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Estimates of General Combining Ability in Hevea Breeding 
at the Rubber Research Institute of Malaysia 
I. Phases II and III A 

H. Tan 
P lan t  Science Divis ion,  Rubber  Resea rch  Ins t i tu te  of Malays ia ,  Kuala Lumpur  (Malays ia )  

S u m m a r y .  E s t i m a t e s  of genera l  combin ing  abi l i ty  of pa r e n t s  for yie ld  and g i r th  obtained s e p a r a t e l y  f rom 
seed l ings  and the i r  co r r e spond ing  clonal  f ami l i e s  in P h a s e s  II and IIIA of the RRIM breed ing  p r o g r a m m e  
a re  compa red .  A highly s ign i f ican t  pos i t ive  c o r r e l a t i o n  ( r  = 0 .71"**)  is  found between GCA e s t i m a t e s  f rom 
seedl ing  and clonal  f ami l i e s  for yie ld  in Phase  IIIA, but not in P ha se  II ( r  = - 0 . 0 3  Ns) nor  for g i r th  ( r  = -0 .27  Ns) 
in Phase  IIIA. The c o r r e l a t i o n s  for  Phase  II y ie ld  and P ha se  IIIA g i r th ,  however ,  improve  when the GCA 
e s t i m a t e s  based on sma l l  s ample  s ize  or  r e v e r s e d  rank ings  a re  excluded.  

When the best  s e l ec t ions  (based  on p r e sen t  c lonal  and seedl ing  in fo rma t ion )  a r e  compared ,  all  five of the 
p a r e n t s  t o p - r a n k i n g  for yield a r e  c o m m o n  in P ha se  IIIA but only two pa r e n t s  a re  common  for  yie ld  and gir th  
in P h a s e s  II and IIIA r e s p e c t i v e l y .  However ,  only one paren t  for yield in P ha se  II and two pa r e n t s  for g i r th  
in P h a s e  IIIA would, if se lec ted  on clonal  p e r f o r m a n c e ,  have been omit ted  f rom the top ranking  se l ec t ions  
made by p rev ious  worke r s  us ing  seedl ing  in fo rma t ion .  

These f indings ,  t he re fo re ,  jus t i fy  the choice of pa ren t s  based  on GCA e s t i m a t e s  for yie ld  obta ined  f rom 
seedl ing  p e r f o r m a n c e .  S i m i l a r  jus t i f i ca t ion  cannot  be offered for g i r th ,  for  which ana ly s i s  is  confounded by 
u n i n t e r p r e t a b l e  s i te  and seasona l  ef fec ts .  
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In t roduc t ion  

In r ecen t  y e a r s  cons ide rab l e  a t ten t ion  has been given 

to a s s e s s i n g  genera l  combin ing  ab i l i t i e s  (GCA) of 

p a r e n t s  to guide the b reed ing  p r o g r a m m e  of H e v e a  

b r a s i l i e n s i s  at the Rubber  Resea rch  Ins t i tu te  of 

Malays ia  (RRIM).  This approach is  based  on the 

f indings of high GCA effects  on y ie ld  and gir th  of 

seed l ing  f ami l i e s  (S immonds  1969; Gi lber t  et a l .  

1973; Nga and S u b r a m a n i a m  1974; Tan and Subra -  

m a n i a m  1975).  Of the s eve ra l  inves t iga t ions  on the 

b reed ing  potent ial  of pa ren ta l  c lones  (Sharp 1951; 

Ross  and Brookson  1966; Gi lber t  et a l .  1973) the 

l a s t  is  the most  comple te .  These worke r s  (Gi lbe r t  

et a l .  1973) succes s fu l l y  f i t ted the va lues  of GCA for 

p a r e n t s  involved in an i r r e g u l a r  s e r i e s  of e a r l i e r  

c r o s s e s  ( incomple te  d ia l l e l )  by the method of l eas t  

s q u a r e s  (Gi lber t  1967). They sugges ted  that i n b r e e d -  

ing d e p r e s s i o n  ex i s t s .  Consequent ly ,  speci f ic  c r o s -  

se s  o r  p o l y c r o s s e s  between un re l a t ed  high-GCA p a r -  

en t s  were  p roposed .  

So fa r ,  seed l ing  data have been used  for  comb i n -  

ing ab i l i ty  s tud ies ,  but c o m m e r c i a l  r u b b e r  is  grown 

in  clonal  s t ands .  So, to tes t  the va l id i ty  of this  ap -  

proach ,  compara t ive  s tud ies  of GCA e s t i m a t e s  ob-  

ta ined  f rom seedl ing  and clonal  progeny were  c a r r i e d  

out in  this  inves t iga t ion .  

Ma t e r i a l s  and Methods 

Seedl ings  ( seed l ing  progeny)  and c lones  de r ived  f rom 
t h e m  (c lonal  p rogeny)  were  obta ined f rom speci f ic  
c r o s s e s  made f rom 1937 to 1941 (Phase  II) and 1947 
to 1949 (Phase  IIIA) of the RRIM breed ing  p r o g r a m m e .  
The t r i a l  p rocedure  in these  phases  has been desc r ibed  
e a r l i e r  (Sharp 1951; Ross  1965a, b;  Gi lber t  et a l .  
1973; T a n e t  e l .  1975).  

The seed l ings  were planted as t w o - y e a r - o l d  s tumps  
in the field of the RRIM E x p e r i m e n t  Stat ion,  Sungei 
Buloh, us ing  a modif ied r a n d o m i s e d  block des ign  (Hut-  
ch inson  and P a n s e  1937) with r e p l i c a t i ons ,  except  for 
1940 and 1941, of hand pol l ina ted  m a t e r i a l s .  Clones  
were e s t ab l i shed  using budwood f rom these  seed l ings  
on ava i lab le  seed l ing  s tocks in adjacent  f i e lds .  Each 
clone was r e p r e s e n t e d  by 9-11 t r e e s  for  P h a s e  II and 
12 t r e e s  for  Phase  IIIA in a s ing le  plot .  

The ave rage  yie ld  ove r  the f i r s t  f ive y e a r s  of t app-  
ing and the g i r th  at opening of the seed l ings  and c lones  
were  s tudied .  Both seed l ings  and c lones  were  tapped 
on a l t e r na t e  days on a h a l f - s p i r a l  cut ( S / 2 . d / 2 ) w h e n  
they reached  tappable  s i ze  a f t e r  about s ix y e a r s  f rom 
p lan t ing .  The seed l ings  f rom the 1949 c r o s s e s ,  how- 
e ve r ,  were tapped e ve r y  th i rd  day on the half  sp i r a l  
s y s t e m  (S/2 .  d/3 ) a f te r  t w o - a n d - a - h a l f  y e a r s  of t app-  
ing on S / 2 . d / 2  (Guest  1940).  Yield r eco rd ing  was 
c a r r i e d  out twice a month by ac id -coagu la t ing  the 
la tex in the cups,  followed by dry ing  and weighing the 
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Table 1. Ana lyses  of v a r i a n c e  fo r  y ie ld  and g i r th  of pa ren t s  in P h a s e s  II and Il iA 

Source of variation 

Mean squares 

D e g r e e s  Yield 
of 
f r e e d o m  Seedl ings  Clones  

Girth 

Seedlings Clones  

P h a s e  II 

Main pa r en t s  GCA 
adjus ted  fo r  8 439.486*** 963.590*** 
subs id i a ry  pa r en t s  

Subs id ia ry  pa r en t s  
GCA adjus ted  f o r m a i n  17 411 .105"**  359.282*** 
pa r en t s  

Error 1440 48.467 92.042 

P h a s e  IIIA 

F e m a l e  pa ren t s  GCA 
12 1814,633"** 1290.708"** 328.498*** adjus ted  fo r  m a l e s  

Male pa r en t s  GCA 8 1350,670*** 105. 268 NS 39. 324 NS 
adjus ted  for  f e m a l e s  

E r r o r  a 500,090 108.552 29.052 
(940)" (967) (951) 

344.639*** 

67 .612"**  

10.266 
(1012) 

Yield data for seedlings in Phase II are in Ib/tree/year while others in g/tree/tapping 
Girth data are in inches 
a : Bracketed figures denote degrees of freedom 
NS : Not significant at P < 0.05 
***: P < 0.001 

coagu la .  Gi r th  ( c i r c u m f e r e n c e )  of t r e e s  was m e a s u r e d  
at he ights  of 127 cm for  s eed l ings  and 152 cm for  
c lones  be fo re  the t r e e s  were  f i r s t  tapped,  These  data  
a r e  ava i l ab le  only for  P h a s e  IIIA m a t e r i a l s .  

The ana ly se s  of the above f a m i l i e s  a r e  based  on 
an unbalanced two-way  c l a s s i f i c a t i o n  model  in which 
the main  pa ren t s  a r e  co lumns  and subs id i a ry  pa r en t s  
a r e  rows .  These  r e p r e s e n t  the f e m a l e  and ma le  p a r -  
ents  in P h a s e  IIIA r e s p e c t i v e l y .  In P h a s e  II, how- 
e v e r ,  r e c i p r o c a l  c r o s s e s  have been bulked so that 
f e m a l e  and m a l e  pa ren t s  a r e  not d i s t ingu i shab le .  The 
a n a l y s e s  of  v a r i a n c e  and GCA e s t i m a t e s  of individual  
p a r e n t s  fo r  the c h a r a c t e r s  s tudied  a r e  obtained by the 
method basically similar to that of Gilbert (1967), as 
outlined by Milliken et al. (1970). In the present 
model interactions are not assumed and GCA esti- 
mates are expressed as deviations from the general 
mean. To conform with an earlier presentation (Gil- 
bert et al. 1973) the GCA estimates have been re- 
garded as deviations plus half of the general mean. 
The average GCA values of common parents for main 
and subsidiary groups were calculated and used for 
subsequent analyses. 

In view of the nature of the data, the results 
should be interpreted with caution. Sharp (1951) re- 
ported that the recording, experimental set-up and 
trial conditions of the Phase II materials were ex- 
tremely poor because of neglect arising from Japanese 
occupation ( 1941-1945 ) and the Emergency Period ( 1948- 
60) in Malaysia. Although, in comparison with Phase 
If, the general condition of Phase IIIA improved, the 
clone trials were neither replicated nor completely 
randomized. The parents used for crosses were some- 
times confined to one particular year, resulting in 

poss ib l e  confounding e f fec t s  through s i t e  d i f f e r e n c e s ,  
r e c o r d i n g  p e r i o d s ,  and to a l e s s e r  extent ,  tapping 
s y s t e m  (Gi lber t  et a l .  1973).  Since  ad jus tment  was 
i m p o s s i b l e ,  the study could only be made with these  
l i m i t a t i o n s .  

Results and Discussion 

Analys i s  of variance 

Mean squares of yield and girth are presented in 

Table I. In seedlings, the GCA for yield of the fe- 

male and male parents in Phase IlIA (as well as main 

and subsidiary parents in Phase II ) was highly signifi- 

cant, but the GCA for girth was highly significant only 

for female parents. In clonses, on the other hand, 

the GCA for yield was highly significant in both the 

main and subsidiary parents in Phase II but only in 

female parents in Phase ILIA. The GCA for girth was 

also highly significant in both male and female parents. 

In general, mean squares for the GCA of female 

parents were greater than those of the males in Phase 

IIIA, confirming a different analysis carried out on 
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Table 2. GCA e s t i m a t e s  of pa ren t s  for  y ie ld  in P h a s e  II 

No. of  P a r e n t s  P a r e n t a g e  Seed l ings  Clones  
f a m i l i e s  

PB 49 P r i m a r y  c lone 
RRIM 514 P i l  A 44 x P i l  B 58 
AVROS 157 P r i m a r y  c lone 
Tj i r  1 P r i m a r y  clone 
RRIM 509 P i l  A 44 • Lun N 
PB 24 P r i m a r y  c lone  
AVROS 33 P r i m a r y  c lone  
Lun N P r i m a r y  c lone  
RRIM 501 P i l  A 44 • Lun N 
PB 186 P r i m a r y  c lone  
RRIM 500 P i l  B 84 • P i l  A 44 
BD 5 P r i m a r y  c lone 
RRIM 511 P i l  A 44 • P i l  B 16 
BR 2 P r i m a r y  c lone 
RRIM 506 P i l  B 84 x P i l A  44 
Pi l  B 84 P r i m a r y  c lone  
RRIM 504 P i l  A 44 • Lun N 
RRIM 505 P i l  A 44 • Lun N 
PB 86 P r i m a r y  c lone  
G1 1 P r i m a r y  c lone 

29.3t 128) a 
26.81 160) 
26.6t 197) 
26.41 569) 
26.11 83) 
20.11 69) 
18.3t 38) 
17.2q 132) 
16.7q 161) 
16.4t 38) 
14.9q 156) 
14.6q 57) 
14.51 123) 
14.4t 2) 
14.1(86) 
13.0(355) 
12.2(291)  
1 1 . 7 ( 8 2 )  
10 .8(153)  

7 . 7 ( 5 2 )  

1 4 . 8 ( 1 7 2 )  a 3 
10.1  (100)  5 
9.4(262) 8 

14.7(520) 15 
12.5(76) 3 
15.0(78) 3 
10.3(19) 3 
11.o(115) 6 
17.4(166) 7 
18.0(22) 2 
14.3(150) 7 
12.4(64) 3 
12.1(131) 5 
17.0( 2) 1 

9 . 7 ( 7 4 )  4 
10.7(378) 14 
13.2(276) 6 
7.2(63)  3 

12.3(192) 3 
15.6(72) 3 

Orig ina l  e s t i m a t e s  for  seed l ings  a r e  d e r i v e d  f r o m  data in l b / t r e e / y e a r ;  
v e r t e d  to g / t r e e / t a p p i n g  c o m p a r a b l e  with c lonal  e s t i m a t e s  

: B r a c k e t e d  f i g u r e s  r e f e r  to n u m b e r s  of p rogeny  involved  in e s t i m a t i o n  

but are con- 

a l a r g e r  s a m p l e  of P h a s e  III s eed l ing  f a m i l i e s  (Tan 

et a l .  1975).  Since r e c i p r o c a l  ( m a t e r n a l  o r  p a t e r n a l )  

e f fec t s  w e r e  not de tec ted  fo r  y ie ld  and g i r th  in an 

e a r l i e r  s tudy (Tan and S u b r a m a n i a m  1975), this  r e -  

sul t  may sugges t  a g r e a t e r  h e t e r o g e n e i t y  of  the f e -  

m a l e s  used .  It should be pointed out f u r t h e r  that the 

m a l e s  and f e m a l e s  a r e  somewha t  a r b i t r a r y  e x p e r i -  

menta l  cho i ce s  depending on conven ience  for  hand 

po l l ina t ion .  Highly s ign i f ican t  e f fec t s  of any pa ren ta l  

g roups  should t h e r e f o r e  r e f l e c t  c o n s i d e r a b l e  v a r i a b i l i -  

ty for  e f f ec t i ve  s e l e c t i o n s  of  potent ia l  p a r e n t s  to be 

used  in subsequen t  b r e e d i n g .  

GCA e s t i m a t e s  and t he i r  c o r r e l a t i o n s  

The GCA e s t i m a t e s  of the pa ren ta l  c lones  fo r  y ie ld  

and g i r th  a r e  s u m m a r i s e d  in Tables  2 and 3. These  

GCA va lues  may have va ry ing  d e g r e e s  of r e l i a b i l i t y  

because  of d i f fe r ing  s a m p l e  s i z e  and the l im i t a t i ons  

of  the data .  Howeve r ,  the above e s t i m a t e s  should 

s t i l l  be useful  fo r  p r a c t i c a l  p u r p o s e s  as  meaningful  

r e s u l t s  w e r e  obta ined  fo r  g e v e a  breed ing  by Gi lbe r t  

et a l .  (1973) us ing s i m i l a r  s eed l ing  m a t e r i a l s  and 

technique  of ana ly s i s  (G i lbe r t  1967).  

To c o m p a r e  the above GCA e s t i m a t e s  fo r  y ie ld  

and g i r th  be tween s e e d l i n g s  and c lones ,  c o r r e l a t i o n  

s tud ies  were  c a r r i e d  out .  The pa ren ta l  GCAs for  

y ie ld  a r e  pos i t ive ly  c o r r e l a t e d  ( r  = 0 . 7 1 " * * ,  16 d . f . )  

in P h a s e  IIIA but not ( r  = -0 .03  NS, 18 d . f . )  in P h a s e  

II.  No c o r r e l a t i o n s  be tween pa ren ta l  GCAs w e r e  found 

for  g i r th  ( - 0 . 2 7  NS, 16 d . f .  ) in P h a s e  IIIA. 

The above f indings p r o m p t e d  a m o r e  c r i t i c a l  ap-  

p r a i s a l  of the o r ig ina l  data,  e x p e r i m e n t a l  p r o c e d u r e s  

used  and the manne r  in which the data w e r e  r e c o r d e d .  

In P h a s e  II, pa ren t s  s u s p e c t e d  of upse t t ing  the expec ted  

pos i t i ve  a s s o c i a t i o n  w e r e  exc luded  f r o m  a n a l y s i s .  

These pa r en t s  include AVROS 33, PB 186 and BR 2, 

which con t r ibu ted  f e w e r  than 30 p rogeny  o r  w e r e  i n -  

vo lved  in one c r o s s  only ;  they a lso  inc lude  ano the r  

group (RRIM 514, AVROS 157 and G1 1) which gave 

r e v e r s e d  GCA rankings  on seed l ings  and c lones .  The 

exc lus ion  of the f i r s t  group is  r e a s o n a b l e  becaus e  of 

the s m a l l  s a m p l e  s i z e ,  while the e m i s s i o n  of the s e c -  

ond group is  d i s c u s s e d  be low.  When this  i s  done, a 

s ign i f ican t  pos i t ive  c o r r e l a t i o n  ( r  = 0 .47* ,  12 d . f .  in 

o n e - t a i l e d  t e s t )  is obta ined .  

This r e s u l t  sugges t s  a gene ra l  c o r r e s p o n d e n c e  be -  

tween the GCA e s t i m a t e s  excep t  fo r  a few p a r e n t s .  

RRIM 514 and AVROS 157 have  v e r y  high GCAs in 



32 Theor .  Appl. Genet .  50 (1977) 

Table 3. GCA e s t i m a t e s  of pa r en t s  for y ie ld  and g i r th  in P ha se  IliA 

Seedlings 

P a r e n t s  P a r e n t a g e  Yield Gi r th  

Clones  
No. of 

Yield Gir th  families 

33/520 Tj i r  I •  24 29.7(  38)" 30.4(38) 
bRIM 600 Tj i r  l x P B  86 26 .7(111)  33 .4(115)  
BRIM 509 P i l  A 44xLunN 2 6 . 5 ( 2 8 )  3 0 . 6 ( 2 8 )  
44/553 Tj i r  I x P i l B  84 2 4 . 2 ( 3 9 )  3 2 . 9 ( 3 8 )  
BRIM 623 PB 4 9 X P i l B  84 2 4 . 1 ( 4 2 )  3 6 . 5 ( 3 9 )  
bRIM 632 Tj i r  1 x P b  49 2 1 . 5 ( 5 2 )  4 0 . 8 ( 5 1 )  
RRIM 501 Pi l  A 44xLun N 21 .5(488)  33.4(491)  
BRIM 610 BRIM 504•  1 1 8 . 7 ( 2 9 )  2 0 . 2 ( 3 0 )  
BRIM 507 Pi l  B 8 4 •  A 44 18.4(170)  33 .7(172)  
Tj i r  I P r i m a r y  clone 17.2(284)  31 .9(283)  
RRIM 83 P r i m a r y  c lone 14.3(236)  23 .8(242)  
BRIM 500 Pi l  B 8 4 •  A 44 14.2(200)  34 .9(204)  
L n n N  P r i m a r y  clone 1 4 . 1 ( 4 8 )  2 8 . 3 ( 4 9 )  
P i l  B 84 P r i m a r y  clone 1 3 . 0 ( 8 5 )  2 9 . 3 ( 8 8 )  
34/373 RRIM 504XRRIM 509 11.7(12) 18.7(13) 
BR 2 Primary clone 9.7( 4) 34.2( 4) 
33/129 PB 49• B 84 8.7(35) 3 2 . 1 ( 3 6 )  
44/550 Tj i r  I •  507 3 . 5 ( 2 1 )  2 6 . 8 ( 2 3 )  

1 7 . 7 ( 5 5 )  
14.8(160)  
1 2 . 7 ( 2 3 )  
2 1 . 4 ( 4 4 )  
1 5 . 0 ( 5 3 )  
16.1(62) 
12.9(538) 
8 . 2 ( 2 5 )  
9.2t 129) 

10.2q 254) 
5.8q 166) 

10.5t 229) 
10.0q 47) 
9.81 86) 

13.1~ 16) 
11.0~ 8) 
10.21 55) 

5.31 26) 

2 0 . 4 ( 5 5 )  2 
30.5(160) 6 
27.2(23) 1 
22.6(45) 2 
2 5 . 4 ( 5 3 )  3 
2 3 . 2 ( 6 4 )  2 
26.2(540)  II 
3 3 . 6 ( 2 5 )  1 
25.7(168)  3 
25.4(256)  6 
36.4(205)  6 
25.2(230)  7 
2 4 . 9 ( 4 8 )  6 
2 1 . 9 ( 8 8 )  2 
2 0 . 1 ( 1 6 )  1 
16.0( 8) 1 
18.6(56) 4 
20.9(26) 2 

Origina l  yie ld  data a r e  in g / t r e e / t a p p i n g  
Gir th  data have been  conver ted  f rom inches  to c e n t i m e t r e s  
, : Bracke ted  f igures  r e f e r  to n u m b e r s  of progeny involved in e s t ima t ion  

seed l ings  but low va lues  in  c lones ,  while the r e v e r s e  

is  obse rved  in G1 1. Marked s t o c k - s c i o n  in t e r ac t ion ,  

if p r e s e n t ,  could cause  such r e v e r s a l s .  Moreover ,  

c lone G1 1 is  highly va r i ab le  in y ie ld  p e r f o r m a n c e  in 

di f ferent  e n v i r o n m e n t s  (Burki l l  1958). If the p las t ic  

r e sponse  t r a i t  in this  and poss ib ly  o ther  pa ren t s  is  

he r i t ab l e ,  then the obse rved  anoma l i e s  could r e s u l t .  

C l o s e r  examina t ion ,  however ,  sugges t s  that the ex-  

p e r i m e n t a l  layout  of clonal  f ami l i e s  and s i te  d i f fer -  

ences  a re  probably  r e spons ib l e  for this  apparen t  con-  

t r ad i c t i on .  AVROS 157 and G1 I were used as  p a r -  

ents  only in 1937 and RRIM 514 only in 1941. The 

c lones  f rom each fami ly  were  e s t ab l i shed  as a group 

in adjacent  plots so that f ami l i e s  were n o n - r a n d o m l y  

d i s t r i bu t ed .  As a consequence ,  the obse rved  d i f f e r -  

ences  could have r e su l t ed  f rom va r i ab l e  so i l s  (Sharp 

1951). 

In Phase  IIIA, the g i r th  data have also been r e -  

examined  in the s ame  m a n n e r .  RRIM 83, which was 

used as  a pa ren t  only in 1949, d i s t u rb s  the c o r r e l a -  

t ion cons ide rab ly  because  of r e v e r s e d  rank ings  in i t s  

seed l ing  and clonal  GCA e s t i m a t e s .  When it is  r e -  

moved,  along with pa r en t s  (RBIM 509, 610~ 34/373 

and 33/129) that had few progeny,  the c o r r e l a t i o n  co-  

eff ic ient  changes  f rom -0 .27  NS (16 d . f .  ) to 0 .30 NS 

(11 d . f .  ) sugges t ing  the p r e s e n c e  of confounding i n -  

f luences .  

A possible explanation for the closer correspond- 

ence between seedlings and clones for yield than for 

girth is the nature of the measurements. Girth was 

taken at a particular time, in contrast to yield which 

was sampled over five years. The varying periods 

taken to open the trials for tapping would have also 

increased the variability in the girth records. This 

may have resulted in more pronounced confounding 

effects for girth than for yield. 

Ranking of pa r e n t s  

The u l t imate  object ive  in the e s t i m a t i o n  of GCA va l -  

ues of pa ren ta l  c lones  is  to se lec t  the top ranking  

pa r e n t s  for future  b reed ing .  The five best  pa r en t s  

a s s e s s e d  f rom seedl ing  and clonal  data in the p r e sen t  

s tudy a re  compared  in Table 4. Based on yie ld ,  the 

best  five pa r e n t s  a re  ident ical  in P ha se  ILIA. Only 

two out of the five p a r e n t s ,  however ,  a r e  common to 

P h a s e  II. The l a t t e r  p ropor t ion  is  also obta ined for  

the rank ing  on g i r th  in P ha se  I l iA. These r e s u l t s  can 

be expected f rom the foregoing c o r r e l a t i o n  s tudy and 

the probable  confounding fac tors  deta i led  above.  

These r e su l t s  a re  compared  with those r epor t ed  

by e a r l i e r  worke r s  in Table 4. In P ha se  II, the top 

rank ing  pa ren t s  for  yie ld  c o r r e s p o n d  c lose ly  with 
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Table 4. Top ranking p a r e n t s  for  P h a s e s  II and IlIA 

Seed l ings  
Clones  

Ross  and Gi lbe r t  
Sharp  Brookson  et a l .  P r e s e n t  + P r e s e n t  + 
(1951) (1966) (1973) study s tudy 

P h a s e  II 

Yield  

P h a s e  IIIA 

Yield  

Gi r th  

T j i r  1 AVROS 157 PB 49 PB 49 RRIM 501 
AVROS 157 Tj i r  1 RRIM 514 RRIM 514 GI 1 
PB 49 PB 49 PB 24 AVROS 157 Tj i r  1 
RRIM 501 RRIM 501 AVROS 157 Tj i r  1 PB 24 
RRIM 509 RRIM 509 RRIM 509 RRIM 509 PB 49 

33/520 33/520 44/553 
44/553 RRIM 600 33/520 
RRIM 623 44/553 RRIM 632 
RRIM 632 RRIM 623 RRIM 623 
RRIM 600 RRIM 632 RRIM 600 

RRIM 632 RRIM 632 RRIM 83 
33/129 RRIM 623 RRIM 600 
Tj i r  1 RRIM 500 RRIM 501 
RRIM 623 RRIM 507 RRIM 507 
P i l  B 84 RRIM 501 Tj i r  1 

+ : P a r e n t s  with f ewer  than 30 p rogeny  and those  involved  in one c r o s s  only w e r e  exc luded  

Table 5. Ranking of p a r e n t s  c o m m o n  to both P h a s e s  II and IIIA for  y ie ld  

P h a s e  II P h a s e  IIIA 

Seed l ings  Clones  Seedl ings  Clones  

Wjir 1 (26 .4 )  RRIM 501 (17 .4 )  RRIM 501 (21 .5 )  RRIM 501 (12 .9 )  
RRIM 501 (16 .7 )  T j i r  1 (14 .7 )  T j i r  1 (17 .2 )  RRIM 500 (10 .5 )  
RRIM 500 (14 .9 )  RRIM 500 (14 .3 )  RRIM 500 (14 .2 )  Wjir 1 (10 .2 )  
Pil B 84 (13.0) Pil B 84 (10.7) Pil B 84 (13.0) P i lB 84 ( 9 . 8 )  

B r a c k e t e d  f i g u r e s  denote  GCA e s t i m a t e s  
P a r e n t s  with f ewer  than 30 p r o g e n i e s  and those  involved  in one c r o s s  only were  exc luded  

those  r e p o r t e d  by Gi lbe r t  et a l .  (1973)and  to a l e s s e r  

extent  with those  given by Sharp (1951) a n d R o s s  and 

Brookson  ( 1966 ) when seed l ing  data a r e  used .  The c o r -  

r e s p o n d e n c e  is  p o o r e r  when in fo rma t ion  f r o m  clonal  f a m -  

i l i e s  a r e  used ins t ead .  Even  so,  only one of the f ive  best  

p a r e n t s  f r o m  the clonal  f a m i l i e s  was not s e l e c t e d  

when the top ranking p a r e n t s ,  based  on seed l ing  f a m i -  

l i e s  in the p r e s e n t  and e a r l i e r  s tud ies ,  a r e  c o n s i d e r e d  

as a g roup .  In P h a s e  IIIA the f ive  bes t  p a r e n t s  fo r  

y ie ld  a r e  iden t ica l  to those  of  G i lbe r t  et a l .  ( 1 9 7 3 ) f o r  

both c lonal  and seed l ing  da ta .  F o r  the ranking of p a r -  

en ts  on g i r th  in P h a s e  IIIA, the c o r r e s p o n d e n c e  b e -  

tween the p r e s e n t  study and that of  Gi lbe r t  et al ~ (1973) 

i s  poor ,  m o r e  so when c lonal  data  a r e  used .  

Ranking of p a r e n t s  c o m m o n  to P h a s e s  II and IIIA 

based  on t h e i r  GCA e s t i m a t e s  fo r  y ie ld  a r e  c o m p a r e d  

in Table 5. Good c o r r e s p o n d e n c e  is  s een  in r e l a t i v e  

r ank ings  in the two p h a s e s .  RRIM 501 and Tj i r  1 

g e n e r a l l y  rank h igher  as pa r en t s  than RRIM 500 and 

P i l  B 84. This a g r e e s  with the f indings of Gi lbe r t  et 

a l .  (1973). 

Conclus ion  

The c lo se  a s s o c i a t i o n  o b s e r v e d  be tween  GCA e s t i -  

ma te s  fo r  y ie ld  in P h a s e  IIIA us ing c lonal  and s e e d -  

l ing data  j u s t i f i e s  the use  of seed l ing  in fo rma t ion  fo r  the 

cho ice  of pa r en t s  in the b r eed ing  p r o g r a m m e s .  A n o m a -  

l i e s  in P h a s e  II a r i s e  probably  because  of l im i t a t i ons  in 

the data  used .  

F o r  g i r th  p e r f o r m a n c e ,  p a r a l l e l  i n fo rma t ion  is  

not p rov ided  by the c lonal  and seed l ing  da ta .  Ad jus t -  
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merits to the data us ing  a common cont ro l  may r e -  

duce confounding s i te  and seasona l  effects  and t h e r e -  

by improve  the a s soc ia t ion  between the clonal  and 

seedl ing  GCA e s t i m a t e s .  However,  s ince  c lones  a r e  

p r e f e r r e d  for c o m m e r c i a l  p lant ing,  g r e a t e r  r e l i a n c e  

should perhaps  be placed on clonal  than on seedl ing 

in fo rma t ion .  

Among the two c h a r a c t e r s  s tudied,  yield is  the 

ma in  object ive  in Hevea i m p r o v e m e n t .  Choice of p a r -  

en ts  should the re fo re  be based  p r i m a r i l y  on y ie ld  i n -  

fo rma t ion .  However,  g i r th ,  bark  th ickness  and r e -  

newal ,  la tex vesse l  n u m b e r ,  plugging index and r e -  

s i s t ance  to diseases, wind damage and dryness are 

important in determining yield of a clone (Ho 1975; 

Rubber Research Institute of Malaysia 1975). Hevea 

breeders perhaps need to incorporate these accesso- 

ry variates, after yield has been considered, in mak- 

ing breeding decisions. 
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