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Abstract

Appropriate methods in breeding programs can reduce time and costs. Additionally, selection strategies related to production traits
are favourable due to their high detection efficiency and low cost. This research aimed to evaluate the genetic parameters of grain
production and its primary components in F; F, BC; and BC, generations derived from crosses between the common bean cultivar
IPR-Uirapuru, which is highly tolerant to drought stress, and the line LP 97-28, which has a low tolerance to drought stress, under
conditions of water deficit during the year 2011. The plants were subjected to water stress during three different developmental
stages: vegetative growth (V stage), flowering (R stage) and pod-filling (Rg stage). The drought intervals lasted four days, and the
plants were subsequently irrigated for 20 days. At physiological maturity (Rg), the plants were harvested individually, and the
following characteristics were evaluated: grain production (GP), the average weight of 100 seeds (W100s), the number of pods per
plant (NPP) and the number of seeds per pod (NSP). From the phenotypic data, genetic analyses were performed to estimate the
means and variances for each of the generations. Estimates of genetic variance components enabled the calculation of heritability
estimates in a broad and narrow sense. The results show that additive genetic effects were involved in the majority of the total genetic
variances, indicating a significant contribution for all traits evaluated. The values for heritability in a broad (H?) and narrow (h?)
sense were high, indicating reliability in the transmission of traits to offspring. Thus, the additive effects played a greater role in the
total genetic variance in relation to the genetic control of drought tolerance, and satisfactory genetic gains were made with the
selection of tolerant individuals in early generations. Selection contributed to gains of 2.93 for grain production, 3.29 for the average
weight of 100 seeds, 2.37 for the number of pods per plant and 0.73 for the number of seeds per pod. After selection in the F,
generation, the predicted genetic gains in these same traits for the F3 population were 9.79, 24.58, 9.39 and 5.34, respectively.

Keywords: Backcross, drought tolerance, heritability, Phaseolus vulgaris L., variances.

Abbreviations: BC_backcross, GP_grain production, W100s_average weight of 100 seeds, NPP_number of pods per plant,
NSP_number of seeds per pod, op?_phenotypic variance, o, environment variance, agz_genotypic variance, ¢,2_additive variance,
o42_dominance variance, H? o_broad sense heritability, h? o_narrow sense heritability, add_average degree of dominance,
mng_minimum number of genes, DS_differential of selection, GS_gain by selection, and PGG_predicted gain genetic.

Introduction

The common bean crop is an important economic option for (Lizana et al., 2006). Cultivation of the common bean
producers with access to advanced technology in their area requires basic and applied research on the impacts caused by
and for the model of family farming (Broughton et al., 2003) water deficit due to the frequency and severity of production
because it is a low-cost source of protein and carbohydrates losses linked to this abiotic stress (Beebe et al., 2013) and the
(Abdellatif et al., 2012) and has high levels of minerals, high economic and nutritional importance for producers and
mainly iron and zinc (Carvalho et al., 2012).Drought is consumers of the grain in countries such as Brazil (Londero
common in many areas with agricultural potential, especially et al., 2008). Appropriate methods in selective breeding
tropical regions, and causes an increase in temperature and a programs can reduce time and costs by determining plants
decrease in relative humidity (Mufioz-Perea et al., 2006). that can be discarded (Clarke et al., 1992). Therefore,
Drought stress in crops can be provoked by irregular rainfall selection strategies related to production traits such as grain
(Asfaw et al., 2012a; Blair et al., 2012) and inadequate production, the average weight of 100 seeds, the number of
irrigation for crops such as the common bean (Antonino et pods per plant and the number of seeds per pod is favourable
al., 2000; Fereres and Soriano, 2007). When exposed to due to their high detection efficiency and low cost (Subbarao
drought stress during the reproductive stage, Phaseolus et al., 1995). Therefore, this study aimed to estimate genetic
vulgaris experiences significant losses in grain production parameters for grain production and its primary components
(Ramirez-Vallejo and Kelly, 1998) because fewer pods are in Fy, F,, BC; and BC, generations derived from crosses of
produced (Mufoz-Perea et al., 2007) as a result of water the common bean cultivar IPR-Uirapuru, which is highly

deficiency and the ensuing abortion of reproductive organs
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tolerant to drought, and the line LP 97-28, which has a low
tolerance to drought, under water deficit conditions.

Results
Production components

The grain production (GP) results reveal that the evaluated
plants had values between 0.01 and 9.78 g. The low and high
means for all populations were 2.30 and 6.86 g, respectively
(Table 1). The F, generation showed the best performance.
The low and high values for variance were obtained in the
parental P, (1.51) and F, (8.88) generations, respectively. In
relation to the average weight of 100 seeds (W100s), the
values ranged between 12.56 and 29.64 g. In addition, the
low and high means were 18.49 and 21.83 g, with the greatest
means in observed in the F; and P, populations (Table 1).
The greatest variance of 11.12 was obtained in the F,
generation. For the number of pods per plant (NPP), the
plants studied had values between 1 and 19, and the lowest
and highest means were 2.70 and 7.02, respectively (Table 1).
The best result was found in the F, generation, while the
lowest value was observed in the BC; generation. The highest
variance of 8.08 was observed in the F, generation (Table 1).
For the number of seeds per pod (NSP), the plants collected
in this study had values between 1.0 and 6.8. The low and
high means were 4.17 and 4.64 in populations P; and BC,,
respectively (Table 1). Additionally, the best result was found
in generation BC,. The low and high variances were 0.38 and
154 (Table 1) and were obtained in the P, and F,
generations, respectively.

Genetic control

The values of the phenotypic (sp?), environmental (ce?),
genotypic (og?), additive (s4?) and dominance variances (od)
for grain production were 8.88, 2.97, 591, 5.75 and 0.16,
respectively (Table 2). The genotypic variance corresponded
to 66.6% of the phenotypic variance (total), and the additive
variance accounted for 97.3% of the genetic variance.

The phenotypic, environmental, genotypic, additive and
dominance variances for the W100s were 11.12, 2.55, 8.57,
7.66 and 0.91, respectively (Table 2). For this characteristic,
the genotypic variance accounted for 77.1% of the total
variance, while the additive variance corresponded to 89.4%
of the existing genetic variance. The phenotypic,
environmental, genotypic, additive and dominance variances
for the NPP were 8.08, 2.33, 5.75, 4.73 and 1.02, respectively
(Table 2). The phenotypic variance accounted for 71.2% of
the genetic variance. Additionally, the additive variance
corresponded to 82.3% of the genotypic variance. For the
NSP, the phenotypic, environmental, genotypic, additive and
dominance variances were 1.54, 0.56, 0.98, 0.76 and 0.22,
respectively (Table 2). The genotypic variance represented
63.7% of the phenotypic variance in this characteristic. The
additive and dominance variances contributed to 77.6 and
22.4% of the genotypic variance, respectively. The estimates
of broad sense heritability (H? %) ranged between 63.6 and
77.0% (Table 2), and the high and low values were found in
the W100s and NSP characteristics, respectively. The
estimates of narrow sense heritability (h?> %) oscillated
between 49.2 and 68.9% (Table 2), and the high and low
values also corresponded to the W2100s and NSP
characteristics. The average degree of dominance (add)
values were 0.22, 0.48, 0.65 and 0.76 for the GP, W100s,
NPP and NSP characteristics, respectively (Table 2). The
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minimum number of genes (mng) that controlled the GP,
W?100s, NPP and NSP characteristics were 4.7, 4.4, 8.6 and
5.5, respectively (Table 2).

Differential of selection, gain by selection and predicted
genetic gain

The characteristics of grain production, average weight of
100 seeds, number of pods per plant and number of seeds per
pod had differential of selection (DS) values ranging from
1.49 to 4.85 (Table 3). The high and low values were
obtained for the W100s and the NSP, respectively. In
relation to gain by selection (GS), the GP, W100s, NPP and
NSP characteristics had values of 2.93, 3.29, 2.37 and 0.73,
respectively (Table 3). When expressed as a percentage (%
GS), the grain production trait had the highest value for gain
by selection at 42.7%. The lowest value was found for the
average weight of 100 seeds. The predicted genetic gain
(PGG) values were 9.79, 24.58, 9.39 and 5.34 for the GP,
W?100s, NPP and NSP characteristics, respectively (Table 3).

Correlations between characteristics

Correlation coefficients indicated that all characteristics were
directly proportional (Table 4), except between the NSP and
NPP, which were inversely proportional. Additionally, the
results show a high correlation (0.96) between the NPP and
GP. Moderate associations were found between the GP and
W100s and the W100S and NSP within six generations (P,
P,, F1, F,, BC; and BC,) derived from crosses between LP
97-28 and IPR-Uirapuru.

Discussion

The estimated means of the segregating generations and the
genetic variance (%) composed of high additive genetic
variance indicated the presence of transgressive individuals.
These findings enabled the selection of promising genotypes
for drought tolerances higher than those of IPR-Uirapuru and
LP 97-28, the parent lines in this study. In terms of the
estimated variances in the study populations, the best
performances were observed for the segregating generations
(F2, BC; and BC,), which demonstrated higher values for all
traits compared to the parent (P, and P,) and F; generations
(Table 1). These results can be attributed to the large
segregation of genes and, consequently, the higher amplitude
in the distribution of the drought stress tolerance values,
indicating genetic variation for the evaluated traits (Gravina
et al., 2004). Similar results to those found in this study in
terms of the GP of the F, generation were reported by
Szilagyi (2003) for experiments with the common bean
grown under adequate conditions (irrigation) and drought
stress. This author studied production components in six
populations derived from crosses between F332 and
Ardeleana. Genotypes that are tolerant to drought stress often
do not exhibit high levels of production because productive
cultivars have no tolerance genes and are thus sensitive to
drought. This characteristic works as a limiting factor during
the selection of cultivars for use in production systems
(Santos and Carlesso, 1998). The results of present study
corroborate this information; the grain production obtained in
line LP 97-28 was higher than that observed in cultivar IPR-
Uirapuru, which has a tolerance to water deficits. For W100s,
the genotypic variance observed in the F, population was
high, suggesting a high rate of transmission of this
characteristic to generations from crosses between LP 97-28



Table 1. Number of evaluated plants (n), means (m) and variances (o) from grain production (GP), average weight of 100 seeds (W100s), number of pod per plant (NPP) and number of seeds
per plant (NSP) obtained in six populations (P, P,, F1, F», BC; and BC,), derived of cross between LP 97-28 x IPR-Uirapuru, Maringa-PR, Brazil, 2011.

LP 97-28 x IPR-Uirapuru GP (9) W100s (g) NPP NSP
n m &2 m o? m o? m o’

LP 97-28 (P,) 16 4.60 1.51 18.49 1.19 5.69 1.29 4,17 0.68
IPR-Uirapuru (P,) 18 4.48 1.89 21.83 1.37 4.39 2.13 4.60 0.38
Fq 7 4.19 4.25 21.83 3.81 4.43 2.95 4.29 0.59
F» 166 6.86 8.88 21.29 11.12 7.02 8.08 461 1.54
BC, 10 2.30 4.92 19.29 6.44 2.70 5.34 4.54 1.43
BC, 39 3.31 7.07 20.52 8.13 3.44 6.09 4.64 0.88

Table 2. Estimates of phenotypic variance (sp®), environmental variance (s.”), genotypic variance (,°), additive variance (a,”), dominance variance (a4°), broad sense heritability (H? ¢;), narrow
sense heritability (h?,,), average degree of dominance (add) and minimum number of genes (mng) related to grain production (GP), average weight of 100 seeds (W100s), number of pod per
plant (NPP) and number of seeds per plant (NSP) obtained in six populations (P4, Py, F4, F,, BC; and BC,), derived of cross between LP 97-28 x IPR-Uirapuru, Maringa-PR, Brazil, 2011.

LP 97-28 x IPR-Uirapuru GP W100s NPP NSP
Phenotypic variance (o) 8.88 11.12 8.08 1.54
Environmental variance (c.%) 2.97 2.55 2.33 0.56
Genotypic variance (%) 5.91 8.57 5.75 0.98
Additive variance (s,°) 5.75 7.66 4.73 0.76
Dominance variance (4% 0.16 0.91 1.02 0.22
Broad sense heritability (H? ;) 66.4 77.0 711 63.6
Narrow sense heritability (h%s,) 64.7 68.9 58.5 49.2
Average degree of dominance (add) 0.22 0.48 0.65 0.76
Minimum number of genes (mng) 4.7 4.4 8.6 55
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and IPR-Uirapuru (Table 1). A study conducted with Preto
Carioca and Jalo, which are Brazilian cultivars of P. vulgaris,
demonstrated high variability in terms of size and grain
weight (Ribeiro et al., 2000). Additionally, Lima et al. (2005)
reported that larger seeds positively influenced growth and
production as well as the total dry matter and average weight
of 100 seeds in common bean plants. In relation to the NPP,
the highest value was found in the F, population (Table 1),
revealing the presence of a transgressive segregant because
the F, value was greater than those observed in LP-97-28 and
IPR-Uirapuru, the parental lines. A reduction in the number
of pods per plant is a common response in plants exposed to
drought stress (Leport et al., 1999) due to the accumulation of
organic solutes such as amino acids in the leaves. In the
common bean, this effect is caused by the plant’s attempt to
adjust the osmotic pressure (Sassi et al., 2010) and results in
reduced flowering and pod formation. Similar behaviour
related to a decrease in the number of pods per plant was
observed by Leport et al. (1998) in experiments with six
legume species under the influence of drought. Rezene et al.
(2013) tested 49 common bean genotypes under water deficit
and field conditions and produced higher results than those
observed in the present study. The average values of the NSP
in the study populations showed low variations (4.17 and
4.64) and smaller variances (Table 1) compared to the values
of the other characteristics. Similar NSP results were reported
by Guimaraes et al. (2011) in experiments with 49 common
bean genotypes under drought stress conditions, which were
simulated by applying half of the recommended water depth
to the crop. Higher variances for GP, W100s, NPP and NSP
were observed in the F, generation, revealing greater plant
heterogeneity and suggesting great variability within this
population. Genetic variability is extensively explored in
breeding programs; it serves as the basis for selection and
provides opportunities to establish a desired characteristic
(Franco et al., 2001). Smaller variances were obtained in the
parents, confirming homozygosis in these populations due to
the line and cultivar. The GP, W100s, NPP and NSP results
indicate that through selection, the F, generation contained
plants that were tolerant to drought stress and had high grain
production. This generation performed better than crosses
between LP 97-28 and IPR-Uirapuru. The environmental
variances for GP, W100s, NPP and NSP contributed from
22.9 to 36.6% of the total variances (phenotypic). These
values were relatively low given that the study evaluated
production characteristics and incorporated significant
environmental influences. The smaller influence of the
environment demonstrates the adequate execution of this
experiment because this study was conducted in a greenhouse
environment with uniform edaphoclimatic and drought stress
conditions. Melo et al. (2006) evaluated the GP of 36
populations of common bean and found similar results for the
contribution of environmental variance. Asfaw et al. (2012a)
analysed quantitative trait loci (QTL) in common bean plants
exposed to drought under field conditions and found a higher
contribution of environmental variance (59%) to GP
compared to the variance obtained in this research. The
results indicate high contributions of additive variances in
relation to genotypic variance and intense additive allelic
interactions on all the evaluated traits. The existence of high
additive variance suggests the identification of superior
genotypes (Cruz et al., 2012). Typically, breeding methods
that take advantage of high additive variance to obtain
genetic gains are more important for the improvement of
autogamous species, such as Phaseolus vulgaris (Gravina et
al., 2004). Roberts et al. (1998) observed a high contribution

1155

of additive variance for the NPP and NSP in crosses of P.
vulgaris. According to this research, the use of additive
variance is recommended as an indicator when studying GP,
W100s, NPP and NSP in the cross (LP 97-28 x IPR-
Uirapuru) because it accounts for a significant portion of
genotypic variance. The results related to broad and narrow
sense heritabilities described in this study are high because
studies involving populations are normally conducted under
field conditions and high levels of environmental interference
reduce genetic variances and produce lower heritabilities.
The broad sense heritability is responsible for providing the
proportion of genetic variance present in the phenotypic or
total variance. Consequently, higher heritability coefficients
may be caused by greater additive genetic variance, lower
environmental variance or minor interactions between
genotype and environment (Acquaah, 2007). Additionally,
similar results for broad and narrow sense heritabilities
indicate that the dominance effect is null. However, if the
broad sense heritability is higher than the narrow sense
heritability, the dominance effect is present (Abney et al.,
2001). Nunes et al. (1999), working with common bean
genotypes, reported lower broad sense heritability for the GP
characteristic (35%) compared to the present study (Table 2).
In relation to broad sense heritability, Coelho et al. (2002)
reported lower values (0-34%) for the GPROD, W100s, NPP
and NSP characteristics in experiments on the production and
primary components in P. vulgaris. Zacharisen et al. (1999)
studied yield components in common bean plants and
reported higher values of narrow sense heritability for GP,
W100s and NSP and lower values for NPP compared to the
values found in the present study (Table 2). Szilagyi (2003)
evaluated the influence of drought under field conditions in
populations of P. vulgaris and obtained lower results for GP,
W100s, NPP and NSP. The average degree of dominance
values varied from 0.22 to 0.76 (Table 2), revealing that the
intra-allelic interactions were of partial dominance. The
average degree of dominance expresses the relationship
between the genotypic value of the heterozygote and the
homozygote, with possible interactions characterised by
absence of dominance, partial dominance, complete
dominance and overdominance (Cross et al., 2012). The
results for the minimum number of genes indicate that at least
five genes control the GP and W100s characteristics and six
and nine genes control the NSP and NPP, respectively. This
estimate is useful for revealing the nature of polygenic traits
(Rocha et al., 2009). However, the small numbers of genes
found in the characteristics were associated with the
interference of the statistical model, disproving any possible
link between the loci. Lopes et al. (2003) found five genes
that determined seed size. Blair et al. (2012) used molecular
techniques to detect quantitative trait loci (QTL) linked to
water deficit tolerance in the common bean and described 49
loci, 27 which were related to the W100s and 10 of which
were related to GP. The gain by selection and predicted
genetic gain were high in the F, generation, indicating that
the choice of parents LP 97-28 (low tolerance) and IPR-
Uirapuru (high tolerant) was adequate. Vale et al. (2012)
demonstrated that the cultivar IPR-Uirapuru behaved
satisfactorily when subjected to stress drought and was
considered similar to cultivar Pérola because it showed the
best performance for drought tolerance. Knowledge of the
gain by selection and the consequent predicted genetic gain is
essential to determine appropriate selection criteria, including
those related to grain production components in the common
bean plant (Acquaah, 2007).



Table 3. Mean initial in F, generation (Mi), mean of selected plants in F, generation (Ms), differential of selection (DS), gain by
selection (GS), gain by selection expressed in percentage [(GS (%)], and predicted gain genetic (PGG) related to grain production
(GP), average weight of 100 seeds (W100s), number of pod per plant (NPP) and number of seeds per plant (NSP) obtained in six
populations (P,, P,, Fy, F», BC; and BC,), derived of cross between LP 97-28 x IPR-Uirapuru, Maringa-PR, Brazil, 2011.

Characteristic

Genetic component

Mi Ms DS GS GS (%) PGG
GP 6.86 11.45 459 2.93 427 9.79
W100s 21.29 26.14 4.85 3.29 155 2458
NPP 7.02 11.12 4.10 2.37 338 9.39
NSP 4.61 6.10 1.49 0.73 15.9 5.34

Table 4. Coefficients of phenotypic correlation between grain production (GP), average weight of 100 seeds (W100s), number of
pod per plant (NPP) and number of seeds per plant (NSP) obtained in six populations (P, P, F1, F», BC; and BC,), derived of cross

between LP 97-28 x IPR-Uirapuru, Maringa-PR, Brazil, 2011.

Characteristic GP W100s NPP NSP

GP - 0.36 0.96** 0.01

W100s - 0.13 0.41

NPP - -0.20
NSP -

Asterisks (**) indicate significance to 0.01 of probability by the t test

The differential of selection connected to GP described in this
research (Table 3) was higher than that described by Londero
et al. (2006). Goncalves-Vidigal et al. (2008), working with
P. vulgaris, found lower results for the differential of
selection related to the W100s. Takeda et al. (1991) showed a
lower gain by selection (5.6%) for GP compared to the results
in Table 3. Ramirez-Vallejo and Kelly (1998) reported that
gain by selection caused changes in GP, NPP and NSP of 17,
7 and 11.0%, respectively, which were lower than the values
observed in the present study (Table 3). For the gain by
selection of the W100s, NPP and NSP characteristics, the
results in the present study are higher (Table 3) than those
reported by Gongalves-Vidigal et al. (2008), who described
changes of 5.7, 10.9 and 4.7% in the W100s, NSP and NPP,
respectively. In relation to the predicted genetic gain (Table
3), the results in this study are lower compared to those of
Abreu et al. (2002), who estimated the GP in common bean
crosses. The predicted genetic gain values reported by
Londero et al. (2006) were similar to the values found in this
study. Molina et al. (2001) studied lines and cultivars of P.
vulgaris under drought stress and found positive correlations
between GP and NPP, GP and W100s and W100s and NPP,
with coefficients of 0.64, 0.83 and 0.38, respectively. These
authors also reported a negative correlation between NPP and
NSP. Guimaraes et al. (2011) evaluated drought tolerance in
common bean genotypes and describe a positive correlation
between NPP and GP, as reported in the present study (Table
4). In another study with the common bean, Gongalves-
Vidigal et al. (2008) reported positive correlations between
NSP and W100s. Balcha (2010) also found an inverse
association between NSP and NPP in experiments on the
genetic variation of 26 genotypes of the common bean.

Materials and methods
Experiment localization and climatic conditions

The experiment was implemented and executed during the
year 2011 in a greenhouse of the Nucleo de Pesquisa
Aplicada a Agricultura (Nupagri), of the Universidade
Estadual de Maringd (UEM), Maring4, Parand, Brazil
(23°26'S and 51°53'W). During the experimental period, the
minimum, mean and maximum temperatures were 17, 22 and
29, respectively, while the average value to air relative
humidity was 63%, with temperature and air relative

1156

humidity measured air with thermohygrometer installed into
greenhouse (Minipa, model 241).

Obtaining of segregation populations

The seeds from cultivar IPR-Uirapuru and line LP 97-28
were obtained in Instituto Agronémico do Parana (lapar). The
segregating generations F;, F,, BC; and BC, derived from
artificial crosses between IPR-Uirapuru and LP 97-28, in
order to perform this research connected with genetic control
aiming tolerance to water deficit and high production
(Acquaah, 2007). The controlled hybridizations were carried
out in a greenhouse located in lapar, being used the technique
of emasculation of flowers, and following the procedures
described by Ramalho et al. (1993).

Experimental design

The experiment was composed of six populations, with two
parents P; and P, , and F;, F,, BC; and BC, generations
derived from the cross between LP 97-28 (low tolerance to
drought) x IPR-Uirapuru (high tolerant to drought). The
experiment consisted of 16 plants for line LP 97-28, 18 plants
for cultivar IPR-Uirapuru, and 7, 166, 10 and 39 plants in Fy,
F,, BC, and BC, generations, respectively. The plant
numbers in each population are adequate to evaluate these
crosses (Cruz et al.,, 2012). The experimental design was
completely randomized. In this study, each plant within
respective generation was considered as one repetition, and
experimental unit was represented by one plant per pot.

and

Experiment conduction

fertilization

implementation, plant

After hybridizations, the hybrid seeds were multiplied to
obtain the F,, BC; and BC, generations. In each pot was
placed only one seed. In this study were used containers with
capacity of 3 L containing holes in bottom, aiming to drain
excess water. The substrate was composed of a mixture of
susbtrato Plantmax® and sand in the ratio 2:1 (v/v).
Fertilization was performed according to exigencies of
common bean crop and previous substrate analyze, with the
fertilization applied at regular intervals of 15 days until the
Rg stage.



Irrigation and water deficit application

All plants were irrigated time per day for 15 minutes at 11:00
and 15:00 h. The irrigation within the greenhouse was
performed by a microsprinckler system, with a flow rate of
10 L h'. The three cycles of moderate stress was induced by
irrigation suspension for four days (Santos et al., 2009b) at
20, 40 and 60 days after seedling emergence, whose periods
coincided with the phenological stages Vi, Rg and Rg,
respectively. In common bean crop these periods described
are related to vegetative, flowering and pod filling,
respectively (Fernandez et al., 1985).

Evaluated characteristics

The characteristics measured were grain production (GP),
determined by the total weight of seeds in each generation
and dividing by the number of plants to each generation,
standardized to 13% of moisture, being expressed in
grams.plant™. The average weight of 100 seeds (W100s) was
obtained by weighing of 100 seeds collected to random in
each generation, which was expressed in grams. The number
of pods per plant (NPP) was represented by the ratio between
the total number of pods and the total number of plants in
each generation, expressed in numbers, and the number of
seeds per pod (NSP), described by the ratio between the total
number of seeds and the total number of pods in each
generation, expressed in numbers.

Components of the variances

Estimates of phenotypic, genotypic, additive, dominance and
environmental variances were obtained from data of P;and P,
parents, as well as Fy, F», BC, and BC, generations, with the
environmental variance being calculated in population with
better performance, in agreement with formules described by
Cruz et al. (2012). The genetic-statistic analyzes were
performed using software GENES (Cruz, 2006).

6,2 = ¢* opulation in egch pOpulati%n)

o = [ogen,* 20 T 0 el /4
99, = % "0 ) 2
0a° =20y )" [0y @c1) + 0 Bca)]
o4 = agz- O3

Where, op? = phenotypic variance, ¢,> = environmental
variance, op’pry = phenotypic variance in Py, o,°F1) =
phenotypic variance in Fy, apz p2) = phenotypic variance in Py,
gy = genotypic variance, o,° = additive variance, o, =
phenotypic variance in F,,

a,2@c1) = phenotypic variance in BCy, g,%gcz = phenotypic
variance in BC,, and 2 = dominance variance.

Heritability and average degree of dominance

The broad sense heritability, narrow sense heritability and
average degree of dominance were calculated for the crossing
between parents (LP 97-28 x IPR-Uirapuru). These estimates
were based on variances obtained from the parents and
investigated generations (Mather and Jinks, 1984), being
performed with the software GENES (Cruz, 2006).

H? o, = (6,2/ 5,2) 100
h2y, = (0a°/ 6,°) 100

add = (zaf/ 0.2
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Where, H? o, = broad sense heritability, h® , = narrow sense
heritability, add = average degree of dominance, ogz% =
genotypic variance, apz = phenotypic variance, ¢,> = additive
variance, and Udz = dominance variance.

Minimum number of genes

To estimate the minimum number of genes that control each
characteristic was used the equation described by Burton
(1951), in which it utilizes the amplitude between parents and
genotypic variance. This model is indicated to evaluate these
crosses (Cruz et al., 2012), but despises any possible
connection between loci.

mng = [R*(1 + 0,5 add */ 2)] / 80,

Where, mng = minimum number of genes, R = total
amplitude in evaluated population, add = average degree of
dominance, and a,” = genotypic variance.

Differential of selection, gain by selection and predicted
gain genetic

The differential of selection is represented by the difference
between the mean of plants selected under the selection
intensity of 20% and population mean (Frey and Horner,
1955), being selected the plants within population with better
performance. The gain by selection was calculated using the
narrow sense heritability, being estimated according to the
methodology described by St Martin and Futi (2000). For the
predicted gain genetic was calculated by sum of the
population mean and gain by selection, using the formula
reported by Cruz et al. (2012).

DS = Ms — Mi
GS = DS x h2

GS (%) = (GS / Mi) / 100
PPG = Mi + GS

Where, DS = differential of selection, Ms = mean of selected
plants within population, Mi = mean initial within population,
GS = gain by selection, h? = narrow sense heritability, GS
(%) = gain by selection expressed in percentage and PPG =
predicted gain genetic.

Relationship between characteristics

The relationships were estimated using the Pearson
correlation coefficients between traits, and it were calculated
using the mean values of the parents and generations (P, P,,
F1, F,, BC; and BC,) derived from the cross LP 97-28 x IPR-
Uirapuru, being determined to association between two
characteristics.

Conclusion

The genetic control of grain production aimed at increasing
tolerance to water deficit was heavily influenced by additive
effects in populations derived from crosses between line LP
97-28 and cultivar IPR-Uirapuru of the common bean plant.
The heritability in a broad and narrow sense observed in this
study can be considered high for all evaluated traits.
Additionally, the gain by selection obtained for grain
production was also high at 42.7%. This result demonstrates
the potential of segregating individuals with superior
characteristics for drought stress tolerance.



Acknowledgements

This research had financial supports from Conselho Nacional
de Pesquisa (CNPg/Brazil) to M.C.Goncalves-Vidigal, as
well as A.K.S. Lobato from Universidade Federal Rural da
Amazoénia (UFRA/Brazil).

References

Abdellatif KF, Absawy SA, Zakaria AM (2012) Drought
stress tolerance of faba bean as studied by morphological
traits and seed storage protein pattern. J Plant Studies. 1:
47-54.

Abney M, Mcpeek MS, Ober C (2001) Broad and narrow
heritabilities of quantitative traits in a founder population.
Am J Human Genet. 68: 1302-1307.

Abreu AFB, Ramalho MAP, Santos JB (2002) Prediction of
seed-yield potential of common bean populations. Genet
Mol Biol. 25: 323-327.

Acquaah G (2007) Principles of plant genetics and breeding.
Blackwell, Oxford.

Asfaw A, Blair MW, Struik PC (2012a) Multienvironment
quantitative trait loci analysis for photosynthate acquisition,
accumulation, and remobilization traits in common bean
under drought stress. Genes Gen Genet. 2: 579-595.

Antonino ACD, Sampaio EVSB, Dall’olio A, Salcedo IH
(2000) Water budget in a soil with food crops in the semi-
arid region of northeast Brazil. Rev Bras Eng Agric
Ambient. 4: 29-34.

Balcha E (2010) Genetic variation for grain yield and water
absorption in common bean (Phaseolus vulgaris L). Afr J
Food Sci Technol. 16: 128-131.

Beebe, SE, Rao IM, Blair MW, Acosta-Gallegos JA (2013)
Phenotyping common beans for adaptation to drought.
Front Physiol. 4: 1-20.

Blair MW, Galeano CH, Tovar E, Torres MCM, Castrillon
AV, Beebe SE, Rao IM (2012) Development of a
Mesoamerican intra-genepool genetic map for quantitative
trait loci detection in a drought tolerant x susceptible
common bean (Phaseolus vulgaris L.) cross. Mol Breed.
29: 71-88.

Broughton WJ, Hernandez G, Blair M, Beebe S, Gepts P,
Vanderleyden J (2003) Beans (Phaseolus spp.) — model
food legumes. Plant Soil. 252: 407-415.

Burton GW (1951) Quantitative inheritance in pearl millet
(Pennisetum glaucum). Agron J. 43: 409-417.

Carvalho LMJ, Correa MM, Pereira EJ, Nutti MR, Carvalho
JLV, Ribeiro, EMG, Freitas SC (2012) Iron and zinc
retention in common beans (Phaseolus vulgaris L.) after
home cooking. Food Nutr Res. 56: 1-6.

Clarke JM, Depauw RM, Townley-Smith TF (1992)
Evaluation of methods for quantification of drought
tolerance in wheat. Crop Sci. 32: 723-728.

Coelho ADF, Cardoso AA, Cruz CD, Aradjo GAA, Furtado
MR, Amaral CLF (2002) Heritabilities and correlations of
common bean yield and its primary components, in the
spring-summer and summer-fall cultivation seasons. Ciénc
Rural. 32: 211-216.

Cruz CD (2006) Programa Genes: biometria. UFV, Vigosa.

Cruz CD, Regazzi AJ, Carneiro PCS (2012) Modelos
Biométricos Aplicados ao Melhoramento Genético - ISBN
9788572694339. 4. ed. UFV, Vigosa.

Fereres E, Soriano MA (2007) Deficit irrigation for reducing
agricultural water use. J Exp Bot. 58: 147-159.

1158

Fernandez F, Gepts P, Lépez M (1985) Stages of
development of the common bean plant. International
Center of Tropical Agriculture, Cali.

Franco MC, Cassini STA, Oliveira VR, Tsai SM (2001)
Characterization of the genetic diversity of common beans
by RAPD markers. Pesq Agropec Bras. 36: 381-385.

Frey KJ, Horner T (1955) Comparison of actual and
predicted grain in barley selection experiments. Agron J.
47:186-188.

Gongcalves-Vidigal MC, Mora F, Bignotto TS, Munhoz REF,
Souza LD (2008) Heritability of quantitative traits in
segregating common bean families using a Bayesian
approach. Euphytica. 164: 551-560.

Gravina GA, Martins Filho S, Sediyama CS, Cruz CD (2004)
Genetic parameters of soybean resistance to Cercospora
sojina. Pesq Agropec Bras. 39: 653-659.

Guimardes CM, Stone LF, Del Peloso MJ, Oliveira JP (2011)
Common bean genotypes under water stress. Rev Bras Eng
Agric Ambient. 15: 649-656.

Leport L, Turner NC, French RJ, Tennant D, Thomson BD,
Siddiqgue KHM (1998) Water relations, gas exchange and
growth of cool-season grain legumes in a Mediterranean-
type environment. Eur J Agron. 9: 295-303.

Leport L, Turner NC, French RJ, Barr MD, Duda R, Davies
SL, Tennant D, Siddique, KHM (1999) Physiological
responses of chickpea genotypes to terminal drought in a
Mediterranean-type environment. Eur J Agron. 11: 279-
291.

Lima ER, Santiago AS, Araljo AP, Teixeira MG (2005)
Effects of the size of sown seed on growth and yield of
common bean cultivars of different seed sizes. Braz J Plant
Physiol. 17: 273-281.

Lizana C, Wentworth M, Martinez JP, Villegas D, Meneses
R, Murchie EH, Pastenes C, Lercari B, Vernieri P, Horton
P, Pinto M (2006) Differential adaptation of two varieties
of common bean to abiotic stress: Effects of drought on
yield and photosynthesis. J Exp Bot. 57: 685-697.

Londero PMG, Ribeiro ND, Cargnelutti Filho A, Rodrigues
JA, ANTUNES IF (2006) Heritability of dietary fiber
content and grain yield in common bean populations. Pesq
Agropec Bras. 41: 51-58.

Londero PMG, Ribeiro ND, Cargnelutti Filho A (2008) Fiber
content and yield grain in common bean populations. Ciénc
Agrotec. 32: 167-173.

Lopes FCC, Gomes RLF, Freire Filho FR (2003) Genetic
control of cowpea seed sizes. Sci Agric. 60: 315-318.

Mather K, Jinks JL (1984) Introducdo a genética biométrica.
Sociedade Brasileira de Genética, Ribeirdo Preto.

Melo CLP, Carneiro JES, Souza PC, Cruz CD, Barros EG,
Moreira MA (2006) Lines of common bean originating
from the cross 'Ouro Negro' x 'Pérola’ comprising favorable
agronomic characteristics. Pesq Agropec Bras. 41: 1593-
1598.

Molina JC, Moda-Cirino V, Fonseca Janior NS, Faria RT,
Destro D (2001) Response of common bean cultivars and
lines to water stress. Crop Breed Appl Biotechnol. 1: 363-
372.

Mufoz-Perea CG, Teran H, Allen RG, Wright JL,
Westermann DT, Singh SP (2006) Selection for drought
resistance in dry bean landraces and cultivars. Crop Sci. 46:
2111-2120.

Mundz-Perea CG, Allen RG, Westermann DT, Wright JL,
Singh SP (2007) Water use efficiency among dry bean
landraces and cultivars in drought-stressed and non-stressed
environment. Euphytica. 155: 393-402.



Nunes GHS, Santos JB, Ramalho MGP, Abreu AFB (1999)
Selection of common bean families adapted to the winter
conditions of the south of Minas Gerais State. Pesq
Agropec Bras. 34: 2051-2058.

Ramalho MAP, Santos JB, Zimmermann MJO (1993)
Genética quantitativa em plantas autégamas aplicagdes ao
melhoramento do feijoeiro. UFG, Goiania.

Ramirez-Vallejo P, Kelly JD (1998) Traits related to drought
resistance in common bean. Euphytica. 99: 127-136.

Rezene Y, Gebeyehu S, Zelleke H (2013) Morpho-
physiological response to post-flowering drought stress in
small red seeded common bean (Phaseolus vulgaris L.)
genotypes. J Plant Studies. 2: 42-53.

Ribeiro ND, Mello RM, Storck L (2000) Variability and
interrelation of morphological characteristics of seeds at
commercial bean groups. The objective of the work was to
evaluate the genetic variability. Rev Bras Agrociéncia. 6:
213-217.

Rocha MM, Carvalho KJM, Freire Filho FR, Lopes ACA,
Gomes RLF, Sousa IS (2009) Control genetic of the length
of the stalk in cowpea. Pesq Agropec Brasi. 44: 270-275.

Rodrigues R, Leal NR, Pereira MG (1998) Diallel analysis of
six agronomic traits in Phaseolus vulgaris L. Bragantia. 57:
241-250.

Santos RF, Carlesso R (1998) Water deficit and morphologic
and physiologic behavior of the plants. Rev Bras Eng Agric
Ambient. 2: 287-294.

Santos MG, Ribeiro RV, Machado EC, Pimentel C (2009b)
Photosynthetic parameters and leaf water potential of five
common bean genotypes under mild water deficit. Biol
Plantarum. 53: 229-236.

SAS Institute (1996) SAS/STAT User’s Guide, Version 6.12.
SAS Institute, New York.

Sassi S, Aydi S, Gonzalez EM, Arrese-Tgor C, abdelly C
(2010) Understanding osmotic stress tolerance in leaves
and nodules of two Phaseolus vulgaris with contrasting
drought tolerance. Symbiosis. 52: 1-10.

1159

Steel RGD, Torrie JH, Dickey DA (2006) Principles and
procedures of statistics: a biometrical approach. Academic
Internet Publishers, Moorpark.

ST Martin SK, Futi X (2000) Genetic gain in early stages of a
soybean breeding program. Crop Sci. 40: 1559-1564.

Subbarao GV, Johansen C, Slinkard AE, Nageswara Rao RC,
Saxena NP, Chauhan YS (1995) Strategies for improving
drought tolerance in grain legumes. Crit Rev Plant Sci. 14:
469-523.

Szilagyi L (2003) Influence of drought on seed yield
components in common bean. Bulg J Plant Physiol. 9: 320-
330.

Takeda C, Santos JB, Ramalho MAP (1991) Progeny test for
the “ESAL 501”7 x “A 354” common bean (Phaseolus
vulgaris L.) hybrid at different locations. Braz J Genet. 14:
771-779.

Vale NM, Barili LD, Rozzeto DS, Stinghin JC, Coimbra
JLM, Guidolin AF, Koop MM (2012) Evaluation of
tolerance to water stress in beans. Biotemas. 25: 135-144.

Zacharisen MH, Brick M.A, Fisher AG, Ogg JB, Ehleringer
JR (1999) Relationships between productivity and carbon
isotope discrimination among dry bean lines and F,
progeny. Euphytica. 105: 239-250.



