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USING OF PARTIAL DIALLELE ANALYSIS TO ESTIMATE
HETEROSIS, INBREEDING DEPRESSION AND COMBINING
ABILITY IN DRY BEANS (Phaseolus vulgaris L.).

Mohamed, S. M. A.
Veg. Res. Dept., Hort. Res. Inst., Giza, Egypt.

ABSTRACT

Heterasis. inbreeding depression and combining ability has been estimated
and studied in a partial diale) analysis in 12 crosses including 8 bean parents,
Phaseolus vulgaris L., and their F; generations. These materials were evaluated for
number of days to 50% flowering, number of days to dry harvesting, seed index (1000
seed weight), seed yield per plant and protein content. Six crosses showed positive
heterosis for seed yield per plant. Parents in each of these heterotic crosses differed
in growth habits, seed size and geographical origin. Significant differences in all
characters were found among the Fy hybrids and F, generations except for protein
content. Some F generations outperformed the corresponding Fy hybrids. For general
combining ability (GCA), significant differences were obtained in four characters.
Three characters showed significant differences for specific combining ability (SCA).

INTRODUCTION

Large variation is commonly found in dry bean cultivars, Phaseolus
vulgaris L., in growth habit, maturity and yield characteristics, including seed
size and colour. Heterosis, inbreeding depression, general (GCA) and
specific (SCA) combining ability have been previously reported (Filipetti 1998;
Saxena and Sharma 1992; Dobariya et al. 1992). Data on previously
mentioned estimates are of interest to all plant breeders. Yield and some
related characters of F showing heterosis, inbreeding depression, GCA and
SCA effects can be important measures of the convenient yield potential of
the crop. Selection in early generations requires an understanding of
expected levels of those previously mentioned measures and exploiting them
on a commercial scale to be profitable to the growers through producing new
local dry bean varieties. Exploitation of heterosis, inbreeding depression and
combining ability in some mating designs like partial diallel involving some
local varieties along with some introduced varieties, which have good
horticultural characters, may be useful in selecting the best F, hybrids with
good criteria. These materials could be included in an advanced selection
program of dry bean improvement leading to new local varieties. The
objective of the current paper was to estimate the combining ability and
hybrid performance as well as inbreeding depression in a partial diallel design
including eight bean genotypes from different agroclimatic regions.
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MATERIALS AND METHODS

Eight lines and varieties of bean (Phaseolus vulgaris L.) namely
Serbo, Helda and Limka (climbing growth habit), Giza6, Giza3, Bronco,
HAB53 and HAB20 (bush growth habit) and their Fy crosses and F,
generations were grown in a randomized complete block design with three
replications at Kaha Vegetable Research Farm, Kaliobia governorate during
Summer season of years 1999 and 2000. The (irty-two genotypes (8
parents, 12 F, crosses and 12 F, generations) were grown in three rows per
plot of 4 meters long and 60 cm between rows. The plants were spaced at 20
cm within rows. Normal horticultural bean practices were applied. Data were
recorded on ten randomly selected plants for five characters namely, number
of days to 50% flowering, number of days to dry harvesting, seed index (1000
seed weight), seed yield per plant and protein content. Data were statistically
analyzed for the study of combining ability according to Singh and Chaudhary
(1977).

RESULTS AND DISCUSSION

Mean square values of F, hybrids, general combining ability (GCA)
and specific combining ability (SCA) are shown in Table (1). Differences
among Fis for all traits were significant except for protein content in both
1999 and 2000 seasons. General combining ability (GCA) mean squares
were significant for all traits in both 1999 and 2000 seasons except for protein
content. In regard to specific combining ability (SCA) there were significant
differences for number of days to dry harvesting, seed index and seed yield
per plant in both seasons. The data and results were in agreement with
Filipetti (1998) who found significant GCA and SCA of hybrids for seed
protein content in faba bean seeds (Vicia faba L.) and Rosaiah et all. (1994)
who found good GCA for seed index and the seed yield in mung bean.

The mean squares for F, hybrids and F, generations in both 1999
and 2000 seasons are shown in Table (2). There were significant differences
for all the studied characters except for protein content in both years of study.
This result was in line with those reported by Gutierrez and Singh (1985).
Mean performance of parents during the two seasons are shown in Table (3).

Estimates of the general combining ability (GCA) effects for individual
parental lines of each trait are presented in Table (4). The GCA effects
computed herein differed significantly in most traits. The parental varieties
Serbo, Giza6, Giza3, Bronco and HAB53 had positive (GCA) effects for
number of days to 50% flowering during 1999 and 2000 seasons proving that
they are good combiners for this trait. These results were in accordance with
El-Hossary et al. (1984) on field bean. The varieties Serbo, Giza3 and HAB53
exhibited positive (GCA) effects for number of days to dry harvesting in 1999
and 2000 seasons. In respect to seed index (1000 seed weight), the varieties
Giza6, Giza3, HAB20 and Bronco had shown positive (GCA) effects in the
two seasons, which was in line with the results reported by Singh et al. (1992)
on common beans. Seed yield per plant had shown positive (GCA) effects in
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both 1999 and 2000 seasons for the varieties Giza3, Giza6, HAB53 and
Bronco. These results were in agreement with those obtained by White ef al.
(1994) who reported positive (GCA) effect for yield on common beans
(Phaseolus vulgaris L.). In regard to protein content, the varieties Giza3,
GizaB, Bronco and HAB53 had shown positive (GCA) effects in 1999 and
2000 seasons. Similar results were obtained by Dasgupta et al. (1998) who
stated good general combiners for protein content in mung bean. On the
other hand, the varieties had shown negative (GCA) effects in the two
seasons were HAB20, Helda and Limka for number of days to 50% flowering;
Helda, Limka and Bronco for number of days to dry harvesting: Serbo,
HABS3, Helda and Limka for seed index; Serbo, HAB20, Helda and Limka for
seed yield per plant and HAB20, Helda and Limka for protein content.

The values of means and heterosis over high parent for the F,
crosses are given in Table (5 a and b). One out of 12 crosses namely (1 x 5)
showed positive heterosis for number of days to 50% flowering in 1999 and
2000 seasons. The same previous mentioned cross of 12 crosses showed
positive heterosis for number of days to dry harvesting in 2000 season only.
For seed index 8 out of 12 crosses had positive heterosis in both seasons.
These 8 crosses were (1 x 4), (1 x 5), (1 x 6), (2 x 5), (2x6), (3x86), (4 x8)
and (5 x 8). Additionally, the crosses (1 x 5), (2 x 6), (2 x 7), (3x86), (4 x8)
and (5 x 8) had shown the same result for seed yield per plant. Meaningful,
all crosses had positive heterosis in the two experimental seasons for protein
content.

The highest heterosis was shown by the following crosses, (1 x 5) for
number of days to 50% flowering in both seasons; (1 x 5) for number of days
to dry harvesting in 2000 season only (the second season); and (4 x 8) for
seed yield per plant, this was true in both 1999 and 2000 seasons.

The results were in accordance with those recorded by Aher et al.
(2000) for yield of mung beans and its components and Vikas et al. (1999) for
days to 50% flowering and dry harvesting of mung beans (Vigna radiata). For
seed index (1000 seed weight), the highest positive heterosis was observed
in both seasons for the cross (5 x 8). The obtained result was in agreement
with that reported by Gutierrez and Singh (1985) on bush beans (Phaseolus
vulgaris L.).

Mean performance and inbreeding depression effects of Fs
generations in 1999 and 2000 seasons are shown in Table (6 2 and b). Some
heterotic crosses namely (1 x 4) and (5 x 8) for seed index; (1 x 5) for number
of days to 50% flowering; (1 x 5), (2 x 6), (2 x 7), (4 x 8) and (5 x 8) for seed
yield per plant; (1 x 5), (2 x 7), (3 x 6) and (5 x 8) for protein content in both
1999 and 2000 seasons and (1 x 5) for number of days to dry harvesting in
2000 season did not exhibit inbreeding depression. This might suggest that
heterosis in these crosses was probably due to complementary favorable
genes with additive effects. Moreover, positive effects of inbreeding in
crosses that had no heterosis or negative estimates were recorded in the two
seasons. That was for number of days to 50% flowering and for number of
days to dry harvesting in the crosses (1 x 4), (1 x 6),(2x5),(2x86),(2x7), (3
X 6), (3x8), (4 x7) and (4 x 8). While it was for seed index (1000 seed
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5weight) in the crosses (2 x 7), (3 x 7) and (4 x 7). As well as, the same was
for seed yield per plant in crosses (1 x 4), (1 x 6) and (2 x 5).

The results show obviously desirable transgressive segregation
occurred in those previously mentioned crosses. That means the two parents
in each cross carry different genes responsible for the inheritance of the
characters and they can be used in recurrent selection program for improving
common beans.

Whatever the causes, these results were in line with records of
Gutierrez and Singh (1985) who reported that highly heterotic crosses without
inbreeding depression and those with positive inbreeding effects apparently
had retained or increased favorable genotypic combinations in their Fys.

It could be concluded that there were different results obtained,
where some crosses and parents had shown fluctuated data i.e. high in
season and low in subsequent season. This was in agreement with Gutierrez
and Singh (1985) who mentioned that could be due to interaction between
genotypes and environment (G x E). That also leads to the high importance
of estimation of (G x E) in breeding programs. It is worth to mention here that
the good combiners were the varieties Giza6, Giza3 and HAB20 for seed
index; Giza6, HAB53, Bronco and Giza3 for seed yield per plant as well as
Giza3, Giza6, HAB53 and Bronco for protein content. These good combiners
could be useful in improving seed size, higher yield and protein content. The
best heterotic crosses were (1 x 4) and (5 x 8) for seed index (1000 seed
weight) and (4 x 8) and (5 x 8) for seed yield per plant. The best
transgressive segregated F.s that outperformed their F, crosses were (2 x 7),
(3x7) and (4 x 7) for seed index (1000 seed weight) and (1x4), (1 x 6) and (2
x 5) for seed yield. These best Fy;s and F,s previously mentioned could be
involved in advanced selection program to improve seed size, seed yield and
to introduce new local dry bean varieties.
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