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Abstract

The clonal and inter-clonal combining ability of fruit set in a Hevea brasiliensis four-parent diallel mating was evalu-
ated using a randomized complete block experimental design with three replicates. Twelve main and reciprocal
crosses were hand pollinated and percentage fruit set was recorded. The raw data were subjected to an arc-sine
transformation for analysis of variance, and general and specific combining ability. There was significant variation of
each of fruit set for the various crosses, general combining ability and reciprocal effect. The breeding implications of
these results are also discussed.
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Hand pollination is a vital means of combining genes

of two or more varieties to produce progenies, the evalua-

tion and selection of which leads to the recommendation of

new varieties that have gene combinations superior to the

parent population. This procedure has enhanced the genetic

improvement of latex yield from the Pará rubber tree

(Hevea brasiliensis) from the 300 to 400 kg ha y-1 for the

original Wickham germplasm pool to 900 to 1600 kg ha y-1

for first generation hybrid vegetative clones and 2000 to

3500 kg ha y-1 for second group hybrid vegetative clones

(Omokhafe and Nasiru 2005).

One of the limitations to the field success of hand pol-

lination of monoecious H. brasiliensis is that the fruit set is

often as low as 5%, rarely exceeds 10% (Priyadarshan and

Clement-Demange, 2004) and pollination success in open

pollination is in most cases even less than 2% (Hamzah et

al. 2002). Olapade and Omokhafe (1990) reported signifi-

cant clonal variation for H. brasiliensis fruit set, suggesting

that genetic factors influence the incidence of fruit set. One

of the methods to produce more hybrid progeny for evalua-

tion is embryo rescue after fruit set (Carron et al. 1989),

with the success of in vitro embryo rescue therefore de-

pending on fruit set. Genetic improvement for fruit set re-

quires knowledge of the level of gene action.

This study was conducted to investigate the combin-

ing ability of fruit set in H. brasiliensis.

A four-parent diallel mating design was developed

for hand pollination in one-way and reciprocal crosses at

the main station of the Rubber Research Institute of Nige-

ria, Iyanomo, Benin City, Nigeria. The test-clones were PB

5/51 and RRIM 600 from Malaysia, PR 107 of Indonesian

origin and NIG 800 developed in Nigeria. Clone PB5/51

has parentage of PB 5/56 x PB 24 while the parentage of

RRIM 600 is Tjir 1 x PB 86. Clone PR 107 is from primary

selection and the parentage of NIG 800 is RRIM 501 x

Har 1.

A randomized complete block experimental design

with three replicates was applied. Twelve crosses resulting

from the one-way and reciprocals were carried out with 100

to 120 pollinated flowers per replicate. Hand pollination of

H. brasiliensis was carried out in March 2005 between

0800 and 1100 h local time by taking pollen from mature

male flowers of the male parent clones to pollinate the ma-

ture female flowers of the female parent clones before the

stigma lobes were exposed. For each flower, forceps were

surface-sterilized by swabbing with cotton wool moistened

with 70% (v/v) ethanol and used to open up the petals be-

fore natural anthesis. As soon as pollen grains of the chosen

male parent were introduced to the stigma lobes, the col-

umn of petals was sealed with cotton wool moistened with a

drop of latex to hold it in place and hence exclude undesir-

able pollen. For each inflorescence, all unpollinated female

flowers and male flowers were excised to avoid

self-pollination and minimize nutrient competition with the

pollinated female flowers. Fruit set was recorded in June

2005.
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Percentage fruit set per replicate was calculated and

transformed using an arc-sine transformation as recom-

mended by Omokhafe (2001) followed by analysis of vari-

ance (ANOVAR) and diallel analysis. In the diallel

analysis, the Griffing Method 3 approach, which uses F1

and reciprocals, was applied and combining ability, as

fixed effects, were calculated as described by Singh and

Chaudhary (1985). The effects of general and specific com-

bining ability (GCA and SCA respectively) and reciprocals

were also calculated.

There was significant variation in fruit set across the

twelve crosses, the two groups of crosses (main and recip-

rocals), families of crosses, and the interaction between

families and groups of crosses (Table 1). The significant ef-

fect of clones and the interaction between clonal families

and groups of crosses suggest the combination of gene ac-

tion and environment on the incidence of fruit set in H.

brasiliensis.

There was higher fruit set (7.14%) in the main crosses

than in the reciprocals (6.42%) and three families had a

higher average fruit set than the 6.78% overall mean

(Table 2); the overall mean being comparable to the range

of fruit set in hand pollination of H. brasiliensis reported by

Olapade and Omokhafe (1990) who also reported signifi-

cant clonal variation and interaction effects.

Variance due to GCA (0.09) was significant, with a

GCA to SCA variance ratio of 9:1 (Table 1). This is in

agreement with the work of Tuy et al. (2005), who reported

the relative advantage of GCA over SCA for H. brasiliensis

juvenile latex yield and girth. The results of this study indi-

cate that several of the test-clones had a high propensity to

pass fruit set genes to the next generation among the crosses

and since GCA estimates additive genetic variance and

SCA non-additive genetic variance, the predominance of

GCA effects suggests that genetic control of fruit set in the

H. brasiliensis populations studied was mainly conditioned

by additive gene effects. Clones with high fruit set in

crosses and high clonal GCA will likely offer higher polli-

nation success than the population mean in a wide range of

crosses. The highest GCA values in our study were for
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Table 1 - Analysis of variance mean square values for fruit set in Hevea brasiliensis. Twelve crosses, six families of main and reciprocal crosses and

combining ability for a diallel mating design.

Twelve crosses Six families of main and reciprocal crosses Combining ability

Source of

variation

Mean square

df Mean square df Main Reciprocal Mean square Variance

Replicate 2 0.99* 2 0.39 0.61 – –

Crosses 11 2.68* 5 3.67* 1.31* – –

Group (G) 1 1.52* – – – – –

Family (F) 5 2.39* – – – – –

G x F 5 3.00* – – – – –

GCA – – – – – 0.39* 0.09

SCA – – – – – 0.06 0.01

Reciprocals – – – – – 1.31* 0.63

Error 22 0.14 10 0.41 0.20 0.05 –

*Significant at p = 0.01 (F – test); General and specific combining ability variance ratio = 9:1; –: not applicable; df = degrees of freedom.

Table 2 - Fruit set (%), family mean (%), reciprocal effect (RE), general and specific combining ability (GCA and SCA) for a four-parent diallel mating

design in Hevea brasiliensis. Numbers in parenthesis represent rank.

Main crosses Reciprocal crosses Clonal GCA

Cross Fruit set Cross Fruit set Family mean RE SCA Genotype GCA

PB 5/51 x RRIM 600 4.61 (11) RRIM 600 x PB 5/51 8.52 (2) 6.56 (5) 1.03 (2) -0.06 (4) PB 5/51 -0.38 (4)

PB 5/51 x NIG 800 6.00 (9) NIG 800 x PB 5/51 5.81 (10) 5.91 (6) 0.02 (6) -0.08 (5) RRIM 600 0.16 (2)

PB 5/51 x PR 107 6.25 (7) PR107 x PB 5/51 7.02 (5) 6.64 (4) 0.25 (5) 0.14 (1) NIG 800 0.02 (3)

RRIM 600 x NIG 800 10.00 (1) NIG 800 x RRIM 600 4.58 (12) 7.29 (1) 1.54 (1) 0.13 (2) PR 107 0.20 (1)

RRIM 600 x PR 107 8.08 (3) PR 107 x RRIM 600 6.44 (6) 7.26 (2) 0.45 (4) -0.09 (6) – –

NIG 800 x PR 107 7.87 (4) PR 107 x NIG 800 6.13 (8) 7.00 (3) 0.50 (3) -0.05 (3) – –

Mean 7.14 – 6.42 6.78 – – – –

–: not applicable.



clones PR 107 (GCA = 0.20) and RRIM 600 (GCA = 0.16),

which are thus preferred parental clones for genetic im-

provement of fruit set in Hevea brasiliensis (Table 2). Rela-

tively high latex-yield GCA values for PR 107 have

previously been reported by Olapade (1991).

In addition to the significant difference between the

main and reciprocal crosses, the reciprocal effect was sig-

nificant with a variance component of 0.63 (Table 1). This

suggests the involvement of cytoplasmic genes in the con-

trol of fruit set, indicating that the maternal genetic back-

ground had a significant impact on the incidence of fruit set.

The highest reciprocal effect (1.54) was obtained with

RRIM 600 x NIG 800, indicating that the maternal (cyto-

plasmic) background of RRIM 600 had a positive influence

on fruit set (Table 2). In the three instances in which RRIM

600 was the female parent, fruit set ranked first to third

while fruit set in two reciprocal crosses in which RRIM 600

was the male parent ranked low at the eleventh and twelfth

positions (Table 2). The contrasting performance of RRIM

600 as a female parent compared to its pollination success

as a male parent is a good example of cytoplasmic effects

on fruit set.

Regarding SCA values, the cross of PB 5/51 x PR 107

(fruit set = 6.25%) set with its reciprocal PR 107 x PB 5/51

(fruit set = 7.02%) ranked first in SCA value (0.14), the

family fruit set value being 6.64% (Table 2). This suggests

that despite the significant reciprocal and maternal effects,

few crosses will be relatively consistent for fruit set in both

main and reciprocal crosses.

In conclusion, there was significant variation for fruit

set in H. brasiliensis and a high level of general combining

ability, with prospects of genetic improvement of low fruit

set. There was evidence of cytoplasmic gene effects on the

incidence of fruit set. Suitable experimental designs will be

developed in further studies to isolate cytoplasmic gene ef-

fects from the estimate of additive genetic variance.
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