highest yield was recorded by the clone PB 280 (80.42 g t ' t  ) 

followed by PB 255 (76.22 g t ‘ t ‘), the lowest dry rubber yield was exhibited by PB 217 

(44.75 g t’’ t’’) with a general mean of 62.89 g f ’ t '\ Eight clones viz., PB 235, PB 255, PB 260, 

PB 280, PB 311, PB 312, PB 314 and KRS 163 were significantly superior to RRII 105. Three 

clones viz., PB 260, KRS 163 and PB 255 exhibited above 70 g t * t * and were on par with PB 280.

4.I.2.5. Yield depression under stress

H i g h l y  s i g n i f i c a n t  c l o n a l  v a r i a t i o n s  w e r e  o b s e r v e d  f o r  t h i s  t r a i t .  Y ie ld  d e p r e s s i o n  

u n d e r  s t r e s s  r a n g e d  f r o m  27.99 p e r  c e n t  (PB 255) t o  49.87 p e r  c e n t  (PB 235) a n d  i s  s h o w n  in  

T a b l e  3. T h e  m e a n  y i e l d  d e p r e s s i o n  o f  t h e  c l o n e s  r e c o r d e d  w a s  36.41 p e r  c e n t .  RRII 105 

r e c o r d e d  38.99 p e r  c e n t  y i e l d  d e p r e s s i o n  d u r i n g  s t r e s s .  S ix  c lo n e s  v iz . ,  PB 217, PB 310, PB 311, 

PB 312, PB 314 a n d  KRS 128 w e r e  o n  p a r  w i t h  PB 255. PB 235, PB 260, PB 280, KRS 25, KRS 163 

a n d  RRII 105 e x h i b i t e d  t h e  v a l u e  a b o v e  g e n e r a l  m e a n .  T h e  c l o n e s  PB 260, PB 280 a n d  KRS 163 

w e r e  o n  p a r  w i t h  PB 235 w h i l e  t w o  c l o n e s  PB 235, a n d  KRS 163 w e r e  s i g n i f i c a n t l y  s u p e r i o r  

t o  RRII 105.



T a b le  3 . G r o w t h  a n d  y ie ld  o f  d i f f e r e n t  c lo n e s

Clone Girth at Girth increment Girth at 4th
opening on tapping year of tapping

(cm) (cm) (cm)

Dry rubber yield (g  t '  t ')

Annual Stress p„„i. Yield depression 
during stress (%)

P B 2 1 7  

P B 2 3 5  

PB 255 

P B 2 6 0  

P B 2 8 0  

P B 3 1 0  

P B 3 1 1  

P B 3 1 2  

PB 314 

K R S 25

C V (

52 .92  efg 

61.33 a 

57.39 abed 

53.86 defg 

60.02 ab

56.00 cde 

55.08 cdef 

56.73 bode 

57.83 abc

52 .00  fg

KRS 128 50.96 g

K R S 163 54.61 cdefg

R R II 105 54.82 cdefg

M ean 55.66

5.59

C D  (0.05) 3.96

2.09 be

2.15 be 

2.98 a 

2.37 abc 

1.80 c

2.73 ab 

2.01 be

1.74 c 

1.87 c 

2.35 abc 

2.19 abc 

2.18 abc 

1.58 c

2.16 

30.14

0 .82

58.32 c

65.27 ab 

65.99 a

59.35 c 

64.74 ab

62.36 abc 

59.56 c 

60.61 be 

60.95 be 

58.45 c 

57.88 c 

58.94 c

58.27 c 

60.82

6.45

4.99

38.17 f  26.29 g

57.45 bed 28.99 fg

73.52 a 

63.20 b

52.74 a 

35.66 cdef

66.81 ab 37.12 cde

43.61 e f  30.71 efg

60.33 be 41.91 bed

62.13 b  42.92 be

66.88 ab 47.30 ab

48.08 de 30.96 efg

51.78 cde 34.95 de f

62.96 b  32.36 efg

49.50 de  30.02 efg

57.26

13.36

9.72

36.30

16.7

7.71

44.75 d

63.24 c 

76.22  ab

74 .62  ab

80.42 a 

46.93 d 

65.38 be

67.42 be

68.62 be  

51.05 d 

52.01 d

75.24 ab 

51.66 d 

62.89 

13.59 

10.86

31.01 d e

49.87 a

27.99 e 

43.75 ab 

44.96 ab 

28.24 e

30.88 de 

30.56 de

28.69 e 

36.52 cd 

33.14 cde

48.70 a

38.99 be 

36.41

5.67

7.21

M eans fo llow ed  by  th e  sam e letters are  no t significanty different at 5%  error



4.1.2.6. Latex yield

Highly significant clonal variation for latex yield was observed among 13 clones 

studied (Table 2). Mean values of latex yield of clones are given in Table 4. PB 312 exhibited 

highest latex yield (176.85 ml t 't" ')  while lowest latex yield was recorded for PB 217 

(107.60 ml t'* t’’) with a general mean of 140.95 ml f ’ f '. PB 311, PB 255 and PB 314, were on 

par with the highest yielding clone PB 312 whereas, seven clones viz., PB 312, PB 314, PB 255, 

PB 311, PB 260, PB 280 and KRS 163 were significantly superior to RRH105. Of the 13 clones, 

PB 255, PB 311, PB 312, PB 314 and KRS 163 exhibited above 150 ml t’’ t \  Four clones KRS 25, 

PB 235, PB 280 and PB 260 recorded good latex yield above the mean yield.

PB 255 exhibited the highest latex yield during the stress period (115.26 ml t'‘ t"') 

followed by PB 312 (114.22 ml t'* t’') and PB 314 (112.99 ml t"' t'‘), with a mean volume of 

86.51 ml t"' t’\  The lowest volume yield was shown by PB 235 (58.31 ml t'‘ t"'). PB 311, 

PB 312 and PB 314 were on par with PB 255 while PB 255, PB 312, PB 314 and PB 311 were 

significantly superior to RRII105. Four clones viz., PB 255, PB 311, PB 312 and PB 314 

yielded above 100 ml t ’ t ' during stress period.

During peak season, the range of latex yield among the clones was from 117.27 ml t’‘ t'* 

to 193.17 ml t"' f ’. The highest latex yield was exhibited by clone PB 312, and the lowest by 

PB 217. Seven clones viz.., PB 312, PB 280, PB 255, PB 314, KRS 163, PB 260 and PB 311 were 

significantly superior to RRII 105 whereas, PB 255, PB 280 and PB 314 were on par with the 

PB 312. Seven clones viz., PB 255, PB 260, PB 280, PB 311, PB 312, PB 314 and KRS 163 recorded 

volume yield above general mean.

4.1.2.7. Initial flow rate

Clonal variation for initial flow rate of latex was highly significant (Table 2). The 

mean values of rate of flow of latex of the 13 clones are depicted in Table 4. The highest



flow rate of latex was recorded for RRII105 (29.88 ml min'  ̂cm ') and the lowest flow rate of 

latex was observed for PB 260 (19.60 ml min'  ̂cm’') with a general mean of 24.14 ml min'  ̂cm"'. 

Three clones viz., PB 255, KRS 25, and PB 280 were on par with RRII 105. Six clones recorded 

latex flow rate of above 25 ml min'  ̂cm-'.

During the stress period, PB 255 represented the highest flow rate of latex i.e. 

26.89 ml min’̂  cm’' whereas, PB 235 indicated the lowest flow rate of latex i.e. 16.51 ml min'  ̂cm’’ 

with a general mean of 22.52. Seven clones PB 314, RRII 105, KRS 25, PB 280, KRS 128, PB 312 

and PB 311 were on par with PB 255.

The highest flow rate duringthe peak season was recorded for PB280, (30.52mlmin'  ̂cm-') 

and PB 235 showed low est flow  rate o f 20.39 ml min'^ cm"'. The general mean was 

25.02 ml min'^ cm''. Three clones RRII 105, PB 255 and KRS 25 were on par with PB 280 

having the highest initial flow rate of latex during peak period.

4.I.2.8. Dry rubber content

Highly significant clonal variation for this trait was observed in Table 2. The range 

of variation in dry rubber content is depicted in Table 4. The highest annual DRC recorded 

was 44.84 per cent for the clone PB 280 followed by KRS 128 (43.70 %) with a general mean 

of 39.94 per cent. The lowest dry rubber content recorded by PB 312 (36.45 %). Two clones 

PB 280 and KRS 128 were significantly superior to RRII 105 whereas, two clones PB 255, 

KRS 128 were on par with the clone PB 280. Seven clones viz., PB 260, PB 235, RRII 105, KRS 163, 

PB 255, KRS 128 and PB 280 recorded a high DRC value above 40 per cent.

The range of dry rubber content during stress season was from 38.22 per cent for 

PB 312 to 48.21 per cent for PB 280. The general mean was 42.21 per cent. Dry rubber content



during the stress period indicated a wide variation among different clones. Ten clones viz., 

PB 314, PB 310, KRS 25, PB 260, RRH 105, PB 235, KRS 163, PB 255, KRS 128 and PB 280 exhibited a 

very high DRC value above 40. Three clones PB 217, PB 311 and PB 312 recorded relatively 

low DRC during stress period.

Dry rubber content recorded during peak period was highest for KRS 128 (44.49 %), 

and lowest dry rubber content was for PB 311 (35.93 %) with a general mean of 39.72 per cent. 

Seven clones viz., PB 235, PB 255, PB 260, PB 280, KRS 128, KRS 163 and RRII105 exhibited a 

high value of DRC of above 40 per cent. Three clones viz., RRII 105, PB 280 and PB 255 

were on par with KRS 128 having high DRC during the peak period. Five clones viz., PB 311, 

PB 312, PB 310, PB 314 and PB 217 were observed to give comparatively low dry rubber 

content during this period.

4.I.2.9. Plugging index

Highly significant clonal variation was observed for plugging index (PI) (Table 2). 

The range of variation among 13 clones for PI was from 2.44 (PB 312) to 4.67 (RRII 105) 

with a general mean of 3.31 (Table 4). Three clones viz., KRS 25, PB 280 and RRII 105 

indicated a high PI value and PB 312, PB 311, PB 260, KRS 163 and PB 314 exhibited low 

values for plugging index.

During the stress period the PI value ranged from 3.72 (PB 312) to 6.28 (RRII 105) 

and the general mean was 4.94. Four clones viz., KRS 128, KRS 25, PB 235 and PB 280 recorded 

high values of plugging, and these clones were on par with RRII 105, while two clones i.e. 

PB 312 and PB 311 registered low values for PI during the stress period.



A wide range of variation in PI values was evident during the peak season also. 

The lowest value was showed for the clone PB 311 (2.06) and highest value registered was 

4.46 for the clone RRII105 with a general mean of 2.90. Other four clones which recorded 

high values for PI were PB 217, PB 280, KRS 25 and KRS 128 and all other clones recorded 

relatively low PI values.

4.1.2.10. Length of tapping panel

The clonal variation with regard to the tapping panel length was observed to be 

significant (Table 2). The length of tapping cut of different clones is shown in Table 4. The 

clone KRS 163 represented the minimum value of 34.37 cm while PB 235 recorded the 

highest value of 38.96 cm with a general mean of 36.12 cm. Three clones viz., PB 235, PB 255 

and PB 280 were significantly superior to RRII 105 whereas, three clones were on par 

with the PB 235.
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4.1.2.11. Virgin bark tliickness

Highly significant clonal difference was observed for virgin bark thickness among 

the clones studied (Table 2). The range of variability for this trait was 7.25 mm (PB 312) to 

11.36 mm (KRS 128) with a general mean of 9.19 mm (Table 5). Eight clones viz., PB 255, 

PB 260, PB 280, PB 314, KRS 25, KRS 163, KRS 128 and RRH 105, exhibited bark thickness above 

the general mean. Two clones PB 255 and KRS 128 were significantly superior to R R II105 

while PB 255 was on par with KRS 128. Three clones PB 312, PB 217 and PB 311 were exhibited 

low bark thickness.

4.1.2.12. Latex vessel rows in virgin bark

Highly significant variations among the clones were observed (Table 2). The range 

of latex vessel rows in virgin bark was 16.68 (PB 312) to 28.64 (PB 255) with a general mean 

of 21.56 (Table 5). Number of latex vessel rows in five clones was above the general mean. 

Two clones viz., PB 255 and KRS 163 were significantly superior to RRII 105. Of these PB 260 

and KRS 163 were on par with PB 255.

4.1.2.13. Renewed bark thickness

Variation for renewed bark thickness was highly significant and is given in the 

Table 2. The general mean of the bark thickness of different clones was 7.18 mm. Bark 

thickness varied from 6.01 mm (PB 310) to 8.79 mm (PB 255). Four clones viz., KRS 25, PB 280, 

KRS 25 and PB 255 recorded a high value of renewed bark thickness and five clones recorded 

the value above the general mean (Table 5). PB 255 was significantly superior to RRII 105 

while three clones viz., KRS 25, PB 280 and KRS 128, were on par with PB 255.

4.1.2.14. Latex vessel rows in renewed bark

Highly significant clonal variation for latex vessel rows in renewed bark was 

observed (Table 2). Variability ranged from 15.56 (KRS 25) to 30.96 (PB 255) with a general 

mean of 19.12. PB 255 was significantly superior to RRII 105. Six clones recorded higher 

value for number of latex vessel rows than the general mean (Table 5).



Table 5. B ark  anatom ical tra its  of different clones (4'*' year of tapping)

Clone Virgin bark 
thickness (mm)

LVRin 
virgin bark

Renewed bark 
thickness (mm)

LVRin 
renewed bark

PB 217 

P B 2 3 5  

PB 255 

PB 260 

PB 280 

PB 310 

PB 311 

PB 312 

PB 314 

KR S 25 

KRS 128 

KRS 163 

R R II1 0 5  

M ean 

C V  (% ) 

C D  (0.05)

7.88 efg 

8.70 cdef 

10.73 ab 

9.09 ode 

9.79 bo 

8.31 defg 

7 .76 fg 

7.25 g  

9.69 be 

9.93 be 

11.36 a 

9 .59 be  

9.41 cd 

9.19 

10.64 

1.24

18.72 cd 

20.04 cd 

28.64 a 

24.76 ab

19.72 cd 

21.48 be 

21.88 be 

16.68 d 

21.60 be  

18.80 cd 

19.84 cd 

26.92 a 

21.16 be 

21.56 

15.46

4.25

6.48 de 

6.47 de 

8.79 a

6.68 cde

7.68 abc 

6.01 e

6.14 e 

6.63 cde

7.32 bed 

7.96 ab 

8.42 ab

7.33 bed 

7 .40 bed 

7.18

12.57

1.15

16.04 de 

16.44 cde 

30.96 a 

21.00 b

17.04 bcde 

14.20 e 

19.16 bed 

19.00 bed 

19.24 bed 

15.56 de 

20.52 be 

20.76 be 

18.60 bed 

19.12 

17.80

4.33

M eans fo llow ed b y  the  sam e letters are not signiflcanty different at 5%  error



4.1.3. Latex and rubber properties

Mean values of latex and rubber properties of different clones are given in Table 6. 

Clonal variations were highly significant. The pH of latex of RRn 105 was nearly neutral (7.03) 

and KRS 163 registered the highest pH (7.26). PB 235, PB 255, PB 260, PB 280, PB 311, PB 314 and 

KRS 128 were on par with KRS 163. Seven clones viz., PB 235, PB 255, PB 260, PB 280, PB 311, 

PB 314 and KRS 163 were significantly superior to R R II105.

The highest total solid content (TSC) was estimated for the clone KRS 128 (44.13 %) 

followed by RRII 105 (43.46 %). The lowest TSC was measured for PB 312 (35.32 %). Highly 

significant clonal variation was observed for this trait. Two clones viz., PB 280 and RRII 105 

were on par with KRS 128 and no clones were significantly superior to RRII 105. KRS 25 (3.53 %) 

and PB 235 (2.75 %) showed the highest and lowest content of non-rubber substances (NRS) 

respectively. PB 255 and PB 280 were on par with KRS 25 whereas, seven clones PB 217, PB 255, 

PB 280, PB 310, PB 311, KRS 25 and KRS 128 were significantly superior to RRII 105. Ash 

content varied from 0.14 to 0.26 per cent. PB 312 recorded highest ash content (0.26 %) of 

natural rubber among the clones studied whereas,PB 260 and KRS 163 recorded lowest 

value for ash (0.14 %). PB 217 and PB 312 were significantly superior to RRII 105 and PB 217 

were on par with PB 312. Data of the clonal rubbers for the gel content showed that clone 

PB 255 exhibited the highest gel content (22.87 %) followed by RRII 105 (16.66 %) and clone 

KRS 163 recorded the lowest value (4.43 %). Clonal variation was significant. PB 255 was 

significantly superior to RRII 105. KRS 128 recorded the lowest content for acetone extract 

(2.60 %) whereas, PB 260 recorded highest (4.17 %), and the acetone extract content of RRII 105 

was in the lower range. Three clones viz., PB 217, PB 235 and KRS 163 were on par with 

PB 260 while seven clones viz., PB 217, PB 235, PB 260, PB 280, PB 310, KRS 25 and KRS 163



were significantly superior to RRII105. Mean values for the nitrogen level ranges from 0.38 

to 0.49 percent. The highest nitrogen content was recorded for PB 312 (0.49 %) and low est 

was for PB 235 and KRS 163 (0.38 %). PB 311 and PB 314 were on par with PB 312, while 

three clones PB 311, PB 312 andPB 314 were significantly superior to RRn 105. Rubber obtained 

from three clones recorded a viscosity range i.e. 60 to 70 units almost close to the processable 

range o f viscosity. Six clones produced medium to hard rubbers whose viscosity ranges 

were 70 to 80 units. The remaining four clones including RRII 105 produced hard rubbers 

having a viscosity higher than 80. PB 255 exhibited the highest Mooney viscosity (88.24 unit). 

Significant differences were observed between clones. Only one clone PB 255 was 

significantly superior to RRII 105. Plasticity values determined for the clones showed 

a range varying from 43 to 61 units. Clone KRS 163 (42.83 unit) exhibited the lowest P̂  and 

MV, whereas, the highest value was observed for the clone PB 255 (60.67). Two clones PB 217 

and KRS 128 were on par with PB 255 whereas, PB 255 was significantly superior to RRII 105. 

PRI determinations of the natural rubber from 13 clones ranged from 80 to 88 per cent. The 

highest and lowest PRI was recorded for PB 280 (88.11 %) and PB 217 (79.94 %) respectively. 

PB 260, PB 310, PB 314, KRS 25 and KRS 163 were on par with PB 280 whereas, one clone viz., 

PB 280 was significantly superior to RRII 105.
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4.1.4. Association of dry rubber yield with latex and rubber properties

Of the various latex and rubber properties studied pH, total solid contents (TSC), 

gel contents (GC) and plasticity retention index (PRI) showed positive association with dry 

rubber yield, however non-rubber substances (MRS) acetone extract (AE), nitrogen content (N), 

mooney viscosity (MV), initial plasticity (Pj) and ash content (AC) indicated negative 

association with rubber yield (Table 7). Among these variables pH showed significant positive 

relation (0.583) with yield whereas, the association of ash with rubber yield was high and 

negative (-0.348) but it was non-significant. This correlation was followed by correlation of 

yield with PRI (0.271), TSC (0.266), P̂  (-0.251) and MV (-0.238). All other variables showed low 

association with yield.



Table 7. Association of dry rubber yield with latex and rubber properties
Dry rubber j j  

yield
NRS AE N, GC MV PRI AC

Dry rubber 
yield

pH 0.583*

TSC 0.266 0.195

NRS -0.056 0.026 0.080

AE -0.093 0.393 -0.119 -0.370

N2 -0.013 -0.247 -0.761 0.111 -0.455

GC 0.004 -0.449 0.091 0.500 -0.604 0.173

MV -0.238 -0.398 0.475 0.402 -0.342 -0.387 0.714

PO -0.251 -0.370 0.478 0.368 -0.262 -0.452 0.649 0.992

PRI 0.271 0.504 0.095 0.153 0.230 -0.037 -0.496 -0.609 -0.616

AC -0.348 -0.596 -0.533 0.253 -0.452 0.665 0.458 0.231 0.194 -0.401

*Significant at p<0.05 

A B B R E V IA T IO N S  

TSC - Total solid content

NRS - Non rubber substances

AE - Acetone extract

Nj - Nitrogen content

GC
MV
Po
PRI
AC

- Gel content
- Mooney viscosity
- Initial Wallace plasticity
- Plasticity retention index
- Ash content



4.2. Genetic param eters

T h e  r a n g e  a n d  e s t i m a t e s  o f  g e n e t i c  p a r a m e t e r s  s u c h  a s  p h e n o t y p i c  c o e f f i c i e n t  o f  

v a r i a t i o n  (PCV), g e n o t y p i c  c o e f f i c i e n t  o f  v a r i a t i o n  (GCV), h e r i t a b i l i t y  (H^) a n d  g e n e t i c  a d v a n c e  

a t  5 p e r  c e n t  i n t e n s i t y  o f  s e l e c t i o n  a s  p e r c e n t a g e  o f  m e a n s  a r e  g iv e n  in  T a b le  8. L a t e x  y i e l d  

d u r i n g  p e a k  s e a s o n  s h o w e d  t h e  h i g h e s t  r a n g e  o f  117.27 m l  t ' t '  t o  193.17 m l  t  ‘ t  ’ . I t  w a s  

f o l l o w e d  b y  a n n u a l  l a t e x  y i e l d  o f  107.60 m l  t  * t  * to  176.85 m l  t ’* t L a t e x  y i e l d  in  s t r e s s  s e a s o n  

w a s  58.31 m l  t '  t '  t o  115.26 m l  t  ‘ t  \  D r y  r u b b e r  y i e l d  d u r i n g  p e a k  s e a s o n  e x h i b i t e d  a  r a n g e  

o f  44 .75  p e r  c e n t  t o  80 .42 p e r  c e n t .  I t  w a s  f o l l o w e d  b y  a n n u a l  d r y  r u b b e r  y i e l d  i .e .  38.17 p e r  c e n t  

t o  73 .52  p e r  c e n t ,  d r y  r u b b e r  y i e l d  d u r i n g  s t r e s s  s e a s o n  i .e .  26.29 p e r  c e n t  to  52.74 p e r  c e n t .  Y ie ld  

d e p r e s s i o n  d u r i n g  s t r e s s  e x h i b i t e d  a  r a n g e  o f  27 .99  p e r  c e n t  t o  49 .87  p e r  c e n t .  T h e  r a n g e  o f  

l a t e x  v e s s e l  r o w s  in  r e n e w e d  b a r k  w a s  14.20 to  30.96 f o l lo w e d  b y  la t e x  v e s s e l  r o w s  in  v i r g in  

b a r k  o f  16.68 t o  2 8 .6 4 . G i r t h  a t  o p e n i n g  r e g i s t e r e d  t h e  r a n g e  o f  50.96 c m  to  61.33 c m . D r y  

r u b b e r  c o n t e n t  i n  s t r e s s  s e a s o n  r e c o r d e d  a  r a n g e  o f  38.22 p e r  c e n t  t o  48.21 p e r  c e n t .  I t  w a s  

f o l l o w e d  b y  d r y  r u b b e r  c o n t e n t  i n  p e a k  p e r i o d  t h a t  r a n g e d  f r o m  35.93 p e r  c e n t  t o  44 .99 p e r  c e n t .  

A n n u a l  r u b b e r  c o n t e n t  s h o w e d  a  r a n g e  o f  36 .45 p e r  c e n t  t o  4 4 .84  p e r  c e n t .  V i r g i n  b a r k  

t h i c k n e s s  r e g i s t e r e d  a  l o w  r a n g e  o f  7 .25 m m . t o  11.26 m m .  I t  w a s  f o l l o w e d  b y  r e n e w e d  b a r k  

t h i c k n e s s  i . e .  6.01 m m  t o  8.79 m m .  T h e  l o w e s t  r a n g e  w a s  e x h i b i t e d  f o r  g i r t h  i n c r e m e n t  o n  

t a p p i n g  t h a t  r a n g e d  f r o m  1.58 c m  t o  2 .98 c m .  H i s t o g r a m  r e p r e s e n t i n g  c l o n a l  v a r i a b i l i t y  f o r  

a l l  t h e s e  t r a i t s  a r e  p r e s e n t e d  in  F i g .  1 t o  8.

4.2.1. Phenotypic coefficient of variation

A m o n g  t h e  p h e n o t y p i c  c o e f f i c i e n t  o f  v a r i a t i o n  g i r t h  i n c r e m e n t  r a t e  r e c o r d e d  th e  

h i g h e s t  v a l u e  (32 .56  % ) a n d  a  m i n i m u m  f o r  g i r t h  a t  o p e n i n g  (7 .36  % ) ( T a b le  8). T h e  g i r t h  

i n c r e m e n t  r a t e  w a s  f o l l o w e d  b y  l a t e x  y i e l d  i n  s t r e s s  p e r i o d  (26.95 % ), d r y  r u b b e r  y i e l d  in



s t r e s s  s e a s o n  (26.26 % ), y i e l d  d e p r e s s i o n  u n d e r  s t r e s s  (26.01 % ), l a t e x  v e s s e l  r o w s  in  r e n e w e d  

b a r k  (26.94 % ), r u b b e r  y i e l d  d u r i n g  p e a k  p e r i o d  (22.97 % ), a n n u a l  r u b b e r  y i e l d  (21.60 %), 

l a t e x  y i e l d  d u r i n g  p e a k  p e r i o d  (20.96 %), l a t e x  v e s s e l  r o w s  i n  v i r g i n  b a r k  (20.92 % ) a n d  m e a n  

a n n u a l  l a t e x  y i e l d  (20.61 % ). A l l  th e s e  c h a r a c t e r s  r e p r e s e n te d  a  r e l a t i v e ly  h i g h  v a lu e  f o r  

p h e n o ty p i c  c o e f f i c i e n t  o f  v a r i a t i o n  w h e r e a s ,  r e n e w e d  b a r k  th i c k n e s s  (16.53 %) a n d  v i r g in  b a r k  

th i c k n e s s  (16.07 % ) s h o w e d  a  m o d e r a te l y  h ig h  v a lu e .  D r y  r u b b e r  c o n te n t  in  p e a k  p e r io d  (9.29 %), 

d r y  r u b b e r  c o n t e n t  d u r i n g  s t r e s s  p e r i o d  (8.23 % ) a n d  m e a n  a n n u a l  d r y  r u b b e r  c o n t e n t  (8.21 % ), 

r e c o r d e d  l o w  p h e n o t y p i c  c o e f f i c i e n t  o f  v a r i a t i o n  ( F i g u r e  8 ).

4.2.2. Genotypic coefilcient of variation

G e n o t y p i c  c o e f f i c i e n t  o f  v a r i a t i o n  (GCV) r a n g e d  f r o m  4.78 p e r  c e n t  t o  20.84 p e r  c e n t  

f o r  t h e  v a r i a b l e s  s t u d i e d  ( T a b le  8). T h e  h i g h e s t  GCV w a s  r e c o r d e d  f o r  y i e l d  d e p r e s s i o n  

d u r i n g  s t r e s s  f o l l o w e d  b y  d r y  r u b b e r  y i e l d  d u r i n g  s t r e s s  (20.27 %), l a t e x  v e s s e l  r o w s  in  

r e n e w e d  b a r k  (20.19 %), la t e x  y ie l d  d u r in g  s t r e s s  p e r i o d  (20.09 % ), d r y  r u b b e r  y i e l d  in  p e a k  s e a s o n  

(18.52 % ), m e a n  a n n u a l  r u b b e r  y ie l d  (16.98 % ), a n d  la t e x  y ie l d  in  p e a k  p e r i o d  (13.38 % ) a l l  o f  

w h ic h  e x h ib i t e d  r e l a t i v e ly  h ig h  GCV v a lu e  o f  a b o v e  15 p e r  c e n t .  A n n u a l  l a t e x  y i e l d  (14.87 % ), 

l a t e x  v e s s e l  r o w s  i n  v i r g in  b a r k  (14.10 % ), g i r th  i n c r e m e n t  r a t e  u n d e r  t a p p i n g  (12.31), v i r g in  

b a r k  t h i c k n e s s  (12.04 % ) a n d  r e n e w e d  b a r k  t h i c k n e s s  (10.74 % ) r e c o r d e d  m o d e r a t e l y  h ig h  GCV 

v a l u e  a b o v e  10 p e r  c e n t .  D r y  r u b b e r  c o n t e n t  i n  p e a k  p e r i o d ,  (7.74 % ), m e a n  a n n u a l  d r y  r u b b e r  

c o n t e n t  (6.94 % ), d r y  r u b b e r  c o n t e n t  d u r i n g  s t r e s s  p e r i o d  (6.61 %), a n d  g i r t h  a t  o p e n i n g  (4.78 % ), 

i n d i c a t e d  a  l o w  GCV o f  b e l o w  10 p e r  c e n t  ( F i g u r e  8 ).

4.2.3. Heritability

The broad sense heritability (rf) ranged from 14.28 per cent to 71.39 per cent for 

yield and the associated characters studied (Table 8). High heritability expressed by a high 

value of above 60 per cent, was observed for most of the characters. The highest broad



sense heritability was observed for annual dry rubber content followed by dry rubber 

content during peak period (69.50 %), dry rubber yield in peak period (65.00 %), dry rubber 

content during stress period (64.55 %), yield depression during stress (64.15 %), and annual 

dry rubber yield (61.77 %). The heritability value for latex vessel rows in virgin bark and 

renewed bark thickness was 45.43 and 42.10 respectively.

Latex vessel rows in renewed bark (37.02 %), girth at opening (42.31 %), and girth 

increment under tapping (14.29 %) exhibited a heritability value of less than 50 per cent whereas, 

annual latex yield (52.03 %), latex yield during stress period (55.58 %), virgin bark thickness 

(56.11 %), latex yield during peak period (59.22 %), and yield during stress period (59.58 %) 

recorded by a moderately high heritability of above 50 per cent (Figure 8).

4 .2 .4 .  G e n e t i c  a d v a n c e

The genetic advance under selection (GA) was highest for yield depression during 

stress (34.37 %) followed by rubber yield during stress period (32.23 %), latex vessel rows in 

renewed bark (31.21 %), latex yield in stress period (30.85 %) and rubber yield in peak season 

(30.76 %). All these characters showed a high genetic advance of the value above 30 per cent, 

whereas, annual rubber yield, latex yield during peak period (25.56 %), annual latex yield 

(22.09 %), latex vessel rows in virgin bark (19.57 %), virgin bark thickness (18.57 %) and latex 

vessel rows in renewed bark (17.68 %) depicted moderate values for genetic advance. A 

relatively low genetic advance of below 15 per cent was recorded for other variables like 

renewed bark thickness, dry rubber content during peak period, annual mean dry rubber 

content, dry rubber content in stress period, girth increment, and girth at opening (Table 8, 

Figure 8).



T a b le  8. G e n e t i c  p a r a m e t e r s  o f  y ie ld  a n d  a s s o c i a t e d  c h a r a c t e r s

Character Range
Min Max

PCV (%) GCV (%) f f  (%) GA (%)

G irth  at open ing  (cm ) 50.96 61.33 7.36 4 .78 42.31 6.41

G irth  increm ent on  tapping (cm ) 1.58 2,98 32.56 12.31 14.29 9.58

D ry rubber y ield  ( g f 'f ') - ( a n n u a l )  38.17 73.52 21.60 16.98 61.77 27.49

D ry rubber y ield  ( g f 'f ') - ( s t r e s s )  26.29 52.74 26.26 20.27 59.58 32.23

D ry rubber y ield  ( g f 'f ') - ( p e a k )  44.75 80.42 22.97 18.52 65.00 30.76

Yield depression during stress (%) 27.99 49.87 26.01 20.84 64.14 34.37

L atex  y ie ld  (m l f 'f ') - ( a n n u a l )  107.60 176.85 20.61 14.87 52.03 22.09

L atex  y ield  (m l f 'f ') ( - s t r e s s )  58.31 115.26 26.95 20.09 55.58 30.85

L atex  y ield  (m l f ' f ‘)-(peak) 117.27 193.17 20.96 13.38 59 .22  25,56

D ry rubber content (% )-(annual) 36.45 44 .84  8.21 6 .94 71.39 12.08

D ry rubber content (% )-(stress) 38.22 48.21 8.23 6.61 64.55 10.94

D ry rubber con ten t (% )-(peak) 35.93 44.99 9.29 7 .74  69.50 13.30

V irgin bark  th ickness (m m ) 7.25 11.36 15.99 11.97 55.76 18.57

R enew ed bark  thickness (m m ) 6.01 8.79 16.53 10.74 42 .10 14.37

No. o f  LVR in  virg in  bark  16.68 28.64 20.92 14.10 45.43 19.57

No. o f  LV R in  renew ed bark  14.20 30.96 26.94 20.19 56.25 31.21

A B B R E V IA T IO N S

G C V  - G enotyp ic  coefficient o f  variation 

PC V  - Phenotyp ic  coefficient o f  variation

G A  - Genetic advance 

- Heritability
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Fig. 8 Genetic parameters of yield and associated characters



4.3. Association of characters

4.3.1. Correlation between yield and growth

Annual rubber yield recorded positive genotypic correlation with girth (0.540) and 

the association of rubber yield in peak season with girth was also positive. Rubber yield in 

stress season exhibited favourable high positive association with girth increment (0.704) 

whereas, yield depression during stress recorded high but negative correlation with girth 

increment (-0.527). Girth showed positive genotypic correlation with dry rubber yield during 

stress (0.406) and peak period (0.511).

At phenotypic level, annual rubber yield showed positive association with girth (0.517), 

whereas, the association of rubber yield with girth increment on tapping was low (0.097). 

The association of rubber yield during different periods exhibited low relationship with 

girth increment on tapping.

4.3.2. Correlation between yield and physiological components

The values for genotypic association of different characters are given in Table 9. 

At genotypic level annual dry rubber yield showed high positive relationship with dry 

rubber yield in stress and peak periods (0.796,0.945). Rubber yield in stress and peak season, 

annual latex yield and latex yield during stress and peak periods showed high favorable 

positive relationship with rubber yield. The correlation of annual rubber yield with annual 

plugging index, PI during stress and peak periods were low and negative. The highest 

correlation was recorded for annual dry rubber yield with yield in peak season (0.945) 

followed by latex yield in peak season (0.914), annual latex yield (0.893) and rubber yield 

during stress period (0.796). Among the physiological variables, rubber yield during stress 

showed a high correlation with annual latex yield (0.817) and latex yield during stress and



peak periods (0 .9 1 6 , 0 .7 9 8 ). The rabber yield in peak period exhibited high genotypic 

correlation with mean annual latex yield (0 .835) and latex yield in peak season (0 .898). 

Genotypic correlation between yield depression and other physiological components 

indicated by low value except for annual dry rubber content (0 .557), dry rubber content in 

stress (0 .554 ) and peak season (0 .491), latex yield during stress (-0 .690), flow rate of latex 

during stress (-0 .510 ) and plugging index in stress period (0 .547).

At the phenotypic level annual yield showed a highly significant positive correlation 

with dry rubber yield during stress (0.808) and peak periods (0 .938) (Table 10). It also indicated 

a highly significant favorable association with annual latex yield (0 .875), latex yield during 

stress (0 .570 ) and peak periods (0 .844). Rubber yield during stress was observed to have a 

highly significant positive correlation with rubber yield in peak period (0 .612), annual latex 

yield (0 .786 ) latex yield in stress (0 .898) and peak periods (0 .682). Rubber yield during stress 

and peak season recorded highly significant correlation with annual latex yield (0 .7 8 6 ,0 .8 0 3 ) 

and latex yield in peak periods (0 .6 8 2 ,0 .8 5 4 ) . Rubber content exhibited low and negative 

association with PI at phenotypic level. The correlation of rubber yield with flow rate and 

rubber content was comparatively low.

4.3.3. Correlation of yield with structural components

A t  g e n o t y p i c  l e v e l ,  a n n u a l  d r y  r u b b e r  y i e l d  s h o w e d  a  p o s i t i v e  c o r r e l a t i o n  w i t h  

v i r g i n  b a r k  t h i c k n e s s  (0 .287), n u m b e r  o f  l a t e x  v e s s e l  r o w s  in  v i r g i n  b a r k  (0 .608), r e n e w e d  

b a r k  t h i c k n e s s  (0 .437), a n d  n u m b e r  o f  l a t e x  v e s s e l  r o w s  i n  r e n e w e d  b a r k  (0 .817). D r y  r u b b e r  

y i e l d  d u r i n g  s t r e s s  a n d  p e a k  p e r i o d s  a l s o  s h o w e d  p o s i t i v e  g e n o t y p i c  c o r r e l a t i o n  w i t h  v i r g in  

b a r k  t h i c k n e s s  (0 .191 , 0 .169 ), l a t e x  v e s s e l  r o w s  in  v i r g i n  b a r k  (0 .463, 0 .591) r e n e w e d  b a r k  

t h i c k n e s s  (0 .4 5 7 ,0 .2 7 8 )  a n d  n u m b e r  o f  l a t e x  v e s s e l  r o w s  i n  r e n e w e d  b a r k  (0 .8 4 4 ,0 .6 7 2 ) .



At phenotypic level, annual dry rubber yield showed positive correlation with 

growth and structural components. The phenotypic correlation of annual dry rubber yield 

with virgin bark thickness (0.236), latex vessel rows in virgin bark (0.337), renewed bark 

thickness (0.186), latex vessel rows in renewed bark (0.519). Rubber yield in stress and peak 

periods also showed positive correlation at phenotypic level with growth and structural 

components of yield. The phenotypic correlation for stress and peak rubber yield with 

virgin bark thickness (0.217,0.142), latex vessel rows in virgin bark (0.211, 0.333), renewed 

bark thickness (0.198, 0.097) and latex vessel rows in renewed bark (0.462, 0.438) were 

positive but low.

4.3.4. Interrelationship among growth, physiological and structural parameters

Genotypic correlation showed that annual latex yield exhibited a high positive 

correlation with latex yield in stress season (0.718) and peak seasons (0.992) while its 

relationship to rubber content was negative and low. Annual latex yield was inversely 

related to PI and rubber content. Latex yield during stress period indicated a negative 

genotypic correlation with dry rubber content and plugging index and its relationship to 

initial flow rate of latex during stress period was high (0.700).

Annual dry rubber content indicated a positive relationship with rubber content 

in stress (0.994) and peak periods (0.975), initial flow rate of latex (0.464) and annual 

plugging index (0.549). The genotypic correlation of annual mean dry rubber content 

with PI was high during stress period (0.751). It was also observed that the association 

of rubber content in stress and peak seasons with annual initial flow rate of latex 

(0.430,0.490) and annual PI (0.533,0.593) and PI in stress (0.727, 0.752) was also high.



Annual flow rate of latex represented a strong positive genotypic correlation with 

latex flow during stress and peak seasons (0.900,1.014). It also exhibited a strong positive 

correlation with annual Pi (0.716) and PI during stress (0.560) and peak (0.438) periods. The 

correlation with flow rate of latex during stress and annual PI (0.644) and also with PI 

during stress (0.652) was also high. Annual PI indicated a strong positive relationship with 

PI in stress (0.898) and peak periods (0.971).

Girth increment indicated negative relationship with yield depression during stress 

(-0.527) at genotypic level. All other growth and structural components exhibited positive 

relationship with yield depression under stress. Annual latex yield exhibited high correlation 

with latex vessel rows in renewed bark (0.630) while it’s relation to virgin bark thickness 

was low and negative (-0.125). Latex yield during stress period showed high positive 

relationship with latex vessel rows in renewed bark (0.696). Annual rubber content and 

rubber content in all seasons exhibited high positive correlation with virgin bark thickness 

and renewed bark thickness. Annual initial flow rate of latex and flow rate during 

stress and peak season showed high positive association with renewed bark thickness 

(0.866,0.832,0.841). Flow rate of latex in stress season showed low and negative correlation 

with girth (-0.025). In case of initial flow rate of latex during peak season, a very low and 

negative relationship was noticed for latex vessel rows in virgin bark (-0.066) while virgin 

bark thickness showed strong positive association with annual rubber content (0.862), rubber 

content in stress (0.820), peak seasons (0.891).

At genotypic level, girth exhibited positive correlation with most of the structural 

components of yield. The highest relationship could be observed for girth and length of



tapping panel cut (1.055), all other variables showed comparatively low correlation with 

girth. Annual girth increment indicated a high positive correlation with of latex vessel rows 

in virgin bark (0.851). Virgin bark thickness registered a very high positive association with 

renewed bark thickness (1.012) and its relationship with latex vessels in renewed bark was 

also high and positive (0.533). Latex vessel rows in virgin bark showed a high positive relation 

with latex vessel rows in renewed bark (0.793) and also a high relationship was exhibited 

between renewed bark thickness and with latex vessel rows in renewed bark (0.663).

At phenotypic level, annual latex yield showed highly significant positive 

correlation with latex yield in stress (0.690) and peak seasons (0.921) whereas, it had a 

significant negative association with mean annual PI (-0.574) and PI in peak period (-0.624). 

Latex yield during stress period showed a highly significant positive correlation with initial 

flow rate of latex during stress period (0.580) and a significantly negative relationship with 

PI in stress period (-0.553) while latex yield during peak season indicated a highly 

significant positive association with Pi in peak season (0.620). Phenotypic correlation 

coefficient indicated that mean annual rubber content showed highly significant positive 

association with rubber content in stress (0.929) and peak periods (0.961) and rubber content 

during stress season exhibited a positive correlation with rubber content in peak season 

(0.840). At phenotypic level annual initial flow rate of latex showed highly significant 

positive correlation with initial flow rate during stress (0.870) and peak season (0.938). Initial 

flow rate of latex during stress exhibited highly significant positive relationship with flow 

rate of latex in peak season (0.790). Annual Pi showed positive association with PI during 

stress (0.869) and PI in peak period (0.908). PI during stress season indicated a highly 

significant positive correlation with PI during peak season (0.634) at the phenotypic level.



Phenotypic correlation coefficient among morphological structural and physiological 

components of yield showed that virgin bark thickness exhibited a highly significant 

positive association with annual rubber content (0.596), rubber content in stress (0.560) 

and peak seasons (0.587) and all other morphological and structural components showed 

negligible relationship with physiological components of yield. Annual PI and PI in all 

the periods registered a negative correlation with number of latex vessels in virgin and 

renewed bark whereas, it showed a high positive relationship with virgin and renewed 

bark thickness.

Girth showed a highly significant positive correlation with length of tapping panel 

(0.608) while it exhibited a very low and inverse correlation with virgin bark thickness (-0.003) 

and renewed bark thickness (-0.115), all other morphological and structural components 

showed low but positive correlation with girth. Annual girth increment exhibited a very 

low correlation with length of tapping panel cut (0.009), number of latex vessel rows in 

virgin (0.186) and renewed bark (0.208). Length of tapping panel cut registered a very low 

relationship with all the structural variables studied. Virgin bark thickness showed highly 

significant positive correlation with renewed bark thickness (0.673). All other variables 

exhibited very low but positive association among the structural components of yield studied.
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4.4. analysis

The Devalue ranged from 1.79 to 159.55 showing that genetic variabihty exist among 

the 13 clones based on yield and yield components studied (Table 11). The highest genetic 

divergence was observed for PB 280 from PB 312 (159.55) followed by PB 311 (157.43) and the 

minimum between PB 260 and KRS 163 (1.79) followed by PB 217 and PB 310 (5.83).

C lu s t e r  a n a ly s is  b a s e d  o n  D e v a lu e s  s h o w e d  th a t  tw o  m a jo r  g r o u p s  e x is te d  in  13 c lo n e s  

s tu d ie d  (F ig . 9 ). T h e  f i r s t  g r o u p  c o n s i s te d  o f  e ig h t  c lo n e s  ie ,  PB 260, KRS 163, PB 310, PB 217, PB 235, 

PB 311, PB 312 a n d  PB 314. T h e  s e c o n d  m a jo r  c lu s te r  c o n s i s te d  o f  f iv e  c lo n e s  viz., PB 255, KRS 128, 

RRn 105, KRS 25 a n d  PB 280. T h e s e  tw o  g r o u p s  w e r e  f u r th e r  d iv id e d  in to  f o u r  s u b  g ro u p s .  T h e  f i r s t  

m a j o r  g r o u p  c o n s i s te d  o f  tw o  c lu s te r s .  PB 260, KRS 163, PB 310, PB 217 a n d  PB 235 w e r e  g r o u p e d  in to  

o n e  w h e r e a s  PB 311, PB 312 a n d  PB 314 w e r e  i s o la t e d  in to  a n o th e r  c lu s te r .  T h e  s e c o n d  m a j o r  

g r o u p  c o n s i s t e d  o f  tw o  c lu s te r s .  KRS 128, R R n  105, KRS 25 a n d  PB 280 w e r e  g r o u p e d  in to  o n e  

h o w e v e r ,  PB 255 s e p a r a te d  f r o m  a l l  o th e r  c lo n e s  w i th  a  g e n e t i c  d iv e r g e n c e  o f  50 .60 p e r  c e n t .

T h e  tw o  m a j o r  g r o u p s  o f  c lo n e s  w e r e  c lu s te r e d  ir r e s p e c t iv e  o f  t h e i r  c o u n t r y  o f  o r ig in .  I n  

c lu s te r  I ,  KRS 163 (T h a ila n d  c lo n e )  w a s  in c o r p o r a t e d  a n d  th e  r e s t  o f  t h e  c lo n e s  i n  th i s  g r o u p  w e r e  

o f  M a l a y s i a n  o r ig in .  I n  t h e  s e c o n d  c lu s te r ,  tw o  T h a i l a n d  c lo n e s  i .e . ,  KRS 128, KRS 25 a n d  th e  

I n d i a n  c lo n e  RR n 105 w e r e  in c l u d e d  a l o n g  w i t h  o t h e r  t h r e e  M a l a y s i a n  c l o n e s .  T h e  c o u n t r y  

o f  o r i g i n  o f  c l o n e s  i n  c l u s t e r  n  w a s  d iv e r s e .  A s  f a r  a s  t h e  y i e l d  t r e n d  i s  c o n c e r n e d  PB 255 a n d  

PB 280  a r e  h i g h  y i e l d i n g  c l o n e s  a n d  th e  o t h e r  c lo n e s  i n  t h i s  g r o u p  a r e  e i t h e r  s u p e r i o r  o r  

c o m p a r a b l e  i n  y i e l d  w i t h  t h e  I n d i a n  c l o n e  RR n 105.

T h e  i n t e r  c l u s t e r  d i s t a n c e  b e tw e e n  c lu s t e r  I  a n d  n  w a s  78.11. T h e  i n t r a  c lu s t e r  d i s t a n c e  

i n  g r o u p  I w a s  2 4 .6 5  a n d  t h a t  o f  g r o u p  II w a s  3 4 .1 4 . T h e  a v e r a g e  i n t r a  c l u s t e r  d i s t a n c e  

w a s  2 8 .6 0 . T h e  i n t e r  c l u s t e r  d i s t a n c e  (D ^ v a l u e )  s h o w e d  c o n s i d e r a b l e  g e n e t i c  d i v e r g e n c e  

a m o n g  t h e  c l o n e s  s t u d i e d .
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4.5. Isozymes

O u t  o f  t h e  n i n e  i s o z y m e s  viz., a l c o h o l  d e h y d r o g e n a s e ,  g l u t a m a t e  d e h y d r o g e n a s e ,  

p e r o x i d a s e ,  s h i k i m a t e  d e h y d r o g e n a s e ,  s u p e r o x i d e  d i s m u t a s e ,  a s p a r t a t e  a m i n o t r a n s f e r a s e ,  

a c i d  p h o s p h a t a s e ,  a l k a l i n e  p h o s p h a t a s e  a n d  a r y l  e s t e r a s e  w e r e  s t u d i e d ,  f i v e  w e r e  p o o r l y  

r e s o l v e d  a n d  w e r e  e l i m i n a t e d  la t e r .  T h e  e n z y m e  s y s t e m  w h i c h  p r o v i d e d  p o l y m o r p h i c  b a n d s  

a n d  f u l l y  r e s o l v e d  w e r e  p e r o x i d a s e ,  s h i k i m a t e  d e h y d r o g e n a s e ,  a s p a r t a t e  a m i n o t r a n s f e r a s e  

a n d  a r y l  e s t e r a s e  ( P l a t e  6 , F ig .  10 - 13). T h e s e  f o u r  i s o z y m e s  w e r e  u s e d  t o  c h a r a c t e r i z e  

Hevea  c l o n e s .

O f  t h e  f o u r - i s o z y m e  s y s t e m s  s t u d i e d ,  a  c o m b i n e d  t o t a l  o f  22  b a n d s  w e r e  s c o r a b l e  

a n d  a  m e a n  o f  15 b a n d s  p e r  c l o n e  c o u l d  b e  o b s e r v e d .  T h e  n u m b e r  o f  i s o z y m e  b a n d s  in  

d i f f e r e n t  c l o n e s  r a n g e d  f r o m  11 t o  19. T h e  h i g h e s t  n u m b e r  o f  b a n d s  w a s  o b s e r v e d  f o r  

PB 312 w h e r e a s ,  PB 255 r e g i s t e r e d  t h e  l o w e s t  n u m b e r  o f  b a n d s .

4.5.1. Aryl esterase

T h e  n u m b e r  o f  b a n d s  w e r e  h i g h e s t  f o r  a r y l  e s t e r a s e  (7 b a n d s ) ,  a m o n g  t h e  f o u r  

i s o z y m e s  s t u d i e d  t h a t  r a n g e d  f r o m  3 - 7 in  d i f f e r e n t  c u l t i v a r s .  PB 255 r e c o r d e d  t h e  l o w e s t  

n u m b e r  o f  b a n d s  w h e r e a s ,  s e v e n  c l o n e s  viz., R R I 105, PB 217, PB 260, PB 280, PB 312, PB 314 

a n d  K R S  163 e x h i b i t e d  h i g h e s t  n u m b e r  o f  b a n d s .  F o r  a l l  c l o n e s  2"“*, 4"'*, a n d  6”‘* l o c u s  w a s

c o m m o n .  C l o n e s  h a v i n g  h i g h e s t  n u m b e r  o f  b a n d s  s h o w e d  a  c o m m o n  z y m o g r a m  h o w e v e r ,  

c u l t i v a r s  h a v i n g  s i x  n u m b e r  o f  b a n d s  viz., PB 235, PB 310, PB 311, KRS 25 a n d  KRS 128 w e r e  

e x h i b i t e d  c h a r a c t e r i s t i c  b a n d  p a t t e r n ,  t h e  7* l o c u s  w a s  a b s e n t  i n  t h i s  c a s e .  T h e  c l o n e  PB 255 

w a s  c h a r a c t e r i s e d  b y  t h e  p r e s e n c e  o f  2"‘‘, 4"“* a n d  5'“’ l o c u s  w h e r e a s ,  a l l  o t h e r  b a n d s  w e r e  

a b s e n t  in  t h i s  c a s e .



4.5.2. Peroxidase

A total number of eight peroxidase isozyme loci was observed that ranged from 2 - 6 

in various clones studied. The lowest number of bands viz., 2 was observed in two clones 

PB 217 and PB 255 and these two clones were characterised by similar zymogramme. Six 

clones viz., RRn 105, PB 235, PB 280, PB 311, KRS 25 and K R S 163 were observed by the presence 

of 3 bands but these clones differentiated from each other by the different banding patterns. 

Of these PB 280, PB 311 and KRS 25 showed common bands at 3 '^  6* and 7 " 'locus. The 

clones R R II105, PB 235 and KRS 163 exhibited a common band in the 7* locus whereas, in 

PB 235 one band at the 6* locus was absent but it was observed in the other two clones. The 5* 

peroxidase band was present in R R II105 and PB 235 but it was not observed in KRS 163. The 

next highest number of 4 bands were observed in PB 260, PB 314 and KRS 128 varieties, 

however, they were differentiated from each other by polymorphic bands. The 6* and 7* 

peroxidase bands were common for these three clones but they were separated from each 

other by the remain polymorphic bands. In KRS 128,8*band was characteristic, whereas, it 

was absent in other two clones. In PB 260 the 5* band was characteristic but they were not 

present in PB 314 and KRS 128 while in PB 314 and KRS 128 4* locus was observed that was 

not identified in PB 260. The two varieties PB 260 and PB 314 were characterised by the 

presence of 3"** peroxidase locus whereas, it was not visible in KRS 128. The clone PB 310 

was characterised by the presence of five isozyme loci. The highest number of 6 bands 

were noticed for PB 312.

4.5.3. Aspartate aminotransferase

A total of four aspartate aminotransferase bands could be observed that ranged 

from three to four in different clones. The majority of clones depicted lowest number of



t h r e e  b a n d s  w h i c h  w e r e  c o m m o n  f o r  1““, 2"‘‘, a n d  4 *  l o c u s  f o r  a l l  t h e s e  c l o n e s .  T h e  c l o n e s  

c h a r a c t e r i s t i c  o f  t h i s  t y p e  o f  b a n d i n g  p a t t e r n  w e r e  R R II105, PB 235, PB 255, PB 310, PB 311, 

PB 314, KRS 25, KRS 128 a n d  KRS 163, SO t h a t  c h a r a c t e r i z a t i o n  a m o n g  t h e s e  c l o n e s  w e r e  

d i f f i c u l t  b y  m e a n s  o f  a s p a r t a t e  a m i n o t r a s f e r a s e  a lo n e .  A n o t h e r  s e t  o f  c l o n e s  c h a r a c t e r i z e d  

b y  t h e  p r e s e n c e  o f  a n  a d d i t i o n a l  b a n d  a t  t h e  3''‘‘ l o c u s .  S o  t h a t  a  t o t a l  n u m b e r  o f  f o u r  i s o z y m e  

b a n d  p o s i t i o n  c o u l d  b e  n o t i c e d .  T h e  z y m o g r a m m e  p a t t e r n s  i n  t h e s e  f o u r  v a r i e t i e s  w e r e  

i d e n t i c a l ,  s o  d i s c r i m i n a t i o n  w a s  t e d i o u s  a m o n g  t h e s e  v a r i e t i e s .  H e r e  1®‘, 2 ”“* a n d  4"’ b a n d  

p o s i t i o n  w e r e  c o m m o n  t o  a l l  t h e  v a r i e t i e s  s tu d i e d ,  w h e r e a s ,  t h e  t h i r d  l o c u s  c o u l d  b e  p o s s i b l e  

t o  d i s c r i m i n a t e  t h e  c u l t i v a r s .

4 .5 .4 .  S h i k i m a t e  d e h y d r o g e n a s e

T h e  n u m b e r s  o f  b a n d s  f o r  s h i k i m a t e  d e h y d r o g e n a s e  i n  d i f f e r e n t  c l o n e s  w e r e  r a t h e r  

l i m i t e d .  A  t o t a l  n u m b e r  o f  3 b a n d s  o b s e r v e d  a n d  t h a t  r a n g e d  f r o m  z e r o  t o  t h r e e  in  d i f f e r e n t  

c l o n e s .  N o  b a n d s  w e r e  i d e n t i f i e d  i n  t h e  c l o n e  KRS 25, w h i l e  RRII 105, PB 260, a n d  KRS 128 

w e r e  c h a r a c t e r i z e d  b y  t h e  p r e s e n c e  o f  a  s i n g l e  b a n d  a t  t h e  3* p o s i t i o n .  T h e s e  w e r e  c o m m o n  

f o r  a l l  t h e  t h r e e  c l o n e s  h e n c e  c h a r a c t e r i z a t i o n  a m o n g  t h e s e  w a s  t e d i o u s  o n l y  b y  s h i k i m a t e  

d e h y d r o g e n a s e  e n z y m e .  T h e  n e x t  h i g h e s t  n u m b e r  o f  b a n d s  o b s e r v e d  w a s  tw o ,  w h i c h  w a s  

n o t i c e d  f o r  PB 217, PB 280, PB 310, PB 312 a n d  PB 314. T h e  i s o z y m e  b a n d  p a t t e m  w a s  s i m i l a r  

i n  t h e s e  c l o n e s  a n d  w a s  n o t i c e d  i n  t h e  2"‘‘ a n d  3"‘‘ l o c u s .  A n o t h e r  s e t  o f  c l o n e s  w a s  

c h a r a c t e r i z e d  b y  t h e  p r e s e n c e  o f  a n  a d d i t i o n a l  b a n d  i n  t h e  l" ‘ p o s i t i o n .  T h e  c l o n e s  

c h a r a c t e r i z e d  b y  t h i s  b a n d  w a s  PB 235, PB 255, PB 311 a n d  KRS 163. T h e  b a n d i n g  p a t t e r n  w a s  

a l s o  s i m i l a r  f o r  t h e s e  c lo n e s .
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Plate 6. Zymogram o f  (a) aryl esterase (b) shikimate dehydrogenase isozyme profile 

showing polymorphism in 13 clones o f Hevea brasiliensis.
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Fig. 10, Diagram atic representation of aryl esterase isozyme polymorphism 
in  13 clones of Hevea brasiliensis.
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Fig. 11. Diagram atic representation o f aspartate amino transferase isozyme polym orpliism
in  13 clones of Hevea brasiliensis.
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4 .6 . RAPD analysis

The 13 cultivated H evea  clones selected for the present study represent a wide

spectrum of variation for several phenotypic traits, and in their origin. The 13 clones showed

greater diversity for yield, disease reaction, drought, tapping panel dryness (TPD) etc. DNA

from the 13 clones was studied with random oligonucleotide primers for RAPD assay. In

total, 9 primers produced clear and readable bands, 43 primers poorly amplified and the

remainder failed to amplify or generated only a smeared pattern. Primer OPC-11 produced

monomorphic bands among the different clones, and therefore it was excluded from further

analysis since it was not informative. The 8 remaining primers were selected as most
I

informative, which produced RAPD profiles in all the clones used to measure genetic 

relationships among them. The nucleotide sequences of these primers are illustrated in 

Table 12. Easily detectable, well-resolved bands were those, which were reproducible 

over repeated runs with sufficient intensities to determine presence or absence in samples 

with the same relative intensity. The agarose gels showing polymorphisms observed 

with six primers OPA-04, OPC-05 and OPA-07, OPB-12, OPA-16 and OPA-17 are illustrated in 

Plate 7a, b, c and 8a, b, c respectively. Primers varied greatly in the ability to resolve variability 

among the clones. Some primers (e.g. OPA-17 and OPC-05) generated several markers and 

were able to show high genetic diversity, others (e.g. OPA-04) generated fewer markers and 

showed less variability. Out of the total of 82 bands from 13 clones using 8 primers, 35 were 

polymorphic. The total number of bands produced per primer varied from 5 to 21, although 

only 7 to 10 of these was polymorphic. The size of bands ranged from 300 to 4000 base pairs. 

Dissimilarity between clones varied from 15 to 60 per cent indicating high degree of genetic 

diversity (Table 13). This molecular information concurs with the reported high morphological 

variability in H evea.



F o r  f u r t h e r  m o l e c u l a r  c o n f i r m a t i o n  o f  t h e  p r e s e n c e  o f  a  s p e c i f i c  p o l y m o r p h i c  b a n d  

i n  t h e  RAPD p r o f i l e ,  t h e  a m p l i f i c a t i o n  p r o d u c t  i n d i c a t e d  in  P l a t e  8 b  w a s  e x c i s e d ,  l a b e l e d  

w i t h  a^^ P- dAT? a n d  u s e d  t o  p r o b e  S o u t h e r n  b l o t t s  o f  t h e  PCR a m p l i f i c a t i o n  p r o d u c t s  o f  13 

c l o n e s  P l a t e  9  ( a )  d e m o n s t r a t e s  t h a t  t h e  l a b e l e d  p r o d u c t  h y b r i d i z e s  t o  t h e  c o r r e s p o n d i n g  

a m p l i f i e d  b a n d s  f r o m m t  h e  f o l l o w i n g  c l o n e s  n a m e l y  PB 235, PB 311, PB 312, PB 314 a n d  

KRS 25 b u t  n o t  w i t h  o t h e r  c lo n e s .  I n  a d d i t i o n ,  g e n o m i c  DNA w a s  d i g e s t e d  w i t h  H i n d  III 

r e s t r i c t i o n  e n z y m e  a n d  t h e  s e l e c t e d  p o l y m o r p h i c  b a n d  w a s  u s e d  a s  p r o b e  f o r  h y b r i d i z a t i o n .  

T h e  s o u t h e r n  r e s u l t s  c o n f i r m e d  t h a t  t h e  a m p l i f i e d  p o l y m o r p h i c  b a n d  i s  a  p a r t  o f  g e n o m i c  

DNA a n d  n n o t  a n y  a r t i f a c t  o r  c o n t a m i n a t i o n  P l a t e s  9 (b ) .

T h e  d e n d r o g r a m  b a s e d  o n  RAPD s h o w e d  t h a t  13 c l o n e s  w e r e  c l u s t e r e d  i n t o  tw o  

m a j o r  g r o u p s .  G r o u p  I c o m p r i s e d  n i n e  PB c l o n e s  a lo n g  w i t h  R R II105 a n d  g r o u p  II i n c l u d e d  

t h r e e  KRS c l o n e s .  T h e s e  m a j o r  c l u s t e r s  w e r e  f u r t h e r  d i v i d e d  i n t o  f o u r  s u b  g r o u p s .  I t  w a s  

o b s e r v e d  t h a t  a l l  t h e  M a l a y s i a n  a n d  T h a i l a n d  c l o n e s  w e r e  c l u s t e r e d  i n t o  s e p a r a t e  g r o u p s .  

T h e  p h e n o g r a m  s h o w e d  t h a t  t h e  p o p u l a r  c l o n e  R R II105 ( I n d i a )  i s  s e p a r a t e d  f r o m  t h e  o t h e r  

c l o n e s  w i t h  a  g e n e t i c  d i s t a n c e  o f  44.84 p e r  c e n t ,  s i n c e  b o t h  o f  i t s  p a r e n t s  a r e  d i f f e r e n t  f r o m  

t h e  o t h e r s .  I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  m o s t  o f  t h e  M a l a y s i a n  c l o n e s  h a v e  b e e n  p u t  i n t o  tw o  

c l u s t e r s .  T h r e e  c l o n e s  b e l o n g i n g  t o  T h a i l a n d  h a v e  b e e n  p u t  i n t o  t h e  s a m e  c lu s t e r .  T h e  f i r s t  

m a j o r  g r o u p s  w e r e  f u r t h e r  s e p a r a t e d  i n t o  t h r e e  s u b  g r o u p s .  I n  t h i s  PB 255, PB 235, PB 280, 

PB 260 a n d  PB 217 w e r e  i s o l a t e d  i n t o  o n e  g r o u p .  PB 310, PB 311, PB 314 a n d  PB 312 w e r e  

g r o u p e d  a s  a n o t h e r  s e t .

RAPD a n a ly s i s  c l e a r ly  d i s t i n g u i s h e d  a l l  t h e  13 Hevea c l o n e s  f r o m  e a c h  o th e r .  KRS 

c l o n e s  a r e  c l u s t e r e d  t o g e t h e r  to  a  m a j o r  g r o u p  (F ig .  14). KRS 25, KRS 128 a n d  KRS 163 a r e



grouped together as they were separated from the remaining clones with 30.80 per cent 

dissimilarity. The clones PB 312 and PB 314 were grouped together with a maximum 

dissimilarity of 15.20 per cent followed by PB 280, PB 260, and PB 217. The two clones PB 312 

and PB 314 appear genetically very close since both clones originated from the same series. In 

the present study 59.60 per cent of the RAPD were polymorphic among 13 cultivated clones of 

H evea  studied. Table 13 shows the dissimilarity matrix developed on the basis of RAPD data. 

The Indian clone R R II105 separated from the other clones originated from Malaysia and 

Thailand, since pedigree of R R II105 is different from all other cultivars. It could be observed 

that all the Malaysian clones are clustered into a single major group since pedigree of them 

are common for at least one of it’s parent. Among this major cluster two sub groups could be 

identified. The two clones PB 312 and PB 314 are found to be genetically very close and are 

separated by 15.20 per cent dissimilarity from the other varieties. The highest dissimilarity 

was noticed between KRS 163 and RRII 105 which is represented by a dissimilarity index of 

59.60 per cent followed by the clone PB255. In most cases clones with a common pedigree 

such as PB 312, PB 314, PB 311 and PB 310 were clustered together. In PB 217, PB 260, PB 280, 

PB 235 and PB 255, one of the parents in their ancestory are common could be clustered 

together to form a single group. Phenetic relationship among KRS clones was close which is 

depicted in the dendrogram based on the RAPD data. Thailand clones were clustered together 

and were separated from the Malaysian and Indian clones.



T h b le  12. N u m b e r  o f  a m p l i f l c a t i o n  p r o d u c t s  g e n e r a t e d  a n d  t h e  n u c l e o t id e  s e q u e n c e  o f  R A P D  
p r i m e r s  t h a t  s h o w e d  D N A  p o ly m o r p h i s m  w i th  t h e  8 r a n d o m  o lig o n u c le o t id e  p r i m e r s  
i n  13 s e l e c te d  Hevea c lo n e s .

Primer code Primer Sequence 
(5’ — 3’)

Number of bands

Total Polymorphic

OPA-01 CAGGCCCnC 16 7

OPA-04 AATCGGGCTG 21 7

OPA-07 GAAACGGGTG 19 9

OPA-16 AGCCAGCGAA 13 8

OPA-17 GACCGCITGT 15 11

OPA-18 AGGTGACCGT 16 7

OPB-12 CCl'lGACGCA 14 9

OPC-05 GATGACCGCC 18 10

Total 132 68
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Plate 7. (a) RAPD profile generated by OPA-04 oligonucleotide primers 

in 13 Hevea clones showing DNA polymorphism (see arrow).

(b) RAPD profile generated by OPC-05 oligonucleotide primers

in 13 Hevea clones showing DNA polymorphism (see arrow).

(c) RAPD profile generated by oPA-07 oligonucleotide primers 

in 13 Hevea clones showing DNA polymorphism (see arrow).
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Plate 8. (a) RAPD profile generated by OPA-12 oligonucleotide primers 

in 13 Hevea clones showing DNA polymorphism (see arrow).

(b) RAPD profile generated by OPA-16 oligonuclcolide primers

in 13 Hevea clones showing DNA polymorphism (see arrow).

(c) RAPD profile generated by OPA-17 oligonucleotide primers 

in 13 Hevea clones showing DNA polymorphism (see arrow).
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Plate 9. (a) The polymorphic band (2.0 kb) is arrowed. The arrrowed band used to 

probe a southern blot o f amplified DNA fragments generated 

by primer opa-17. Hybridization of band is arrowed.

(b) Genomic Southern blot hybridization analaysis o f Hevea clones;

The radio labelled probe used was a selected polymorphic 

RAPD band (2.0 kb) identified with OPA-17 primer. Lane 1 - 7 

genomic DNA samples from different Hevea clones digested 

with Hind HI restriction enzyme.



4.7. Perform ance index

Performance index was worked out for the 13 clones based on yield and major 

yield components viz., girth, latex flow rate, plugging index, dry rubber content, virgin 

bark thickness and number of latex vessel rows in the virgin bark. The clones are ranked 

based on their performance and are given in Table 14. Five genotypes were found to have 

an index value greater than the mean index value of 284.24 and these clones were PB 280, 

PB 255, KRS 128, RRH 105 and KRS 163. The Indian clone R R II105 ranked fourth among the 

clones studied and three clones viz., PB 280, PB 255 and KRS 128, indicated better performance 

than RRII 105 based on yield and major yield components.



T a b le  14. P e r f o r m a n c e  in d e x  o f  t h e  c lo n e s  b a s e d  o n  y ie ld  a n d  a s s o c ia te d  c h a r a c t e r s

C lo n e In d e x R a n k

PB280 325.6 1

PB255 317.5 2

KRS 128 301.9 3

R RII105 294.9 4

KRS 163 293.5 5

PB260 283.4 6

PB314 282.6 7

KRS 25 281.4 8

PB235 280.0 9

PB 312 267.4 10

PB311 267.1 11

PB310 251.7 12

PB217 248.1 13

Mean 284.24



4.8. Progeny analysis

T h e  m e a n  v a l u e s  f o r  h e i g h t ,  g i r t h  a n d  n u m b e r  o f  w h o r l s  o f  l e a v e s  f o r  t h e  p r o g e n i e s  

d u r i n g  t h e  f i r s t  y e a r  a r e  p r e s e n t e d  i n  T a b le  15. A n a l y s i s  o f  v a r i a n c e  i n d i c a t e d  t h a t  t h e r e  i s  

n o  s i g n i f i c a n t  v a r i a t i o n  a m o n g  s e e d l i n g  p r o g e n i e s  w i t h  r e s p e c t  to  h e i g h t  a n d  g i r t h  a t  o n e  

y e a r  a f t e r  p l a n t i n g .  T h e  m e a n  v a l u e s  f o r  g i r t h  r a n g e d  f r o m  2.22 c m  f o r  R R II105 t o  3.20 c m  

f o r  PB 255 w i t h  a  g e n e r a l  m e a n  o f  2.69 c m .  I n  c a s e  o f  h e i g h t  o f  p r o g e n i e s  d u r i n g  t h e  f i r s t  

y e a r  a f t e r  g r o w t h ,  t h e  m e a n  v a l u e  r a n g e d  f r o m  73.64 c m  f o r  RRll 105 t o  116.70 c m  f o r  PB 217. 

T h e  g e n e r a l  m e a n  w a s  93.85 c m .  T h e  r a n g e  o f  m e a n  v a l u e s  f o r  t h e  n u m b e r  o f  w h o r l s  w a s  

f r o m  2.78 (RRII 105) t o  4.30 (PB 312).

P e r f o r m a n c e  o f  t h e  s u p e r i o r  a n d  i n f e r i o r  p r o g e n i e s  o f  t h e  c l o n e s  viz., PB 255 a n d  

PB 217 i s  v i s i b l e  P l a t e  10 a  a n d  b .  M e a n  v a lu e s  f o r  y ie ld ,  h e ig h t ,  g i r t h  a n d  n u m b e r  o f  w h o r l s  o f  

l e a v e s  f o r  t h e  p r o g e n i e s  o f  13 c lo n e s  a t  t h e  a g e  o f  tw o  y e a r s  a r e  d e p ic t e d  in  T a b le  16. H ig h l y  

s i g n i f i c a n t  v a r i a t i o n  c o u l d  b e  o b s e r v e d  f o r  th e  t r a i t s  s t u d i e d  a t  th e  a g e  o f  tw o  y e a r  o f  p l a n t i n g  

( T a b l e  17). J u v e n i l e  y i e l d  r a n g e d  f r o m  2.13 g  p l a n t ' '  1 0 1'̂  (KRS 163) t o  6.24 g  p l a n t ' '  10 t" ' 

(PB 311) w h i l e  t h e  p r o g e n i e s  o f  RRII 105 r e c o r d e d  4.20 g  p la n t" ' 10 f ' .  T h e  m e a n  p r o g e n y  

y i e l d  w a s  r e c o r d e d  w a s  4.14 g  p l a n t ' '  1 0 1 ' .  P r o g e n i e s  o f  c l o n e s  viz., PB 235, PB 255, PB 260, 

PB 311, PB 312, PB 314 a n d  RRII 105 e x h i b i t e d  a b o v e  m e a n  p r o g e n y  y i e l d  (4.14 g  p la n t " ' 1 0 1"'). 

T h e  h i g h e s t  g i r t h  w a s  r e c o r d e d  f o r  PB311 (10.07 c m )  w h e r e a s ,  PB 235 e x h i b i t e d  t h e  l o w e s t  

v a l u e  o f  4.90 c m  w i t h  t h e  g e n e r a l  m e a n  w a s  7.67 c m .  P r o g e n i e s  o f  RRII 105 r e c o r d e d  8.63 c m  

o f  g i r t h .  H e i g h t  o f  t h e  p r o g e n i e s  v a r i e d  f r o m  2.30 m . f o r  PB 217 t o  3.66 m . f o r  PB 255 w i t h  a  

g e n e r a l  m e a n  o f  3.11 m .  T h e  n u m b e r  o f  w h o r l s  o f  l e a v e s  s h o w e d  a  r a n g e  o f  v a l u e s  f r o m  

10.42 f o r  PB 310 t o  8.17 f o r  PB 314. T h e  g e n e r a l  m e a n  w a s  9.08.



C o r r e l a t i o n s  a m o n g  p l a n t  h e ig h t ,  g i r th ,  n u m b e r  o f  l e a f  f l u s h e s  p r o d u c e d  a n d  j u v e n i l e  

y i e l d  a t  t h e  a g e  o f  2 y e a r s  a r e  g iv e n  i n  T a b le  18. S ig n i f i c a n t  p o s i t i v e  c o r r e l a t i o n  w a s  o b s e r v e d  

f o r  a l l  t h e  t r a i t s  s t u d i e d .  T h e  h i g h e s t  c o r r e l a t i o n  o b s e r v e d  b e t w e e n  j u v e n i l e  y i e l d  a n d  t h e  

v i g o u r  o f  s e e d l i n g s  i n  t e r m s  o f  h e i g h t  ( r  =  0.669) f o l l o w e d  b y  g i r t h  ( r  =  0.578) w h i l e  t h e  

l o w e s t  r e l a t i o n s h i p  w a s  e s t a b l i s h e d  b e t w e e n  y i e l d  a n d  n u m b e r  o f  l e a f  w h o r l s  p r o d u c e d ,  

t h e  c o r r e l a t i o n  w a s  o n l y  a t  5 p e r  c e n t  l e v e l  ( r  =  0.315) a n d  b e t w e e n  g i r t h  a n d  t h e  n u m b e r  o f  

l e a f  w h o r l s  ( r  =  0.344). C o r r e l a t i o n  b e t w e e n  s e e d l i n g  g i r t h ,  a n d  h e i g h t  w a s  a l s o  s i g n i f i c a n t l y  

h i g h  a t  o n e  p e r  c e n t  l e v e l  ( r  =  0.441). T h e  r e l a t i o n s h i p  b e t w e e n  s e e d l i n g  h e i g h t  a n d  n u m b e r  

o f  w h o r l s  w e r e  a l s o  v e r y  h i g h  a t  I p e r  c e n t  l e v e l  ( r  =  0.557). T o  a s s e s s  t h e  p e r f o r m a n c e  o f  

p r o g e n i e s ,  p e r f o r m a n c e  i n d i c e s  w e r e  e s t i m a t e d  b a s e d  o n  m o r p h o l o g i c a l  t r a i t s  a n d  j u v e n i l e  

y i e l d .  P e r f o r m a n c e  i n d i c e s  r a n g e d  f r o m  88.46 (PB 217) t o  125.57 (PB 311) w i t h  a  g e n e r a l  m e a n  

o f  105.62. T h e  p e r f o r m a n c e  in d i c e s  o f  t h e  p r o g e n i e s  o f  t h e  13 c l o n e s  a r e  g i v e n  i n  T a b l e  19. 

B a s e d  o n  t h e  p e r f o r m a n c e  i n d i c e s ,  f o u r  c l o n e s  e x h i b i t e d  h i g h e s t  r a n k s  a b o v e  RRII 105 

(112.46), w h i l e  p r o g e n i e s  o f  t h e  c l o n e s  viz., PB 255, PB 260, PB 310, PB 311, PB 314 a n d  RRII 105 

s h o w e d  t h e  m e a n  v a l u e  o f  a b o v e  105.62. T h e  p r o g e n i e s  o f  PB 311 a n d  PB 255 e x h i b i t e d  

h i g h e s t  i n d e x  v a l u e  o f  125.57 a n d  124.24 r e s p e c t i v e ly .

T h e  p e r c e n t a g e  o f  s e e d l i n g  w h i c h  e x h i b i t e d  p r o g e n y  y i e l d  a b o v e  t h e  m e a n  y i e l d  

a r e  r e p r e s e n t e d  i n  t h e  T a b le  19. T h i r t y  p e r  c e n t  t o  s i x t y  e i g h t  p e r  c e n t  o f  p r o g e n i e s  s h o w e d  

a b o v e  a v e r a g e  p r o g e n y  y ie l d .  P r o g e n i e s  o f  c l o n e  PB 255 r e c o r d e d  h i g h e s t  (68 % ) a n d  t h a t  o f  

PB 280 (30.23 % ) r e c o v e r e d  t h e  l o w e s t  p e r c e n t a g e  o f  s u p e r i o r  s e e d l i n g s  i n  t e r m s  o f  j u v e n i l e  

y i e l d .  T h e  p r o g e n i e s  o f  PB 255, PB 260, PB 310, PB 311, PB 312, PB 314 a n d  RRH 105 r e c o r d e d  

h i g h  p e r c e n t a g e  o f  s e e d l i n g s  w i t h  a b o v e  m e a n  p r o g e n y  y i e l d .



Table 15. Performance of progenies during the firs t year of establishment

Progeny H eigh t (cm) G irth  (cm) N um ber o f  w horls (m)

PB217 116.78 a 3.10 ab 3.53 be

PB235 100.29 abc 2.72 abed 3.67 abe

PB 255 102.67 ab 3.20 a 3.82 ab

PB260 99.58 abc 2.70 abed 3.60 be

PB 280 112.60 ab 2.99 abc 3.16 bed

PB310 109.84 ab 2.95 abc 3.70 abc

PB311 103.88 ab 2.60 bed 3.52 be

PB312 103.69 ab 2.57 bed 4.30 a

PB 314 86.79 be 2.54 bed 3.47 be

KRS 25 87.11 be 2.52 bed 3.04 cd

KRS 128 87.35 be 2.45 ed 3.47 be

KRS 163 94.39 abe 2.48 cd 3.61 be

RRII 105 73.64 e 2.22 d 2.78 d

General Mean 98.35 2.69 3.51

C.V. (%) 16.58 12.87 11.40

C.D. (0.05) 27.43 0.58 0.65

Means followed by the same letters are not significantly different at 5 %  error



T a b le  16. P e r f o r m a n c e  o f  p r o g e n ie s  d u r i n g  t h e  s e c o n d  y e a r  o f  e s t a b l i s h m e n t

Progeny Yield 
(g plant ' 101 ' )

Girth
(cm)

Height
(m)

Number of whorls

P B 2 1 7

P B 2 3 5

P B 2 5 5

P B 2 6 0

P B 2 8 0

P B 3 1 0

P B 3 1 1

P B 3 1 2

P B 3 1 4

K R S 2 5

KRS 128

K R S 163

R R I I 105

G eneral M ean

C.V.(% )

C .D . (0.05)

3 .52 cde 

4 .50  abed 

5.81 ab

4.23 bed 

3.36 cde 

4.11 bed

6.24 a 

4 .18 bed 

4 .89 abc 

2.71 de 

3.58 cde

2.13 e 

4 .60 abed

4 .14 

27.96

1.95

6.70 e 

4 .90 f  

9.57 a 

8.17 b

6.70 e 

8.23 b

10.07 a 

7.10 de 

7.43 ed 

7.00 de

8.13 be

7.13 de 

8.63 b 

7.67 

5.53 

0.71

2.30 e 

3.11 bed 

3.66 a 

3.49 abc

3.03 cd 

3.41 abc

3.40 abe 

3.28 abe 

3.57 ab

2.40 e 

2.68 de

3.03 cd

3.10 bed

3.11 

9.65 

0.50

8.28 e

9.49 ab 

9.35 b 

9.80 ab

8.23 c 

10.42 a

9.77 ab

9.00 be 

8.17 c 

8.21 c

8.24 c 

9 .64 ab

9 .50 ab 

9.08 

6.61

1.01

Means followed by the same letters are not significantly different at 5 %  error



Table 17. ANOVA for juvenile traits during the second year of establishment

Characters Range Mean F value Significant

Juvenile yield 2.13-6.24 4.14 2.90 **

Girth 4.90-0.07 7.67 30.29 **

Height 2.30-3.66 3.11 5.95 **

Number of whorls 8.17-10.42 9.08 4.93 **

**Significant at P == 0.01

Table 18. Correlations among juvenile yield and growth characters

YIELD GIRTH HEIGHT

GIRTH 0.579 **

HEIGHT 0.669 ♦* 0.441 **

WHORLS 0.315 * 0.344* 0.557 **



Table 19. Performance index and percentage of superior progenies after second year of growth

Progeny Performance
Index

% of seedlings recorded 
above mean progeny yield

P B 2 1 7 88.46 43.57

PB 235 91.59 40.00

P B 2 5 5 124.24 68.00

P B 2 6 0 114.55 58.00

PB 280 96.28 30.23

P B 3 1 0 115.70 61.11

PB 311 125.57 60.00

P B 3 1 2 104.07 56.00

PB 314 107.37 60.00

K R S 25 90.43 31.60

K R S 128 100.58 43.48

K R S 163 101.77 33.30

R R n  105 112.46 54.50

•
Mean 105.62 49.22



(a)

(b)

Plate 10. Seedling progenies o f  the clones (a) PB 255 and (b) PB 217
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DISCUSSION

5.1. Analysis of Variance

5.1.1. Performance of Clones

j ^ n a l y s i s  o f  v a r i a n c e  r e v e a l e d  h ig h ly  s i g n i f i c a n t  c lo n a l  v a r i a t i o n  f o r  a l l  t h e  c h a r a c t e r s  

s t u d ie d  e x c e p t  f o r  g i r th  in c r e m e n t  r a t e  u n d e r  ta p p in g .  T h e  r e s u l t s  s h o w e d  t h a t  g e n e t i c  v a r i a t i o n  

e x i s t s  i n  t h e  p o p u l a t i o n  w h i c h  w o u l d  e n h a n c e  s e l e c t i o n  p r o g r a m m e  w h e r e i n  s e l e c t i o n  

p r e s s u r e  c a n  b e  p r o f i t a b l y  e x e r t e d  o n  th e s e  c h a r a c t e r s .  T h e  r e s u l t  o f  t h e  p r e s e n t  s t u d y  is  

s u p p o r t e d  b y  th e  f i n d in g s  o f  e a r l i e r  w o r k e r s  l i k e  M y d i n  (1992), P r e m a k u m a r i  (1992), L ic y  (1997), 

L i c y  e ta l ,  (2002) a n d  J o h n  e ta l,  (2003). E i g h t  c l o n e s  r e c o r d e d  a b o v e  a v e r a g e  a n n u a l  y i e l d  

a n d  t h e s e  c l o n e s  w e r e  i d e n t i f i e d  a s  h i g h  y i e l d i n g  c lo n e s .  O f  t h e s e  s e v e n  c l o n e s  y i e l d e d  

s i g n i f i c a n t l y  h i g h e r  th a n  t h a t  o f  th e  h ig h  y i e l d in g  c l o n e  RRII105. A m o n g  th e s e  c lo n e s ,  PB 255 

r e c o r d e d  t h e  h i g h e s t  m e a n  y i e l d  o f  73.52 g  t'* t'* o v e r  t h e  t h r e e  y e a r s  o f  t a p p i n g  f o l l o w e d  b y  

PB 314 (66.88 g  f ‘ t " ') ,  PB 280 (66.81 g  f '  f ‘) ,  PB 260 (63.20 g  f ‘ f ’) ,  KRS 163 (62.96 g  f ’ t ' ' ) ,  

PB 312 (62.13 g  t" ') ,  PB 311 (60.33 g  f ’ f ‘) ,  PB 235 (57.45 g  f ' ) ,  KRS 128 (51.78 g  t" ' t ’’) ,  

RRn 105 (49.50 g  t  ’ t ' ) .  N g a  a n d  S u b r a m a n i a m  (1974) a n d  G i l b e r t  et a l,  (1973) h a v e  a l s o  

r e p o r t e d  a  h i g h  g e n e t i c  v a r i a b i l i t y  f o r  y i e l d ,  w h i c h  i s  i n  a g r e e m e n t  w i t h  t h e  r e s u l t  o f  t h e  

p r e s e n t  s tu d y .

H. brasiliensis i s  a  p e r e n n i a l  t r e e  c r o p  a n d  s h e d  t h e i r  l e a v e s  a n n u a l l y  k n o w n  a s  

‘w i n t e r i n g ’ . I n  S o u t h  I n d i a  ‘w i n t e r i n g ’ u s u a l l y  t£ ik es  p l a c e  d u r i n g  D e c e m b e r  to  F e b r u a r y  

a n d  b y  t h a t  t i m e  a l l  t h e  l e a v e s  a r e  s h e d d e d .  I t  h a s  b e e n  o b s e r v e d  t h a t  t h e  p r o d u c t i v i t y  o f  th e  

t r e e s  d r o p p e d  d o w n  d u r i n g  th i s  p e r io d .  D i j k m a n  (1951), W i m a l a r a t n a  a n d  P a t h i r a t n a  (1974) 

a n d  S e t h u r a j  (1977) r e p o r t e d  t h e  d r o p  in  y i e l d  s o o n  a f t e r  w i n t e r i n g .  L a t e x  y i e l d  i s  o b s e r v e d



t o  b e  l o w  d u r i n g  t h e  d r y  s e a s o n  o f  F e b r u a r y  to  M a y ,  w h e n  t h e  s o i l  w a t e r  a v a i l a b i l i t y  i s  l e a s t  

a n d  t h e  r a i n f a l l  i s  a b o u t  z e r o .  M a s s  a n d  B o k m a  (1950), P o l h a m u s  (1962), N i n a n e  (1967) a n d  

E d g a r  (1987) r e p o r t e d  t h a t  s u m m e r  m o n t h s  a r e  l e a n  i n  t e r m s  o f  c r o p  p r o d u c t i o n .  A l l  t h e  

c l o n e s  h a v e  s h o w n  r e d u c t i o n  in  y i e l d  d u r i n g  s t r e s s  p e r i o d .  H ig h ly  s ig n i f i c a n t  c lo n a l  v a r ia t io n  

w a s  r e c o r d e d  in  t h e  y ie ld  d r o p  in  p r e s e n t  s tu d y . Y ie ld  d e p r e s s io n  d u r in g  s t r e s s  w a s  c o m p a r a t i v e ly  

l e s s  f o r  PB 255 f o l l o w e d  b y  PB 310, PB 314, PB 312, PB 311, PB 217 a n d  KRS 128 a n d  w e r e  

c o n s i d e r e d  i n  h a v i n g  s t a b i l i t y  in  y i e l d  w h e r e a s ,  PB 235 f o l l o w e d  b y  KRS 163 a n d  PB 280 

s h o w e d  h i g h  y i e l d  d e p r e s s i o n  d u r i n g  s t r e s s .  W e b s t e r  a n d  P a a r d e k o o p e r  (1989) r e p o r te d  m a r k e d  

v a r i a t i o n  a m o n g  c l o n e s  in  y i e l d  d e p r e s s io n  d u r i n g  t h e  p e r i o d  o f  r e f o l i a t i o n .  T h e  r e s u l t  o f  t h e  

p r e s e n t  s t u d y  i s  in  c o n f o r m i t y  w i th  t h e  r e p o r t s  o f  th e  e a r l i e r  w o r k e r s .

R a n g e s  o f  v a r i a t i o n  w a s  h i g h  f o r  y i e l d  a n d  a l l  y i e l d  c o m p o n e n t s ,  h o w e v e r  p a n e l  

l e n g t h ,  g i r t h  i n c r e m e n t  o n  t a p p i n g ,  p l u g g i n g  i n d e x  a n d  b a r k  t h i c k n e s s  e x h i b i t e d  r e l a t i v e l y  

l o w  v a l u e s .  S a r a s w a t h y a m m a  a n d  S e th u r a j  (1975) a n d  L i c y  (1997) r e p o r t e d  l o w  v a lu e s  f o r  

la t e x  f l o w  c h a r a c t e r s  w h ic h  i s  in  a g r e e m e n t  w i th  th e  r e s u l t s  o f  p r e s e n t  s tu d y . S ix  c lo n e s  r e c o r d e d  

h i g h  g i r t h  o f  a b o v e  60 c m .  T h e  h i g h e s t  g i r th  w a s  r e c o r d e d  f o r  PB 255 (65.99 c m )  f o l l o w e d  b y  

PB 235 (65.27 c m ) ,  PB 280 (64.74 c m ) ,  PB 310 (62.36 c m ) ,  PB 314 (60.95 c m )  a n d  PB 312 (60.61 c m ) .  

H i g h l y  s i g n i f i c a n t  c l o n a l  v a r i a t i o n  w a s  r e c o r d e d  f o r  a l l  t h e  c o m p o n e n t s  o f  y i e l d .  I t  i m p l i e s  

t h a t  g e n e t i c  v a r i a t i o n  e x i s t  i n  t h e  p o p u l a t i o n  a n d  t h e r e  i s  s c o p e  f o r  s e l e c t i o n  b a s e d  o n  

t h e s e  c h a r a c t e r s .  T h e r e  a r e  f o u r  c l o n e s  viz., PB 255, PB 280, PB 312 a n d  PB 314 s h o w i n g  

h i g h  v i g o u r  i n  t e r m s  o f  b o l e  g i r t h  a n d  h i g h  y i e l d  a n d  w e r e  i d e n t i f i e d  a s  l a t e x  t i m b e r  

c l o n e s .  A l l  t h e s e  c l o n e s  e x h i b i t e d  t r u n k  g i r t h  a b o v e  60 c m  a n d  y i e l d  a b o v e  60 g  f '  t ' ‘ . 

L a t e x - t i m b e r  c l o n e s  a r e  g a i n i n g  im p o r t a n c e  i n  t h e  c h a n g i n g  g l o b a l  s c e n a r i o  w h e r e  r u b b e r  

w o o d  i s  v i e w e d  a s  a n  a l t e r n a t e  s o u r c e  o f  t i m b e r .



I m p o r t a n t  p r o p e r t i e s  l i k e  pH, t o t a l  s o l i d  c o n t e n t ,  n o n  r u b b e r  s u b s t a n c e s ,  a s h ,  

g e l ,  a c e t o n e  e x t r a c t ,  n i t r o g e n ,  M o o n e y  v i s c o s i t y ,  p l a s t i c i t y  a n d  p l a s t i c i t y  r e t e n t i o n  i n d e x ,  

w h i c h  r e l a t e  t o  t h e  q u a l i t i e s  o f  l a t e x  a n d  r u b b e r  w e r e  s t u d i e d  f o r  13 c l o n e s  o f  Hevea 

brasiliensis. T h e  i m p a c t  o f  c l o n a l  v a r i a t i o n s  o n  t h e s e  p a r a m e t e r s  w a s  o b s e r v e d  t o  b e  

s i g n i f i c a n t .  A  m a j o r  s o u r c e  o f  v a r i a b i l i t y  w i t h i n  a n d  b e t w e e n  NR g r a d e s  i s  p r o b a b l y  i s  

d e p e n d a n c e  o f  t h e  p r o p e r t y  o n  t h e  c l o n e s  f r o m  w h i c h  t h e  l a t e x  i s  c o l l e c t e d  ( F u l l e r ,  1988). 

D i f f e r e n t  c l o n e s  h a v e  d i f f e r e n t  c h a r a c t e r i s t i c  a n d  g iv e  r u b b e r  w i t h  d i f f e r e n t  p r o p e r t i e s .  

T h e  c o l o u r  a n d  c o m p o s i t i o n  o f  t h e  l a t e x  a n d  t h e  p l a s t i c i t y  o f  t h e  r u b b e r  t e n d  t o  b e  u n i f o r m  

w i t h i n  a  c l o n e  a n d  d i f f e r e n t  f o r  d i f f e r e n t  c l o n e s  ( M a r t i n ,  1961).

T h e  l a t e x  p H  o f  t h e  c l o n e s  s h o w e d  t h a t  t h e  c l o n e  KRS 163 r e c o r d e d  h i g h e s t  pH 

v a l u e  f o l l o w e d  b y  PB 314, PB 260, PB 280 a n d  PB 311. C l o n e  RRH 105 e x h i b i t e d  n e u t r a l  l a t e x  

pH (7.03). B r o z o z o w s k a  et a l,  (1979) a n d  C o u p e  a n d  L a m b e r t ,  (1977) r e p o r t e d  r u b b e r  

p r o d u c t i o n  h a s  b e e n  s h o w n  t o  b e  c o r r e l a t e d  p o s i t i v e ly  w i th  c y to s o l i c  p H  a n d  t r a n s to n o p l a s t i c  

p H  g r a d i e n t  ( c y t o s o l - l u t o i d s )  in  t h e  l a t e x .  T o ta l  s o l id  c o n te n t  i s  t h e  to ta l  f r a c t i o n  o f  s o l id  

p a r t i c l e s  in  n a tu r a l  r u b b e r  i n c lu d in g  d r y  r u b b e r  c o n te n t .  T h e  h ig h e s t  m e a n  v a lu e  f o r  to t a l  s o l id  

c o n te n t  r e c o r d e d  f o r  KRS 128 f o l lo w e d  b y  RRU105, PB 255, PB 280 a n d  PB 235. V is c o s i ty  o f  la t e x  

d e p e n d s  o n  th e  to t a l  s o l id s  p r e s e n t .  A  h ig h  to ta l  s o l id  c o n te n t  m a y  l im i t  y ie l d  b y  h in d e r in g  f l o w  

( M i l f o r d  et al, 1969; B u t t e r y  a n d  B o a tm a n ,  1976 a n d  B r o z o z o w s k a  et al, 1979). O n  o t h e r  h a n d  

lo w  to t a l  s o l i d  c o n t e n t s  i s  i n d i c a t i o n  o f  w e a k  l a t e x  r e g e n e r a t i o n  i n  situ ( E s c h b a c k  et a l, 1984; 

P r e v o t  et a l,  1984). T h e  n o n - r u b b e r  c o n s t i t u e n t s  i n  n a t u r a l  r u b b e r  h a v e  a  p r o f o u n d  e f f e c t  

o n  t h e  v u l c a n i z a t i o n  o f  t h e  h y d r o c a r b o n  a n d  t h e  p h y s i c a l  p r o p e r t i e s  o f  t h e  r e s u l t i n g  

v u l c a n i z a t e s .  T h e  i n c l u d e  p r o t e i n s ,  a c i d s ,  a s h  a n d  w a t e r  ( B e n g t s s o n  a n d  S t e n b e r g ,  1996).



T h e s e  i m p u r i t i e s  i n f l u e n c e  t h e  r u b b e r  i n  d i f f e r e n t  w a y s .  T h e  s o l u b l e  n o n  r u b b e r  m a t e r i a l s  

i n f l u e n c e  m a i n l y  t h e  t i m e  v a r i a t i o n  o f  t h e  r e l a x a t i o n  m o d u l u s  o f  r o w  NR a t  l o n g e r  r e l a x a t i o n  

t i m e  t h e  i n c r e a s e s  r a t e  o f  r e l a x a t i o n  q u i t e  m a r k e d l y  ( C a m p b e l l  a n d  F u l l e r ,  1984). C l o n e  

KRS 25 s h o w e d  h i g h e s t  n o n  r u b b e r  s u b s t a n c e s  (3.53 % ) f o l l o w e d  b y  PB 255 (3.48 % ), PB 311 

(3.29 % ), KRS 128 (3.29 % ) a n d  PB 310 (3.24 % ). C l o n e  RRII105 e x h i b i t e d  2.95 p e r  c e n t  o f  NRS.

T h e  a s h  c o n t e n t  r e p r e s e n t s  t h e  a m o u n t  o f  m i n e r a l  m a t t e r  p r e s e n t  i n  t h e  r u b b e r ,  

s u c h  a s  c a r b o n a t e s  a n d  p h o s p h a t e s  o f  p o t a s s i u m ,  m a g n e s i u m ,  c a l c i u m ,  s o d i u m  a n d  o t h e r  

t r a c e  e l e m e n t s .  T h e  h i g h e s t  a s h  c o n t e n t  w a s  n o t i c e d  f o r  PB 312 (0.26 %) w h e r e a s ,  t h e  l o w e s t  

f o r  PB 260 a n d  KRS 163 (0.14 % ). A  h i g h  a s h  c o n t e n t  i n  r u b b e r  c o u l d  a l s o  r e s u l t  f r o m  

c o n t a m i n a t i o n  d u r i n g  l a t e x  c o l l e c t i o n  o r  p r o c e s s i n g .  C o p p e r  a n d  m a n g a n e s e  a r e  t h e  tw o  

t r a c e  e l e m e n t s  i n  a s h .  T h e s e  m a t e r i a l s  a r e  v e r y  p o w e r f u l  c a t a l y s t s  f o r  t h e  o x i d a t i o n  o f  NR 

b y  o x y g e n  i n  t h e  a i r  ( C o l e ,  1958). T h e  p r e s e n c e  o f  i n o r g a n i c  c o m p o u n d s  c a n  i n c r e a s e  t h e  

t e n d e n c y  o f  v u l c a n i z e d  a r t i c l e s  t o  s w e l l  i n  w a t e r  ( S t a g r a c z n s k i  a n d  K u n s t ,  1993).

G e l  i s  t h e  i n s o l u b l e  f r a c t i o n  o f  t h e  m a t e r i a l  w h e n  t h e  r u b b e r  i s  d i s s o l v e d  in  t h e  

s o l v e n t .  T w o  t y p e s  o f  g e l  e x i s t  in  NR, m i c r o  g e l  a n d  m a c r o  g e l .  M i c r o  g e l  c o n s i s t s  o f  s u b  

m i c r o n  s i z e  p a r t i c l e s ,  w h i c h  a r e  c r o s s - l i n k e d  l a t e x  p a r t i c l e s .  M a c r o  g e l  a p p e a r s  t o  b e  a  

s e c o n d a r y  b o n d e d  n e t w o r k  i n c o r p o r a t i n g  m i c r o  g e l  a n d  m o s t  o f  t h e  p r o t e in a c e o u s  m a t e r i a l s  

( A l l e n  a n d  B r i s t o w ,  1963; F u l l e r ,  1988). C lo n e  PB 255 e x h i b i t e d  h i g h e s t  g e l  c o n t e n t  (22.87 %) 

f o l l o w e d  b y  RRH105 (16.66 % ) a n d  PB 311 (14.22 % ). H o w e v e r ,  KRS 163 r e c o r d e d  l o w e s t  v a l u e  

4.43 p e r  c e n t .  T h e  g e l  h a s  a  m a r k e d  i n f l u e n c e  o n  t h e  r e l a x a t i o n  b e h a v i o u r  o f  NR. I t  h a s  

p r e d o m i n a n t l y  s t i f f e n i n g  e f f e c t .  I t  p r o d u c e s  a  c o m p a r a t i v e l y  s l i g h t  d e c r e a s e s  in  t h e  r a t e  o f  

r e l a x a t i o n .  T h e  m a c r o g e l  p h a s e  i s  a n  e x t r e m e l y  s t i f f ,  a l m o s t  n o n  r e l a x i n g  m a t e r i a l .  T h e



m a c r o g e l  p a r t i c l e s  a l s o  h a v e  a  s t i f f e n i n g  e f f e c t ,  b u t  t h e y  a l s o  s i g n i f i c a n t l y  r e d u c e  t h e  r a t e  

o f  r e l a x a t i o n  ( C a m p b e l l  a n d  F u l l e r ,  1984).

A c e t o n e  e x t r a c t  w a s  h i g h e s t  f o r  PB 260 (4.17 % ) f o l l o w e d  b y  PB 217 (4.08 %), KRS 163 

(4.07 % ) a n d  PB 235 (3.96 % ). H o w e v e r ,  RRn 105 s h o w e d  2.80 p e r  c e n t  o f  a c e t o n e  e x t r a c t .  

E s a h  (1990) r e p o r t e d  t h a t  i s  p r o p e r t y  h a s  n o t  b e  e x t e n s i v e l y  s t u d i e d .  I t  h a s  b e e n  s h o w n  t o  

i n c r e a s e  a f t e r  y i e l d  s t i m u l a t i o n  u s i n g  2,4,5 -  t r i c h l o r o p h e n o x y a c e t i c  a c i d  (2,4,5 - T) a n d  t o  

d e c r e a s e  w i t h  t h e  a g e  o f  a  t r e e  ( M o r i s  a n d  S e k h a r ,  1959). T h e  a c e t o n e  e x t r a c t  o f  NR c o n ta i n s  

n a t u r a l l y  o c c u r r i n g  n o n -  r u b b e r  c o n s t i t u e n t s  s u c h  a s  l i p id s ,  f a t t y  a c id s ,  q u e b r a c h i t o l ,  s t e r o l s  

a n d  e s t e r s .  I n  a d d i t io n ,  a c e to n e  w i l l  e x t r a c t  th e  d e g r a d e d  r u b b e r ,  i f  t h e  r u b b e r  h a s  b e e n  e x p o s e d  

to  o x id a t iv e  i n f lu e n c e s  s u c h  a s  s t r o n g  s u n  l i g h t  ( R u b b e r  R e s e a r c h  I n s t i t u te  o f  M a l a y s ia ,  1992). 

L i p i d s  a r e  r e s p o n s i b l e  f o r  t h e  s t a b i l i t y  o f  t h e  r u b b e r  p a r t i c l e s  ( H o  et al., 1976). T h e  s t e r o l s  a n d  

e s t e r s  a r e  b e l i e v e d  t o  c o n t a i n  t h e  a n t i o x id a n t  w h ic h  is  e f f e c t i v e  i n  p r e s e r v i n g  t h e  r a w  r u b b e r  

a g a i n s t  o x i d a t i o n  a n d  s o f t e n i n g  d u r i n g  s t o r a g e  ( B e n g t s s o n  a n d  S t e n b e r g ,  1996). F a t t y  a c id s  

i n f l u e n c e  s t r o n g l y  t h e  r a t e  o f  v u l c a n i z a t i o n  w i t h  c e r t a i n  a c c e l e r a t o r  s y s t e m  ( E b i  a n d  

K o l a w o l e ,  1992). G e n e r a l l y  a c e t o n e  e x t r a c t  v a r i e s  b e t w e e n  2 t o  5 p e r  c e n t  i n  d r y  r u b b e r  

( E s a h ,  1990) a n d  f o r  a l l  t h e  c lo n e s ,  th e  v a lu e s  a r e  w i th  i n  t h e  l im i t .

I t  i s  k n o w n  t h a t  NR w h e n  i t  l e a v e s  t h e  t r e e  c o n t a i n s  d e f i n i t e  p r o p o r t i o n  o f  n i t r o g e n  

a s  i n t e g r a l  p a r t  o f  m a c r o  m o l e c u l e  ( B e n g t s s o n  a n d  S t e n b e r g ,  1996). C l o n e  PB 312 r e g i s t e r e d  

h i g h e s t  v a l u e  f o r  n i t r o g e n  c o n t e n t  (0.49 % ) w h e r e a s ,  RRH105 s h o w e d  0.42 p e r  c e n t  f o r  n i t r o g e n  

c o n t e n t .  T h e  h i g e s t  n i t r o g e n  f o r  PB 312 w a s  f o l l o w e d  b y  PB 311 (0.48 % ), PB 314 (0.48 %) a n d  

PB 310 (0.45 % ). T h e  n i t r o g e n  c o n t e n t  o f  d r y  r u b b e r  i s  r e p o r t e d  to  b e  t h e  p r o t e i n a c e o u s  

m a t e r i a l  e i t h e r  t e n a c i o u s l y  h e l d  o r  c h e m i c a l l y  b o n d e d  t o  t h e  r u b b e r  ( B u r f i e l d  et a t,  1976). 

T a t a  1980 r e p o r t e d  t h a t  a b o u t  30 p e r  c e n t  o f  t h e s e  m a t e r i a l s  a r e  p r e s e n t  i n  t h e  r u b b e r



h y d r o c a r b o n  a n d  a b o u t  70  p e r  c e n t  i n  t h e  n o n  r u b b e r  p h a s e .  M o s t  o f  t h e s e  h a v e  b e e n  s h o w n  

t o  p l a y  a n  i m p o r t a n t  r o l e  i n  t h e  s t a b i l i t y  o f  Hevea l a t e x .  C e r t a i n  p r o t e i n a c e o u s  m a t e r i a l s  

h a d  b e e n  s h o w n  t o  e x e r t  v a r i o u s  e f f e c t s  o n  t h e  t e c h n o l o g i c a l  p r o p e r t i e s  o f  r u b b e r  ( A l i a s  

a n d  H a s m a ,  1988).

M o o n e y  v i s c o s i t y  g i v e s  a n  i n d i c a t i o n  o f  t h e  q u a n t u m  o f  m e c h a n i c a l  w o r k  r e q u i r e d  

o n  t h e  r a w  r u b b e r  t o  g i v e  m i x e s  w i t h  c o n s i s t e n t  t h e o l o g i c a l  p r o p e r t i e s  a f t e r  s t a n d a r d  

m a s t i c a t i o n ,  c o m p o u n d i n g  a n d  m i x i n g .  T h i s  m e a n s  t h a t  a  r u b b e r  w i t h  v e r y  h i g h  M o o n e y  

v i s c o s i t y  m a y  r e q u i r e  l o n g e r  p r e m a s t i c a t i o n  t i m e  o r  n e e d  e x p e n s i v e  p e p t i s e r s  t o  o b t a i n  a  

p r o d u c t  o f  a  w o r k a b l e  a n d  c o n s i s t e n t  v i s c o s i t y ,  w h e r e a s  t h e  r u b b e r s  w i t h  c o m p a r a t i v e l y  

l o w  M o o n e y  v i s c o s i t y  r e q u i r e  l e s s e r  m a s t i c a t i o n  ( E s a h ,  1990). M o o n e y  v i s c o s i t y  w a s  h i g h e s t  

f o r  PB 255 (88.24 u n i t )  f o l l o w e d  b y  PB 217 (83.19 u n i t s ) ,  KRS 128 (82.63 u n i t )  a n d  RRII105 

(81.68 u n i t ) ,  w h e r e a s ,  KRS 163 e x h i b i t e d  l o w e s t  v a l u e  (63.47 u n i t )  f o r  M o o n e y  v i s c o s i t y .  

B e s i d e s  M o o n e y  v i s c o s i t y ,  t h e  i m p o r t a n t  p r o p e r t y  o f  b u l k  v i s c o s i t y  o f  r u b b e r  i s  a l s o  

m e a s u r e d  b y  t h e  W a l l a c e  p l a s t i c i t y  a n d  t h e  p l a s t i c i t y  v a l u e s  d e t e r m i n e d  f o r  t h e  c l o n e s .  

I n i t i a l  W a l l a c e  p l a s t i c i t y  w a s  r e c o r d e d  h i g h e s t  f o r  PB 255 (60.67) f o l l o w e d  b y  PB 217 (58.11), 

KRS 128 (57.39) a n d  RRII 105 (54.67).

P l a s t i c i t y  r e t e n t i o n  in d e x  i s  a  m e a s u r e  o f  t h e  r e s i s t a n c e  o f  r u b b e r  to  m o l e c u l a r  

b r e a k d o w n  b y  h e a t .  I t  i s  a s s e s s e d  b y  t h e  p e r c e n t a g e  c h a n g e  o f  t h e  o r i g i n a l  p l a s t i c i t y  w h e n  

t h e  r u b b e r  i s  h e a t e d  a t  140“C f o r  30 m i n u t e .  H i g h  v a l u e s  c o r r e s p o n d  t o  g o o d  h e a t  r e s i s t a n c e .  

C l o n e  PB 280 e x h i b i t e d  h i g h e s t  PRI v a l u e  (88.11 % ) f o l l o w e d  b y  KRS 163 (86.89 %), PB 260 

(86.44 % ) a n d  KRS 25 (85.61 %). RRII 105 e x h i b i t e d  81.89 p e r  c e n t  f o r  PRI.

I n  t e r m s  o f  p l a s t i c i t y ,  m o s t  o f  t h e  c l o n e s  g a v e  m e d i u m  t o  h a r d  r u b b e r s .  C l o n e  

RRII 105 c o u l d  b e  g r a d e d  t o  t h e  h i g h e r  v i s c o s i t y  r a n g e .  KRS 163 h a d  t h e  l o w e s t  P q, M o o n e y



v i s c o s i t y  a n d  g e l  c o n t e n t ,  w h e r e  a s  t h e  h i g h e s t  v a l u e s  w e r e  o b s e r v e d  f o r  c l o n e  PB 255. A s h  

c o n t e n t  a n d  p l a s t i c i t y  r e t e n t i o n  in d e x  h a d  l e s s e r  e f f e c t  o n  c l o n e .  T h e  d a t a  g e n e r a t e d  c o u l d  

p r o v i d e  a  c o m p a r a t i v e  a s s e s s m e n t  o f  t h e  l a t i c e s  o f  c lo n e s ,  t h o u g h  s o m e  v a r i a t i o n s  c o u l d  

b e  e x p e c t e d  o n  c h a n g i n g  t h e  s o i l  a n d  e n v i r o n m e n t a l  c o n d i t i o n s .

Hevea l a t e x  a s  o b t a i n e d  f r o m  t h e  t r e e  c o n s i s t s  n o t  o n l y  o f  r u b b e r  h y d r o c a r b o n  

p a r t i c l e s ,  b u t  a l s o  n o n - r u b b e r  s u b s t a n c e s ,  w h i c h  i n c l u d e  l i p i d s ,  p r o t e i n s ,  c a r b o h y d r a t e s ,  

a c i d s ,  a m i n e s  a n d  s o m e  in o r g a n i c  c o n s t i t u e n t s .  I t  i s  g e n e r a l l y  k n o w n  t h a t  s o m e  o f  t h e s e  

n o n  r u b b e r s  c a n  a f f e c t  t h e  p r o p e r t i e s  o f  l a t e x  c o n c e n t r a t e s  a n d  b u l k  r u b b e r  d e r i v e d  f r o m  

t h e  f i e l d  l a t e x .  A s  a l l  t h e  r u b b e r s  w e r e  p r e p a r e d  i n  t h e  s a m e  m a n n e r  u s i n g  t h e  s a m e  

p r o c e d u r e ,  a n y  v a r i a t i o n  o b s e r v e d  i n  t h e  p r o p e r t i e s  s t u d i e d  c o u l d  b e  c o n s i d e r e d  a s  m a i n l y  

d u e  t o  d i f f e r e n c e s  b e t w e e n  t h e  c lo n e s .

5.1.3. Association of dry rubber yield with latex and rubber properties

A m o n g  t h e  v a r i o u s  l a t e x  a n d  r u b b e r  p r o p e r t i e s  v i z . ,  p H ,  t o t a l  s o l i d  c o n t e n t  (T S C ), 

n o n - r u b b e r  s u b s t a n c e s  (NRS), a c e t o n e  e x t r a c t  (AE), n i t r o g e n  c o n t e n t  (N̂ ), g e l  c o n te n t  (GC), 

m o o n e y  v is c o s i ty  (MV), in i t ia l  p la s t ic i ty  (P„), p la s t ic i ty  r e te n t io n  in d e x  (PRI) a n d  a s h  c o n te n t  (AC) 

o f  Hevea  s t u d i e d ,  p H  o f  l a t e x  i n d i c a t e d  s i g n i f i c a n t  c o r r e l a t i o n  w i t h  r u b b e r  y i e l d  (0.583). I t  

s h o w s  t h a t  p H  o f  l a t e x  m a y  h a v e  th e  i n f l u e n c e  o n  t h e  r u b b e r  y i e l d  o f  Hevea. p H ,  TSC, GC 

a n d  PRI s h o w e d  p o s i t i v e  a s s o c i a t i o n  w i t h  r u b b e r  y i e l d ,  w h e r e a s ,  NRS, AE, N̂ , MV, Po a n d  AC 

r e g i s t e r e d  a  n e g a t i v e  a s s o c i a t i o n  w i t h  y i e l d .  T h e  h i g h e s t  c o r r e l a t i o n  o f  r u b b e r  y i e l d  w i t h  

p H  o f  l a t e x  i s  f o l l o w e d  b y  y i e l d  x  a s h  c o n t e n t  (-0.348), y i e l d  x  PRI (0.271), y i e l d  x  TSC (0.266), 

y i e l d  X Po (-0.251) a n d  y ie l d  x  MV (-0.238) w a s  n o t ic e d .  O n e  o f  th e  m o s t  im p o r t a n t  f a c to r s  a f f e c t in g  

t h e  c o a g u l a t i o n  o f  l a t e x  i s  i t s  p H  v a lu e .  R u b b e r  p r o d u c t i o n  h a s  b e e n  c o r r e l a t e d  p o s i t i v e ly  

w i t h  t h e  c y t o s o l i c  p H  o f  t h e  l a t e x  a n d  t h e  t r a n s to n o p l a s t i c  ( c y t o s o l / l u t o id s )  p H  g r a d i e n t



( B r z o z o w s k a  -  H a n o w e r  et a l,  1979). T h e  r e s u l t  o f  t h e  p r e s e n t  s t u d y  i s  in  c o n f o r m i t y  w i t h  

t h e  f i n d i n g s  o f  C h r e s t i n  a n d  G i d r o l  (1985) i n d i c a t e d  t h a t  t h e  p o s i t i v e  c o r r e l a t i o n  b e t w e e n  

r u b b e r  p r o d u c t i o n  a n d  c y t o s o l i c  p H  o f  t h e  l a t e x  a n d  t h e  t r a n s t o n o p l a s t i c  ( C y t o s o l / l u t o i d s )  

p H  g r a d i e n t  i s  d u e  t o  t h e  r e a c t i v i t y  o f  M g  d e p e n d e n t  AT p a s e .  T h e  p H  s h o w e d  a p p a r e n t  

c o r r e l a t i o n  w i t h  y i e l d ,  i f  i t  i s  c o n f i r m e d  to  b e  o f  g e n e r a l  o c c u r r e n c e  i t  w i l l  b e  o f  i m p o r t a n c e  

i n  e x p l a i n i n g  t h e  m e c h a n i s m  o f  y i e l d i n g  r u b b e r  in  Hevea.

5.2. Genetic param eters

H i g h l y  s i g n i f i c a n t  c l o n a l  v a r i a t i o n  w a s  r e c o r d e d  f o r  a l l  t h e  y i e l d  c o m p o n e n t s  

s t u d i e d .  W i d e  r a n g e  o f  v a r i a t i o n s  w a s  r e c o r d e d  f o r  g i r t h  a t  o p e n i n g  (50.96-61.33 c m .) ,  a n n u a l  

d r y  r u b b e r  y i e l d  (38.17 - 73.52 g  t ’’ t ‘) ,  r u b b e r  y i e l d  in  s t r e s s  s e a s o n  (26.29 - 52.74 g  t*  t ’’)  a n d  

p e a k  s e a s o n  (44.75 - 80.42 g  t ' '  t ’' ) ,  y ie l d  d e p r e s s io n  d u r in g  s t r e s s  (27.99 % - 49.87 % ), la t e x  y ie ld  

(107.60 m l  t ’'  t ' ‘ - 176.85 m l  t ’’ t" ') ,  l a t e x  y i e l d  d u r i n g  s t r e s s  (58.31 m l  t'* t'* - 115.26 m l  t '  t" ')  

a n d  p e a k  s e a s o n  (117.27 m l  t  * t ’’ - 193.17 m l  t ' t  ’) ,  l a t e x  v e s s e l  r o w s  in  v i r g i n  (16.68 - 28.64) 

a n d  r e n e w e d  b a r k  (14.20 - 30.96). H o w e v e r ,  l o w  r a n g e  o f  m e a n  w a s  r e c o r d e d  f o r  g i r t h  

i n c r e m e n t ,  r u b b e r  c o n t e n t ,  i n  d i f f e r e n t  s e a s o n s  a n d  a l s o  f o r  b a r k  t h i c k n e s s .

5.2.1. Phenotypic and genotypic coefficient of variation

T h e  p r e s e n t  s t u d y  i n d i c a t e d  s u b s t a n t i a l  d i f f e r e n c e s  i n  p h e n o t y p i c  a n d  g e n o t y p i c  

c o e f f i c i e n t  o f  v a r i a t i o n  f o r  t h e  c h a r a c t e r s  s tu d ie d .  T h e  h ig h e s t  v a l u e  o f  p h e n o ty p i c  c o e f f i c i e n t  

o f  v a r i a t i o n  (PCV) w a s  e x h i b i t e d  b y  m e a n  g i r t h  i n c r e m e n t  (32.56 %) f o l l o w e d  b y  l a t e x  y i e l d  

d u r i n g  s t r e s s  p e r i o d  (26.95 % ), l a t e x  v e s s e l  r o w s  i n  r e n e w e d  b a r k  (26.94 % ), r u b b e r  y i e l d  in  

s t r e s s  p e r i o d  (26.26 % ) a n d  y i e l d  d e p r e s s i o n  u n d e r  s t r e s s  (26.01 %), r u b b e r  y i e l d  i n  p e a k  

p e r i o d  (22.91 % ), a n n u a l  r u b b e r  y i e l d  (21.60 % ), l a t e x  y i e l d  i n  p e a k  p e r i o d  (20.96 % ), l a t e x  

v e s s e l  r o w s  i n  v i r g i n  b a r k  (20.92 % ) a n d  a n n u a l  l a t e x  y i e l d  (20.61 % ). G i r t h  a t  o p e n i n g  a n d



r u b b e r  c o n t e n t  s h o w e d  l o w e s t  p h e n o t y p i c  c o e f f i c i e n t  o f  v a r i a t i o n .  M o d e r a t e  PCV w a s  

r e c o r d e d  f o r  v i r g i n  a n d  r e n e w e d  b a r k  t h i c k n e s s  a m o n g  t h e  v a r i a b l e s  s t u d i e d .

T h e  h i g h e s t  GCV w a s  o b s e r v e d  f o r  y i e l d  d e p r e s s i o n  u n d e r  s t r e s s  (20.84 % ) f o l l o w e d  

b y  d r y  r u b b e r  y i e l d  i n  s t r e s s  s e a s o n  (20.27 % ), l a t e x  v e s s e l  i n  r e n e w e d  b a r k  (20.19 % ), l a t e x  

y i e l d  i n  s t r e s s  p e r i o d  (20.09 %), r u b b e r  y i e l d  i n  p e a k  p e r i o d  (18.52 % ) a n d  a n n u a l  r u b b e r  y i e l d  

(16.98 % ). L o w  g e n o t y p i c  c o e f f i c i e n t  o f  v a r i a t i o n  w a s  o b s e r v e d  f o r  g i r t h  a t  o p e n i n g ,  a n n u a l  

r u b b e r  c o n t e n t  a n d  r u b b e r  c o n t e n t  i n  d i f f e r e n t  s e a s o n s  w h e r e a s ,  v i r g i n  a n d  r e n e w e d  b a r k  

t h i c k n e s s ,  g i r t h  i n c r e m e n t ,  l a t e x  v e s s e l  r o w s  i n  v i r g i n  b a r k  a n d  a n n u a l  l a t e x  y i e l d  s h o w e d  

m o d e r a t e  GCV a m o n g  t h e  c h a r a c t e r s .  G e n o t y p i c  c o e f f i c i e n t  o f  v a r i a t i o n  (GCV) f o r  y i e l d  

a n d  y i e l d  c o m p o n e n t s  s h o w e d  t h e  e x i s t e n c e  o f  s u b s t a n t i a l  g e n e t i c  v a r i a b i l i t y  a m o n g  t h e  

c l o n e s  s t u d i e d .

T h e  h i g h  v a l u e  o f  GCV o b s e r v e d  f o r  r u b b e r  y i e l d  i s  i n  a g r e e m e n t  w i t h  t h e  r e p o r t s  

o f  W h i t b y  (1919), S i m m o n d s  (1969), G i l b e r t  et a l,  (1973), N g a  a n d  S u b r a m a n i a m  (1974), 

M a r k o s e  a n d  G e o r g e  (1980), a n d  H a m a z h  a n d  G o m e z  (1982). L i c y  (1997) r e p o r t e d  a  h ig h  

d e g r e e  o f  GCV a n d  PCV f o r  d r y  r u b b e r  y i e l d ,  l a t e x  y i e l d  a n d  n u m b e r  o f  l a t e x  v e s s e l  r o w s  a s  

o b s e r v e d  i n  t h e  p r e s e n t  s tu d y .  P r e m a k u m a r i  (1992) r e p o r t e d  a  m o d e r a t e  GCV a n d  PCV f o r  

r u b b e r  y i e l d ,  l a t e x  y i e l d  a n d  lo w  v a lu e s  f o r  g i r t h  a n d  r u b b e r  c o n te n t ,  w h i c h  a r e  in  c o n f o r m i t y  

w i t h  t h e  p r e s e n t  s tu d y .

GCV w a s  l o w e r  t h a n  PCV f o r  a l l  t h e  c h a r a c t e r s  s t u d i e d .  H o w e v e r ,  t h e  m a g n i t u d e  o f  

d i f f e r e n c e  b e t w e e n  GCV a n d  PCV e s t im a te  w a s  h i g h  f o r  g i r t h  i n c r e m e n t  o n  t a p p i n g ,  i n d i c a t i n g  

e n v i r o n m e n t a l  f a c t o r s  i n f l u e n c i n g  t h e  c h a r a c t e r .  I t  w a s  lo w  f o r  a l l  o t h e r  c h a r a c t e r s  in d i c a t i n g  

t h a t  g e n e t i c  f a c t o r s  w e r e  p r e d o m in a n t ly  r e s p o n s ib l e  f o r  th e s e  c h a r a c t e r s .  M a r k o s e  (1984) a n d  

M y d i n  (1992) r e p o r t e d  g e n o t y p i c  c o e f f i c i e n t  o f  v a r i a t i o n  w a s  l o w e r  t h a n  t h e  p h e n o t y p i c



c o e f f i c i e n t  o f  v a r i a t i o n  f o r  a l l  t h e  c h a r a c t e r s  s t u d i e d  w h i c h  i n d i c a t e s  t h e  i n f l u e n c e  o f  

e n v i r o n m e n t  o n  t h e  g e n o t y p e  i n  t h e  e x p r e s s i o n  o f  th e s e  c h a r a c t e r s .  M o d e r a t e  t o  h i g h  GCV 

a n d  PCV w a s  o b s e r v e d  f o r  g i r t h  i n c r e m e n t  o n  t a p p i n g ,  a n n u a l  d r y  r u b b e r  y i e l d ,  d r y  r u b b e r  

y i e l d  i n  t w o  s e a s o n s ,  y i e l d  d e p r e s s i o n  d u r i n g  s t r e s s ,  a n n u a l  l a t e x  y i e l d  a n d  l a t e x  y i e l d  in  

t w o  s e a s o n s ,  v i r g i n  a n d  r e n e w e d  b a r k  t h i c k n e s s  a n d  l a t e x  v e s s e l  r o w s  i n  v i r g in  a n d  r e n e w e d  

b a r k  i n d i c a t i n g  t h a t  s e l e c t i o n  b a s e d  o n  t h e s e  c h a r a c t e r s  w o u l d  b e  a d v a n t a g e o u s ,  s i n c e  

t h e r e  i s  t h e  p r e d o m i n a n c e  o f  a d d i t i v e  g e n e  a c t i o n  i n  t h e  e x p r e s s i o n  t h e s e  c h a r a c t e r s .  

L o w  v a l u e  o f  g e n o t y p i c  c o e f f i c i e n t  o f  v a r i a t i o n  a n d  p h e n o t y p i c  c o e f f i c i e n t  o f  v a r i a t i o n  

f o r  g i r t h  a n d  r u b b e r  c o n t e n t  a r e  i n  c o n f o r m i t y  w i t h  t h e  f i n d i n g s  o f  M a r k o s e  (1984). 

A l i k a  a n d  O n o k p i s e  (1982), M y  d in  (1992), C h a n d r a s e k a r  (1995) a n d L i c y  (1997), r e p o r t e d  

l o w  GCV a n d  PCV f o r  g i r t h .

5.2.2. Heritability

H e r i t a b i l i t y  i s  t h e  p r o p o r t i o n  o f  t h e  t o t a l  v a r i a n c e  o f  a n  o b s e r v a b l e  c h a r a c t e r i s t i c  

t h a t  m a y  b e  a c c o u n t e d  f o r  b y  g e n e t i c  f a c t o r s .  I t  c a n  a l s o  b e  s t a t e d  a s  t h e  f r a c t i o n  o f  t o t a l  

p h e n o t y p i c  v a r i a n c e  t h a t  r e m a i n s  a f t e r  e x c l u s i o n  o f  t h e  v a r i a n c e  d u e  t o  e n v i r o n m e n t a l  

e f f e c t s .  B u r t o n  (1952) s u g g e s t e d  t h a t  g e n o t y p i c  c o e f f i c i e n t  o f  v a r i a t i o n  t o g e t h e r  w i t h  

h e r i t a b i l i t y  e s t i m a t e s  w o u l d  g iv e  a  b e t t e r  i d e a  o f  s e l e c t i o n  a d v a n c e  t o  b e  e x p e c t e d .  S e l e c t io n  

a c t s  o n  g e n e t i c  d i f f e r e n c e s  a n d  g a in s  f r o m  s e l e c t i o n  f o r  a  s p e c i f i c  c h a r a c t e r  d e p e n d s  l a r g e l y  

o n  h e r i t a b i l i t y  o f  t h e  c h a r a c t e r  ( A l l a r d ,  1960 a n d  1999). A  h i g h  h e r i t a b i l i t y  e x p r e s s e d  b y  a  

h i g h  v a l u e  o f  a b o v e  60 p e r  c e n t  w a s  o b s e r v e d  f o r  m o s t  o f  t h e  c h a r a c t e r s .  B r o a d  s e n s e  

h e r i t a b i l i t y  w a s  h i g h e s t  f o r  a n n u a l  r u b b e r  c o n t e n t  (71.39 % ) f o l l o w e d  b y  r u b b e r  c o n t e n t  

d u r i n g  p e a k  p e r i o d  (69.50 % ), r u b b e r  y ie ld  in  p e a k  p e r i o d  (65.00 %), r u b b e r  c o n te n t  d u r in g  s t r e s s  

p e r i o d  (64.55 % ), y i e l d  d e p r e s s io n  d u r in g  s t r e s s  (64.15 %) a n d  a n n u a l  m b b e r  y ie ld  (61.77 %)



i n d i c a t i n g  t h a t  o b s e r v e d  v a r i a b i l i t y  f o r  t h e s e  t r a i t s  a r e  h e r i t a b l e .  B r e e d e r  c a n  e x p e c t  a d d i t i v e  

g e n e t i c  v a r i a n c e  t o  b e  a v a i l a b l e  f o r  s e l e c t i o n  i n  p r o g e n y  g e n e r a t i o n  f o r  t h e s e  c h a r a c t e r s .  

S i m m o n d s  (1989) e x p l a i n s  t h a t  in  r u b b e r ,  h e r i t a b i l i t y  o f  e c o n o m i c  c h a r a c t e r s  a r e  h i g h .  L o w  

h e r i t a b i l i t y  w a s  o b s e r v e d  f o r  g i r t h  a t  o p e n i n g  a n d  g i r t h  i n c r e m e n t  r a t e  o n  t a p p i n g .  L o w  

h e r i t a b i l i t y  c o u p l e d  w i t h  l o w  GCV f o r  g i r t h  a t  o p e n i n g  c o n f i r m s  t h a t  m a r k e d  i m p r o v e m e n t  

m a y  n o t  b e  a c h i e v a b l e  i n  s u c h  c h a r a c t e r s  t h r o u g h  s e l e c t i o n .  T h e  r e l a t i v e l y  h i g h  v a l u e  o f  

h e r i t a b i l i t y  o b s e r v e d  f o r  t h e  m a j o r  y i e l d  c o m p o n e n t s  e x p la i n s  l a r g e  p r o p o r t i o n  o f  v a r i a b i l i t y  

o b s e r v e d  f o r  t h e s e  c h a r a c t e r s  i s  h e r i t a b l e  w i t h  n e g l i g i b l e  i n f l u e n c e  o f  e n v i r o n m e n t .  T h e  

l o w  h e r i t a b i l i t y  o b s e r v e d  f o r  g i r t h  m a y  b e  d u e  to  t h a t  t h e  o b s e r v a t i o n s  w e r e  c o n d u c t e d  

d u r i n g  t h e  e a r l y  y e a r s  o f  p r o d u c t i o n  p h a s e  o f  t h e  p l a n t s .  L i a n g  et a l,  (1980), A l i k a  (1982) 

r e p o r t e d  s i m i l a r  f i n d in g s .  T h e  m o d e r a te  h e r i t a b i l i ty  o b s e r v e d  f o r  v i r ig in  b a r k  t h i c k n e s s  a n d  

r e n e w e d  b a r k  th i c k n e s s  a r e  in  a g r e e m e n t  w i th  T a n  et al, (1975), a n d  A l i k a  a n d  O n o k p is e  (1982). 

R e l a t i v e l y  h i g h  h e r i t a b i l i t y  f o r  y i e l d  a n d  g i r t h  w a s  r e p o r t e d  b y  N g a  a n d  S u b r a m a n i a m  (1974), 

L i a n g  et a l,  (1980), M a r k o s e  a n d  G e o r g e  (1980) a n d  M a r k o s e  (1984). H o w e v e r ,  M y d i n  (1992) 

a n d  L i c y  (1997) r e p o r t e d  l o w  h e r i t a b i l i t y  f o r  g i r t h  w h i c h  w a s  i n  a g r e e m e n t  w i t h  t h e  r e s u l t s  

o f  t h e  p r e s e n t  s tu d y .  I n  g e n e r a l ,  h i g h  h e r i t a b i l i t y  f o r  r u b b e r  c o n t e n t ,  l a t e x  y i e l d ,  a n d  a n n u a l  

d r y  r u b b e r  y i e l d  i n d i c a t e s  t h a t  o b s e r v e d  v a r i a b i l i t y  f o r  t h e  t r a i t  i s  o f t e n  h e r i t a b l e .

5 .2 .3 .  G e n e t i c  a d v a n c e

G e n e t i c  a d v a n c e  i s  t h e  i m p r o v e m e n t  i n  t h e  m e a n  g e n o t y p i c  v a l u e  o f  s e l e c t e d  

f a m i l i e s  o v e r  t h e  b a s e  p o p u l a t i o n .  G e n e t i c  a d v a n c e  u n d e r  s e l e c t i o n  d e p e n d s  u p  o n  s e v e r a l  

f a c t o r s  l i k e  1) t h e  g e n e t i c  v a r i a b i l i t y  a m o n g  d i f f e r e n t  p la n t s  o r  f a m i l i e s  i n  t h e  b a s e  p o p u la t i o n  

2) t h e  h e r i t a b i l i t y  o f  c h a r a c t e r  u n d e r  s e l e c t i o n  a n d  3) t h e  i n t e n s i t y  o f  s e l e c t i o n  i . e . ,  t h e  

p o p u l a t i o n  o f  p l a n t s  o r  f a m i l i e s  s e l e c t e d .  H i g h  g e n e t i c  a d v a n c e  r e c o r d e d  f o r  y i e l d



d e p r e s s i o n  d u r i n g  s t r e s s  (34.37 % ), d r y  r u b b e r  y i e l d  i n  s t r e s s  s e a s o n  (32.23 % ), l a t e x  v e s s e l  

r o w s  i n  r e n e w e d  b a r k  (31.21 % ), l a t e x  y i e l d  i n  s t r e s s  p e r i o d  (30.85 % ), d r y  r u b b e r  y i e l d  i n  

p e a k  p e r i o d  (30.76 % ), w h e r e a s ,  a n n u a l  d r y  r u b b e r  y i e l d  (27.49 % ), l a t e x  y i e l d  i n  p e a k  

s e a s o n s  (25.56 % ), a n n u a l  l a t e x  y i e l d  (22.09 % ), l a t e x  v e s s e l  r o w s  i n  r e n e w e d  b a r k  (19.57 % ), 

v i r g i n  b a r k  t h i c k n e s s  (18.57 % ), r e g i s t e r e d  m o d e r a t e  g e n e t i c  a d v a n c e  u n d e r  s e l e c t i o n .  

R e n e w e d  b a r k  t h i c k n e s s  (14.37 %), r u b b e r  c o n t e n t  i n  p e a k  s e a s o n  (13.30 % ), r u b b e r  c o n t e n t  

i n  s t r e s s  p e r i o d  (10.94 %), g i r t h  i n c r e m e n t  o n  t a p p i n g  (9.58 % ) a n d  g i r t h  a t  o p e n i n g  (6.41 % ) 

s h o w e d  g e n e t i c  a d v a n c e  u n d e r  s e l e c t i o n .  I n  t h e  p r e s e n t  s tu d y ,  m o d e r a t e  t o  h i g h  h e r i t a b i l i t y  

a s s o c i a t e d  w i t h  h i g h  g e n e t i c  a d v a n c e  f o r  y i e l d  d e p r e s s i o n  d u r i n g  s t r e s s ,  r u b b e r  y i e l d  in  

s t r e s s  p e r i o d ,  l a t e x  v e s s e l  r o w s  i n  r e n e w e d  b a r k ,  l a t e x  y i e l d  i n  s t r e s s  p e r i o d  a n d  r u b b e r  

y i e l d  d u r i n g  p e a k  s e a s o n  h a v e  b e e n  o b s e r v e d ,  w h i c h  i n d i c a t e d  a d d i t i v e  g e n e  a c t i o n  i n  t h e  

i n h e r i t a n c e  o f  t h e s e  t r a i t s  a n d  i m p l i e s  s c o p e  f o r  i m p r o v e m e n t  o f  t h e s e  t r a i t s  t h r o u g h  

s e l e c t i o n .  R a m a n u j a m  a n d  T h i r u m a l a c h a r  (1967) o p i n e d  t h a t  b r o a d  s e n s e  h e r i t a b i l i t y  

a c c o m p a n i e d  b y  h i g h  g e n e t i c  a d v a n c e  i s  m o r e  r e l i a b l e .  M y d i n  (1992) r e p o r t e d  a  l o w  to  

m o d e r a t e  g e n e t i c  a d v a n c e  f o r  r e n e w e d  b a r k  t h i c k n e s s ,  v i r g in  b a r k  th i c k n e s s ,  r u b b e r  c o n t e n t  

i n  p e a k  p e r i o d ,  a n n u a l  r u b b e r  c o n t e n t ,  l a t e x  y i e l d  d u r i n g  p e a k  p e r i o d ,  a n n u a l  l a t e x  y i e l d  

a n d  r u b b e r  y i e l d  d u r i n g  p e a k  s e a s o n  w h i c h  a r e  i n  c o n f o r m i t y  w i t h  t h e  p r e s e n t  s t u d y .  

L i c y  (1997) r e p o r t e d  l o w  g e n e t i c  a d v a n c e  f o r  r u b b e r  c o n t e n t ,  r e n e w e d  b a r k  t h i c k n e s s ,  

v i r g i n  b a r k  t h i c k n e s s ,  a n d  n u m b e r  o f  l a t e x  v e s s e l  r o w s  i n  v i r g in  b a r k .  V i r g in  b a r k  th i c k n e s s ,  

a n n u a l  l a t e x  y i e l d  a n d  l a t e x  y i e l d  i n  p e a k  s e a s o n  s h o w e d  m o d e r a t e  h e r i t a b i l i t y  a s s o c i a t e d  

w i t h  m o d e r a t e  g e n e t i c  a d v a n c e  in d i c a t i n g  c o m p a r a t i v e l y  l e s s  i n f l u e n c e  o f  e n v i r o n m e n t  o n  

t h e s e  p a r a m e t e r s .  G i r t h  a t  o p e n i n g ,  g i r t h  i n c r e m e n t ,  r e n e w e d  b a r k  t h i c k n e s s  o b s e r v e d  t o  

h a v e  a  l o w  h e r i t a b i l i t y  e s t i m a t e  a s s o c i a t e d  w i t h  l o w  g e n e t i c  a d v a n c e  u n d e r  s e l e c t i o n  i s  d u e



t o  t h e  h i g h  i n f l u e n c e  o f  t h e  e n v i r o n m e n t a l  f a c t o r s  in  t h e  e x p r e s s i o n  o f  t h e s e  t r a i t s  a n d  

p r e s u m e  n o  i m p r o v e m e n t  t h r o u g h  s e l e c t i o n .  A m o n g  y i e l d  c o m p o n e n t s  r u b b e r  c o n t e n t  

h a d  h i g h  h e r i t a b i l i t y  a n d  l o w  g e n e t i c  a d v a n c e .  S i n c e  b r o a d  s e n s e  h e r i t a b i l i t y  i n c l u d e s  

b o t h  a d d i t i v e  a n d  e p i s t a t i c  e f f e c t s ,  i t  w i l l  b e  r e l i a b l e  o n l y  w h e n  a c c o m p a n i e d  b y  h i g h  

g e n e t i c  a d v a n c e .  P a n s e  (1957) i n d i c a t e d  t h a t  m o d e r a t e  t o  h i g h  e s t i m a t e  o f  h e r i t a b i l i t y  

w i t h  l o w  g e n e t i c  a d v a n c e  c o u l d  b e  a t t r i b u t e d  t o  n o n - a d d i t i v e  g e n e  e f f e c t s  w h i c h  i n c l u d e s  

e p i s t a s i s  a n d  d o m i n a n c e .

5.3. Association of characters

C o r r e l a t i o n  c o e f f i c i e n t  a n a ly s i s  m e a s u r e s  t h e  m u t u a l  r e l a t i o n s h i p  b e t w e e n  v a r i o u s  

p l a n t  c h a r a c t e r s  a n d  d e t e r m i n e s  t h e  c o m p o n e n t  c h a r a c t e r s  o n  w h i c h  s e l e c t i o n  c a n  b e  b a s e d  

f o r  i m p r o v e m e n t  i n  y i e l d .  I n  Hevea c o r r e l a t i o n  s t u d i e s  p r o v i d e  i n f o r m a t i o n  a b o u t  t h e  n a t u r e  

a n d  m a g n i t u d e  o f  r e l a t i o n s h i p  b e t w e e n  y i e l d  a n d  i t s  c o m p o n e n t s .  C o r r e l a t i o n  c o e f f i c i e n t s  

a t  b o t h  g e n o t y p i c  a n d  p h e n o t y p i c  l e v e l s  d e p i c t e d  t h a t  a n n u a l  d r y  r u b b e r  y i e l d  a n d  r u b b e r  

y i e l d  i n  t w o  s e a s o n s  e x h i b i t e d  p o s i t i v e  c o r r e l a t i o n  w i t h  l a t e x  y i e l d ,  f l o w  r a t e  o f  l a t e x  i n  a l l  

s e a s o n s ,  g i r t h ,  g i r t h  i n c r e m e n t  r a t e  o n  t a p p i n g ,  l e n g t h  o f  t a p p i n g  p a n e l ,  v i r g i n  a n d  r e n e w e d  

b a r k  t h i c k n e s s ,  n u m b e r  o f  l a t e x  v e s s e l  r o w s  i n  v i r g i n  a n d  r e n e w e d  b a r k .  S t r e s s  y i e l d  a n d  

p e a k  y i e l d  a l s o  e x h i b i t e d  p o s i t i v e  a s s o c ia t i o n  w i t h  a n n u a l  m e a n  d r y  y ie l d .  T h e  p r e s e n t  r e s u l t s  

a r e  i n  a g r e e m e n t  w i t h  t h e  f i n d in g s  o f  D i j k m a n  a n d  O s t e n d o r f  (1929), N a r a y a n a n  e ta i,  (1973), 

T a n  etal, (1975), M y d i n  (1992) a n d  L ic y  (1997). G i r th  a n d  g ir th  in c r e m e n t  r a t e  o n  ta p p in g  r e c o r d e d  

a  p o s i t i v e  c o r r e la t io n  w i th  d r y  r u b b e r  y ie ld  in  a l l  t h e  th r e e  s e a s o n s .  P r e m a k u m a r i  et al. (1989) 

r e p o r t e d  h i g h  c o r r e l a t i o n  b e t w e e n  g i r t h  i n c r e m e n t  o n  t a p p i n g  a n d  y i e l d  i n c r e a s e  o n  t a p p i n g .  

D i j k m a n ,  (1951), T e m p l e t o n ,  (1969) a n d  S e t h u r a j ,  (1985), r e p o r t e d  a  s u s t a i n a b l e  y i e l d  o n  

t a p p i n g  i s  h i g h l y  d e p e n d a n t  o n  g i r t h  i n c r e m e n t  o n  t a p p i n g .  N a r a y a n a n  et a l,  (1974), T a n  a n d



S u b r a m a n i a m  (1976), L i u  (1980) r e p o r t e d  a  p o s i t i v e  c o r r e l a t i o n  o f  y i e l d  w i t h  g i r t h  w h i l e  

W y c h e r l e y  (1969), M a r k o s e  (1984), P r e m a k u m a r i  (1992) a n d  A b r a h a m  (2000) i n d i c a t e d  a  

n e g a t i v e  c o r r e l a t i o n  b e t w e e n  g i r t h  a n d  y i e l d .  H o  et a l,  (1973) a n d  H o  (1976) r e p o r t e d  a  

p o s i t i v e  a s s o c i a t i o n  o f  y i e l d  w i t h  g i r t h  i n  e a r l y  y e a r s  w i t h  g r a d u a l  d e c r e a s e s  i n  s u b s e q u e n t  

y e a r s  o f  t a p p i n g  a n d  a s s u m e d  t h a t  g i r t h  h a s  a  l e s s e r  im p o r t a n c e  in  d e t e r m i n i n g  y i e l d .  T h e i r  

a s s u m p t i o n  i s  t h a t  p l a n t  a s s i m i l a t e s  a r e  p a r t i t i o n e d  i n  f a v o u r  o f  l a t e x  f o r m a t i o n  r a t h e r  t h a n  

g r o w t h ,  e s p e c i a l l y  i n  t h e  c a s e  o f  h i g h  y i e l d i n g  c l o n e s  l e a d i n g  t o  a  n e g a t i v e  a s s o c i a t i o n  o f  

g i r t h  a n d  g i r t h  i n c r e m e n t  w i t h  r u b b e r  y i e l d .  T h e  r e s u l t s  o f  t h e  p r e s e n t  s t u d y  i n d i c a t e d  a  

p o s i t i v e  a s s o c i a t i o n  o f  g i r t h  a n d  g i r t h  i n c r e m e n t  o n  t a p p i n g  m a y  b e  d u e  t o  t h e  e a r l y  y e a r s  

o f  y i e l d i n g  o f  t h e  t r e e s .

G e n o ty p ic  c o r r e la t io n  c o e f f ic i e n t  w e r e  in  g e n e r a l ,  w a s  h ig h e r  th a n  th e  p h e n o ty p i c  

c o r r e la t io n  c o e f f ic ie n ts  f o r  th e  m a jo r i ty  o f  c h a ra c te r s  s tu d ie d . I t  c o u ld  b e  th e  m a s k in g  o r  m o d i f y in g  

e f f e c t  o f  t h e  e n v i r o n m e n t  i n  g e n e t i c  a s s o c i a t i o n s  b e t w e e n  c h a r a c t e r s  ( J o h n s o n  et a l, 1955, 

O r a o n  et a l,  1977) b u t  i t  i s  e x p l a i n e d  t h a t  t h i s  c o u l d  o c c u r  w h e n  g e n e s  g o v e r n i n g  t w o  t r a i t s  

a r e  s i m i l a r  b u t  t h e  e n v i r o n m e n t a l  f a c t o r s  p e r t a i n i n g  to  t h e  e x p r e s s i o n  o f  t h e  t r a i t  h a v e  a  

s m a l l  e f f e c t .  I n f o r m a t i o n  o n  t h e  r e l a t i o n s h i p  o f  y i e l d  a n d  t h e  c o m p o n e n t s  c o n t r o l l i n g  y i e l d  

h a s  a n  i i r u n e n s e  v a l u e  i n  t h e  c r o p  i m p r o v e m e n t  p r o g r a m m e .  C o e f f i c i e n t  o f  c o r r e l a t i o n  

i n d i c a t e s  t h e  r e l a t i o n s h i p  b e t w e e n  t w o  v a r i a b l e s  h o w e v e r  i t  p r o v i d e s  n o  i n f o r m a t i o n  

r e g a r d i n g  t h e  e x t e n t  o f  c h a n g e  in  o n e  v a r i a b l e  r e s u l t i n g  f r o m  c h a n g e  in  a n o t h e r  v a r i a b l e .  I n  

g e n e t i c  s t u d i e s  i t  i s  c o m m o n  t o  f i n d  a  c o r r e l a t i o n  b e t w e e n  tw o  o r  m o r e  c h a r a c t e r s .  G e n o ty p ic  

c o r r e l a t i o n  b e t w e e n  t w o  o r  m o r e  c h a r a c t e r s  m a y  r e s u l t  f r o m  p le i o t r o p i c  e f f e c t s  o f  g e n e s  o r  

l i n k a g e  o f  g e n e s  g o v e r n i n g  i n h e r i t a n c e  o f  tw o  o r  m o r e  c h a r a c t e r s  ( F a l c o n e r ,  1981 a n d  1989).



S e th u r a j  (1981) r e p o r t e d  a  r e l a t i o n s h ip  b e tw e e n  y i e l d  a n d  m a j o r  y i e l d  c o m p o n e n t s  o f  

r u b b e r .  A c c o r d i n g  t o  h i m  t h e  y i e l d  o f  a  r u b b e r  t r e e  p e r  t a p p i n g  i s  p r o p o r t i o n a l  t o  t h e  i n i t i a l  

f l o w  r a t e  o f  l a t e x ,  l e n g t h  o f  t a p p i n g  c u t ,  r u b b e r  c o n t e n t  o f  l a t e x  a n d  i n v e r s e ly  p r o p o r t i o n a l  to  

t h e  p l u g g i n g  in d e x .

A m o n g  y i e l d  a n d  y i e l d  c o m p o n e n t s  a n n u a l  r u b b e r  y i e l d  v s .  r u b b e r  y i e l d  i n  s t r e s s  a n d  

p e a k  p e r i o d ,  a n n u a l  l a t e x  y i e l d ,  l a t e x  y i e l d  i n  s t r e s s  a n d  p e a k  p e r i o d  a n d  l a t e x  v e s s e l  r o w s  

i n  r e n e w e d  b a r k ;  y i e l d  d e p r e s s i o n  d u r i n g  s t r e s s  v s .  l a t e x  y i e l d  i n  s t r e s s  a n d  PI i n  s t r e s s  

p e r i o d ;  a n n u a l  l a t e x  y i e l d  v s .  l a t e x  y i e l d  i n  s t r e s s  a n d  p e a k  p e r i o d ,  a n n u a l  PI a n d  PI i n  

p e a k  p e r i o d ;  a n n u a l  f l o w  r a t e  o f  l a t e x  v s .  f l o w  r a t e  i n  s t r e s s  a n d  p e a k  s e a s o n ,  a n n u a l  PI 

a n d  PI i n  p e a k  s e a s o n ;  a n n u a l  r u b b e r  c o n t e n t s  v s .  r u b b e r  c o n t e n t  i n  s t r e s s  a n d  p e a k  s e a s o n ,  

v i r g i n  b a r k  t h i c k n e s s ;  a n n u a l  p l u g g i n g  i n d e x  v s .  PI i n  s t r e s s  a n d  p e a k  p e r i o d ;  v i r g i n  b a r k  

t h i c k n e s s  v s .  r e n e w e d  b a r k  t h i c k n e s s ;  l a t e x  v e s s e l  r o w s  i n  v i r g in  b a r k  v s .  l a t e x  v e s s e l  r o w s  i n  

r e n e w e d  b a r k ;  g i r th  v s .  a n n u a l  m b b e r  y ie ld  a n d  l e n g th  o f  ta p p in g  p a n e l ,  s h o w e d  h ig h  a s s o c ia t io n  

w i th  e a c h  o th e r  a t  g e n o ty p i c  a n d  p h e n o ty p ic  le v e l .  D e s i r a b l e  g e n o ty p ic  a n d  p h e n o ty p i c  l e v e l  

w o u l d  b e  p o s s ib l e  f o r  s im u l ta n e o u s  im p r o v e m e n t  o f  t h e s e  c h a r a c t e r s  u n d e r  s e le c t io n .

T h e  r e l a t i o n s h i p  b e t w e e n  p a i r s  o f  c h a r a c t e r s  i . e . ,  a n n u a l  r u b b e r  y i e l d ,  v s .  v o l u m e  

o f  l a t e x  i n  s t r e s s  p e r i o d ,  v s .  r u b b e r  c o n te n t ,  v s .  r u b b e r  c o n t e n t  d u r i n g  s t r e s s  a n d  p e a k  

s e a s o n ,  v s .  f l o w  r a t e  o f  l a t e x  s h o w e d  a  l o w e r  v a l u e  a t  g e n o t y p i c  l e v e l  t h a n  t h a t  o f  t h e  

p h e n o t y p i c  l e v e l  s h o w e d  t h e  i n f l u e n c e  o f  e n v i r o n m e n t  t o  t h e  e x p r e s s i o n  o f  t h e s e  t r a i t s .

G e n e r a l l y  p h e n o t y p i c  a n d  g e n o t y p i c  c o r r e l a t i o n s  v a r y i n g  in  m a g n i t u d e  a n d  n o t  

t h e  d i r e c t i o n .  B u t  i n  t h e  p r e s e n t  s t u d y  i t  i s  r e v e a l e d  t h a t  r u b b e r  y i e l d  i n  s t r e s s  s e a s o n  v s .  

r u b b e r  c o n t e n t  i n  p e a k  p e r i o d ;  y i e l d  d e p r e s s i o n  d u r i n g  s t r e s s  v s .  v i r g i n  b a r k  t h i c k n e s s ;  

a n n u a l  l a t e x  y i e l d  v s .  a n n u a l  r u b b e r  c o n t e n t  a n d  r u b b e r  c o n t e n t  d u r i n g  d i f f e r e n t  s e a s o n s



a n d  a n n u a l  i n i t i a l  f l o w  r a t e  o f  l a t e x ;  l a t e x  y i e l d  d u r i n g  s t r e s s  v s .  p a n e l  l e n g t h  a n d  v i r g i n  

b a r k  t h i c k n e s s ;  l a t e x  y i e l d  in  p e a k  s e a s o n s  v s .  r u b b e r  c o n t e n t  in  p e a k  s e a s o n s ,  a n n u a l  

i n i t i a l  f l o w  r a t e ,  a n d  p l u g g i n g  in d e x  i n  p e a k  p e r i o d ;  r u b b e r  c o n t e n t  d u r i n g  s t r e s s  p e r i o d  v s .  

in i t i a l  f l o w  r a t e  o f  l a t e x  i n  s t r e s s  s e a s o n s ;  r u b b e r  c o n te n t s  i n  p e a k  s e a s o n s  v s .  g i r t h  i n c r e m e n t  

o n  t a p p i n g ;  a n n u a l  i n i t i a l  f l o w  r a t e  v s .  p a n e l  l e n g t h  a n d  g i r t h  i n c r e m e n t  o n  t a p p i n g ;  i n i t i a l  

f l o w  r a t e  o f  l a t e x  d u r i n g  s t r e s s  v s .  g i r t h  i n c r e m e n t  o n  t a p p i n g  a n d  l a t e x  v e s s e l  r o w s  in  

v i r g i n  b a r k ;  i n i t i a l  f l o w  r a t e  o f  l a t e x  d u r i n g  p e a k  s e a s o n s  v s .  p a n e l  l e n g t h ;  a n n u a l  p l u g g i n g  

i n d e x  v s .  p a n e l  l e n g t h ;  P I d u r i n g  s t r e s s  p e r i o d  v s .  g i r t h ;  g i r t h  v s .  v i r g i n  b a r k  t h i c k n e s s ;  

g i r t h  i n c r e m e n t  o n  t a p p i n g  v s .  v i r g i n  a n d  r e n e w e d  b a r k  t h i c k n e s s ;  p a n e l  l e n g t h  v s .  l a t e x  

v e s s e l s  i n  v i r g i n  b a r k  a n d  r e n e w e d  b a r k  t h i c k n e s s  i n d i c a t e d  d i f f e r e n c e  i n  s i g n  a t  g e n o t y p i c  

a n d  p h e n o t y p i c  l e v e l .  I t  m a y  b e  d u e  t o  t h e  e n v i r o n m e n t a l  c h a r a c t e r s  t h r o u g h  d i f f e r e n t  

p h y s i o l o g i c a l  m e c h a n i s m ,  L i c y  (1997) r e p o r t e d  s i m i l a r  o b s e r v a t i o n  in  a  s t u d y  o f  f o r t y  c lo n e s  

t o  e s t i m a t e  t h e  c o r r e l a t i o n  b e t w e e n  d i f f e r e n t  y i e l d  c o m p o n e n t s .

Phenotypic and genotypic correlation exhibited a negative relationship of dry rubber 

yield in all three periods with plugging index during three seasons. Milford et a l,  (1969), 

Sethuraj et al., (1974), Mydin (1992) and Licy (1997) reported a negative correlation of plugging 

index with dry rubber yield. It was reported that the flow rate of latex is positively correlated 

to dry rubber yield (Paardekooper and Samosom 1969; Sethuraj et a l,  1974). The result of 

the present study indicates that the correlation between dry rubber yield and initial flow 

rate was positive but not pronounced.

At phenotypic level, the correlation between annual flow rate of latex and latex 

flow in peak season, girth vs girth increment, virgin bark thickness vs. renewed bark 

thickness showed highest values of correlation among the major yield components studied.



It is probably due to the fact that the environmental factors have a major role in the gene 

governing two traits. At phenotypic level, annual plugging index vs. girth increment indicated 

lowest correlation.

The dry rubber yield showed high positive association with rubber yield in stress 

and peak period, annual latex yield, latex yield during stress and peak seasons, girth, latex 

vessel rows. These associations showed that yield is not totally independent and have 

complex association with other parameters. Among yield components all characters showed 

positive association with yield except plugging index. It implies that favourable phenotypic 

and genotypic association among characters would be possible for the simultaneous 

improvement of these traits.

5.4. analysis

Genetic improvement for quantitative traits depends up on the nature and amount of 

genetic diversity present in the base material as well as the extent to which the desirable traits 

are heritable. The concept of genetic divergence provides an idea about the genetic diversity 

among the parents and has a vital utility in determining diversity among the parents.

Heterosis breeding is an added advantage for obtaining quantum jumps in the 

production and productivity of H evea  clones. The exploitation of heterosis to raise the 

yield levels has been tried by several workers (Mydin, 1992, Licy, 1 9 9 7 ). The level of 

heterosis as well as selection advance in segregating generations depends up on the 

genetic diversity among the parents rather than geographic diversity. Therefore, the choice 

of diverse parents with good combining ability is the prerequisite for efficient hybridization 

programme.



All the clones were clustered in to two major groups. The first group consisted of 

eight clones and that of the second one included five clones. Clustering of clones was 

irrespective of their country was origin. Each of the two major clusters were separated into 

two subgroups. The inter cluster distance between clusterT and II was 78.11. The intra 

cluster distance in group I was 24.65 and that of groups II was 34.14. The average intra 

clusters distance was 28.60. The inter cluster distance showed considerable genetic 

divergence exists among the clones.

In the present study, the highest genetic diversity was estimated between 

PB 280 and PB 312 (159.55) followed by PB 280 and PB 311 (157.43). It implies that high 

heterotic progenies could be obtained if these genetically most divergent parents would be 

used in hybridization.

5.5. Lsozyme

As a perennial crop with a long breeding and maturation cycle, conventional 

practises for evaluation of the genetic variability like raising the progenies is rather 

difficult and time consuming. To supplement with, molecular markers linked to a particular 

trait also offer great scope for improving the efficiency of conventional plant breeding.

Isozymes offer most reliable single gene markers and they are often co-dominant 

in inheritance Arulsekar and Parfitt, (1986). In  H e v e a  also isozymes were successfully 

used in estimating the genetic diversity (Chevallier, 1988; Sreelatha e t  a l., 1993; 

Yeang e ta l , 1998). In H evea  it is used for the genetic variability studies (Chevallier, 1988) 

and to identify field plantings or in source bush nurseries (Leconate et al., 1994). 

Several enzyme gene loci have been identified in H evea  for genetic variability studies in 

germplasm materials by isozyme analysis (Chevallier, 1988). Out of the nine isozyme systems



a n a l y s e d ,  f o u r  e n z y m e s  s h o w e d  p o ly m o r p h i s m .  T h e  n u m b e r  o f  i s o z y m e s  b a n d s  in  d i f f e r e n t  

c l o n e s  w a s  r a n g e d  f r o m  11 t o  19. O u t  o f  t h e  f o u r  i s o z y m e  s y s t e m s  s t u d i e d ,  a  c o m b i n e d  t o t a l  

o f  2 2  i s o z y m e  b a n d s  w e r e  s c o r a b l e  a n d  a  m e a n  o f  15 b a n d s  p e r  c l o n e  c o u l d  b e  o b s e r v e d .  

Y e a n g  et a l ,  1995 o b s e r v e d  t h a t  o u t  o f  t h e  s e v e n  i s o z y m e s  s y s t e m  a  c o m b i n e d  t o t a l  o f  

s i x t e e n  i s o z y m e  b a n d s  w e r e  c o n s i s t e n t l y  s c o r a b l e  a n d  a  m e a n  o f  11.41 b a n d s  c o u l d  b e  

s c o r e d  p e r  c l o n e  a m o n g  a  t o t a l  o f  6 0  H evea  g e n o t y p e s  s t u d i e d .  T h e  e s t e r a s e  a l l e l e  l o c i  in  

2nd, 4*^ 5th gth p o s i t i o n s  a r e  c o m m o n  t o  a l l  t h e  13 c l o n e s  s t u d i e d  a n d  d i s c r i m i n a t i o n  

a m o n g  t h e s e  c l o n e s  c o u l d  b e  p o s s i b l e  b y  e s t e r a s e  p o l y m o r p h i c  b a n d s  a t  o t h e r  l o c i .  I n  

p e r o x i d a s e  o n e  b a n d  i . e . ,  a t  t h e  7 *  p o s i t i o n ,  w h i c h  i s  c o m m o n  t o  a l l  t h e  c l o n e s  s t u d i e d  

w h i l e  t h e  o t h e r  l o c u s  c o u l d  p r o v i d e  u s e f u l  i n f o r m a t i o n  t o  d i s c r i m i n a t e  f r o m  o n e  a n o t h e r .  

W h e r e a s ,  i n  a s p a r t a t e  a m i n o t r a n s f e r a s e ,  1®‘, 2"‘' a n d  4 *  i s o z y m e  b a n d  p o s i t i o n s  w e r e  

c o m m o n  t o  a l l  t h e  v a r i e t i e s  s t u d i e d ,  w h i l e  t h e  t h i r d  l o c u s  c o u l d  b e  p o s s i b l e  t o  d i s c r i m i n a t e  

t h e  c u l t i v a r s .  T h e  n u m b e r  o f  b a n d s  w e r e  l i m i t e d  f o r  s h i k i m a t e  d e h y d r o g e n a s e .  S o  b a s e d  

o n  r e s u l t s  o f  t h e  p r e s e n t  s t u d y  i t  i s  c l e a r l y  d e m o n s t r a t e d  t h a t ,  c h a r a c t e r i z a t i o n  o f  c u l t i v a t e d  

c lo n e s  o f  H evea  i s  p o s s i b l e  u s i n g  i s o z y m e  z y m o g r a m .  I s o z y m e  a n a ly s i s  c le a r ly  d i s t i n g u i s h e d  

a l l  t h e  13 c l o n e s  f r o m  o n e  a n o th e r .

5.6. RAPD

The RAPD technique can generate polymorphic data more efficiently and less 

expensively. Most importantly, the application of RAPDs does not need any prior knowledge 

of genomic nucleotide sequences (Williams et a l , 1990). In the present study 5 9 .60  per cent 

of the RAPD were polymorphic among 13 cultivated clones of H evea  studied. This 

genetic polymorphism found to be high compared to the reports of other RAPD studies 

in H evea  (Varghese e t al., 1 9 9 7 ). The observed DNA polymorphism could be attributed



for the selection of clones with diverse characteristics including geographic origin, as well 

as to specificity o f primers used in the RAPD analysis. These genotypes will be useful for 

developing new hybrid lines as well as mapping population for future breeding programmes.

This study indicated the presence of DNA polymorphism within the cultivated 

H evea  clones using RAPD analysis. Among the different clones tested, KRS 163 displayed 

the maximum and highest average genetic distance from the other clones followed by 

PB 255, KRS 128 and PB 314. This is supported by the view that PB clones and KRS clones are 

originated from divergent places and their pedigree is entirely different. This result suggests 

that the specified clones could be used as a potential parent in future breeding programmes.

Genetic distance estimated by RAPD markers revealed that there were three major 

groups among the thirteen cultivated clones of H evea  studied. The clones belonging to 

these three major groups originated geographically distinct places, as the places of origin 

of KRS, PB and RRII series are Thailand, Malaysia and India respectively. Similar reports 

were also available in H evea  germplasm collected from different geographic areas. The 

dendrogram based on RAPD data depicts that PB 312 and PB 314 are genetically close and 

separated by 15.2% of dissimilarity since it may be due to one of its parents common in 

their ancestry. Among the second group KRS 25, KRS 128 and KRS 163 are grouped 

together and are separated from the remaining clones with 30.8 per cent dissimilarity. 

The Indian clone RRII 105 is separated from the rest of the clones as the pedigree of it 

is different from that of other clones studied. All the Malaysian clones are clustered 

together as one of its parentage is common for most of these clones and this may be 

the fact that these clones are clustered into a single major group. The dendrogram 

based on RAPD analysis indicates that KRS 163 and RRII 105 are the two genetically



most divergent clones that could be utilized for the hybridization programme to raise 

superior progenies in future.

A comparative analysis of genetic divergence based on Mahalanobis’ and RAPD

analysis showed that PB 311 and PB 312 were clustered together in one group. It is interesting 

to observe that these clones originated from same series. Similarly PB 260, PB 217, KRS 25 

and KRS 128 were clustered in one group in and RAPD analysis. It may be due to that at 

least one of its common parents for both clones in their ancestry. However in RAPD clustering 

pattern was different and all the Malaysian and Thailand clones were grouped independent 

of each other from RRII105.

5.7. Perform ance index

The result of performance index analysis based on the pooled data of yield and major 

yield components indicate that the Malaysian clone PB 280 ranked first among the clones studied 

followed by PB 255. The Thailand clone KRS 128 positioned the third rank followed by the 

outstanding clone RRII105. (Mydin, 1992) reported similar ranking based on the test tap yield, 

girth, number of latex vessel rows and number of flushes among 20 progenies of Hevea. 

Abraham (2000) estimated rank among 80 wild genotypes according to the performance index 

based on 16 dififerent variables and 38 wild genotypes were ranked as per their performance 

index higher than the average index value of 247.10. Performance indices were also worked out 

in young 'Ockham clones where it was found that in general, high yielders recorded higher 

values in comparison to medium and low yielders (Varghese e t a l ,  1993). Planting 

recommendations of the Rubber Research Institute of Malaysia, for 1998 - 2000 included 

PB 280 and PB 260 in category I. PB 280 was under latex - timber clones. Clone PB 217 was 

included in category I, PB 255 in category II, PB 310, PB 311, PB 312 and PB 314 in category III



of the planting material recommendation for 1992 - 1994. In India PB 260 is included in 

category I, PB 217 in category li, PB 255, PB 311, PB 312, PB 314, KRS 25, KRS 128 and k rs  163 

in category m of the clones recommended for planting.

5.8. Progeny analysis

Seedling progeny analysis or estimation of prepotency through seedling progenies 

is the assessment genetic potentiality of a female parent to produce superior offspring 

irrespective of the nature of the male parent. The prepotent ability of a clone to produce 

high quality seedlings could be determined by systematic and planned experiments like 

seedling progeny analysis (Mydin, 1990). Such multi parent first generation synthetic 

varieties of rubber (Simmonds, 1986) have been recommended in category 1 for wide scale 

planting in Malaysia. The timber yield from such trees is high because of their high vigour 

and girthing.

Polycross or synthetic seedling populations of polyclonal seed gardens of good clones 

have been successfully used as planting materials. The seedling population has special 

agricultural merits in maintaining the genetic variability and adaptability of the population 

(Mydin e t a l ,  1990; Varghese, 1992). The present investigation was undertaken to evaluate 

genetically superior mother parents through seedling progeny analysis for the production of 

quality seeds in the seed gardens. Seedlings, though not comparable with high yielding clones 

in production potential, have special agricultural merits that there is a need for superior 

polycross progeny from special polyclonal seed gardens as planting material.

Mydin e ta l ,  (2002) reported that in a study of 11 clones, progenies of 5 clones viz., 

PB 255, RRII203, RRII105, PB 260 and GT 1 were identified as likely prepotent with a high 

performance index and high recovery of superior and elite seedlings in their progeny. This



result of the present study is in conformity with the earlier report, as it is evident from the 

high performance index value for the progenies of the clones PB 255 and PB 260.

Prepotent parent clones by way of their high GCA are best used as components in 

polyclonal seed gardens for producing good quality poly cross seeds. The open pollinated 

progeny of such clones also comprises superior base population for selection and cloning 

of the best individuals as is the practice in H evea  breeding procedures (Simmonds, 1989; 

Tan, 1998), This could supplement ortet selection programmes as a means of evolving 

primary clones (Mydin, e t a l ,  2002).

Juvenile characters at the age after one year did not show significant difference 

among the progenies. However, highly significant variation was noticed for all the characters 

after two years of growth of progenies. Significant positive correlation was observed for 

seedling height, girth, number of leaf flushes and juvenile yield at the age of two years was 

observed. The highest correlation observed between juvenile yield and the vigour of 

seedlings in terms of height (r = 0.669) followed by girth (r = 0.578) while the lowest 

relationship was established between yield and number of leaf whorls produced, the correlation 

was only at 5% level (r = 0.314) and between girth and the number of leaf whorls (r = 0.340). 

Correlation between seedling girth, and height was also significantly high at l per cent 

level (r = 0.440). The relationship between seedlings height and number of whorls were 

also very high at 1 per cent level (r = 0.557). 30.23 - 68.00 per cent of progenies of the clones 

showed above average progeny yield. The progenies of PB 255, PB'260, PB 310, PB 311, PB 312, 

PB 314 and RRII105 recorded high percentage of seedlings showing above mean progeny 

yield and seedling progenies of PB 255 recorded highest (68 %) and KRS 25 (29.58 %) recovered 

the lowest percentage of superior seedlings in terms of juvenile yield.



In the present study, out of the 13 clones evaluated, 7 clones were identified as 

likely prepotent with high performance index value and high percentage of the recovery of 

superior seedlings. Mydin, e t a l , (2002) evaluated five clones as likely prepotents with a 

high performance index and high recovery of superior and elite seedlings in the progeny. 

High performance of progenies of a clone coupled with a high proportion of superior seedlings 

within the progeny is indicative of the ability of a parent to transmit superior traits to its 

offspring (Mydin et al., 1996). Seven clones viz., PB 312, PB 314, RRII105, PB 260, PB 310, PB 255 

and PB 311 exhibited high performance indices coupled with a high percentage of recovery 

of superior seedlings considered as prepotents.



Chapter 6
SUMMARY



SUMMARY

genetic studies on yield and certain yield components in H evea  brasiliensis  

(Willd. ex Adr. de Juss.) Muell. Arg. were undertaken with respect to twelve exotic and 

one indigenous clone. The objectives of the present study were to assess the genetic 

variability for yield and yield components and evaluate the performance of clones in the 

local agroclimatic condition in comparison to RRII105, the outstanding high yielder. The 

study also envisages to examine the major factors contributing to yield and identifying 

genetically divergent genotypes as well as prepotent clones. Biochemical and molecular 

approaches for assessment of genetic variability was also attempted. Observation were 

recorded for three consecutive years from 1998 - 2001 and data analysis was carried out 

separately for annual mean, peak yielding season (October - January) and stress (summer) 

period (February - May).

The highest annual mean dry rubber yield was estimated for the clone PB 255 

(73.52 g t’’ t'*) and lowest for PB 217 (38.17 g t'' t'’). Yield of seven clones viz., PB 255 

(73.52 g t'* f*), PB 314 (66.88 g t ' t ‘), PB 280 (66.81 g f '  t‘'), PB 260 (63.20 g t‘‘ t''), KRS 163 

(62.96 g t * t *), PB 312 (62.13 g t* t *) and PB 311 (60.33 g t’' t'*) was significantly superior to 

RRII 105 (49.50 g t‘* t *). Significant difference in yield was noted among clones during different 

seasons also. The yield depression estimated was minimum for PB 255 (27.99 %) while the 

clone PB 235 (49.87 %) recorded the highest yield depression during stress. This showed the 

consistency of the clone PB 255, in yield potential during the entire period of the year.



Based on the performance of high yield and bole girth four clones viz., PB 255, PB 280 , PB 312 

and PB 314  were identified as latex-timber clones.

Highly significant clonal variations were recorded for all the yield components studied. 

Wide range of variations were recorded for girth at opening (50.96 to 61.33 cm.), annual dry 

rubber yield (38 .17  to 73 .52  g t ' t ’), rubber yield in stress season (26 .29  to 52.74 g t"' t'‘) and 

peak season (44.75 to 80.42 g t’’ t'*), yield depression during stress (27.99 to 49.87 %), latex yield 

(107 .60  ml t'* t ’ to 176.85 ml t'* t'*), latex yield during stress (58.31 ml t’' t ' to 115.26 ml t ’ t’') 

and peak season (117.27 ml t ' t ' to 193.17 ml t ' t '), latex vessel rows in virgin (16 .68  to 28 .6 4 ) 

and renewed bark (1 4 .2 0  to 30 .9 6 ). However, low range was recorded for girth increment, 

rubber content, in different seasons and also for bark thickness.

Phenotypic coefficient of variation (PCV) was higher than genotypic coefficient of 

variation (GCV) for all the characters studied. However, it was closer for most of the 

characters, which implies the lesser influence of environment in the expression of these 

characters. High PCV and GCV was estimated for annual mean dry rubber yield, rubber 

yield in stress and peak seasons, yield depression, latex yield during stress season and 

latex vessel rows in renewed bark. High genetic advance coupled with high heritability 

was recorded for yield depression, rubber yield in stress period, latex yield during stress 

period and rubber yield during peak season.

A m o n g  t h e  23 c h a r a c t e r s  s t u d i e d ,  m o s t  o f  t h e  c o r r e l a t i o n s  w e r e  f o u n d  t o  b e  in  

p o s i t i v e  d i r e c t i o n .  A t  b o t h  p h e n o t y p i c  a n d  g e n o t y p i c  l e v e l s  r u b b e r  y i e l d  d u r i n g  s t r e s s  a n d  

p e a k  p e r i o d ,  a n n u a l  l a t e x  y i e l d ,  l a t e x  y i e l d  in  s t r e s s  a n d  p e a k  s e a s o n ,  l a t e x  v e s s e l  r o w s  in  

r e n e w e d  b a r k  e x h i b i t e d  h i g h  a n d  p o s i t i v e  a s s o c i a t i o n  w i t h  a n n u a l  d r y  y i e l d .  H o w e v e r ,  

a n n u a l  p l u g g i n g  i n d e x  (PI), PI d u r i n g  s t r e s s  a n d  p e a k  p e r i o d s  w a s  l o w  a n d  n e g a t i v e  w i t h



a n n u a l  d r y  y ie ld .  T h e  h ig h  p o s i t i v e  a s s o c ia t io n  im p l ie s  th e  s c o p e  f o r  s im u l ta n e o u s  im p r o v e m e n t  

o f  th e s e  t r a i t s  b y  s e l e c t i o n  t h a t  in  tu r n  w i l l  i m p r o v e  y i e l d  a s  w e l l .

P e r f o r m a n c e  o f  t h e  13 c lo n e s  b a s e d  o n  th e  p o o l e d  d a t a  o f  y i e l d  a n d  m a j o r  y ie l d  

c o m p o n e n t s  s h o w e d  t h a t  PB 280 w a s  r a n k e d  f i r s t  f o l l o w e d  b y  PB 255 a n d  KRS 128. T h e  I n d i a n  

c l o n e  RRH105 r a n k e d  f o u r t h  a m o n g  th e  c lo n e s  s tu d ie d .  H e n c e  i t  is  n o t e d  t h a t  in  g e n e r a l ,  h i g h  

y i e l d e r s  r e c o r d e d  h i g h e r  v a l u e s  f o r  th e s e  t r a i t s  in  c o m p a r i s o n  w ith - m e d i u m  a n d  lo w  y ie ld e r s .

a n a ly s i s  b a s e d  o n  y i e l d  a n d  m a j o r  y i e l d  c o m p o n e n t s  viz., g i r th ,  d r y  r u b b e r  c o n t e n t ,  

l a t e x  y i e l d ,  p l u g g i n g  i n d e x ,  b a r k  t h i c k n e s s  a n d  n u m b e r  o f  l a t e x  v e s s e l  r o w s  s h o w e d  t h a t  

t h e  c u l t i v a r s  w e r e  g r o u p e d  in t o  t w o  m a j o r  c l u s t e r s .  T h e  i n t e r  c l u s t e r  d i s t a n c e  w a s  78.11. 

T h e  i n t r a c l u s t e r  d i s t a n c e  i n  c l u s t e r  I w a s  24.65 w h i l e  t h a t  o f  c l u s t e r  II w a s  34.14. T h e  

v a l u e  r a n g e d  f r o m  1.79 t o  159.55 s h o w i n g  c o n s i d e r a b l e  g e n e t i c  v a r i a b i l i t y  e x i s t i n g  i n  t h e  

p o p u l a t i o n .  T h e  h i g h e s t  g e n e t i c  d i s t a n c e  w a s  r e c o r d e d  b e t w e e n  PB 312 a n d  PB 280 (159.55) 

a n d  t h e  l o w e s t  w a s  b e t w e e n  PB 260 a n d  KRS 163 (1.79).

T h e  p r e s e n t  s tu d y  a l s o  e n v i s a g e s  i s o z y m e  a n d  r a n d o m  a m p l i f i e d  p o l y m o r p h i c  DNA 

(RAPD) m a r k e r  a n a l y s i s  to  d e t e r m i n e  g e n e t i c  v a r i a b i l i t y  a n d  r e l a t e d n e s s  i n  a  s e t  o f  c u l t i v a t e d  

Hevea  c l o n e s  a n d  t o  s e l e c t  g e n e t i c a l l y  d i v e r g e n t  g e n o t y p e s  f o r  s e t t i n g  u p  h y b r i d i z a t i o n  

a i m e d  a t  a c h i e v i n g  h i g h  h e t e r o s i s  f o r  y i e l d  a n d  v i g o u r  i n  p r o g e n i e s .  O u t  o f  t h e  n i n e  i s o z y m e  

s y s t e m s  s t u d i e d ,  a  t o t a l  o f  f o u r  v iz ., a r y l  e s t e r a s e ,  p e r o x i d a s e ,  a s p a r t a t e  a m i n o t r a n s f e r a s e  

a n d  s h i k i m a t e  d e h y d r o g e n a s e  s h o w e d  p o l y m o r p h i s m .  A  c o m b i n e d  t o t a l  o f  22  i s o z y m e  

b a n d s  w e r e  s c o r a b l e  a n d  a  m e a n  o f  15 b a n d s  p e r  c l o n e  w a s  o b s e r v e d .  T h e  n u m b e r  o f  b a n d s  

i n  d i f f e r e n t  c l o n e s  r a n g e d  f r o m  11 t o  19. I s o z y m e  a n a l y s i s  c l e a r l y  d i s t i n g u i s h e d  a l l  t h e  13 

c l o n e s  f r o m  o n e  a n o th e r .



G e n e t i c  s tu d ie s  u s i n g  DNA b a s e d  m o l e c u la r  m a r k e r s  a r e  l i m i t e d  in  Hevea brasiliensis. 

I n  t h e  p r e s e n t  s t u d y  55.80 p e r  c e n t  o f  t h e  RAPD w e r e  p o l y m o r p h i c  a m o n g  t h e  13 c u l t i v a t e d  

c l o n e s  o f  Hevea  b a s e d  o n  RAPD. T h e  g e n e t i c  p o l y m o r p h i s m  w a s  f o u n d  t o  b e  r e a s o n a b l y  

g o o d  a c c o r d i n g  t o  t h e  e a r l i e r  r e p o r t s .  A m o n g  t h e  d i f f e r e n t  c l o n e s  t e s t e d  PB 255 d i s p l a y e d  

t h e  m a x i m u m  a v e r a g e  g e n e t i c  d i s t a n c e  f o l l o w e d  b y  KRS 163, KRS 128 a n d  PB 314. G e n e t i c  

d i s t a n c e  e s t i m a t e d  b y  RAPD m a r k e r s  r e v e a l s  t h a t  t h e r e  a r e  t h r e e  m a j o r  g r o u p s  a m o n g  t h e  

13 c l o n e s .

A  c o m p a r a t i v e  a n a l y s i s  o f  g e n e t i c  d i s t a n c e  e s t i m a t e d  m a r k e r s  r e v e a l s  t h a t  DNA 

b a s e d  RAPD m a r k e r s  a r e  m o r e  r e l i a b l e  t h a n  t h a t  o f  i s o z y m e s  a s  t h e r e  a r e  l i m i t a t i o n  i n  

u t i l i s i n g  t h e m  a r e  g e n e t i c  m a r k e r s .  G e n e t i c  d i s t a n c e  b a s e d  o n  D^ a n a l y s i s  r e v e a l e d  t h a t  a l l  

t h e  c l o n e s  w e r e  c l u s t e r e d  i r r e s p e c t i v e  o f  t h e i r  c o u n t r y  o f  o r i g in .  H o w e v e r ,  i n  RAPD 13 

c l o n e s  w e r e  g r o u p e d  i n t o  t h r e e  c l u s t e r s  a s  t h e y  o r i g i n a t e d  f r o m  t h r e e  d i f f e r e n t  c o u n t r i e s .  I n  

s o m e  c a s e s  c l o n e s  w e r e  c lu s t e r e d  to g e t h e r ,  p e r h a p s  i t  m a y  b e  d u e  to  t h e i r  c o m m o n  p a r e n t a g e  

i n  t h e i r  a n c e s t r y .

I m p o r t a n t  p r o p e r t i e s  t h a t  r e l a t e d  t o  l a t e x  a n d  r u b b e r  q u a l i t i e s  f o r  t h e  13 c l o n e s  

s h o w e d  s i g n i f i c a n t  c l o n a l  v a r i a t i o n .

T o  i d e n t i f y  g e n e t i c a l l y  s u p e r i o r  m o t h e r  p a r e n t s  f o r  t h e  p r o d u c t i o n  o f  q u a l i t y  s e e d s  

i n  s e e d  g a r d e n s ,  p r o g e n y  a n a ly s i s  w a s  c a r r i e d  o u t .  C o r r e l a t i o n  a m o n g  j u v e n i l e  c h a r a c t e r s  

e l u c i d a t e d  h i g h l y  s i g n i f i c a n t  p o s i t i v e  a s s o c ia t i o n .  T h e  o p e n  p o l l i n a t e d  p r o g e n i e s  o f  PB 255, 

PB 260, PB 310, PB 311, PB 312, PB 314 a n d  RRII105 r e c o r d e d  m o r e  p e r c e n t a g e  o f  s e e d l i n g  

s h o w i n g  a b o v e  m e a n  p r o g e n y  y i e l d  (4.14 g  p l a n t '  101’’). T h e  p r o g e n i e s  o f  PB 255 r e c o r d e d  

t h e  h i g h e s t  p e r c e n t a g e  (68.00 %) a n d  KRS 25 e x h i b i t e d  t h e  l o w e s t  (29.58 % ). O f  t h e  13 c l o n e s  

e v a l u a t e d ,  t h e s e  s e v e n  c l o n e s  w e r e  i d e n t i f i e d  a s  l i k e l y  p r e p o t e n t s  w i t h  h i g h  p e r f o r m a n c e



i n d e x  v a l u e  b a s e d  o n  j u v e n i l e  c h a r a c t e r s  i .e . ,  y ie l d ,  g i r th ,  h e i g h t  a n d  n u m b e r  o f  w h o r l s .  H i g h  

p r o p o r t i o n  o f  s u p e r io r  s e e d l in g s  w a s  r e c o v e r e d  b a s e d  o n  ju v e n i l e  y ie ld .  T h e  h ig h  p e r f o r m a n c e  

in d e x  a n d  h i g h  p e r c e n t a g e  o f  s u p e r i o r  s e e d l i n g s  a r e  t h e  i n d i c a t i o n  o f  t h e  a b i l i t y  o f  a  

p a r e n t  t o  t r a n s m i t  s u p e r i o r  t r a i t s  t o  i t s  o f f s p r i n g .

B a s e d  o n  t h e  p e r f o r m a n c e  o f  c l o n e s  a t  d i f f e r e n t  s t a g e s  o f  e v a l u a t i o n  w i t h  r e s p e c t  

t o  y i e l d  a n d  s e c o n d a r y  c h a r a c t e r s  t h e y  a r e  b e i n g  i n c l u d e d  i n  d i f f e r e n t  c a t e g o r i e s  o f  p l a n t i n g  

m a t e r i a l s  r e c o m m e n d e d  f o r  g r o w e r s .  C l o n e s  i n c l u d e d  in  c a t e g o r y  I a r e  t h o s e  a p p r o v e d  f o r  

l a r g e  s c a l e  p l a n t in g .  M e r i t s  a n d  d e m e r i t s  o f  th e s e  c lo n e s  a r e  s t u d i e d  th o r o u g h ly .  C a te g o r y  n  

c o m p r i s e s  c l o n e s ,  w h i c h  a r e  s u i t a b l e  f o r  m o d e r a t e  s c a l e  p l a n t i n g .  C a t e g o r y  III c l o n e s  a r e  

r e c o m m e n d e d  o n l y  f o r  e x p e r i m e n t a l  p l a n t i n g  i n  a  l i m i t e d  s c a l e .  I n  t h e  p r e s e n t  s t u d y ,  

PB 255, PB 260, PB 280, PB 312, PB 314 a n d  K R S  163 a r e  c o m p a r a t i v e l y  s u p e r i o r  t o  R R I I 105 

w i th  r e s p e c t  to  y ie ld .  S in c e  a  s in g le  c lo n e -R R U  105 o c c u p ie s  th e  m a j o r  p o r t io n  o f  r u b b e r  g r o w in g  

a r e a ,  th e s e  c lo n e s  c a n  b e  u s e d  f o r  m u l t i c lo n e  p la n t in g .  T h e  c lo n e s  h a v in g  h ig h  y i e l d  a n d  v ig o u r  

c a n  b e  c o n s i d e r e d  a s  la t e x  -  t i m b e r  c lo n e s .  PB 255, PB 280, PB 312 a n d  PB 314 p o s s e s s  b o th  h ig h  

y i e l d  a n d  v ig o u r .  T h e  o u tp u t  o f  t i m b e r  f r o m  v ig o u r o u s  c lo n e  is  c o m p a r a t iv e ly  m o r e .

T h e  r e s u l t s  o f  p r e s e n t  in v e s t i g a t i o n s  s h o w  t h a t  g e n e t i c  v a r i a t i o n  e x i s t  in  t h e  p o p u l a t i o n  

a n d  s e l e c t i o n  b a s e d  o n  t h e s e  c h a r a c t e r s  c a n  p r o v i d e  b e t t e r  g e n o t y p e s  f o r  f u r t h e r  b r e e d i n g  

p r o g r a m m e s .  A m o n g  t h e  13 c l o n e s  s t u d i e d ,  7 c l o n e s  (PB 255, PB 260, PB 280, PB 311, PB 312, 

PB 314 a n d  KRS 163) r e c o r d e d  s i g n i f i c a n t l y  h i g h e r  y i e l d  t h a n  RRII 105. T h e s e  c l o n e s  h o l d  

p r o m i s e  f o r  f u r t h e r  p l a n t i n g  i n  g r o w e r s  s e c to r .



jwLt/E-Agr

1. Seven cCones zHz., T<B 255, T<B 260, 280, !PS 311, m  312, m  314 and  2 (3 ^  163 zuere

si^nificantCy superior inyieCito the outstanding Indian done ^ l i i o 5 .  HJFie FdgFiest 

yieCdzuas recorded By 255foCbzvedSyT^ 314 andT^280.

2. ‘E yd tchneszuere  cCassifiedas fiighyieUingcCones since a[Coftfiem recorded aBove average 

annuaCyieCd.

3. !four clones xHz., 255, 280, VB 312 andTB 314 ivere identified  as [ate?(:timBer clones

Based on fiigfi vigour in  terms o f  B okgirtfi andHigfi yield.

4. T^255 e?(fiiBited Ibzaest yield depression under stress and it was liigfiestforT<B235 wfiile 

^1 1 1 0 5  e?(fiiBitedmedium yield depression.

5. ^Ihe fiigfiest dry ruBBer content ((DH{p) was recorded fo r  ^PS 280fo llow ed By 128 

and m  255

6. Terformance analysis s h o w e d 280performed Better fottowed By (PB 255, 128 and 

iRXlll05

7. ‘I?  anaCysis showed that thirteen genotypes were grouped in to two clusters irrespective 

o f their country o f  origin and aU other geographical Barriers.

8. Isozyme studies showed thatgenetic polymorphism e?(ists among !f{evea clones.

9. analysis dearly distinguished alC the clones from  each other and revealed that 

clones zidth a common pedigree were dustered together



10. Seven dcTtes were ickntified as prepotents tuitfi ftigfi peiformance itidej<i andfugH 

percent o f  the recovery o f  better progenies, so tfiat they can Be utiCize as components in 

poCycross seed gardens fo r  the production of^ood quaCity seeds.

11. Lateyc and mSSer properties showed significant chnaC variation.

12. !High[y significant variation fo r  yieCd and major yiefd compomnts showed that sufficient 

genetic variation e j^ ts  in the population and it can 6e utiCized as sdection criteria in 

choosing genotypes fo r  iHevea Breeding programme to generate superior progenies.
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