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ABSTRACT. Slow seed coat darkening is desirable in common bean 
cultivars and genetic parameters are important to define breeding 
strategies. The aims of this study were to estimate genetic parameters 
for plant architecture, grain yield, grain size, and seed-coat darkening in 
common bean; identify any genetic association among these traits; and 
select lines that associate desirable phenotypes for these traits. Three 
experiments were set up in the winter 2012 growing season, in Santo 
Antônio de Goiás and Brasília, Brazil, including 220 lines obtained 
from four segregating populations and five parents. A triple lattice 15 
x 15 experimental design was used. The traits evaluated were plant 
architecture, grain yield, grain size, and seed-coat darkening. Analyses 
of variance were carried out and genetic parameters such as heritability, 
gain expected from selection, and correlations, were estimated. For 
selection of superior lines, a “weight-free and parameter-free” index was 
used. The estimates of genetic variance, heritability, and gain expected 
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from selection were high, indicating good possibility for success in 
selection of the four traits. The genotype x environment interaction 
was proportionally more important for yield than for the other traits. 
There was no strong genetic correlation observed among the four traits, 
which indicates the possibility of selection of superior lines with many 
traits. Considering simultaneous selection, it was not possible to join 
high genetic gains for the four traits. Forty-four lines that combined 
high yield, more upright plant architecture, slow darkening grains, and 
commercial grade size were selected.

Key words: Phaseolus vulgaris; Heritability; Gain from selection; 
Simultaneous selection

INTRODUCTION

Common bean (Phaseolus vulgaris L.) is one of the most important crops in Brazil, 
which is among the largest producers and consumers of beans worldwide (FAO, 2016). Among 
the diverse commercial groups of common bean, the carioca group stands out as the most 
preferred and consumed bean type in the country, representing 70% of the Brazilian consumer 
market (Pereira et al., 2012). To achieve maximum commercial value, the grains should have 
a standard size of 25 to 27 g per 100 seeds, a light straw- or cream-colored background, 
and light brown stripes. Any change in this standard results in devaluation of the grains by 
the packaging industries because consumers associate a darker color with greater age and 
consequent difficulty in cooking (Junk-Knievel et al., 2008).

Darkening of grains has been attributed to harvest conditions, which are subject to 
variations in temperature, moisture, and incidence of light (Junk-Knievel et al., 2007), as well 
as time in storage and storage conditions (Couto et al., 2010; Siqueira et al., 2014). For these 
reasons, the storage period for common bean is quite low, which obliges the producer to bring 
the product to the market rapidly, regardless of the price. In regard to genetic control of seed-
coat darkening, there are reports in the literature indicating monogenic or oligogenic control 
(Junk-Knievel et al., 2008; Elsadr et al., 2011; Silva et al., 2008, 2014). Some of these studies 
indicate the possibility of obtaining and selecting promising lines.

Among the few carioca type common bean cultivars that exhibit slow darkening 
of grains, BRSMG Madrepérola stands out (Carneiro et al., 2012). However, this cultivar 
has prostrate plant architecture, which is undesirable because it implies high losses during 
mechanized harvest, as well as a reduction in grain quality since the pods are in contact 
with the ground at the time of harvest. In contrast, there are several carioca bean cultivars 
with upright architecture, such as BRS Sublime, BRS Estilo, and BRS Cometa; however, 
all of these have normal darkening of grains. The possibility of selection for upright plant 
architecture in common bean plants has been previously explored (Silva et al., 2009). Silva et 
al. (2009) concluded that it is possible to select plants with upright architecture and high yield, 
even though the correlation between these traits is negative and of low magnitude.

Increased grain yield is sought in all plant breeding programs for species of commercial 
interest. For common bean with carioca grains, recent studies have shown genetic gains of 
around 0.7% a year (Faria et al., 2013). This is reflected in an increase in mean Brazilian yield 
for the crop, from 794 kg/ha in 1997 to 1400 kg/ha in 2013 (Feijão, 2015). Thus, breeding 
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programs direct their efforts towards obtaining promising segregating populations with the 
aim of selecting plants that include not only high yield but also upright architecture and slow 
darkening of grains in the same genotype. Obtaining estimates of genetic and phenotypic 
parameters makes it possible to know the potential of segregating populations and study the 
association between target traits, allowing the use of selection indices to make the process 
more efficient (Martins et al., 2016). The aims of the present study were to estimate genetic and 
phenotypic parameters for seed-coat darkening, grain yield, grain size, and plant architecture 
in common bean; identify any genetic association among these traits; and select lines that join 
desirable phenotypes for these traits.

MATERIAL AND METHODS

Initially, four segregating populations were selected to obtain improved lines, based 
on evaluations made by Silva (2012). In this study, we evaluated 20 segregating populations 
obtained from crosses in a partial diallel arrangement between two common bean cultivars 
with carioca type grain and slow seed-coat darkening (group 1) and another 10 cultivars 
with normal seed-coat darkening (group 2). The four segregating populations were selected 
considering the potential for slow seed-coat darkening, upright architecture, and high grain 
yield (BRSMG Madrepérola x BRS Estilo, BRSMG Madrepérola x BRS Cometa, BRSMG 
Madrepérola x BRS Notável, and BRSMG Madrepérola x BRS Sublime).

The four segregating populations in the F5 generation were sown in Santo Antônio 
de Goiás in the 2011 winter growing season, to obtain progenies. We randomly harvested 
100 plants from each population, which gave rise to the F5:6 lines. The F5:6 lines were sown 
in the 2011 rainy growing season for multiplication of seeds. After harvest, 55 lines from 
each population were chosen at random. With these lines, three experiments were set up, 
composed of 220 lines and five parents (BRSMG Madrepérola, BRS Estilo, BRS Sublime, 
BRS Notável, and BRS Cometa) in a 15 x 15 lattice experimental design with plots of 
two 3-m rows; two experiments had three replications and one had two replications. One 
experiment was carried out in Santo Antônio de Goiás and the other two in Brasília, on 
different sowing dates. The three experiments were set up in the 2012 winter crop season. 
Base fertilization was carried out according to that recommended from soil analysis, and 
the other crop treatments followed the normal recommendations for the common bean crop, 
except for disease control, which was not performed.

The traits evaluated were plant architecture, grain yield, grain size, and seed-coat 
darkening. Plant architecture was measured using the scoring scale proposed by Melo (2009), 
in which score 1 refers to totally upright plants and score 9 refers to totally prostrate plants. 
Grain yield was obtained in g/plot, harvesting all the plants from the two rows, with later 
conversion to kg/ha. A 100-grain sample was collected at random from each plot for later 
weighing and determination of grain size, which is indicated by 100-grain weight. These 
samples were subsequently stored in transparent plastic bags under ambient temperature and 
moisture conditions and evaluated for seed-coat darkening at 90 days after harvest. For that 
purpose, the scoring scale proposed by Silva et al. (2008) was adopted, which ranges from 1 
(very light-colored background) to 5 (very dark-colored background).

Individual analyses of variance were performed for each experiment and trait, as well 
as combined analyses of variance, considering the random effect of lines and fixed effect of 
environments. The breakdown of the effect of the treatments, and genotype x environment 
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interaction in the sources due to the four populations and interactions were realized. 
Components of variance were estimated, including genetic variance, phenotypic variance, 
variance of the line x environment interaction, and genetic and phenotypic parameters, such as 
heritability (h2) and gain expected from direct selection for each trait and from simultaneous 
selection of traits (Ramalho et al., 1993; 2012; Vencovsky and Barriga, 1992).

Gain expected from selection of the best lines for each trait was estimated for a 
selection intensity of 20% for each population and considering the combined populations; 
that is, in all, the 11 best lines per population and the 44 best lines were selected, regardless of 
population of origin. For simultaneous selection of traits, the “weight-free and parameter-free” 
selection index was applied (Elston, 1963). The choice of the index is based on the minimum 
(or maximum) values established for the traits that are the objects of selection, especially 
seed-coat darkening, which was the trait of greatest importance in this study. For yield, the 
minimum value established was the mean value of the lines, and for seed-coat darkening, the 
maximum score of 2.5. The lines that followed these proposed limits were pre-selected, and 
after that, among these, those that exhibited the best performance for plant architecture and 
100-grain weight were selected. Selection was made for each environment and for the mean of 
the environments. Of the 44 lines selected, regardless of the population of origin, the number 
of lines derived from each population was counted.

For verification of experimental precision, the coefficient of variation (CV) was 
calculated, and to define the power of discrimination of the lines in each experiment, selective 
accuracy (SA) was estimated, as described by Resende and Duarte (2007). In addition, the 
phenotypic and genotypic correlation coefficients for the mean values in the combined analysis 
of the environments were estimated, including the grain yield, seed-coat darkening, grain size, 
and plant architecture traits. The phenotypic and genotypic correlations were estimated using 
the expressions described in Ramalho et al. (2012). Analyses were performed using Genes 
(Cruz, 2013) and SAS® (SAS Institute Inc., 2008).

RESULTS AND DISCUSSION

The results of the individual and combined analyses of variance indicated the presence 
of genetic variability among the lines for all four traits, making selection of superior lines 
possible. Good experimental precision was observed, as determined by the CV and good 
power of discrimination of the lines, estimated by SA (Table 1). The environmental effect 
for yield, plant architecture, and 100-grain weight was also detected (Table 1), which was 
commonly studied previously (Pereira et al., 2012; Moura et al., 2013). As for seed-coat 
darkening, no difference among the environments was detected, which can be explained by 
all three experiments having been carried out in the winter, without the occurrence of rain 
at harvest, and with very low indices of relative humidity, which contributed to making the 
environmental conditions uniform.

The genotype x environment interaction was significant for all four traits, considering 
all lines combined (Table 1). This has been reported in the literature for grain yield (Silva et 
al., 2009; Pereira et al., 2012), for 100-grain weight (Melo et al., 2004; Pereira et al., 2012; 
Moura et al., 2013), and for plant architecture (Moura et al., 2013). For seed-coat darkening, 
the presence of the genotype x environment interaction has been reported by some authors 
(Ribeiro et al., 2004; Junk-Knievel et al., 2007; Araújo et al., 2012). However, some of these 
results are restricted to evaluation of genotypes with normal darkening; that is, the grains 
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that exhibit an evident change in seed-coat coloring during storage. The results obtained in 
this study indicate that lines with variability for seed-coat darkening also do not exhibit a 
coinciding response in the environments. Therefore, there was variation in classification of 
the lines in regard to darkening of grains to the extent that the crop environment is changed, 
which is consistent with that reported by Silva (2012) and Araújo et al. (2012). This suggests 
that evaluations of the lines in various environments should be carried out to ensure greater 
precision in selection of lines with slow seed-coat darkening.

1BRSMG Madrepérola x BRS Sublime; 2BRSMG Madrepérola x BRS Estilo; 3BRSMG Madrepérola x BRS 
Cometa; 4BRSMG Madrepérola x BRS Notável; 5MS: Mean Square.

Table 1. Summary of combined analyses of variance in three environments for grain yield (kg/ha), seed-coat 
darkening (scoring scale from 1 to 5), plant architecture (scoring scale from 1 to 9), and 100-grain weight (g).

Source of variation d.f. Grain yield Darkening Architecture 100-grain weight 
MS P MS P MS P MS P 

Block/Environment 5 2,131,367 0.0001 2.115 0.0000 0.721 0.0190 9.305 0.0000 
Environment (E) 2 1,536,127,151 0.0000 4.371 0.1715 39.194 0.0000 1746.527 0.0000 
Treatment (T) 224 1,207,045 0.0000 6.363 0.0000 1.391 0.0000 26.957 0.0000 
Lines of Pop(s). (L0) 219 1,210,638 0.0000 6.907 0.0000 1.348 0.0000 27.474 0.0000 
Lines of Pop. 1 (L1)1 54 1,036,365 0.0000 6.302 0.0000 1.833 0.0000 27.492 0.0000 
Lines of Pop. 2 (L2)2 53 989,346 0.0000 5.908 0.0000 1.204 0.0000 39.646 0.0000 
Lines of Pop. 3 (L3)3 54 1,013,218 0.0000 8.147 0.0000 1.227 0.0000 17.912 0.0000 
Lines of Pop. 4 (L4)4 55 1,518,545 0.0000 7.947 0.0000 0.947 0.0000 22.165 0.0000 
Population 3 6,165,648 0.0000 3.251 0.0000 4.735 0.0000 81.569 0.0000 
Parents (P) 4 559,429 0.2277 11.063 0.0000 1.091 0.0026 3.835 0.0497 
L0 vs P 1 3,010,685 0.0059 0.872 0.0729 11.932 0.0000 6.128 0.0515 
T x E 448 658,982 0.0000 0.514 0.0000 0.367 0.0000 3.239 0.0000 
L0 x E 438 664,816 0.0000 0.518 0.0000 0.361 0.0000 3.285 0.0000 
L1 x E 108 553,712 0.0062 0.334 0.0599 0.382 0.0033 2.207 0.0097 
L2 x E 106 645,662 0.0001 0.567 0.0000 0.341 0.0335 3.219 0.0000 
L3 x E 108 711,853 0.0000 0.569 0.0000 0.312 0.1175 4.069 0.0000 
L4 x E 110 705,902 0.0000 0.568 0.0000 0.285 0.2967 3.656 0.0000 
Population x E 6 1,403,171 0.0018 1.679 0.0000 3.712 0.0000 5.002 0.0051 
P x E 8 453,019 0.5958 0.185 0.7054 0.535 0.0418 1.213 0.6453 
(L0 vs P) x E 2 205,215 0.5958 0.955 0.0297 1.046 0.0197 1.385 0.4238 
Error 1120 396,091 
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Mean yield in the experiments was 3582 kg/ha, a value above the national average 
registered in this crop season (winter 2012) in Goiás and in the Distrito Federal, which 
was 2582 kg/ha (Feijão, 2015). The mean value of 100-grain weight of the experiments 
was 25.3 g, near the size desired by the market and the mean value registered for the 
cultivars BRS Estilo, BRS Cometa, and BRS Notável. For seed-coat darkening, the mean 
score was 2.9, which indicates a possibility for selection of lines with light-colored grains 
(lower than 2.5). The same was observed for plant architecture, with a mean score of 4.9, 
allowing selection of lines of upright architecture.

The presence of genetic variability among the lines of the populations was confirmed 
by the estimates of genetic variance and h2 (Table 2). For grain yield, the estimates of h2 ranged 
from low to medium (23.4 to 61.7%), with an average of 51.7%, values which were similar 
to those reported in the literature (Pereira et al., 2008; Silva et al., 2009), given that the trait 
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is polygenic and highly influenced by the environment (Ramalho et al., 1993). For 100-grain 
weight, the heritability estimates were high (96.8% on average), ranging from 85.2 to 96.8%. 
This indicates a large genetic effect and, consequently, ease in selection of lines with bigger 
grains, aimed at meeting the consumer market demands. This result is in agreement with those 
previously reported (Melo et al., 2004).

2
gσ  and 2h  calculated based on the mean of the covariance estimates between pairs of environments for each 

trait. 1BRSMG Madrepérola x BRS Sublime; 2BRSMG Madrepérola x BRS Estilo; 3BRSMG Madrepérola x BRS 
Cometa; 4BRSMG Madrepérola x BRS Notável.

Table 2. Estimates of genetic variance 2( )Gσ , phenotypic variance 2( )Fσ , variance of the lines/population x 
environment interaction 2( )GEσ , and heritability 2( )h for grain yield, seed-coat darkening, plant architecture, 
and 100-grain weight, based on combined analysis.

Genotype 2
g  

2
f  

2h  2
plG  2

g  
2
f  

2h  2
plG  

Grain yield Seed-coat darkening 
Population 81,122 156,935 51.7 104,562 0.778 0.895 86.9 0.096 
Pop. 11 68,350 134,344 50.9 61,333 0.650 0.817 79.6 0.025 
Pop. 22 62,732 128,249 48.9 97,109 0.674 0.766 88.0 0.115 
Pop. 33 30,753 131,343 23.4 122,864 0.904 1.056 85.6 0.116 
Pop. 44 121,443 196,848 61.7 120,549 0.911 1.030 88.4 0.116  

Plant architecture 100-grain weight 
Population 0.128 0.175 72.9 0.037 3.448 3.561 96.8 0.651 
Pop. 11 0.168 0.238 70.8 0.045 3.385 3.564 95.0 0.232 
Pop. 22 0.139 0.156 88.9 0.029 5.049 5.139 98.2 0.625 
Pop. 33 0.119 0.159 74.9 0.018 1.978 2.322 85.2 0.956 
Pop. 44 0.091 0.123 74.1 0.007 2.672 2.873 93.0 0.795 

 

The h2 estimated for seed-coat darkening and plant architecture can also be 
considered of high magnitude (on average 86.9% for darkening of grains and 72.9% for plant 
architecture). For seed-coat darkening, the estimates ranged from 79.6 to 88.4%, whereas 
for plant architecture, the variation ranged from 70.8 to 88.9% (Table 2). In general, the four 
populations show promise for generating potential lines since the estimates of h2 provide 
information about the selection potential of the population under study (Vencovsky and 
Barriga, 1992). For 100-grain weight, darkening of grains, and plant architecture, the high h2 
estimates reflect greater ease of selection because heritability estimates the reliability of the 
phenotypic value as an indicator of the reproductive value.

There were differences among the h2 estimates and genetic variances considering the 
lines obtained from different populations. Given that h2 is not an immutable property of the 
trait under study; the study population and the environmental conditions should be taken into 
consideration (Ramalho et al., 1993). Nevertheless, the results can be considered consistent 
because they remained high in most of the populations.

The variance of the population by environment interaction for grain yield 
was 1.3 times greater than the genetic variance of the populations. This suggests that, 
proportionally, the genotype x environment interaction is more important for expression 
of grain yield than for seed-coat darkening, 100-grain weight, and plant architecture, 
which showed ratios of 0.12, 0.19, and 0.28, respectively. For these traits, the genotype 
effect was greater than the interaction effect.

Although the phenotypic correlations of grain yield with 100-grain weight and with 
darkening rate were positive and significant, both were of low magnitude (0.29 and 0.18, 
respectively; Table 3). The same was observed for the genetic correlations with these traits 
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(0.41 and 0.26, respectively). Araújo et al. (2012) obtained null correlation estimates between 
yield and darkening of grains, differing in part from the results presented here. As a practical 
consideration for crop breeding, the nonexistence or low correlation estimates imply that 
selection of high-yielding lines with light-colored grains is possible.

nsNot significant; *,**significant at 5 and 1%, respectively, based on a t-test.

Table 3. Estimates of phenotypic (F) and genetic (G) correlations between yield, plant architecture, 100-grain 
weight, and seed-coat darkening for the mean of the environments.

Trait Plant architecture 100-grain weight Darkening 

'x yFr  
'x yGr  

'x yFr  
'x yGr  

'x yFr  
'x yGr  

Grain yield -0.04ns -0.05ns 0.29** 0.42* 0.18** 0.26* 
Plant architecture - - -0.08ns -0.11ns -0.32** -0.39** 
100-grain weight - - - - 0.34** 0.36** 

 

Between plant architecture and grain darkening, negative, significant, and low 
magnitude values were obtained for the phenotypic and genetic correlations (-0.32 and 
-0.39, respectively). In contrast, between plant architecture and 100-grain weight there 
was neither a significant phenotypic association (-0.08) nor a genetic association (-0.11). It 
should be emphasized that, in this study, the variability between the parents for 100-grain 
weight was small, with a mean value of 25.3 g for BRSMG Madrepérola and ranging 
between 24.8 (BRS Cometa) and 26.7 g (BRS Estilo) for the other parents. This may 
explain the difference compared to the results obtained by Collicchio et al. (1997), who 
observed a correlation between these traits. Therefore, it is possible to associate upright 
architecture and slow darkening of grains or upright architecture and large grains in the 
same genotype. Significant correlations were not observed between plant architecture 
and yield, which indicates that selection based on plant architecture does not imply 
yield reduction. In contrast, Silva et al. (2009) obtained positive and significant genetic 
correlations between these traits in two carioca and black grain type populations.

Another parameter of great importance for evaluating the genetic potential of the 
lines is the gain expected from selection. In general, the estimates of gain varied a great deal 
from one environment to another and also between traits (Table 4). For grain yield, based 
on the combined analysis, the gain was 9.8%, regardless of the population of origin, ranging 
from 4.1% in the BRSMG Madrepérola x BRS Cometa population to 13.4% for BRSMG 
Madrepérola x BRS Notável. Pereira et al. (2008) obtained even greater gain estimates from 
selection for yield, ranging from 14.5 to 52.2%, also considering the selection of families 
based on the mean values of combined analysis. However, Pereira et al. (2008) used a 
selection intensity of 10%, compared to the 20% used in this study. The number of lines 
identified among the 44 best indicated the BRSMG Madrepérola x BRS Estilo and BRSMG 
Madrepérola x BRS Notável populations as the most promising for this trait because they 
generated 16 and 17 superior lines, respectively.

For 100-grain weight, the gains ranged from 7.8 to 12.5% among the populations, 
and 11.0% overall (Table 3). The BRSMG Madrepérola x BRS Estilo population stood out, 
with the greatest number of lines selected (16). The gains estimated for plant architecture 
and seed-coat darkening were negative because the objective was reduction of the mean 
value for both traits. For plant architecture, the gain regardless of population of origin was 
-9.8%, ranging from -7.6 to -12.5% among the populations. The BRSMG Madrepérola x BRS 
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Sublime population provided the greatest number of lines among the 44 best (15). In general, 
based on selection made regardless of the population of origin, the gains estimated for plant 
architecture, 100-grain weight, and grain yield were approximately 10%.

*Multiplicative “weight-free and parameter-free” selection index. Positive and negative values refer to an increase 
and decrease, respectively, in the mean value of the trait.

Table 4. Mean value of the selected lines, gain expected from direct and simultaneous selection (GS, %), and 
number of lines selected from each population (in parentheses), among the 44 overall best for grain yield, plant 
architecture, 100-grain weight, and seed-coat darkening, based on combined analysis of the environments.

Genotype Direct selection Simultaneous selection* 
Grain yield (kg/ha) 

Mean GS Mean GS 
Population 4119 9.8 (44) 3,578 1.7 (44) 
BRSMG Madrepérola x BRS Sublime 3985 7.7 (06) 3,591 1.9 (10) 
BRSMG Madrepérola x BRS Estilo 4273 8.7 (17) 3,682 0.8 (12) 
BRSMG Madrepérola x BRS Cometa 3892 4.1 (05) 3,381 0.5 (13) 
BRSMG Madrepérola x BRS Notável 4207 13.4 (16) 3,706 4.5 (09) 
 Plant architecture (1-9) 
Population 4.2 -9.8 (44) 5.0 1.5 
BRSMG Madrepérola x BRS Sublime 4.1 -10.2 (15) 5.0 3.0 
BRSMG Madrepérola x BRS Estilo 4.2 -12.5 (12) 5.2 5.3 
BRSMG Madrepérola x BRS Cometa 4.3 -9.4 (12) 4.9 0.2 
BRSMG Madrepérola x BRS Notável 4.5 -7.6 (05) 4.9 -1.6  

100-grain weight (g) 
Population 28.1 11.0 (44) 24.8 -1.4 
BRSMG Madrepérola x BRS Sublime 27.5 10.5 (10) 24.3 -1.8 
BRSMG Madrepérola x BRS Estilo 29.1 12.5 (16) 24.9 -3.5 
BRSMG Madrepérola x BRS Cometa 27.3 7.8 (07) 25.2 0.9 
BRSMG Madrepérola x BRS Notável 27.7 9.4 (11) 24.7 -1.7  

Seed-coat darkening (1-5) 
Population 1.5 -41.2 (44) 1.7 -35.9 
BRSMG Madrepérola x BRS Sublime 1.4 -38.9 (13) 1.6 -33.4 
BRSMG Madrepérola x BRS Estilo 1.5 -42.6 (09) 1.6 -40.0 
BRSMG Madrepérola x BRS Cometa 1.7 -37.6 (12) 1.9 -31.6 
BRSMG Madrepérola x BRS Notável 1.6 -42.0 (10) 1.7 -36.8 

 

For seed-coat darkening, the gains obtained were much greater, at -41.2%, based 
on selection regardless of population of origin, with little variation among the populations 
(-37.6 to -42.6%). This fact can be explained by the type of genetic control of this trait, 
which is mono- or oligogenic (Junk-Knievel et al., 2008; Elsadr et al., 2011; Silva et al., 
2008; 2014). In addition, gains from selection for seed-coat darkening varied little among 
the populations and environments. All populations contributed with a similar number of 
lines among the 44 best. This result is of great importance because, although a genotype x 
environment interaction was detected for darkening of grains, selection based on evaluation 
of only one environment can generate satisfactory gains for this trait.

Simultaneous selection of traits proposed by the multiplicative “weight-free and 
parameter-free” index, considering the criteria of yield above the general average and a score 
lower than 2.5 for darkening of grains, based on combined analysis, showed gains for yield 
(1.7%) and seed-coat darkening (-35.9%) (Table 4), as expected. For 100-grain weight and 
plant architecture, this combined selection, for grain yield and darkening of grains, resulted in 
a decline of 1.4 and 1.5% in the overall mean, respectively. For seed-coat darkening, selection 
was more effective, with a gain of 35.9%, which can be explained by the criteria of selection 
having been more rigorous for darkening of grains.
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Considering the simultaneous selection practiced on the mean of the three 
environments, the four populations generated a similar number of lines among the 44 best, 
which suggests that all populations have the potential for generation of superior lines. The 
BRSMG Madrepérola x BRS Cometa and BRSMG Madrepérola x BRS Estilo populations 
generated 13 and 12 superior lines, respectively (Table 4). Considering the number of lines 
selected in each population, in each environment, the number of lines among the best 44 was 
similar to the mean of the three environments.

Direct selection revealed the greatest individual gains for the traits, but with a 
reduced practical effect since the lines must show favorable performance for various traits 
to be recommended as new cultivars. For that reason, use of the selection index proved to be 
efficient since it allowed gains from selection for both yield and darkening of grains, which can 
increase the possibility of obtaining lines with high potential for indication as new cultivars. 
New cultivars must possess the various agronomic, industrial, and commercial characteristics 
required by the different segments of the common bean production chain.

To conclude, the estimates of h2, genetic variance, and gain expected from selection were 
high, indicating the possibility of successful selection for slow seed-coat darkening, high yield 
potential, large grains, and upright plant architecture in all evaluated populations. There was no 
strong genetic association among grain yield, 100-grain weight, seed-coat darkening, and plant 
architecture in common bean. Considering simultaneous selection, it was not possible to obtain 
high genetic gains for all four traits combined. Forty-four elite lines that combined high yield, 
more upright plant architecture, slow seed-coat darkening, and commercial size were selected.
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