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Water stress is vital factor limiting bean production wherever beans are grown. The development of
bean cultivars having resistance to this stress is a cost-effective tools to address this constraint. This
study assessed the performance of gene action and heritability in stress and non-stress conditions.
The experiment was designed in randomized complete block design with three replication of two types
of common bean including Taylor (P,) and Aracuanol (P,). These parents were crossed and then F,, F3,
BC, and BC, generation were derived. Then yield and vegetative traits include: Number of days to
germination (V,), number of days to appearance of primary leaves (V,), number of days to appearance
of a first trifoliate (V3); number of days to appearance of a third trifoliate (V,), height of plant and yield
were considered. The genetic components of generation mean analysis were included: Mean (m),
additive effect (d), dominate effect (h), additive x additive effect (i), additive x dominate effect (j) and
dominate x dominate effect (). These components were evaluated for all traits, while all the gene effects
were not observed simultaneously in all traits. The dominant effect of genes was the most important
genetic parameter for controlling the majority of the traits. Despite the significant result for additive
effect the importance of dominant effect was more. The results of this study present that in the study of
traits in both stress and non-stress conditions not only the additive and dominant effects are important
but also the epistasis effect is considerable as well. Moreover, because of the high heritability of most
of the traits, it may improve the resistance to drought in breeding projects.

Key words: Common bean, generation mean analysis, heritability, stress and non-stress conditions, action
gene.

INTRODUCTION

Gene action quantitative traits like vegetative traits can
be evaluated by generation mean analysis. Several
models have been tested by Hayman (1958), Gamble
(1962) and Mather and Jinks (1982) to analyze mean
generation. Mean analysis is developed for estimation of
the genetic component variance. Furthermore component
variance provides essential information about gene action
for the very important characters of crop species (ASRAT
and KIMANI, 2005). As a result, estimation of genetic
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parameters has a significant role in plant breeding. In
recent decays due to fast population growth, many
developing countries have faced with consequences such
as food shortages and malnutrition. So plant breeding
can be used as a substantial programme to decrease
food shortage by potential yield enhancement (Bongaarts
et al., 2009). More than twenty percent of the population
in developing countries cannot get enough food due to
lack of agricultural resources (Chopra et al., 2002).
According to UN reports, the population of Iran during the
1980 to 1985 had a growth rate of 2.89% that in
comparison to world population, Asia and developing
countries with rates about 1.67, 1.74 and 2.01%,
respectively is much greater (Omobowale et al., 2009).



Table 1. Mean Genetic evaluation for evaluated traits in non-stress and stress conditions.
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M [d] [h] (1 [i] (1 X2
Stress conditions

V1 4,32+0.53** 0.62+0.85 8.16+3.01** 1.01+0.52* -1.34%#0.99 3.99+2.63** 0
V2 10.09+0.22** -0.23*0.17 1.61+0.65* 1.11+0.27** 2.31%1.43 —_ 1.54
V3 17.34+0.24** -0.34+0.24 -6.78+1.68** —_ 5.18%1.49** 6.66+2.76* 1.21

V4 25.18+0.68** -0.41+0.21* -11.85+3.76** -1.67+0.64* 2.84%1.37* 14.10+4.92** 0
Height 53.91+1.83** 26.88+1.83**  131.12+15.58** — -138.91+15.12** -256.97+30.10** 0.03
Yield 36.29+6.82** 4.07+1.54* -109.17+3.78** -17.06+6.75* —_ 128.44%45.82** 1.30

Non-stress conditions

Vi 3.73+ 0.92** -0.38+0.18* 16.26+4.68** 2.68+0.90** 7.09+1.43* -20.4245.88** 0

V2 6.36+0.83** 0.05+0.20 26.72+4.28** 4.42+0.81** 7.03+1.38** -38.361+5.41** 0
V3 16.28+0.25* 0.47+0.25* 4,53+1.80* _ 1.50+4.67** -12.32+3.00** 1.92
\vZ! 25.16% 0.96** -0.66 £0.17** -11.82+4.65 ** -1.74 £ 0.93* —_ 15.88+5.64** 0.84

Height -5.14+£10.96 24,4242 .22 426.11+59.20** 58.63+10.73** -96.53+19.299** -602.23+77.14** 0
Yield 14.82+0.69** 1.38+1.92 _ 7.56+2.21** _ —_— 7.52

There are many methods to overcome these problems
such as, population control, agricultural land expansion
and increase yield potential per plant (Thornton et al.,
2011). Water deficiency is one of the most important
factors that limit crop production. Drought occurs when
the combination of physical and environmental factors
cause water stress in plants and thus reduce production.
The duration and severity of drought is very variable from
one area to another, which in parts of South Asia, India,
Africa and the Middle East and other parts of Northern
Argentina and Brazil to Mexico, mainly food production is
limited to non-regular rainfall, so drought is considered a
serious threat for agricultural production in most countries
of this areas (Kreuzwieser et al., 2010). Common bean
(Phaseolus vulgaris L.) is one of the important legumes
for direct human consumption while compared to other
grain legumes such as cowpea, peanut or pigeon pea, it
usually have high water requirements and vulnerable to
drought stress (Broughton et al., 2003; Blair et al., 2010).
Drought stress on crops is defined as an insufficiency of
water availability that restricts the appearance of the full
genetic potential of a cultivar (Taiz and Zeiger, 2006).
Inheritance of drought tolerance in common beans has
been known to be quantitative with regular selection as
an effective breeding strategy (Beebe et al., 2008; Blair et
al., 2010). Present work was conducted to assess the
performance of action gene in stress and non-stress
condition. Moreover this study aimed to the heritability
and number of traits control genes in mentioned
conditions.

MATERIALS AND METHODS
Plants population and study design

The experiment was designed in randomized complete block
design with three replications of two types of common bean

including Taylor (P1) and Aracuanol (P;). These parents were
crossed and then F,, F3, BC; and BC; generation were derived from
2007 to 2010. For each one of the P;and P, generations two lines,
BC; and BC; three lines and F, and Fs3, six lines in each replication
were planted. The distance between lines was 20 cm, in lines was 5
cm and the length of each line was 3 m. Furthermore, after the
seedling settled down (in the time of third foliage appearance), the
water stress was applied and continued to end of the agricultural
season (Blum 1998; Blum, 2001). Data collection was performed
from all the study population. Generation mean analysis was
applied for each trait using Mather and Jinks method (Mather and
Jinks, 1982; Evans, 2002; Weerapun et al., 2010). We considered
yield and vegetative traits such as: Number of days to germination
(V1), number of days to appearance of primary leaves (V2), number
of days to appearance of a first trifoliate (V3), number of days to
appearance of a third trifoliate (V4), height of plant and yield. The
genetic components of mean for the selected traits observed using
joint scaling test include: Mean (m), additive effect (d), dominate
effect (h), additive x additive effect (i), additive x dominate effect (j)
and dominate x dominate effect (I).

Statistical analysis

The data was analysed using Minitab 15.0 software package. The
goodness of fit for additive-dominance model was observed using
joint scaling and chi-square tests. In case that the additive-
dominance model has not revealed all the genetic changes in the
trait of interest, the six-parameter fitness model was used. In order
to measure the gene effect and genetic variation components, the
generation variance also has been studied using Kearsy et al.
formulas (Kearsy et al., 2003). The heritability in broad sense and
narrow (h% and h%, respectively) was observed using Warner
method (Warner 1952). The P-value less than 0.05 and 0.01were
considered as significant.

RESULTS

All the possible models were fitted for the traits of interest
and those models which showed significant gene actions
were selected (Table 1). The (d) component was
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Table 2. Comparison of the statistically fitted models based on the traits of interest in this study and those significant effects.

Fitted models and those relative significant effects
Non-stress condition Stress condition

Traits Fitted Significant effect Fitted Significant effect
model model
- [h] and [i] component has similar sign, the o . . .

S;;lxrameter variance increasing for segregate generations, Sg;ameter E/rgrie;&dcg]ir?ggggigenftoﬁse s;gm;itreSIger:lletrha?ions

?m-[d]-[h]- the selection for this trait in First generations is ?m-[d]—[h]- the selection for th?s trait ig Fi%st gnerations ié
V1 . not effective because [d] component was not o : g e

[iI-61-IM S ENEL) effective because [d] component was significant

significant

Five- \[/rgriaar;](::g]ir?grn;g;?]enfto?iz S:Z";[r(a&%?l’et:]aiions Six- [h] and [i] component has similar sign, the

parameter h lection f hg Seg F'g 9 X > parameter variance increasing for segregate generations,

(m-[d]-[h]- the selection for this trait In First generations Is (m-[d]-[n]-  selection is not effective in First generations
V2 . not effective because [d] component was not . T

[i1-0D significant [I1-61-m because [d] component was not significant

Fglrz-meter the selection for this trait in First generations is Fglrz-meter the selection on this trait is effective because [d]

p not effective because [d] component was not p SO
V3 (m-[d]-[h]- significant (m-[d]-[n]- component was significant

[1-0) [1-00)

Six- [h] and [i] component has similar sign, the Five- [h] and [i] component has similar sign, the

parameter  variance increasing for segregate generations, parameter variance increasing for segregate generations,
va (m-[d]-[h]- the selection on this trait is effective because [d] (m-[d]-[n]- selection is effective in First generations

[I1-00-1D component was significant E)] because [d] component was significant
The Five- Six- [h] and [i] component has similar sign, the

eight parameter  selection is effective in First generations because  parameter variance increasing for segregate generations,
heigh lection is effective in Fi ions b iance increasing f i
of (m-[d]-[h]- [d] component was significant (m-[d]-[h]- the selection on this trait is effective because [d]
bush [iI-1D) [i1-01-IM component was significant
ive- and [i] component has similar sign, the

Fi [h] and [i] h imilar si h Three-

parameter  variance increasing for segregate generations, S L .

(M-[d]-[h]- the selection is effective in First enerations parameter  selection is not effective in First generations
Yield 9 (m-[d]-[i]) because [d] component was significant

[1-D

because [d] component was significant

V1, Number of days to germination; V2: number of days to appearance of primary leaves; V3: number of days to appearance of a first trifoliate; V4: number of
days to appearance of a third trifoliate.

significant for v,4, height and vyield traits in non-stress
condition, while v, vs and height were significant in stress
condition (Table 1). The (h) component was significant for
all traits in both non-stress and stress condition except in
stress condition this component was not fitted to the
model for yield trait (Table 1). In case of [i] component V;,
V,, V,; and yield traits were significant, while this
component was not fitted to the model for Vs and height
traits in non-stress condition. Moreover, the (i)
component was not fitted to the model for only Vs trait
and all the rest traits were significant in stress condition
(Table 1). The (j) component was not fitted to the model
for only yield trait and V3, V4, and height traits were
significant in non- stress condition, while in stress
condition this component was not fitted to the model for
V, and yield traits and all the rest traits were significant
(Table 1). The (I) component was not fitted to the model
for only V, trait and all the rest traits were significant in
non-stress condition, hence in stress condition this
component was not fitted to the model for only yield traits

and all the rest traits were significant (Table 1). In this
study two, three, four, five and six-parameter models
were used to better understand genetic system that
control all the traits of interest (Table 2). In case of V;
and V; traits in stress condition the (d) component was
significant, but in non-stress condition these component
was not significant, which revealed that the selection of
first generations for this trait in stress condition is
effective (Table 2). In contrast, In case of yield trait in
stress condition the (d) component was not significant,
while in non-stress condition these component was
significant, which revealed that for yield improvement
only in non-stress condition the selection of first
generations was effective (Table 2). According to the
obtained results about the heritability, because h%, and
h?, had no considerable difference for V; trait, thus the
additive variance was high that showing a high breeding
value (Table 3). In the rest traits the heritability study
showed considerable difference between h?, and h?,
which revealed that both dominant and epistasis
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Table 3. The heritability of traits of interest in stress condition compared to non-stress one.

V1 V2 V3 V4 height yield
Non stress conditions hz (Broad-sense) 0.411218 0.603508 0.573314 0.684231  0.760695  0.753076
h° (narrow-sense)  0.407697 0.547489 0.42964 0.535602  0.331556  0.180282
Stress conditions hi (Broad-sense) 0.440922 0.520978 0.474417 0.358861  0.630411  0.502999
h” (narrow-sense)  0.401619 0.458819 0.431551  0.285387  0.329495  0.122784

V1: Number of days to germination; V2: number of days to appearance of primary leaves; V3: number of days to appearance of a first trifoliate;

V4: number of days to appearance of a third trifoliate.
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Figure 1. Frequency distribution of number of days to germination (V,) trait P; and P, (both parents) compared with
the F,, F3, BCS; and BCS; generations of the cross Taylor (P1) x Aracuanol (P>) in stress and non-stress conditions.

variances were effective (Table 3). The high decrease in
heritability in case of stress condition in all traits and yield
especially may show considerable effects of environment
on these traits. The difference in germination between P,
and P, for V; trait was not considerable in both stress and
non-stress conditions. But in F, generation there was a

normal distribution of this trait that might show
transgressive segregation. In F3 generation decreasing in
V, value is the most concern. Moreover in BCS; V; trait
increased in majority of the plants in contrast of
decreasing of it in BCS, (Figure 1). In F3 generation, the
majority of plants tend to the parent who had lower level
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Figure 2. Frequency distribution of number of days to appearance of primary leaves (V) trait P; and P, (both parents)
compared with the F,, F3, BCS; and BCS; generations of the cross Taylor (P1) x Aracuanol (P>) in stress and non-stress

conditions.

of v, trait in non-stress condition that showed the higher
dominancy of this parent compared to P,. This trait
increased in majority of the plants In BCS; while V,
decreased in BCS, simultaneously (Figure 2).
Furthermore the majority of plants tend to the parent who
had lower level of v, trait (P1). In stress condition for F3
and BCS; generations. Many numbers of plants had
heterosis to P,. In BCS,; also the majority of plants tended
to this parent (Figure 2). In stress condition the majority
of plants had heterosis to P, in all F,, F3, BCS; and BCS,
generations of vj trait and many numbers of plants had
similar phenotype to P; that might show the P; was more
dominant compared to P, (Figure 3). In case of V, trait in

non-stress conditions no considerable mean difference in
P, and P, generations was observed. In F, and F3
generations heterosis to P, could be seen more, while
BCS,; generation tends to P,. In stress conditions in F;
and F3 generations heterosis to both parents could be
seen (Figure 4). According to the results, it was observed
that plant height trait in both parents had many
differences. In F, and F3 generations higher variability of
this trait was observed (Figure 5). The difference
between P; and P, for yield trait was not considerable in
both stress and non-stress conditions, but in F, and F;
generations there was a normal distribution of this trait
that might show transgressive segregation (Figure 6).
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conditions.

DISCUSSION

This study assessed the performance of action gene in
stress and non-stress conditions and studied the
heritability and number of traits control genes. In some
traits, after excluding components that were non-
significant, the value was still non-significant, which
indicated that model was not appropriate. Thus the model
did not follow Mather and Jinks method (Mather and
Jinks, 1982). Therefore the trigenic interaction, linkage, or
both existed. In fact, with the use of all possible models
the best model with goodness of fithess was obtained
and selected. These findings might reveal that to achieve
a proper model and to prevent the trigenic interaction or
linkage it is necessary to fit all the available models.
Furthermore in stress or non-stress condition at least a

significant interaction effect existed. Thus epistasis gene
effect (even if it is large) was the average for all
resistance genes and in some cases this effect might be
remained unclear by the background of genotype. If the
opposite effects (especially effects of (j) parameter) exist
or majority of the genes act as additive and a number of
genes show epistasis, these effects might neutralize each
other. Moreover, significant dominance x additive
interaction in both stress and non-stress conditions
showed the effect of environmental on epistasis. The
findings of this research were fairly close to other
researchers. Welsh et al. (1995) and Brett et al. (1981)
declared that to obtain high-yielding and resistant
varieties, parents with high vyielding potential and
resistant must be selected. In the present study high
yielding varieties were obtained that had significant
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genetic distance to relatively drought stress. Neinhus and
Singh (1986) were reported additive and non-additive
gene effects on yield, but the additive effects were more
observed, which in agreement with that the present study
in non-stress condition V,4, height and yield traits were
affected by both additive and dominant effects, hence in
stress condition in Vi, V3, V4 and height were affected by
both additive and dominant effects. Moreover, the

average of seed yield per plant was observed significant
and both additive and dominance gene action were
involved in the inheritance of this traits that are
compatible with those Joshi et al. (2004), Alghamdi
(2009) and Weerapun et al. (2010) had found. In
conclusion, the results of this study presented that in the
studied traits in both stress and non-stress conditions not
only the additive and dominant effects are important the
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epistasis effect is considerable as well. Moreover, the
hybridization concomitant with selection standard
methods was effective in the yield improvement in both
stress and non-stress conditions. However, because of
the high heritability of most of the traits, it might be
possible to improve the yield through the routine selection
methods.

ACKNOWLEDGEMENTS

This study was a PhD thesis that supported by the
research deputy of IAU, Science and Research Branch.
The authors would like to thank Dr Fakher Rahim, Dr.
Roxana Moogouei and Hamid Reza Dorri for their
participation in manuscript revision.



900

16
14
12
10

[T T N o I 0]

14
12
10

(=TI

Yield trait

O =N WL OO N

N W R O® O~

y

Afr. J. Agric. Res.

F2

I MH

bl .

F3

-

B.C.S.1

l| ” 1] HIHII] | Il

B.C.S.2

]
===
=

T
o ~r KO o~ o
-— —

I

BB RS R LB B B

o NN o O =
NN o o < =

Stress condition (gram)

P1

F3

B.C.S1

20 -
18 1
16 4
14 4
12 A

o e
L

B.C.5.2

15 1

e B 7= B
I

T2 P P R R P PP

non-Stress condition (gram)

Figure 6. Frequency distribution of yield trait P; and P, (both parents) compared with the F;, F3, BCS; and BCS;
generations of the cross Taylor (P1) x Aracuanol (P2) in stress and non-stress conditions.

REFERENCES

Alghamdi SS (2009). Heterosis and combining ability in a diallel cross of
eight faba bean (Vicia faba L.) genotypes. Asian J. Crop Sci., 1(2):

66-76.

ASRAT A, Kimani PM (2005). Estimation of genetic parameters for
some quantitative traits in large seeded bean (Phaseolus vulgaris L.)
lines by factorial analysis of generation means. Afr. Crop Sci. Confer.

Proc., 6: 85-89.

Beebe SE, Rao IM, Cajiao C, Grajales M (2008). Selection for drought

resistance in common bean also improves yield in phosphorus limited
and favourable environments. Crop Sci., 48: 582-592

Blair MW, Carlos H, Tovar GE, Torres MM, Castillo’'s AV, Steve E,
Beebe SE, Rao IM (2010). Development of a Mesoamerican intra-
gene pool genetic map for quantitative trait loci detection in a drought
tolerant susceptible common bean (Phaseolus vulgaris L.) crosses,
Mol Breeding, DOI 10.1007/s11032-010-9527-9.

Blum A (1998). Improving wheat grain filling under stress by stem
reserve mobilisation. Euphytica, 100: 77-83.

Blum A (2001). Plant breeding for stress environments: are we making



progress? Rice research for food security and poverty alleviation.
Proceedings of the International Rice Research Conference, Los
Bafios, Philippines, pp. 243-250

Bongaarts J (2009). Human population growth and the demographic
transition.Philos Trans R Soc. Lond B Biol. Sci., 364(1532): 2985-90.

Brett FC, Smith EL, England HO (1981

Chopra M, Galbraith S, D). Regression and cluster analysis of
environmental responses of hybrid and pure line winter wheat
cultivars. Crop Sci., 27: 659-669. arnton-Hill 1 (2002). A global
response to a global problem: the epidemic of over nutrition. Bull.
World Health Organ., 80(12): 952-958.

Evans DM, Gillespie NA, Martin NG (2002). Biometrical genetics.Biol
Psychol. 61(1-2):33-51.

Gamble EE (1962). Gene effects in corn (Zea mays L.) |. Separation
and relative importance of gene effects for yield. Can. J. PI. Sci., 42:
339-348.

Hayman BI (1958). The separation of epistatic from additive and
dominance variation in generation mean. Heredity, 12: 371-390.

Khaghani et al. 901

Joshi SK, Sharma D, Singhania L, Sain RS (2004). Combining ability in
the F1 and F2 generations of diallel cross in hexaploid wheat
(Triticum aestivum L. em. Thell). Hereditas, 141: 115-121.

Kearsy MJ, Pooni HS, Syed NH (2003). Genetics of quantitative traits in
Arabidopsis thaliana. Heredity, 91: 456-464.

Kreuzwieser J, Gessler A (2010). Global climate change and tree
nutrition: influence of water availability. Tree Physiol., 30(9): 1221-34.

Mather K, Jinks JL (1982). Biometrical Genetics.3nd ed. Chapman &
Hall. London, UK.

Neinhus J, Singh SP (1986). Combing ability analysis and relationship
among yield.yield-componements and architectural traits in dry bean.
Crop Sci., 26: 21-27.



