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ABSTRACT

The main target of the current study was to investigate the response of Nebraska (dry seed bean cv.) to
multitrait selection based on selection index under high temperature season and knowing the availability
of growing this cultivar on late sowing date without losing in yield quality and quantity. The study was
carried out during the period from 2009 to 2011 at Kaha Vegetable Research Farm (Kaluobia
Governorate). Responses to multitrait selection were detected in three generations of selection as well as
the mother population under high temperature season. The selection index based on the characteristics;
viz., number of primary branches, number of pods per plant, first class seed weight per plant, total seed
weight per plant, yield per plant and pod setting (%). In addition, studying the phenotypic and genotypic
variability, released genetic gain, differential of multitrait selection, heritability, as well as phenotypic and
genotypic correlations between the characteristics of plant growth, yield, yield components and proline
content in fresh leaves. SDS protein gel electrophoresis was extracted from the seeds of the selected
generation under high temperature season. Field experiment was conducted in two sowing dates, the
common season was sown on mid-February and the high temperature season was sown on 30 March.
Obtained results reflected that the multitrait selection based on selection index increased genetic variation
within the population or variety which remained under the selection for a long period. That facilitated
obtaining new lines which possessed tolerance to high temperature. The results indicated that the
magnitude of the genetic variability persisted in this material was sufficient for providing rather
substantial amount of improvement through the selection of superior progenies. Therefore, the multitrait
selection based on selection indices under high temperature had clear effect on mean values of each
studied trait and differed from those of the mother population.

Although the total seed weight per plant had a significant difference among the estimates of mean
values between the third generation of multitrait selection under high temperature season and mother
population (under common sowing season) (15.863 and 19.510 g, respectively); there was considerable
improvement compared to the first generation of multitrait selection (9.149 g). Bearing in mind that these
results were achieved only after two cycles of multitrait selection.

The genetic gain responses to multitrait selection after two cycles of multitrait selection under high
temperature recorded processions for all traits. Besides, the multitrait selection based on selection indices
under high temperature season had clear effects on the genetic and phenotypic coefficient collocation
from generation to generation (concerning the sign or degree of significance). Moreover, the multitrait
selection based on selection indices under the high temperature stressed common bean (Nebraska cv.)
compared to proline content in mother population. The extracted protein from the affected seeds produced
under high temperature showed some bands that could be used as a biochemical or genetic marker.

Key words: dry common bean, genetic correlation, high temperature tolerance, multitrait selection,
Phaseolus vulgaris, selection indices.

1. INTRODUCTION one of the most economically important crops and

Common bean belongs to the legume family  provides an income source for small holder
that is widely cultivated and represents one of the  farmers (Pachico, 1989). The winter season period
largest food components in Latin America and in Egypt is extended as a result of climatic
Africa. It is valued for its high content of protein changes in the summer season beginning. The
and micronutrients such as iron and folic acid. Itis ~ common bean sowing date for instance used to be
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from mid-February to the beginning of March, but
due to the previously mentioned reason the
sowing date and growing season period were
affected.

There are two solutions for this problem. The
first depends on ending the winter season early
which is not recommended by the commercial
market and the farmers. The second depends on
producing new lines or varieties that could be
adapted to climate changes which is the main
target of the current study. Some studies indicated
that Africa's agriculture is negatively affected by
climate changes (Pearce et al., 1996; McCarthy et
al., 2001). In addition, some other studies
mentioned that adaptation is one of the policy
options for reducing the negative impact of
climate changes (Adger et al, 2003;
Kurukulasuriya ~and  Mendelsohn,  2006).
Adaptation to climate changes refers to natural or
artificial adjustment in response to actual or
expected climatic stimuli or their effects, which
moderates  harm  or  exploits  beneficial
opportunities (IPCC, 2001). Common adaptation
methods in agriculture include using of new crop
varieties and livestock species that are better
suited to dry conditions, irrigation, crop
diversification, adoption of mixed crop and
livestock farming systems, and changing planting
dates (Bradshow et al., 2004; Kurukulasuriya and
Mendelsohn 2006; Nhemachena and Hassan,
2007). Although, common bean is mainly self-
pollinated, many authors reported out crossing or
natural hybridization in both wild and cultivated
populations. Ibarra-Perez et al. (1997) reported
cross-pollination rates between 0 and 85%.
Common bean grows well at temperatures ranging
from 15 to 27°C and will withstand temperatures
up to 29.5°C. High temperature (close to or higher
than 35°C) and humidity during flowering and pod
setting results in abortion of large numbers of
blossoms and developing pods. High temperature
episodes have a major effect on yield especially
when coinciding with flowering (Wheeler et al.,
2000), whereas increases in temperature mean
have an effect on crop duration (Nigam et al.,
1994). The impact of short periods of high
temperature on grain setting is able to reduce the
season end and the yield significantly. The
maximum temperature is not the only important
factor in evaluating the effect of high temperature
on yield but also the sowing date has its influence.
In addition, most of the annual crops are
extremely sensitive to high temperature during the
developmental stage specially flowering period.
Selection for superior genotypes based on one or
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few traits is not effective, where the selected
genotype might show superiority for the selected
traits only. Therefore, simultaneous selection of
traits, which can be performed effectively by the
use of selection indices, increases the opportunity
of successfully breeding programs. The selection
indices enable selection based on a complex of
variables of economic interest. However, relative
efficiency of different selection procedures depend
on the relative rate of improvement, time and cost
of the procedure. Studies comparing effects of
different selection procedures are reported by El-
Lowendey (2003), Soliman and El-Lawendey
(2008), Kassem et al. (2008) and El-Lawendey et
al. (2011), their results prove that the estimation
of phenotypic and genotypic coefficient variation
in F, was higher than in F; generation. This
indicates that, the magnitude of the genetic
variability persisted in these material was
sufficient for providing rather substantial amounts
of improvement through the selection of superior
progenies, the results were reported by Meena et
al. (2001). Selection for two or more traits are
different from single—trait selection. The genotype
can be partitioned into parts representing different
traits that can then be combined in several ways
for selection. It is possible that the permanent and
temporary changes of genetic variance and
correlation are different of the various multiple-
trait selection methods (Bennett and Swiger,
1980). The change in permanent genetic
correlation  following  selection for two
characteristics was not a surprise since pleiotropic
gene frequencies were expected to change at rates
different from independent gene frequencies.
Rasmuson (1964) suggested that there might be
differences among multiple-trait  selection
methods in the rate of change in permanent
genetic correlation. The rate of change per unit of
genetic response does not appear to be different
when a large number of unlinked pleiotropic genes
with small additive effects are the cause of genetic
correlation. In any breeding program, selection is
a dual-purpose task: selection for varieties and
selection for parents. The requirement for a new
variety is that it meets the minimum criterion for
all essential breeding objectives while having
superior package of traits, as measured by the
selection index. Failure to meet the minimum
criterion for any breeding objective will lead to
the failure of the variety. This is where
independent culling and index selection must be
applied. In contrast, the requirement for a parent is
that it is outstanding in one or more of the
breeding objectives; a higher selection index is
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desirable but not essential. The most appropriate
strategy for selecting superior parents may be
"independent  selection" as opposed to
"independent culling”. Therefore, in all breeding
programs and at any breeding stages, the selection
scheme should consist of three strategies,
explicitly or implicitly: (i) independent selection
(i) independent culling, and (iii) index selection,
and in that order (Yan and Fregeau-Reid, 2008).
This investigation aimed to the obtainment of
dry common bean line that can adapt to high
temperature season using the multitrait selection
based on selection index. This new cultivar can be
grown in late sowing date without severe
decreasing in the yield quality and quantity.

2. MATERIALS AND METHODS

This study was carried out at Kaha Vegetable
Research Farm (Kaluobia Governorate, Egypt)
during the period from 2009 to 2011. The soil type
of the experimental site is classified as a clay soil.
One genotype, Nebraska (a common grown
variety for dry seed yield) was used. Seeds were
obtained from the Vegetable Seed Production
Unit, Vegetable Research Departments, Dokki,
Giza, Egypt. Yield performance was compared in
two sowing dates in the same field environment,
i.e., the common sowing date and the high

temperature in late season. The field experiment
was conducted under common sowing season (C)
was sown on mid-February 2011 (mother
population) and under high temperature in late
season (H) on 30 March 2009, 2010 and 2011 (the
first generation of multitrait selection (S,), the
second generation of multitrait selection (S;), and
the third generation of multitrait selection (S,),
respectively). Selection for high temperature late
season tolerance was following two sowing dates,
the common sowing season (C) as a control and
the high temperature late season (H). The two
seasons were assigned according to the maximum
and minimum temperatures that affecting common
beans growth and yield determined by Porch,
2006. Maximum, minimum and average
temperatures and relative humidity in Table (1)
were obtained from the Central Laboratory for
Agricultural Climate (CLAC), Dokki, Giza. Seeds
were sown in the field directly. Each ridge was 60
cm wide, 3.4 m long and 15 cm plant spacing.
Data were recorded on the number of primary
branches per plant, plant height, number of pods
per plant, number of seeds per plant, first class
seed weight per plant (was graded by using
thieves of 7.33 mm), total seed weight per plant
and pod setting (was calculated as the number of
setting pods divided by the total number of pods).

Table (1): Average temperature and relative humidity of field trials in Kaha
Vegetable Research Farm, Kaha Kaluobia Governorate, Egypt
for evaluation of the high temperature in late season response in
common bean genotype during 2009, 2010 and 2011.

Month Temperature (C) Relative humidity

Average | Maximum | Minimum (%)

January 134 19.3C* 7.6 81

February 14.2 20.6C 14.2 78

March 16.4 23.2C 16.4 71

April 20.5 275H° 20.5 67

May 23.8 31.6H 23.8 64

June 26.4 35.9H 26.4 70

July 27.3 34.4H 27.3 77

August 27.4 34.0H 27.4 79

September 25.8 32.3H 25.8 78

October 23.6 30.3H 23.6 79

November 19.5 25.4C 19.5 72

December 14.9 20.8C 14.9 81

3: C = common season. : H = high temperature in late season.
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2.1. Experimental design and statistical
analysis: the collected data between the mother
population and the third generation of multitrait
selection which was grown in 2011 were analyzed
statistically using Fisher's analysis of variance
technique. ANOVA and Duncan's multiple range
test were employed to compare the difference
among the treatment means at 5% level of
probability. All computations were performed
using the Minitab software (Minitab Inc., state
college, PA, USA). Eight experimental units per
generation, the experimental unit was consisted of
one grid, one grid was contained of 19 plants (1
centeral plant + 18). Population was consisted of
152 plants (8 x 19) in one generation (Fig. 1),
according to Bos and Caligari (1995). The highest
eight selection index plants were selected through
all the selecting generations.

o

Fig. (1): A regular triangular pattern of plant
positions within experimental unit. Each
plant in its turn is considered as a
candidate and compared to the plants
occurring alongside three (grid C)
surrounding aureoles.

The breeder may divide the selection field into
parts such that growing conditions within each of
the so-called grids are more uniform than across
the whole field. This procedure is called grid
selection (Bos and Caligari, 1995). Separated
analysis of variance was performed (Sokal and
Rohlf, 1981).

ANOVA Table: Formulas

Source of DF SS MS Fs3 Expected
Variation MS
Y-Y Among SS, MS N
group (genetic a-1 SS; groups a
lines)(grids) (a-1) a?+—ZX
MS a?

within a-1
Y -Y Within SS,
group (error) a(n-1) SS,
(within genetic a(n-1)
lines)
Y-Y Total an-1 SSs
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2.1.1. Estimation of selection index

The formula used for estimating selection
index was b= P'GV (Singh and Singh, 1994):
where b is the column vector used to estimate the
relative weights, P is the inverse of phenotypic
variance and covariance matrix, G is the genotypic
variance and covariance matrix and V is the
column vector of economic weights for the
various characters under selection.
2.1.2. Estimation of phenotypic, genotypic and

environmental variation
OZp — OZg + 02e
MSV - MSE
Where, genotypic variance (0%) =
rorn,

Where, MSV and MSE are mean sum of
squares due to populations (varieties or
treatments) and error, respectively. Environmental
variance (O%) is equal to mean sum of squares for
error (MSE). Phenotypic variance (Ozp) is
comprised of (0%) plus (0%); in addition, r =
number of replications (in case of equal sample
size) (Singh and Singh, 1994); while, N,
average sample size (in case of unequal sizes)
(Sokal and Rohlf, 1981). The phenotypic and
genotypic coefficient of variation were estimated
using the formula developed by Burton (1952).

Phenotypic coefficient of variation = ./ Vph/X x
100

Genotypic coefficient of variation = {/Vg/X x
100

Whereas 1/ Vph = Penotypic standard deviation.

+/ Vg = Genotypic standard deviation.

X = Genotypic means.
2.1.3. Estimation of broad-sense heritability

The formula used for estimating broad—sense
heritability was h* =0%,/G°, (Allard, 1960); where
0% is the genetic and O% is the phenotypic
variance.

2.1.4. Estimation of released genetic gain
(observed selection response)

The formula used for estimating the genetic
gain was R= (X,- Xg) (Singh and Chaudhary,
1977); where R is the genetic gain and (X,- Xo) is
the difference between the progeny mean of
selected individuals (Xp) and the base population
(Xo).

2.1.5. Estimation of selection differential:
Selection differential refers to the difference in

mean of the selected individuals ( X ) from that of
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the base population (io). Symbolically S = X .

X o (Singh and Chaudhary, 1977).
2.1.6. Estimation of relative efficiency for
selection indices: The relative efficiency of each
index was computed by the ratio of genetic
advance (gain) of the indices based on
morphological characters to direct selection (Al-
Rawi and Ahmed, 1984).
2.1.7. Estimation of coefficient of correlation

The used formula for estimating genotypic,
phenotypic and environmental coefficients of
correlation was r = Covxy / (var, . vary)”
(Falconer, 1989); where Covxy Iis genetic,
phenotypic or environmental covariance between
characters X and Y and var, is genetic, phenotypic
or environmental variance for character X and
vary is genetic, phenotypic or environmental
variance for character Y.
2.2. Determination of proline content in fresh

leaves

Free proline was extracted from 0.5 g of fresh
leaves in 3% (w/v) aqueous sulphosalcylic acid
and determinated by ninhydrin reagent (Bates et
al., 1973).
2.3. SDS PAGE electrophoresis technique

The SDS PAGE gel electrophoresis was used
in protein band separation. The technique was
composed of stacking gel that was prepared
according to Laemmli method (Fahmy and Abou
El-Nasr, 1998). The gel scanning was done on
photo scanner and the data were integrated using
the scanner software. The similarity in indices
between the different treatments were calculated
according to Kulczynski equation (Khafagi,
1995).
Similarity % = % [(S/(S+U)) + (S/(S+V))]*100
Where:
S = number of bands found in both A and B
columns
U = number of bands found in column A not in B
V = number of bands found in column B not in A

3. RESULTS AND DISCUSSION
3.1.Genetic  parameters of yield and its
components in common bean genotype (Nebraska
cv) through three generations of multitrait
selection index under high temperature in late
season were studied.

Results in Table (2) revealed that mean values
of the third generation of multitrait selection (S,)
in respect to the characters of plant height (33.350
cm), number of pods per plant (16.446), number
of seeds per plant (36.640), the first class seed
weight per plant (8.730 g), total seed weight per
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plant (15.863 g) and pod setting (43.970%) were
higher than those of the first generation of
multitrait selection (Sg) for the same traits (32.140
cm, 11.196, 20.655, 5.482 g, 9.149 g, and
36.270%, respectively). While, the mean number
of primary branches for (S,) (2.946) was lower
than that of (Sp) (6.220). All the previously
mentioned results are consistent with breeder's
objectives. There was a significant difference
among the estimated mean values between the
third generation of multitrait selection (S;) and the
mother population (MP) for the characters number
of primary branches (2.946 and 5.386,
respectively), the plant height (33.350 and
47.750cm, respectively), the number of pods per
plant (16.446 and 15.107, respectively), the first
class seed weight per plant (8.730 and 14.562gm,
respectively), the total seed weight per plant
(15.863 and 19.510gm, respectively), and the pod
setting (43.970% and 50.300%, respectively).
Despite the significant difference among the
estimates of mean values between the third
generation of multitrait selection (S,) and the
mother population (MP), remarkable increase in
mean values through the generations of multitrait
selection based on selection index indicated a
requirement for more selected generations.

Results of phenotypic variance and phenotypic
coefficient variance values in the third generation
of multitrait selection (S,) of each studied traits
differed from those of the mother population
through the three generations of multitrait
selection. The results revealed that there was an
increase in phenotypic coefficient variance of the
third generation of multitrait selection (S,)
compared to the first generation of multitrait
selection (Sg) for the characters number of primary
branches (26.590 and 14.340, respectively), plant
height (14.470 and 12.440 cm, respectively). The
results indicated that there was a decrease in
phenotypic coefficient variance of the third
generation of multitrait selection (S,) compared to
the first generation of multitrait selection (Sy)
for the characters number of seeds per plant
(45.160 and 52.460, respectively), the first class
seed weight per plant (62.570 and 67.210 gm,
respectively), total seed weight per plant (47.030
and 55.210 gm, respectively), and pod setting (%)
(38.420 and 42.630 %, respectively). These results
are in accordance with the breeding objectives.
The results indicated that there was an increase in
phenotypic coefficient variance of the third
generation of multitrait selection (S,) compared to
the mother population ( MP) for all the studied
traits.
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Table (2): Genetic parameters of yield and its components in common bean genotype through
three generations of multitrait selection based on selection index under high
temperature in late season.

Parameters of genetics® Trait?
NPB [PH(cm) | NP | NS [FCSW(g) | TSW(g) | PS (%)

So

Mean 6.220 32.140 11.196 20.655 5.482 9.149 36.270
SE Mean 0.069 0.308 0.344 0.836 0.284 0.390 1.190
StDev 0.891 3.997 4.456 10.835 3.684 5.052 15.470
Genetic variance -0.223 37.397 -6.457 -17.021 5.059 -0.751 -16.329
Environmental variance 0.818 15.560 | 20.090 112.992 13.235 24.619 | 234.303
Phenotypic variance 0.595 52.957 13.633 95.971 18.294 23.868 | 217.974
Phenotypic C V % 14.340 | 12.440 39.800 52.460 67.210 55.210 42.630
Genetic CV % 13.530 9.423 17.437 12.044 33.506 12.462 6.788

S

Mean 3.088 35.604 12.000 25.480 5.550 10.780 39.700
SE Mean 0.096 0.384 0.451 1.390 0.409 0.606 1.200
StDev 0.898 4.977 5.848 18.010 5.301 7.857 15.530
Genetic variance 0.026 6.079 147.915 | 1030.520 50.388 169.828 | 1.517
Environmental variance 0.673 22.109 29.613 238.820 20.309 45.189 | 231.360
Phenotypic variance 0.699 28.188 | 177.528 | 1269.340 70.697 215.017 | 232.877
Phenotypic CV % 29.140 13.980 48.740 70.700 95.520 72.880 39.11
Genetic CV % 15.930 5.401 35.593 27.234 58.794 41.014 3.424

S,

Mean 2.946° | 33.350° | 16.446" | 36.640° 8.730° [ 15.863" | 43.970°
SE Mean 0.060 0.375 0.493 1.280 0.421 0.576 1.300
StDev 0.783 4.858 6.391 16.550 5.462 7.640 16.900
Genetic variance -0.157 1.021 47.905 | 292.430 -7.436 30.663 | 436.410
Environmental variance 0.477 | 19.376 30.339 223.310 22.562 43.617 258.790
Phenotypic variance 0.320 20.397 78.244 | 515.740 15.126 74.280 | 695.200
Phenotypic C V % 26.590 | 14.570 38.86 45.160 62.570 47.030 38.420
Genetic CV % 26.170 3.692 19.592 13.823 23.167 18.168 12.731

MP

Mean 5.386* | 47.750* | 15.107* | 37.760% 14,5622 19.510* | 50.300°
SE Mean 0.054 0.218 0.444 1.200 0.516 0.631 1.270
StDev 0.700 2.830 5.756 15.560 6.683 8.182 16.440
Genetic variance -0.165 5.012 -10.466 | 211.470 34.724 59.021 463.200
Environmental variance 0.502 6.392 31.493 243.303 44.920 67.263 | 261.190
Phenotypic variance 0.337 11.404 21.027 454.773 79.644 126.284 | 724.390
Phenotypic coefvar % 13.000 5.930 38.100 41.210 45.890 41.940 32.680
Genetic coefvar % 14.501 3.838 14.582 12.369 20.417 17.400 11.296
1 SE Mean = Standard error mean; StDev = Standard deviation; Phenotypic coefvar = Phenotypic
coefficient variance; Sy, = The first generation of multitrait selection; S; - The second generation of
multitrait selection; S, - The third generation of multitrait selection; MP = Mother population. % NPB =
Number of primary branches; PH = Plant height; NP = Number of pods per plant; NS = Number of seeds
per plant; FCSW = The first class seed weight per plant; TSW = Total seed weight per plant; PS = Pod
setting (%0). Any means within rows followed by the same letter are not statistically different at 5% level
(Duncan' s multiple test).

Data of genetic variance and genetic
coefficient variance values in the third generation
of multitrait selection (S,) of each studied trait
differed from those of the mother population
through the three generations of multitrait
selection. The results revealed an increase in
genetic coefficient variance of the third generation
of multitrait selection (S,) compared to the first
generation of multitrait selection (Sy) for the
characters number of primary branches (26.170
and 13.530, respectively), number of pods per
plant (19.592 and 17.437, respectively), number of
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seeds per plant (13.823 and 12.044, respectively),
total seed weight per plant (18.168 and 12.462
gm, respectively) and pod setting (%) (12.731 and
6.788 %, respectively). The results indicated a
reduction in genetic coefficient variance of the
third generation of multitrait selection (S,)
compared to the first generation of multitrait
selection (S,) for the characters plant height
(3.692 and 9.423, respectively) and the first class
seed weight per plant (23.167 and 33.506,
respectively).

The results revealed an increase in genetic
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coefficient variance of the third generation of
multitrait selection (S,) compared to the mother
population (MP) for all the studied traits except
for plant height. These results agree with those of
Bennett and Swiger (1980) who reported that
selection for two or more traits is different from
single-trait selection. The genotype can be
partitioned into parts representing different traits
that can be combined in several ways for
selection. It is possible that the permanent and
temporary changes of genetic variance and
correlation are different for the various multiple-
trait selection methods. A permanent effect of
selection aimed to increase the means of one or
more multi locus traits with additive genetic
variances is an increase in the frequency of
favourable alleles. Gene frequency changes may
alter genetic variance and correlations, meanwhile,
gene frequency changes from short-term selection
for multi-locus traits are usually considered to be
small and have a little effect on genetic variance
and correlation. Moreover, El-Lawendey and El-
Dahan (2012) mentioned that the phenotypic
coefficient variation was generally higher than the
genetic coefficient variation for all the studied
traits, but in many cases, the values of phenotypic
coefficient variation and genetic coefficient
variation differed only slightly. Also, the estimates
of phenotypic coefficient variance and genetic
coefficient variance in F, for most traits were
higher than those of F; generation. This indicates
that, the magnitude of the genetic variability
persisted in this material was sufficient for
providing rather substantial amounts of
improvement through the selection for superior
progenies.

Equations presented in Table (3) showed that
construction of selection indices using the
discriminating function technique was helpful in
discriminating desirable genotypes on the basis of
their phenotypic performance as mentioned by
Singh and Singh (1994). The indices were
constructed on the basis of the characters; number
of primary branches, number of pods per plant,
first class seed weight per plant, total seed weight
per plant and pod setting (%).These previous
characteristics agree with those reported by
Amankwa and Michaels (1997) and Salehi et al.
(2008). the results showed that the highest value
of selection efficiency occurred in the selected
third generation indices made the third generation
of selection.
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Table (4) shows the data after two-cycles of
multitrait selection (So-S,) illustrating that all
traits showed high realized genetic gain values as
compared with the first cycle of multitrait
selection (S¢-S;), where the positive values
indicate the occurrence of increases in the positive
direction for the character. While, the negative
values reflect decreases or changes in the negative
direction for the character. The results revealed an
increase in realized genetic gain of the third-cycle
of multitrait selection (So—S,) compared to the first
cycle of multitrait selection (So-S;) for the
characters number of primary branches (-3.274
and 3.137, respectively), number of pods per plant
(5.250 and 0.804, respectively), first class seed
weight per plant (3.248 and 0.068, respectively,
total seed weight per plant (6.718and 1.613 gm,
respectively) and pod setting (%) (7.700 and 3.430
%, respectively). These results are in accordance
with breeding objectives. Data indicated that there
was an increase in the mean values of the selected
plants due to the selection index of the third cycle
of multitrait selection (S¢—S,) compared to the first
cycles of multitrait selection (S—S;) for the
characters number of pods per plant (29.900 and
23.300, respectively), first class seed weight per
plant (21.814 and 14.906, respectively), total seed
weight per plant (33.100 and 23.196 gm,
respectively) and pod setting (%) (77.187 and
68.569 %, respectively). The results are in
harmony with the breeder's objectives.

The results revealed an increase in differential
of multitrait selection based on selection index of
the third cycle of multitrait selection (S¢-S,)
compared to the first cycles of multitrait selection
(Sp-S;) for the characters number of primary
branches (1.954 and 1.780, respectively), number
of pods per plant (13.454 and 12.104,
respectively) first class seed weight per plant
(13.084 and 9.424 gm, respectively), total seed
weight pre plant (17.237 and 14.047 gm,
respectively) and pod setting (%) (33.217 and
32.299 %, respectively).

The results showed an increase in heritability
values for the third cycle of multitrait selection
based on selection index compared to the first
cycle of multitrait selection (S¢—S;) for the
characters number of pods per plant (0.612 and-
0.474, respectively ), total seed weight per
plant (0.413 and-0.031gm, respectively) and pod
setting (%) (0.628 and - 0.075 %, respectively). A
similar trend was obtained by de Silva et al.
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Table (3): Values of selection indices and their relative efficiency for common bean genotype through three
generations of multitrait selection under high temperature in late season.

Generation of selection® Selection indices? Relative efficiency (%)
SO 0.374X,+0.363X,+0.586X5+0.512X,4+0.568 X5 22.043
S1 0.037X;+0.059X,+0.065X3+0.145X,+-1.416 X5 40.770
S2 0.491X;+0.496X,+0.486X5+0.498X,+0.492X5 81.283

per plant; X4 = Total seed weight per plant; X5 = Pod setting (%).

L So = The first generation of multitrait selection; S; - The second generation of multitrait selection; S, - The third generation of multitrait
selection; MP = Mother population. % X1 = Number of primary branches; X2 = Number of pods per plant; X3 = The first class seed weight

Table (4): Estimate of the genetic gain of common bean genotype based on selection index
combining five traits of agronomic interest through three generations of
multitrait selection under high temperature in late season.

cs? Trait Arc Agg (%) Xsi Asi h?
So-S; NPB -3.137 -101.00 8.000 1.780 -0.375
NP 0.804 6.700 23.300 12.104 -0.474
FCSW 0.068 1.225 14.906 9.424 0.277
TSW 1.631 15.130 23.196 14.047 -0.031
PS 3.430 8.640 68.569 32.299 -0.075
S-S, NPB -0.137 -4.650 5.300 2.217 0.037
NP 4.446 27.034 28.900 16.900 0.833
FCSW 3.180 36.426 21.597 16.047 0.713
TSW 5.083 32.043 34.525 23.745 0.790
PS 4.270 9.711 74.475 34.775 0.007
S-S NPB -3.274 -111.00 4.900 1.954 -0.491 (-0.491)°
NP 5.250 31.923 29.900 13.454 0.612 (-0.498)°
FCSW 3.248 37.205 21.814 13.084 -0.492 (0.436)°
TSW 6.718 42.325 33.100 17.237 0.413 (-0.491)°
PS 7.700 17.512 77.187 33.217 0.628 (-0.491)°

% CS = Cycle of multitrait selection; ( So- S;) = The first cycle of multitrait selection; (S:-S;)- The second cycle of

multitrait selection;( So- S = The third cycle of multitrait selection. ®: NPB = Number of primary branches; NP = Number

of pods per plant; FCSW = The first class seed weight per plant; TSW = Total seed weight per plant; PS = Pod setting (%).

Arc = Realized genetic gain; Ars (%) = Realized genetic gain in percent; Xsi = Mean of the selected plant based on selection

index; Asi = Differential of multitrait selection based on selection index; h? = Broad — sense heritability. ©: Broad — sense

heritability of mother population.

(2008) who mentioned that the selection for one
trait only can rise undesirable changes of other
important traits due to the association among
them. In this context, the chances of success in an
improvement program can be increased by
simultaneous selection of a set of important traits
in a crop. In addition, Lerner (2002) reported that
there is a function of genes in providing a basis for
the development of the trait within the individual,
hence, heritability describes something about a
population and nothing about an individual.
Accordingly, the selected generations were
obtained from individual plants under different
conditions. Negative heritability can be assumed
to be zero (Gabriele, and Wehner, 2007 and Sabu
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et al., 2009) but should be reported in order to
contribute to the accumulation of knowledge
which may be properly interpreted (Gabriele and
Wehner, 2007). Galal and Karam (1984) reported
that when heritability is equal to zero the trait
would be kept under selection for a long time,
which requires following other ways of selection
instead of phenotypic or mass selection. Breeders
must achieve an increasing in additive genetic
variation and prevent its decreasing. Nakano et al.
(1998), Nakano et al. (2000), Suzuki et al. (2001)
and Tsukaguchi et al. (2003) reported that high
temperature in the summer is causing a drastic
reduction in common bean yield. Moreover,
higher pod set in branches, which vary with the
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cultivar and temperature, plays an important role
in achieving a higher harvest index in the heat-
tolerant compared to the heat-sensitive cultivars.
In addition, Porch (2006) indicated that it is
possible to identify superior genotypes for heat
tolerance based on their stress indices. In this
evaluation of heat tolerance indices, stress
tolerance indices and the geometric mean,
although correlated, were found to be effective
stress indices for the selection of genotypes with
good yield potential under stress and low-stress
conditions.

3.2. Phenotypic, genetic and environmental
correlations in common bean genotype through
three generations of multitrait selection based on
selection index under high temperature in late
season among all pairs were studied.

Data in Table (5) revealed the presence of high
positive and significant genetic correlation
between total seed weight per plant and each of
plant height in the first generation of multitrait
selection and the mother population (0.881 and
0.377, respectively). Also, total seed weight per
plant reflected a high positive and the significant
genetic correlation coefficient with the number of
pods per plant in the second generation of
multitrait selection (0.931). Besides, total seed
weight per plant showed an increased positive and
significant genetic correlation with the first class
seed weight per plant in both the first and the third
generations of multitrait selection (0.394 and
0.694, respectively). Moreover, total seed weight
per plant appeared to have high positive and
significant genetic correlation with pod setting in
both the second and the third generation of
multitrait selection (0.766 and 325, respectively).
On the other hand, total seed weight per plant
showed highly negative and significant genetic
correlation coefficient with number of pods per
plant in both first generation of multitrait selection
and mother population (-0.911 and -0.412,
respectively). Also, total seed weight per plant
involved high negative and significant genetic
correlation coefficient with number of primary
branches in the first generation of multitrait
selection (-0.577). In addition, total seed weight
per plant showed highly negative and significant
correlation with plant height in the third
generation of multitrait selection (-0.423).

Data in Table (5) revealed the presence of high
positive and significant phenotypic correlation
coefficient between total seed weight per plant and
plant height in both first and third generations of
multitrait selection and mother population (0.566,
0.427, and 0.338, respectively). Besides, positive
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significant phenotypic correlation coefficient was
found between total seed weight per plant and
number of pods per plant in all generations of
multitrait selection and mother population (0.764,
0.224, 0.860 and 0.414, respectively). Also, total
seed weight per plant showed increased positive
and significant phenotypic correlation coefficient
with pod setting in all generations of multitrait
selection (0.340, 0.905 and 0.358, respectively).
Breeders are concerned with genetic correlations
under some circumstances, because it may be
more effective to conduct indirect selection for
grain yield or stress tolerance via selection for a
correlated trait than to select directly. Estimates of
genetic correlation between traits or between the
same traits measured in different environments are
useful in determining the predictive power of a
screen or selection environment. These results
agree with those of Bennett and Swiger (1980)
who reported that selection for two or more traits
is different from a single trait selection. The
genotype can be partitioned into parts representing
different traits that could be combined in several
ways for selection. It is possible that the
permanent and temporary changes of genetic
variance and correlation are different for the
various multiple trait selection methods.
Moreover, the effect of increasing selection
intensity and  heritability was generally to
intensify the changes in genetic variances and
correlation. In addition, the changes in permanent
genetic correlation followed by selection for two
traits were not surprising since peliotropic gene
frequencies were expected to change at rates
different from independent gene frequencies
(Rasmuson, 1964). Correlation between characters
seriously complicate the measurement of
phenotypic selection because selection on
particular trait produces not only a direct effect on
the distribution of that trait in a population but
also produces indirect effects on the distribution
of correlated characters (Land and Arnold, 1983).
Phenotypic  correlation in a genetically
heterogeneous population depends on both genetic
and environmental correlation which might have
very different values, even values of opposite
signs (Toms et al., 1994). The results of genetic
and phenotypic correlations of common bean in
mother population were almost similar to results
obtained by Amankwa and Michaels (1997). The
relationship between phenotypic and genetic
correlations in plants is poorly understood (Waitt
and Levin, 1998).

3.3. Proline content, SDS protein electrophoresis
and similarity of common bean genotype through
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Table (5): Phenotypic, genetic and environmental correlations in common bean genotype
through three generations of multitrait selection based on selection index
under high temperature in late season among all pairs of the studied traits.

Traiti Wlthj GeSnengttllgr:ll()f rgij reij rpij
Number of primary branches (i)
Plant height So -0.081 0.231** 0.105
S, -0.124 0.171 0.137
S, -0.370** 0.156 0.127
MP -0.185 0.282** 0.172
Number of pods per plant So -0.177 0.199 0.208
S -0.095 0.137 0.038
S, -0.057 0.126 0.065
MP -0.126 0.126 0.126
Number of seeds per plant So -0.118 0.085 0.078
S -0.022 0.044 0.015
S, -0.023 0.046 0.025
MP -0.025 0.045 0.028
First class seed weight per plant So -0.240 0.246 0.168
S, -0.161 0.155 0.056
S, -0.145 0.145 0.146
MP -0.053 0.102 0.069
Total seed weight per plant So -0.577** 0.183 0.155
S, -0.062 0.102 0.035
S, -0.073 0.105 0.065
MP -0.045 0.085 0.054
Pod setting So -0.122 0.059 0.052
S -0.257** 0.054 0.049
S, -0.019 0.043 0.022
MP -0.019 0.044 0.022
Plant height (i)
Number of pods per plant So 0.912** 0.885** 0.977**
S, -0.179 0.824** 0.222**
S, -0.523** 0.779** 0.381**
MP +0.706** 0.443** 0.736**
Number of seeds per plant So +0.763** 0.370** 0.771**
S, -0.077 0.290** 0.080
S, -0.185 0.288** 0.154
MP 0.203* 0.161 0.180
First class seed weight per plant So 0.961** 0.982** 0.808**
S, -0.369** 0.990** 0.325**
S, 0.327** 0.925** 0.752**
MP 0.464** 0.377** 0.415**
Total seed weight per plant So 0.881** 0.791** 0.566**
S, -0.197 0.672** 0.191
S, -0.423** 0.653** 0.427**
MP 0.377** 0.307** 0.338**
Pod setting So 0.887** 0.259** 0.488**
S, -0.777** 0.308** 0.205**
S, -0.082 0.273** 0.148
MP 0.095 0.157 0.121
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Cont. Table (5)
Trait i with j Generayonlof I gii Feij Ipij
selection o e P

Number of pods per plant (i)

Number of seeds per plant So -0.617** 0.424** 0.380**
S, 0.052 0.222* 0.082
S, 0.267* 0.362** 0.306**
MP -0.219* 0.361** 0.218*

First class seed weight per plant So -0.874** 0.833** 0.885**
S, 0.527** 0.829** 0.587**
S, 0.712* 0.754** 0.756**
MP -0.527** 0.837** 0.523**

Total seed weight per plant So -0.911** 0.908** 0.764**
S, 0.159 0.508** 0.224*
S, 0.931* 0.822** 0.860**
MP -0.412** 0.686** 0.414**

Pod setting So -0.607** 0.293* 0.254*
S, 0.716** 0.358** 0.898**
S, 0.421** 0.339** 0.390**
MP -0.133 0.345** 0.178

Number of seeds per plant (i)

First class seed weight per plant So -0.602** 0.909** 0.798**
S, 0.451* 0.911* 0.578**
S, 0.884** 0.751** 0.830**
MP -0.120 0.454** 0.195

Total seed weight per plant So 0.028 0.076 0.086
S, 0.009 0.050 0.017
S, 0.154 0.130 0.140
MP -0.012 0.033 0.012

Pod setting So -0.962** 0.698** 0.675**
S, 0.852** 0.091 0.912**
S, 0.944** 0.930 0.937
MP 0.870** 0.963** 0.897**

First class seed weight per plant (i)

Total seed weight per plant So 0.394** 0.143 0.161
S, -0.009 0.124 0.024
S, 0.694** 0.244 0.541
MP -0.035 0.087 0.032

Pod setting So 0.684** 0.237* 0.307**
S, 0.820** 0.295* 0.515**
S, -0.126 0.296* 0.151
MP 0.328** 0.416** 0.361**

Total seed weight per plant (i)

Pod setting So -0.055 0.326** 0.340**
S, 0.766** 0.440** 0.905**
S, 0.325** 0.411* 0.358**
MP -0.010 0.054 0.018

1S, = The first generation of multitrait selection; S; - The second generation of multitrait selection; S,- The

third generation of multitrait selection; MP = Mother population; rq; = Genetic correlation; re;j =

Environmental correlation; rp;j = Phenotypic correlation.

*, ** significant at 5% and 1% respectively.
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three generations of multitrait selection based on
selection index under high temperature in late
season:

Results in Table (6) showed significant
elevation in proline content that was extracted
from fresh leaves in high temperature stressed
common bean (Nebraska cv) compared to proline
content in mother population (0.360, 0.356, 0.357
and 0.274 pg/g fresh mass, respectively). Similar
results were obtained by Nogesh and Devraj
(2008), Wahid and Close (2007), and Ashraf and
Foolad (2007) on French beans and sugarcane.

Table (6): Proline content of leaves of common
bean genotype through three
generations of multitrait selection
based on selection index under high
temperature in late season.

Generation of Mean
selection®

SO 0.360%

S1 0.356%

S2 0.357%

MP 0.274°

l:So = The first generation of multitrait selection; S1 - The
second generation of multitrait selection; S, - The third
generation of multitrait selection; MP Mother
population. Any means within rows followed by the same
letter are not statistically different at 5% level (Duncan' s
multiple test).

Electrophoretic SDS protein patterns were
shown in Table (7). The total number of protein
bands obtained by scanning the gel of seed
proteins of the four generations of multitrait
selection under high temperature in late season
were 17 distinguished bands that varied from
generation to another. The number of these bands
ranged from 7 to 11 bands in the generation of
multitrait selection under high temperature in late
season. The highest number of seed protein band
(11 bands) was found in the second generation of
multitrait selection, and the lowest number; (7
bands) was recorded in the third generation of
multitrait selection. Only two bands namely 11and
12 were found in all generations. Band number 4
was found only in seed protein of the mother
population and both first and second generations
of multitrait selection. Bands number 3 and 10
were found only in seed protein of the mother
population and both the first and the third
generations of multitrait selection. The band
number 14 was found only in seed protein of the
mother population and both second and third
generations of multitrait selection under high

temperature in late season. Also, bands number 6
and 9 were found only in seed protein of both first
and second generations of multitrait selection.
Bands number 13 and 16 were found only in seed
protein of mother population, second and third
generations of multitrait selection under high
temperature in late season. In addition, bands
number 15 and 17 were found only in seed protein
of both second and third generations of multitrait
selection under high temperature in late season.
While, band number 2 was found only in seed
protein of first generation of multitrait selection.
Also, band number 5 was found only in seed
protein of mother population. Band humber 7 was
found only in seed protein of mother population.
Meanwhile, band number 8 was found only in
seed protein of second generation of multitrait
selection under high temperature in late season.
Some specific bands (band 15 and 17) of the
examined seed protein of the generation of
multitrait selection showed relation to tolerance
for high temperature in late season. This might be
used as a biochemical genetic marker for this
character (high temperature tolerance).

The results in Table (8) represent the values of
the similarity indices among the four seed proteins
of the generations of multitrait selection under
high temperature in late season. The results
indicated that the highest similarity was between

Table (7): The presence (+) and absence (-) of
bands in SDS protein electrophoresis
extracted from seeds of the
generations of multitrait selection of
dry common bean genotype under
high temperature in late season.

Band number Generation of selection®
MP [ S | S S,
1 - - -
2 - + -
3 + + - +
4 + + + -
5 + - -
6 - + +
7 + - -
8 - - +
9 - + + -
10 + + - +
11 + + + +
12 + + + +
13 + - + -
14 + + +
15 - + +
16 + + -
17 - + +

1Sy = The first generation of multitrait selection; S1 - The

second generation of multitrait selection; S, - The third

generation of multitrait selection; MP = Mother population.

310



Dry common beans (Phaseolus vulgaris L.) response to

the mother population and the third generation of
multitrait  selection (60.417%). The lowest
similarity was between the first generation of
multitrait selection and the third generation of
multitrait selection (53.571%). These results agree
with those of Nogesh and Devraj (2008) who
reported that SDS-PAGE patterns of stressed
French been also showed intensification of few
protein bands and appearance of at least five new
bands. Interestingly, the SDS-PAGE patterns of
salt and temperature stress differed significantly,
indicating the involvement of different controllers.

Table (8): The percentages of similarity between
the protein bands resulted from the
generation of multitrait selection of dry
common bean genotype.

Generation of MP SO S1 S2
selection®
MP
SO 59.027
S1 57.273 53.977 -
S2 60.714 53.571 58.442 -

1:So = The first generation of multitrait selection; S;- The
second generation of multitrait selection; S, - The third
generation of multitrait selection; MP = Mother population.

Conclusion

It could be concluded that (i) the multitrait
selection based on selection indices increased the
genetic variation within the population or variety
which remained under the selection for a long
time. That helped in obtaining new tolerated
strains to high temperature in late season. That
indicates to the magnitude of the genetic
variability persisted in this material that was
sufficient for providing rather substantial amount
of improvement through the selection of superior
progenies. Therefore, the results showed that
multitrait selection based on selection indices
under high temperature in late season had clear
effects on mean values of each studied traits and
differed from that of mother population. Although,
the total seed weight per plant had a significant
difference among the estimates of mean values
between the third generation of multitrait selection
under high temperature in late season and mother
population (15.863 and 19.510gm, respectively),
but there was considerable improvement
compared to the first generation (9.149gm). These
results are in accordance with breeding objectives.
(i) the genetic gain responses to multitrait
selection after two cycles of multitrait selection
under high temperature in late season recorded
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processions for all traits. Besides, the multitrait
selection based on selection indices under high
temperature in late season had clear effects on
genetic and phenotypic coefficient correlation
from generation to generation (concerning the sign
or degree of significance). (iii) moreover, the
multitrait selection based on selection indices
showed elevation in proline content that was
significantly observed in high temperature
stressed common bean (Nebraska cv) compared to
proline content in mother population. (iv) the
separated protein from the affected seed by high
temperature in late season showed some bands
that can be used as biochemical or genetic marker.
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