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ESTIMATION OF HETEROSIS, INBREEDING DEPRESSION
AND COMBINING ABILITY IN SNAP BEANS (Phaseolus
vulgaris) USING LINE X TESTER ANALYSIS.
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ABSTRACT

The present study on using “Line x Tester analysis” was conducted to find
out heterosis, inbreeding depression and combining ability on Snap Beans during
years 1999 and 2000 autumn season. The variances due to genotypes were
significant for all characters in both seasons except for vitamin C content in 1999. The
highest percentage of heterosis over high parent for yield per plant was observed in
the cross (2 x 6) in both seasons. Variety Serbo had high GCA for yield per plant in
the two seasons. Estimates of heterosis, GCA (general combining ability) and SCA
(specific combining ability) showed that the best combiners were Serbo and Helda,
while the best combinations were (1 x 8), (2 x 5) and (2 x 6).

INTRODUCTION

For many years, exploitation of heterosis and combining ability to
select the better general combiners and specific combinations had opened
the way of crop improvement. In Snap Beans, there were several articles on
studying heterosis and combining ability (Nienhuis and Singh, 1986; Singh et
al., 1992; Yadav and Harer 1994 and Oliveira et al., 1996) most of them have
not been utilized for commercial production. Using mating design like “Line x
Testers analysis” was found suitable for studying both heterosis and
combining ability to select suitable combiners and combinations to produce
new bean variety (Dixit et al. 1980). In the current trial, “Line x Tester
analysis” was employed to identify the best combiners and combinations
beside the extent of heterosis.

MATERIALS AND METHODS

Three varieties of snap beans as females (Lines) namely Helda
(climbing beans), Giza3 and HAB53 (bush type beans) were crossed with
three males (Testers) namely HAB32, Bronco (bush type beans) and Serbo
(climbing beans) selected on the basis of good adaptability and desirable
horticultural characters. The seeds of these genetic resources were obtained
from Vegetable Research Departments, Horticulture Research Institute. The
seeds of 9 F; hybrids and F; generations along with the 6 parents were sown
in two seasons of years 1999 and 2000 in a randomized block design with
three replications at Kaha vegetable research station, Kaliobia governorate.
Seed sowing was carried out on September 1999 and September 2000.
Seeds were sown on ridges with dimensions of 60 cm wide and 4 m long.
The distance between plants was 20 cm. Each replicate contained 24 plots.
The area of each plot was 7.2 m® consisted of 60 plants. Furrow irrigation
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was used and normal agricultural practices were adopted according to the
recommendations of Ministry of Agriculture. Data were recorded on ten plants
for 10 characters namely, number of days from planting to 50% flowering,
number of days from planting to maturity, pod length, pod diameter, pod
thickness, pod weight, protein content, vitamin C content, number of pods per
plant and yield per plant. Data were statistically analyzed for the study of
combining ability according to Singh and Chaudhary (1977).

RESULTS AND DISCUSSION

There were significant differences among genotypes in both 1999
and 2000 seasons for all traits except for vitamin C content in 1999 showing
wide range of variability between the parents chosen for the trial (Table 1 a
and b). In respect of males there were significant differences only in pod
weight in both seasons and in yield per plant in 2000 season. While, in
respect of females there were significant differences in number of days to
50% flowering in the first season, pod diameter in both seasons and pod
weight in the second season. In addition, females x males showed significant
differences in both seasons in number of days to 50% flowering, pod weight,
pod thickness, pod diameter and number of pods per plant and in the first
season for number of days to maturity, pod weight and yield per plant. These
results were in line with those found by Raut et al. (1991) and Singh et al.
(1992) on mung bean and common bean.

The magnitude of mean squares due to male were larger than female
x male for number of days to 50% flowering, number of days to maturity, pod
length, pod thickness, pod diameter, pod weight, protein content, vitamin C
content and yield per plant in 1999 season while the magnitude of mean
squares due to male were larger than female x male for pod length, pod
diameter, pod weight and yield per plant in the second season indicating
great diversity among males where these results were agreed with those had
been recorded by Singh et al. (1992) on common bean.

Beside that, there were significant differences among F; and F;
generations for all the studied characters in both seasons except for number
of days to maturity in the second season, protein content and vitamin C
content in both 1999 and 2000 seasons (Table 2 a and b). These records
were in accordance with those had been reported on Phaseolus spp by
Sayed (1998) on number of days to 50% flowering, pod weight and pod
length. However, they were in contrast with his results on yield per plant,
number of pods per plant, number of days to maturity, pod diameter, pod
thickness. Meanwhile, the insignificant results of the present work concerning
number of days to maturity and protein content were in line with the records
of Sayed (1998) on Phaseolus spp and Singh and Saini (1985) on French
bean.

The mean values of parents (female lines and male testers) are
shown in Table (3) while the mean values of hybrids and heterosis over high
parents are shown in Table (4 a and b). Out of 9 hybrids, 2 exceeded their
high parents in number of days to 50% flowering [(3 x 5) and (2 x 4)], number
of days to maturity [(3 x 5) and (2 x 4)], number of pods per plant [(2 x 4) and
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(2 x )], pod thickness [(1 x 4) and (2 x 6)], pod diameter [(1 x 4) and (1 x 5)],
protein content [(2 x 4) and (3 x 6)] and vitamin C content [(2 x 5) and (3 x 6)].
The range of increase in hybrids was between (-26.28: -1.39%), (-28.5: -
0.5%), (1.47: 51.92%), (-31.48: -6.84%), (-39.16: -2.34%), (2.36: 29.06%) and
(2.94: 29.06%) for the same previous mentioned characters respectively, The
results presented in Table (4 a and b) indicated also that one out of 9 hybrids
exhibited an increase in pod length (3 x 6), pod weight (3 x 6) and yield per
plant (2 x 6) over their high parents. The increase varied from 0.99% to
30.8% for pod length, 9.87% to 69.6% for pod weight and 5.92% to 157.47%
for yield per plant over high parent.

The highest percentage of heterosis over high parent was observed
in the cross (3 x 5) for number of days to 50% flowering and number of days
to maturity during the first season; the cross (2 x 4) for number of days to
50% flowering, number of days to maturity during the second season, number
of pods per plant and protein content during the first season; the cross (3x86)
for pod length, pod weight in both two seasons, protein content and vitamin C
content in the second season; the cross (2 x 5) for number of pods per plant
in the second season and vitamin C content in the first season; the cross (2 x
6) for yield per plant in both seasons and for pod thickness in the first season:
the cross (t x'4) for pod diameter in the first season and pod thickness in the
second season and the cross (1 x 5) for pod diameter in the second season.
The most promising crosses were (2 x 5) and (2 x 6) which could be involved
in an advanced breeding program to produce the seeds of F, generation and
the subsequent generations to select the most promising offsprings to
produce a new local variety with desirable horticultural characters suitable for
local and export markets. These findings were similar to those reported on
french bean by Singh and Saini (1985) that recorded high heterosis in 11 of
21 F, over high parent in protein content. While, on mung bean Patil et al.
(1992) recorded high heterosis in number of pods per plant, yield per plant
and pod weight. In addition to that Link et al. (1996) on faba bean showed
high heterosis in yield per plant, number of days to 50% flowering, number of
days to maturity, pod thickness, pod length and pod diameter. While, on faba
bean Schill et al. (1998) and Abdelmula et al. (1999) recorded high heterosis
in yield per plant. On the other hand, Aher et al. (2000) recorded similar
results on mung bean in yield per plant, pod length, pod diameter and pod
thickness.

The mean values of F, generation and inbreeding depression are
shown in Table (5 a and b). Data showed negative low inbreeding depression
for all studied characters and ranged from —-52.82% to —0.5%. The highest
value was for the cross (2 x 6) for vitamin C content in 1999 season while the
lowest was for the cross (1 x 5) for yield per plant in 1999 season. The cross
(2 x 6) had the most highest values for the most of the studied characters,
namely for number of days to maturity, protein content and vitamin C content
in 1999 season and for pod length, pod thickness and pod diameter in 2000
season. However, the reduction in performance due to increased
homozygosity in the F, resulted from inbreeding. These results were in
accordance to those had been recorded on bush bean by Gutierrez and
Singh (1985) that found significant differences among F, generation for all
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traits (yield and yield components) on bush beans. Also, the presented data
were in line with those reported on mung bean by Naidu and Satyanarayana
(1993) that reported low inbreeding depression for yield and yield
components on mungbean.

GCA effects of the female parents (Lines) and the male parents
(Testers) are shown in Table (6 a and b). Out of the three male parents, the
variety Serbo had high GCA for most of the characters namely pod length,
pod thickness, pod diameter, pod weight, number of pods per plant, yield per
plant, protein content and vitamin C content. Among the female parents, the
variety Helda had highest GCA for most characters namely number of days to
50% flowering, number of days to maturity, pod length, pod diameter, pod
weight, yield per plant and protein content. These results were in line with
those recorded by Saxena and Sharma (1992) on mung bean, Singh et al.
(1992), Vizgarra et al. (1992) and White et al. (1994) on common bean.

The estimates of SCA effects (Table 7 a and b) revealed that out of 9
crosses 5 had positive SCA effects for all characters. Estimates of SCA
showed that the best combinations were (3 x 4) for number of days to 50%
flowering, pod thickness, number of pods per plant and yield per plant, (2% B)
for number of days to maturity, pod length, pod weight, protein content and
vitamin C content and (1 x 6) for pod length, pod diameter, pod weight and
vitamin C content and that was in agreement with similar records by Saxena
and Sharma (1992) on mung bean, Singh et al. (1992) and Vizgarra et al.
(1992) on common bean. Data in Table (7 a and b) indicated that no cross
combination was consistently good for all the studied characters which were
similar to results which have been recorded by Dixit ef al. (1980) on tomato.

The cross (1 x 6) which was the best combination for the most
studied characters, its SCA effect was related to GCA effects of its parents.
Moreover, that previous mentioned cross included both its parents with high
GCA effects for almost all the studied characters. It could be, therefore,
concluded that high GCA can be exploited as indicator in selection of
desirable parents of the current trial for conducting crosses that can be
involved in advanced generations in a selecting program for improving the
local varieties. Also, in breeding program, some criteria such as the parents
with desirable characteristics, high heterosis, high GCA and SCA effects are
obviously essential and that was in accordance with the results of Dixit et al.
(1980) on tomato. The best cross combinations which fulfiled most of the
aspects mentioned above were (1 x 6), (2 x 5) and (2 x 6). Therefore, these
crosses that revealed desirable attributes can be exploited in future breeding
program and would be highly useful.
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