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Estimates of Genetic Parameters of Certain Characters 
in Hevea brasiliensis 
H.  Tan ,  T . K .  M u k h e r j e e  a n d  S.  S u b r a m a n i a m  

P l a n t  S c i e n c e  D i v i s i o n ,  R u b b e r  R e s e a r c h  I n s t i t u t e  of  M a l a y s i a ,  K u a l a  L u m p u r  ( M a l a y s i a )  

Summary. Heritability estimates of five quantitative characters, namely, yield, girth, girth increment, 
virgin bark and renewed bark thickness, of the breeding Phase Ill Hevea families have been obtained by 
variance component analyses. In general, the combined heritability estimates for various characters 
were low to moderate. The heritabilities of these characters based on female variance components, how- 
ever, were high, suggesting that considerable improvement of each of the characters could be achieved 
in properly designed experiments. 

Estimates of heritability for average yields (Range : 0. I I - 0.34) over different years showed that the 
first three years' yield was adequate for predicting estimates of genetic variance for the average of 
five years' yield. 

Correlation studies on yield with other characters indicated considerable influence of environment, 
with genetic correlations accounting for about 0.07 to O. 36 in the characters studied. 

Expected direct response to selection in yield and correlated response in yield to selection for girth 
at opening and virgin bark thickness have been calculated using three arbitrary values of selection in- 
tensity. The efficiency of the correlated response was found to be approximately half that of the direct 
response. However, the indirect selection for yield using virgin bark thickness appeared to be more 
favourable than that using the girth at opening favoured by earlier workers. 

Introduction 

The rubber breeding programme at the Rubber Research 

Institute of Malaysia (RRIM), begun in 1928 using con- 

trolled pollination, has progressed smoothly except for 

two interruptions, the depression in 1931-1936 and the 

second world war in 1942-1946. To evaluate theprogress 

of this breeding programme, the annual programmes 

have been grouped into five phases : Phase I ( 1928-1931 ), 

P h a s e  II ( 1 9 3 7 - 1 9 4 1 ) ,  P h a s e  III ( 1 9 4 7 - 1 9 5 8 ) ,  P h a s e  IV 

( 1 9 5 9 - 1 9 6 5  ) a n d  P h a s e  V ( 1 9 6 6 - 1 9 7 3 ) .  The r e l a t i o n s h i p s  

b e t w e e n  t he  m a t e r i a l s  u s e d  in  t h e  d i f f e r e n t  p h a s e s  a r e  

s h o w n  in  A p p e n d i x  A .  

The  e a r l i e r  p u b l i c a t i o n s  of t h i s  i n s t i t u t e  ( S h a r p ,  1940,  

1951;  R o s s ,  1965;  R o s s  a n d  B r o o k s o n ,  1966) c o m p a r e d  

t he  p e r f o r m a n c e  of  p r o g e n i e s  of  t he  d i f f e r e n t  c r o s s e s  

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

s e s .  Such  a s t u d y  d o e s  not  c o n s i d e r  t he  q u a n t i t a t i v e  g e -  

n e t i c  a s p e c t s  of  t he  c r o p .  Only  r e c e n t l y  h a v e  a few r e -  

s e a r c h e r s  a n a l y z e d  t he  s a m e  r e s u l t s  u s i n g  k n o w n  b i o -  

m e t r i c a l  m o d e l s  a n d  s u g g e s t e d  t h e  m o d e  of  i n h e r i t a n c e  

of  s o m e  of  t h e  e c o n o m i c  c h a r a c t e r s  in  Hevea ( S i m m o n d s ,  

1969;  G i l b e r t  e t  a l . ,  1973;  N g a a n d  S u b r a m a n i a m ,  1 9 7 4 ) .  

S i m m o n d s  ( 1 9 6 9 )  r e p o r t e d  t h a t  the  e x p e c t e d  a n d  t h e  o b -  

s e r v e d  y i e l d s  of t h e  f i f t e e n  f a m i l i e s  p r o d u c e d  in 1937 of 

t h e  P h a s e  II p r o g r a m m e  w e r e  h i g h l y  c o r r e l a t e d .  He  

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

dua l  f a m i l y  y i e l d s  c o u l d  b e  a c c o u n t e d  f o r  by  a d d i t i v e  

g e n e t i c  v a r i a n c e .  Nga  a n d  S u b r a m a n i a m  ( 1 9 7 4 )  a n a l -  

yzed the sam e families using the North Carolina Modell II 

(Comstock and Robinson, 1952) and obtained high ge- 

netic variance for yield and girth. Gilbert et al. ( 1973), 

using the partial diallel design of Fyfe and Gilbert 

(1963), carried out an extensive analysis of the data 

of the Phase II and part of the Phase Ill breeding pro- 

grammes. The authors concluded that: 

(I) additive genetic variance accounted for most of the 

variations in yield and girth ; 

(2) inbreeding depression and unpredictable interaction 

occur when related parents are crossed ; 

(3) there is a high correlation between yield and girth; 

(4) five years of yield recording is adequate for paren- 

tal and family predictions. 

Hence, high genetic variance would indicate that selection 

of progenies from specific crosses or open-pollinated 

polycrosses of unrelated parents with favourable charac- 

teristics should be effective in//even improvement. 

The magnitude of genetic variance as expressed by 

heritability would vary according to the experimental pop- 

ulation, mating systems and experimental design. In 

order to obtain a reliable estimate for genetic interpre- 

tation, it is essential to accumulate knowledge on this 

parameter (Dudley and Moll, 1969). This paper de- 

scribes additional information on the heritability estimates 

of yield, girth, girth increment, virgin bark and renewed 

bark thickness using a different mating design. Mean- 

while, attempts have also been made to study the corre- 
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lations between yield and other characters, the minimum 

yield measurements required to obtain a comparable her- 

liability estimate and the feasibility of using correlated 

characters as selection criteria in order to obtain an in- 

direct response in the most important character, yield. 

Materials and Methods 

Phase III breeding data involving a large number of prog- 
enies of diverse origin have been conveniently grouped 
into Ill A and B in this study. Separate analyses were 
carried out because two distinct tapping systems (Guest, 
1940) were used to tap the trees of Phases IIIA and Ill B. 
In Ill A (1947-48) materials were tapped on half spiral 
on alternate daily system (S/2.d/2. 100% ), while those 
in Ill B (1950-58) were tapped on half spiral third daily 
system (S/2.d/3.86%). It should be noted that data from 
the 1949 hand pollination programme were not included 
because the trees were not uniformly tapped by any par- 
ticular tapping system. 

Data from both phases were found to fit into the North 
Carolina Model I (N.C.M.I) of Comstock and Robinson 
(1952). Male parents were mated to several female par- 
ents with each female parent involved in one mating only, 
giving several progenies. The number of male parents, 
female parents and the progenies involved during the 
Phase IlIA were 4, 11 and 386, respectively. During 
Phase IIIB, records of 1,531 progenies from 11 male 
parents and 27 female parents were obtained (Appendix 
B). 

Methods for pollination, germination of seeds, growth 
and planting of the progenies have been described before 
(Subramaniam et al., 1972). Briefly, hand pollination 
was made by emasculating the flowers and inserting the 
staminal column into female flower. To eliminate con- 
tamination by other pollens and prevent the staminal col- 
umn falling out, the flowers were sealed with a plug of 
cotton wool smeared with a drop of latex. The seeds pro- 
duced by hand pollination in Phase llI were then germi- 

nated and planted in a nursery. After two years, the seed- 
lings were topped and their stumps were transplanted to 
the field at the RRIM Experiment Station, Sungei Buloh. 
The progenies were planted in the form of a family block 
design, which is a modified randomised block design 
(Hutchinson and Panse, 1937). Each family was divided 
into equal portions and randomised in single tree plots 
within the replicated blocks. Seedlings of the 1956 and 
1957 crosses, however, were directly planted into the 
field and cut back two years later, leaving the seedling 
stumps to grow in the field. 

All the Phase Ill trees were tapped when about 70 % 
of the trees (approximately six years old) reached a 
girth of 50.8cm at a height of 55.9cm from theground. 
Only those trees with a girth of 50.8cm or more were 
opened for tapping. 

Yield (production of latex) was recorded fortnightly 
by coagulating the latex in a cup and drying and weighing 
the coagula. The average yield per tree per tapping for 
a year (g/tree/tapping) was obtained by dividing the 
total production of the coagula by the number of record- 
ings for that particular year. 

Girth of mature trees was measured at opening and, 
thereafter, annually. Virgin bark thickness was measured 
at opening by using a Carl Schlieper Gauge. Renewed 
bark thickness was obtained after four to five years of 
tapping. 

Statistical Methods 

Heritability Estimates from Hierarchal Matings 

The model describing the sources of variation in the pop- 
ulation was assumed to be: 

Yijk = a + Mi + Fij + eijk 

where 

Yijk the measurement of a character on the k th progeny of 
the jth female parent mated to the i th male parent 

Table I. Analysis of variance for the computation of male parent, female parent and progeny 
variance components 

Source of variation d.f. Expectation of mean squares 

Between male parents (M) 

Between female parents/male parents (F/M) 

Between progenies/female parents/ 
male parents (P/F/M) 

S- I ~e2+ k2 2+ k3 e~4 

2 2 
D - M ~e + k l (~F 

2 n . .  - F  
e 

where 
S number of male parents 
D total number of female parents 

n.. total number of progenies 

F F, n. 2. 
�9 . 1 3  n . .  1 ~ 

n .  
1 

kl  = D - S  

2 2 
n . .  ~ .~ nij ~.~.  13 

J _ i ] 
n. n.. 
i. 

k 3 = 

n . .  
. ~  r i f t .  �84 
1 
n . .  

S - 1  

k 2 =  S - 1  
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the overall mean of the population 
M i the effect of the i th male parent (i = l,...,m) 

F. the effect of the jth female parent mated to the i ~h 
ij male parent (j -- 1,. .... , ft) 

eij k the environmental plus genetic segregation effect on 
the k th progeny of the .th J female parent mated on 
the i th male parent (k = 1,.... n~) 

The actual analysis of variance of such a model was 
carried out according to the form given in Table I. Sig- 
nificant tests for the male parents (M) and the female 
parents within male parents (F/M) were made by com- 
paring their corresponding mean squares with that of 
F/M and progeny/female/maie (P/F/M), respectively. 

The expected mean squares were equated to the cor- 
responding mean squares to obtain the estimation of var- 
iance components. From the estimates of the male var- 
iance (~), the female variance component (o~) andthe 
environmental plus genetic segregation variance compo- 
nent (c~), heritabilities based on the male parents (h~), 
the female parents (h~) and the male plus female pa- 
rents (h~§ F ) were obtained as described by Cockerham 
(1963). The standard errors of the estimates of heri- 
tability were obtained according to the modified method 
of Dickerson (1963). 

Estimates of Genetic, Environmental and Phenotypic 
Correlations 

The covariance components for male parents (pqa~), fe- 
male parents (pq c~ ) and errors (~q Ce), between charac- 
ters p and q for all p ~ q were estimated from covari- 
ance analysis similar in form to the variance analysis 
shown in Table 1. 

The error variance o7 contains one half of the genet- 
ic variance plus the environmental variance (a~). The 

2 value of oen was estimated by oI - oM 2 - ~r 2. The male 
and female components of variance (~2 ~ and ~ ) were 
each assumed to contain one-quarter of the genetic var- 
iance under the assumptions of no non-additive genetic 
variance. Similarly, estimates of environmental covar- 
lance (pq Cen ) between pairs of characters were obtained 
from the following: 

(~ = (y - 

pq en pq e pq~ pq~ " 

Estimates of correlations were then obtained from 
the corresponding covariance components and the vari- 
ance components estimated earlier. 

Estimates of Direct Response and Correlated Response 

The direct response and correlated response in some of 
the characters were obtained using the relationships out- 
lined by Falconer (1960). Estimates of heritability, ad- 
ds genetic variance and genetic correlation used here 
were the pooled estimates from the male plus female 
co mponents.  

Results and Discussion 

Analysis of Variance 

Hierarchal analyses of variance for different characters 

under study have been presented in Table 2a, b. In both 

Phases Ill A and B significant differences for all the 

characters studied were generally not present among 

male parents. This could be due to the limited degrees 

of freedom for the appropriate error to test the differen- 

ces between the male parents. In contrast, variation be- 

tween female parents within male parents (F/M) was found 

to be significant for all the characters in both phases, ex- 

cept for girth increment in IliA. Moreover, the rela- 

tive magnitude ~ of the variance for most characters be- 

tween progenies (P/F/M) was generally much lower 

in Ill B compared with IIIA. The consistent significant 

differences among female parents within male parents in 

both the phases would indicate substantial genetic variabil- 

ity for all the characters investigated. 

A few interesting features deserve mention here. The 

pronounced increase of detectable genetic variation in 

Ill B would indicate that tapping systems and agronomic 

practices could be important in reliable estimates of the 

genetic parameters. The similarity of variance ratios on 

renewed bark thickness in all three successive years in 

III B suggests that first year renewed bark thickness may 

serve as an adequate index of second and third year re- 

newed bark thickness. The consistency of variance ratios 

on the average yield over the first three to five years al- 

so indicates that the average yield over the first three 

years offers similar information on the variation of the 

average yield over the first four and five years. The dis- 

crepancy of variance ratios for the average yield over 

the first one and two years compared with the first three 

to five years in both the phases, however, may be due 

to the incomplete expression of genotypes during the ear- 

ly years of tapping. 

Heritability Estimates 

Table 3 presents the heritability estimates for average 

yield per tree per tapping for the first one to five years. 

These estimates were obtained separately from male, 

female and male plus female variance components. In 

general, except for the first year yield, estimates ob- 

tained from female variance components were greater 

than the estimates from male variance components. Be- 

cause of the difference in the estimates from male and 

female components, combined estimates from male plus 

female components were computed. The utility of the 

pooled estimates is reflected in the similarity of herit- 

ability estimates in both the IIIA and B and they are more 

realistic and closer to the comparable estimates based 

on the yield over all the five years. These estimates were 

lower than the estimates earlier presented by other re- 

searchers (Simmonds, 1969; Gilbert et al., 1973~ Nga 

and Subramaniam, 1974). A similar situation was found 

for the pooled estimates of other characters also (Tab- 

l e  4). 
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Table 2a. Analyses of variance for average yields of the phase Ill A and B families 

Source of variation 

Mean Squares 
Average yield over first 

d.f. One year Two years Three years Four years Five years 

Phase IIIA 

Between male parents 

Between female parents/male parents 

Between progenies/female parents/ 
male parents 

3 4 7 9 9 . 2 1  *~ 1 8 2 1 . 8 5  NS 1 5 3 7 . 6 9  NS 1 7 7 1 . 9 2  NS 1 2 4 8 . 9 6  NS 

7 1 0 3 5 , 6 6  ~ 1 2 1 5 . 9 3  ~ 1 6 2 7 . 7 0  ~ 1 9 4 8 . 2 0  e ~  1 9 4 4 . 3 7  ~ 

a 2 9 9 . 2 2  4 3 3 . 6 8  4 6 0 . 8 7  5 4 9 . 5 9  5 8 9 . 1 0  
(337) (349) (354) (354) (357) 

Phase III B 

Between male parents 10 

Between female parents/male parents 15 

Between progenies/female parents/ b 
male parents 

1 2 2 7 . 0 4  NS 1 3 2 9 . 7 3  NS 8 3 8 . 7 0  NS 1 2 3 3 . 8 5  NS 1 5 8 3 . 0 8  NS 

8 9 2 . 1 0 ~  1 1 7 6 . 6 0 ~  1541.02+~+~ 1 7 2 4 . 5 5 ~  2 3 9 0 . 5 0 ~  

1 6 4 . 4 2  2 5 1 . 2 3  3 0 5 . 8 2  3 7 8 . 1 5  4 5 5 . 6 5  
(1168) (1284) (1337) (1348) (136) 

NS : Not significant at 0.05 level of probability 
.~, *e~ : Significant at 0.05, 0.01 and 0.001 levels of probabilities respectively. Figures inbrackets represent 

d.f. (a or b) for the respective mean squares 

Table 2b. Analyses of variance for certain secondary characters of the phase Ill A and B families 

Mean Squares 

Source of variation d.f. GO GC GI VB RB I RB 2 RB 3 

Phase Ill A 

Between male parents 

Between female parents/male parents 

Between progenies/female parents/ 
male parents 

3 3 2 5 . 0 8  NS 4 1 3 . 4 4  NS 4 3 . 1 8  ~ 2 6 . 3 6  NS 2 0 . 8 3  NS 1 1 . 4 5  NS 2 7 . 6 0  NS 

7 7 8 . 7 9  ~ 1 2 4 . 6 6  ~r 8 . 6 3  NS 7 . 1 8  ~ 9 . 5 6  ~ 7 . 9 2  ~v 2 0 . 0 3  ~*H~ 

a 2 8 . 4 6  4 9 . 6 5  6 . 9 7  3 . 5 7  2 . 7 0  3 . 3 1  3 . 7 5  
(357) (356) (352) (339) (329) (334) (325) 

Phase III B 

Between male parents 

Between female parents/male parents 

Between progenies/female parents/ 
male parents 

10 1 1 7 . 6 1 N S  

15 8 6 . 7 5  ~ 

b 1 0 . 8 4  
(1363) 

4 6 3 . 4 0  NS 3 3 7 . 3 4  NS 2 2 . 6 2  NS 1 5 . 0 6  NS 4 8 . 7 6  NS 7 2 . 4 2  NS 

2 8 7 . 7 3  ~+~ 1 5 6 . 4 9  ~ 3 1 . 0 2  + ~  1 2 . 2 0  ~ 3 5 . 1 9  ~*~ 3 8 . 5 6  * ~  

38.50 1 9 . 6 9  5.53 1 . 6 8  3.88 2 . 7 4  
(1241) ( 1 2 3 9 )  (1187)  (1176) (1152) (1139) 

NS : Not significant at 0.05 level of probability 
~*~ : Significant at 0.05, 0.01 and 0.001 levels of probabilities respectively. Figures inbrackets represent 

d.f. (a or b) for the respective mean squares 
GO : Girth at opening 
GC : Girth after five years of tapping 
GI . Girth increment over five years 
VB : Virgin bark thickness 

RB I, 2 and 3: 1st, 2nd and 3rd year renewed bark thickness respectively 

The magnitude and precision of heritability estimates 

for average yield over the first three years are compa- 

rable with those of the average over the first five years. 

Therefore, the yield data for the first three years should 

be adequate for predicting the genetic variance of yield 

over five years in the population, instead of waiting for 

the testing period of five years suggested by Gilbert et al. 

( 1973 ) and Nga and Subramaniam ( 1974). Whether a min- 

imum of five years of observation would be required for 

effective selection to be carried out among the prog- 

enies needs robe examined (Ross andBrookson, 1966 ) 

but does not appear to be necessary from the present 

study. 

The heritability estimates for girth at opening and 

after five years of tapping, girth increment over five 

years, virgin bark thickness and renewed bark thick- 

ness at first, second and third year are summarized in 

Table 4. The estimates were low to moderate, but sub- 
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Tab le  3. H e r i t a b i l i t y  e s t i m a t e s  a n d  t h e i r  s t a n d a r d  e r r o r s  f o r  
a v e r a g e  y i e l d  o v e r  d i f f e r e n t  y e a r s  in  p h a s e  I I IA  a n d  
B families 

Heritabilities 
Average yield 

over first Phase IliA Phase IIIB 

One year 

Two years 

Three years 

Four years 

Five years 

h2M 0.40 _+ 0.37 -0.i0 +_ 0,12 

h 2 0.27 + 0.12 0.53 ~ 0.ii 
F 

h 2 0.34 _+ 0.18 0,21 ~h 0.05 
M+F 

h 2 0.02 :h 0.13 -0.ii + 0.08 
M 

h 2 0.25 +_ 0.12 0.43 ~ 0.i0 
F 

h 2 0.13 +__ 0.07 0.16 + 0.04 
M+F 

h2M -0.07 + 0.12 -0.18 + 0.06 

h 2 0.35 +_ 0.15 0.44 +_ 0.i0 
F 

h 2 0.14 + 0.06 0.13 + 0.03 
M+F 

h 2 -0.07 +_ 0.ii -0.13 + 0.06 
M 

h2 0.35 +_ 0.15 0.39 + 0.09 
F 

h 2 0.14 +__ 0.06 0.13 +_. 0.03 
M+F 

h 2 -0.i0 + 0.09 -0.17 + 0.07 
M 

h 2 0.32 + 0.14 0.46 + 0.II 
F 

h 2 0.II +_ 0.05 0.14 + 0.03 
M+F 

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

a c t e r s ,  s u c h  a s  g i r t h  at  o p e n i n g  a n d  v i r g i n  b a r k  t h i c k -  

n e s s ,  c a n  h e l p  t h e  e a r l y  e l i m i n a t i o n  of s e v e r a l  poo r g e -  

n o t y p e s  b e f o r e  f i n a l  y i e l d  a s s e s s m e n t .  It wou ld  b e  u s e f u l  

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

s e e d l i n g  f a m i l i e s  w h i c h  h a v e  not  ye t  b e e n  i n v e s t i g a t e d .  

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

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

to b e  h i g h e r  t h a n  t he  m a l e  v a r i a n c e  c o m p o n e n t s .  Th i s  

o b s e r v a t i o n  c o u l d  h a v e  b e e n  due  to t he  p r e s e n c e  of  m a -  

t e r n a l  e f f e c t ,  a f r a c t i o n  of  d o m i n a n c e  v a r i a n c e ,  g r e a t e r  

h e t e r o g e n e i t y  of  t h e  f e m a l e  p a r e n t s  and  a d i f f e r e n c e  in  

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

i s  t h a t  t h e  s a m p l i n g  v a r i a n c e  a s s o c i a t e d  wi th  h e r i t a b i l i -  

ty  e s t i m a t e s  was  not  o p t i m a l .  

The o c c u r r e n c e  of  n e g a t i v e  e s t i m a t e s ,  p a r t i c u l a r l y  

h 2 . ,  in  t h e  p r e s e n t  s t u d y  i s  to b e  e x p l a i n e d .  Bogyo  ( 1 9 6 4 )  lyl 

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

b e r  of  t o t a l  o b s e r v a t i o n s  in  a n  e x p e r i m e n t  a r e  n e c e s s a r y  

to o b t a i n  p r e c i s e  h e r i t a b i l i t y  e s t i m a t e s .  Gi l l  and  J e n -  

s e n  ( 1 9 6 8 ) ,  in  the  l i g h t  of  B o g y o ' s  ( 1 9 6 4 )  p a p e r ,  r e p o r t -  

ed  t h a t  i f  t r u e  h e r i t a b i l i t y  was  low,  a t  l e a s t  800 o b s e r -  

v a t i o n s  and  f ive  f e m a l e  p a r e n t s  w i t h i n  e a c h  m a l e  p a r e n t  

w e r e  r e q u i r e d  f o r  a 0 . 9 5  c h a n c e  of  o b t a i n i n g  a n o n - n e g a -  

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

in  t he  p r e s e n t  a n a l y s i s  t h e r e  was  a g r e a t e r  n u m b e r  of  

p r o g e n i e s  f o r  I I I B ,  t h e  n u m b e r  of  f e m a l e  p a r e n t s  p e r  

m a l e  p a r e n t  a v e r a g e d  t h r e e  in b o t h  t h e  I I I A  a n d  B g r o u p s .  

H o w e v e r ,  t he  l a r g e  n u m b e r  of  d e g r e e s  of  f r e e d o m  f o r  

p r o g e n i e s  ( P / F / M )  a v a i l a b l e  in  III B and  t he  c o n s i s t e n c y  

of  t he  p o o l e d  e s t i m a t e s  h~4+F h a v e  s h o w n  t h a t  p r e c i s i o n  

can be maintained by a wide choice of female parents and 

larger number of progenies sampled, as in this study. 

Of the characters studied, only yield and girth have 

previously been estimated for heritability. Nga andSub- 
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Table 4. Heritability estimates and their standard errors for cer- 
tain secondary characters in phase Ill A and B families 

Heritabilities 

Characters Phase Ilia Phase IIIB 

Girth at opening 

Girth after five 
years of tapping 

Girth increment over 
five years 

Virgin bark thickness 

ist year renewed 
bark thickness 

2nd year renewed 
bark thickness 

3rd year renewed 
bark thickness 

h 2 0.31 + 0.29 -0.08 +__ 0.13 
M 

h 2 0.22 + 0.ii 0.62 +. 0.13 
F 

h 2 0.27 + 0.15 0.27 + 0.06 
M+F -- -- 

h 2 0.21 + 0.22 -0.01 + 0.15 
M -- -- 

h 2 0.20 + 0.i0 0.61 + 0.14 
F -- -- 

h 2 0.20 + 0.24 0.30 + 0.07 
M+F -- -- 

h 2 0.21 ~ 0.17 0.i0 + 0.19 
M 

h 2 0.03 + 0.05 0.63 + 0.14 

h 2 0.12 + 0.09 0.36 + 0.i0 
M+F -- -- 

h 2 0.21 + 0.21 -0.15 + O.08 
M -- -- 

h 2 0.14 + 0.09 0.49 + 0.ii 
F m 

h 2 0.18 # 0.11 0.17 + 0.04 
M+F 

h 2 0.12 + 0.23 -0.I0 + 0.13 
M 

h 2 0.36 +~. 0.15 0.64 + 0.14 
F 

h 2 0.24 +~ 0.Ii 0.27 + 0.06 
M+F 

h 2 0.01 ~+ 0.II -0.09 + 0.16 
M 

h 2 0.21 + 0.Ii 0.80 + 0.17 
F ~ 

h 2 0.Ii ~+ 0.06 0.36 + 0.08 
M+F 

h 2 -0.03 + 0.23 0.04 + 0.28 
M -- -- 

h 2 0.61 + 0.22 1.13 + 0.23 
F ~ 

h 2 0.29 + 0.12 0.58 ~ 0.14 
M+F 

ramaniam (1974) reported the heritability estimates 

for yield, girth at opening and after five years of tap- 

ping to be around 0.50. These values are obviously 
2 

higher than the present estimates of hM+ F but they do 
2 

net differ much from h F for most characters in the 

present analysis. The lower values of h~4 have reduced 

the estimates for h~+ F . This could probably be over- 

come by introducing male parents of more diverse origin 

into the breeding programme. The high heritability esti- 

mates for various characters on using female variance 

components suggest that higher selection pressure could 

be applied in a large seedling population to obtain greater 

selection response. Thus, considerable genetic progress 

could be achieved by selecting suitable parents for breed- 

ing purposes. 

It is noteworthy that the estimates from III B in the 

present study are slightly higher than the estimates from 

IIIA. The range of total number of progenies used in 

IIIA and B was from 355 to 36? and 1139 to 1389 re- 

spectively. In view of the larger sample sfze in IIl B, 

the estimates obtained from this study are perhaps more 

reliable than the estimates from IIIA. 
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Table 5. Genetic (rG), environmental (re) and phenotypic (rp~) correlation 
coefficients of yield and certain secondary characters in phase 
IIIA and B families 

Average yield over first five years 
Characters Correlation 

Phase IliA Phase IIIB 

Girth at opening 

Girth after five 
years of tapping 

Girth increment 
over five years 

Virgin bark 
thickness 

r G 0.38 0.33 

r E 0.65 0.46 

rph 0.65 0.46 

r G O. 62 0.41 

r E 0.57 0.43 

rph 0.55 0.43 

r G 1.00 0.26 

r E 0.25 0.24 

rph 0.22 0.23 

r G 0.29 0.60 

r E 0.20 0.60 

rph 0,55 0.38 

Genetic, Environmental and Phenotypic Correlations 

Estimates of genetic, environmental and phenotypic cor- 

relations of average yield over five years with certain 

secondary characters in IIIA and B families are pre- 

sented in Table 5. The data indicate a considerable in- 

fluence of environment, with genetic correlations account- 

ing for only about 0.07 to 0.36 of the variation in the 

characters studied. 

Yield and girths (at opening and after five years of 

tapping) are highly subjected to similar environmental 

influence (r E = 0.41 - 0.65). Seedling families should 

therefore be raised under favourable conditions for the 

maximum expression of their potential yield and girths. 

Under such conditions the yield and growth (i.e. girths) 

performance of seedlings would tend to be better, thus 

giving a more effective assessment of individual seed- 

lings or seedling families. 

The magnitude of genetic, environmental andphenotyp- 

ic correlations between yield and girth increment over 

five years was lower than for similar estimates between 

other pairs of variables. However, there was high ge- 

netic correlation (r G = I) between yield and girth incre- 

ment over five years in IIIA families. This may be a 

spurious correlation arising out of the estimation pro- 

cedure with large environmental variances and inad- 

equate sample size. Yield and virgin bark thickness had 

a moderately high genetic correlation in both the phases. 

Direct and Correlated Response to Selection in Yield 

The genetic correlation estimates of certain secondary 

characters with yield as found in this study suggest 

that simple measurements, such as girth at opening and 

virgin bark thickness, can be important in predicting 

the average yield of five years' tapping. To test this, 

the expected direct response of average yield over the 

first five years to selection for yield itself, and the ex- 

pected correlated response in five years t average yield 

to selection for girth at opening and virgin bark thick- 

ness, were estimated using different arbitrary selec- 

tion intensities of 1.40, 0.97 and 0.64 (Table 6), cor- 

responding to the proportions of 20~, 40~ and 60 ~ re- 

spectively selected from the population. 

The response to direct selection for yield based on 

20 ~, 40 g and 60 ~ plants selected are expected to have 
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T a b l e  6.  D i r e c t  r e s p o n s e  and  c o r r e l a t e d  r e s p o n s e  in  y i e l d  to s e l e c t i o n  of  c e r t a i n  s e c o n d a r y  c h a r a c t e r s  in  p h a s e  III A 
a n d  B f a m i l i e s  

Proportion Response CRMy/RNY 
Characters Selected Phase IliA Phase IIIB Phase IlIA Phase IIIB 

0.20 
Avera~,e yield over first 0.40 

five years 0.60 

Girth at ooening 

Virgin bark 
thickness 

2.41 2.86 - - 
RMy 1.67 1,98 - - 

1.10 1,,31 - - 

0.20 1.47 1.46 0,61 0.51 
0.40 C ~ . G O  1 o02 1.01 0.61 0.51 
0.60 0.67 0.67 0.61 0.51 

0.20 0.90 1.96 O. 37 0~ 
0 o 40 C~IY o VB O. 65 I. 56 O. 57 O. 69 
0.60 0o41 0.90 0~ 0.69 

RMy : Direct response in yield to selection 

CRMY.G O : Correlated response in yield to selection of girth at opening 

CRMY.VB : Correlated response in yield to selection of virgin bark thickness 

maximum genetic advances over the parental population 

by approximately 2.9, 2.0 and 1.3 times, respectively, 

in one generation (Table 6). On the other hand, the cor- 

related response to selection for girth at opening and vir- 

gin bark thickness will show maximum genetic advances 

ranging from 0.7 to 1.5, and from 0.4 to 2.0 

times, respectively, in one generation. The correlated 

response in yield is approximately half that for direct 

response. These values do not normally encourage se- 

lection based on correlated characters. However, con- 

sidering that it is much cheaper to obtain measurements 

of correlated characters than the five years' tapping re- 

cord, and allowing for the amount of time saved for se- 

lection, indirect selection for yield would seem worth- 

while. 

Simple correlation estimates of yield with some secon- 

dary characters such as girth at opening and bark thick- 

ness have been reported by various workers (Whitby, 

1919; Heusser, 1921; La Rue, 1921; Bryce andGadd, 

1922; Belgrave, 1925; Sanderson and Sutcliffe, 1929a 

and b; Narayanan and Ho, 1970; Gilbert et al., 1973). 

In general, the correlation estimates of yield and girth 

at opening range from 0.26 to 0.60, while those of 

yield and bark thickness range from 0.12 to 0.82. Be- 

cause of the low repeatability of these estimates, which 

do not take genetic correlation into account, no recom- 

mendation for using girth at opening or bark thickness 

as sole selection criterion has been made. However, 

these correlation estimates are the same as phenotypic 

correlations, which in certain cases differ widely from 

the genetic correlations between two characters. Based 

on the data from IIIB, one could conclude that virgin 

bark thickness is probably better than girth at opening 

as a correlated character for yield. Greater emphasis, 

therefore, may be laid on this character in future exper- 

iments on selection. 
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Appendix B. Crosses and progenies involved in the N.C.M.I. families of phase III A and III B 

Crosses No. of 
Male Parents x Female Parents Progenies 

Phase I I IA 

RRIM 500 ( P i l  B84 x P i l  A44) + 

RRIM 501 ( P i l  A44 •  B) 

Pil B84 (Primary Clone) 

Tjir 1 (Primary Clone) 

Phase III B 

RRIM 501 (Pil A44 X Lun N) + 

RRIM 504 (Pil A44 • Lun N) 

RRIM 527 (PilB50 x Pil B84) 

RRIM 612 (AVROS 157 • PB 49) 

RRIM 623 (PB 49 x Pil B84) 

AVROS 157 (Primary Clone) 

FX 25 (Primary Clone) 

LCB 1320 (Primary Clone) 

PB 49 (Primary Clone) 

PR 107 (Primary Clone) 

Tjir 1 (Primary Clone) 

33/520 (Tjir 1 • PB 24) 
34/373 (RRIM 504 • 509) 

BRIM 623 (PB 49 x pil B84) 
BRIM 632 (Tjir 1 x PB 49) 
33/129 (PB 49 xPil B84) 
44/550 (Tjir 1 X BRIM 507) 
44/553 (Tjir I • B84) 

BRIM 501 (Pil A44 x Lun B) 
RRIM 600 (Tjir 1 x PB 86) 

RRIM 500 (Pil B84 X Pil A44) 
BRIM 507 (Pil B84 x Pil A44) 

BRIM 618 (Lun N• BRIM 501) 
PB 5/60 (PB 56 • PB 24) 

BRIM 610 (BRIM 504 • Tjir 1) 
RRIM 611 (BRIM 504 x Tjir 1) 

AVROS 157 (Primary Clone) 

GT 1 (Primary Clone) 
PR 107 (Primary Clone) 

LCB 1320 (Primary Clone) 
PB 86 (Primary Clone) 

BRIM 513 (Pil B16 x Pil A44) 
War 4 (Primary Clone) 

BRIM 600 (Tjir 1 • 86) 
RRIM 623 (PB 49• B84) 

RRIM 501 (Pil A44 x Lun N) 
Tjir I (Primary Clone) 

BRIM 605 (Tjir I • PB 49) 
RRIM 612 (AVROS 157 x PB 49) 
War 1 (Primary Clone) 

PB 49 (Primary Clone) 

BRIM 527 (Pil BS0 x Pil B84) 
RRIM 606 (Tjir 1x PB 49) 
RRIM 608 (Pil BS0 • Pil B84) 
BRIM 616 (Tjir 1 x PRIM 507) 
34/373 (BRIM 504 • 509) 
Djas 1 (Primary Clone) 

25 
14 

25 
20 
24 
17 
32 

71 
17 

53 
88 

35 
156 

17 
32 

35 

167 
100 

31 
113 

32 
21 

41 
38 

57 
159 

19 
15 
13 

152 

53 
39 
4O 
78 
18 

* Parentage or origin of parents involved in the crosses 
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