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ABSTRACT. The aim of this study was to estimate the genotypic gain
with simultaneous selection of production, nutrition, and culinary traits
in cowpea crosses and backcrosses and to compare different selection
indexes. Eleven cowpea populations were evaluated in a randomized
complete block design with four replications. Fourteen traits were
evaluated, and the following parameters were estimated: genotypic
variation coefficient, genotypic determination coefficient, experimental
quality indicator and selection reliability, estimated genotypic values -
BLUE, genotypic correlation coefficient among traits, and genotypic
gain with simultaneous selection of all traits. The genotypic gain was
estimated based on tree selection indexes: classical, multiplicative, and
the sum of ranks. The genotypic variation coefficient was higher than
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the environmental variation coefficient for the number of days to start
flowering, plant type, the weight of one hundred grains, grain index, and
protein concentration. The majority of the traits presented genotypic
determination coefficient from medium to high magnitude. The
identification of increases in the production components is associated
with decreases in protein concentration, and the increase in precocity
leads to decreases in protein concentration and cooking time. The index
based on the sum of ranks was the best alternative for simultaneous
selection of traits in the cowpea segregating populations resulting from
the crosses and backcrosses evaluated, with emphasis on the F,BC ,,
F,C,, and F,C , populations, which had the highest genotypic gains.
Key words: Vigna unguiculata; Grain yield; Quality indicator;
Selection index; BLUE

INTRODUCTION

Cowpea [Vigna unguiculata (L.) Walp.] is a species that presents a great agronomic
potential, nutritional, versatility, and adaptation to diverse environmental conditions (Freire
Filho, 2011). It is a good alternative to compose food in the tropical and subtropical regions
of the world since it is low oil content, has high protein content, vitamins, and minerals
(Vasconcelos et al., 2010; Carvalho et al., 2012).

Among the seven billion people in the current world population, about two billion
suffer from micronutrient malnutrition and almost 800 million of caloric deficiency; and of
129 countries consulted, 57 have high levels of malnutrition and overweight adults, including
obesity (IFPRI, 2016).

Biofortification, a process of improving the nutrients present in food crops,
represents a sustainable way of making more micronutrients available. This approach will
not only reduce the number of severely malnourished people who require treatments for
complementary interventions but will also help them maintain a healthy nutritional profile.
Besides, biofortification is a viable means of reaching the rural population with malnutrition,
generally with limited access to markets for fortified foods and marketed supplements (Singh
etal., 2016). It is accessible and traditional, as it acts to increase the nutritional quality of basic
food sources, such as beans and rice. These foods are considered one of the most important
sources of nutrients for poorer population (Ribeiro et al., 2011). The adoption of biofortified
cultivars by farmers depends on other traits present, such as high yield, resistance to pests and
diseases, and commercial and culinary quality.

The cowpea breeding program from Embrapa Meio-Norte has developed and made
available in the Brazilian market cultivars with high grain yield, good commercial grain
quality, resistance to viruses, and high protein, iron, and zinc concentrations in the grain
(Freire Filho, 2011; Rocha et al., 2017). However, not all of these traits are brought together
in a single cultivar. According to Cruz et al. (2012), the use of selection indexes assists the
breeder in the identification of superior genotypes for several traits simultaneously, attending
the expectations of producers, marketing, and consumers.

The selection indexes have been little used in practice in cowpea breeding programs.
However, studies conducted in Brazil (Santos and Araujo, 2001; Dias, 2009; Bertini et al.,
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2010; Silva, 2015; Torres, 2015; Rodrigues et al., 2016) have shown advantages of their use
concerning the directed selection of superior genotypes. Several selection indexes have been
proposed, among them those that have been most used in cowpea in Brazil: the classical,
proposed by Smith (1936) and Hazel (1943), the multiplicative, proposed by Subandi et al.
(1973), the sum of ranks, proposed by Mulamba and Mock (1978), and the selection index,
proposed by Williams (1962). This selection strategy is very advantageous in a breeding
program since it is less expensive, faster, and with the possibility of simultaneous gains for
several traits. Therefore, in the face of scarce human and financial resources, the identification
of genotypes that present superiority simultaneously to several traits should be a strategy to be
used by cowpea breeding programs.

Studies using different selection indexes to simultaneously select superior cowpea
genotypes based on agronomic, nutritional, and culinary traits have not been found in the
literature. Furthermore, due to the difficulties of gathering in a single genotype several
desirable traits, the aim of this study was to estimate the genotypic gain with the simultaneous
selection of production, nutrition, and culinary traits in cowpea crosses and backcrosses and to
compare different selection indexes.

MATERIAL AND METHODS

Eleven populations of cowpea were evaluated: three parental (BRS Xiquexique, IT-
98K-205-8, and IT-97K-1042-3) and eight segregating F, populations derived from crosses
between them and backcrosses for BRS Xiquexique. BRS Xiquexique cultivar comes from the
cowpea breeding program at Embrapa Meio-Norte, in Teresina, Piaui, and IT-98K-205-8 and
IT-97K-1042-3 lines are derived from the International Institute of Tropical Agriculture (IITA)
Cowpea Breeding Program in Ibadan, Nigeria.

The eight segregating populations were represented by plants in the F, (plant)/F,
(seed) generations, obtained from the BRS Xiquexique x IT-98K-205-8 and BRS Xiquexique
x IT-97K-1042-3 crosses (C) and backcrosses (BC) to the BRS Xiquexique parent, including
reciprocal ones (Moura et al., 2012).

An experiment was conducted at the Embrapa Meio-Norte experimental field in
Teresina, Piaui, Brazil, in a randomized complete block design with 11 treatments (parents
and progenies) and four replications. The plot was constituted by four rows spaced 0.80 m,
with spacing between plants within the row of 0.30 m. The useful area was composed of two
central rows of 80 plants, where the data were collected.

The following traits were evaluated: number of days to start flowering - number
of days elapsed from planting to appearance of first flowers; number of days for maturity -
number of days elapsed from planting to physiological maturation of pods, plant type - scale
of visual notes (1 - erect: main branch and short branches with the insertion of the secondary
branches forming an acute angle with the main branch, 2 - semi-erect: main branch and short
branches with the insertion of the secondary branches perpendicular to the main branch, 3
- semi-prostrate: main and secondary branches of medium size with the lower secondary
branches touching the ground and tending to support themselves in vertical supports, and 4 -
prostrate: long main and secondary branches with the lower secondary branches touching the
soil and tendency to lean on vertical supports), cultivation value: scale of visual notes (1- with
no characteristic adequate to commercial cultivation, 2 - with few suitable characteristics for
commercial cultivation, 3 - with a good part of the characteristics suitable for commercial
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cultivation, 4 - with most of the characteristics suitable for commercial cultivation, and 5 -
with all the characteristics suitable for commercial cultivation), plant lodging - scale of visual
notes (1- with no fallen plant, 2 - with 1 to 5% of fallen plants, 3 - with 6 to 10% of fallen
plants; 4 - with 11 to 20% of fallen plants, and 5 - with more than 20% of fallen plants), pod
length - obtained as a mean of a sample of 10 pods randomly collected in the useful area of
the plot, number of grains per pod - obtained as an average of a sample of grains of 10 pods
randomly collected in the useful area of the plot, weight of one hundred grains - obtained as
an average of 100 grains randomly taken in the useful area of the plot, grain index - obtained
as the ratio of pod grain weight and pod weight, grain yield - total yield in grams per plot
area, transformed to kg/ha, cooking time, protein concentration, iron concentration, and zinc
concentration. The data resulting of the scale of visual notes were transformed to+/x+0.5 .

The cooking time was evaluated by the Mattson cooker, using a sample of 25 g of
each population, which were soaked for 4 h, before determining this trait. The cooking time
corresponded to the time when the 13th stick penetrated the grain, according to Proctor and
Watts (1987) and Ribeiro et al. (2007).

For the accomplishment of the nutritional analyses, first, the flour was obtained by
the grinding of 10 g of each population in the mill of zirconium balls. Then, the samples were
submitted to a nitro-perchloric digestion and, subsequently, iron and zinc concentrations were
determined using the atomic absorption spectrophotometer according to Sarruge and Haage
(1974), using calibration curves of 0.5, 1.0, 2.0, and 4.0 mg/100 g for iron and 0.2, 0.4, 0.8,
and 1.6 mg/100 g for zinc. Protein concentration analyses were performed by the Kjeldahl
method (AOAC, 2005).

Statistical-genetic analyses were performed in the SELEGEN program (Resende,
2002) using mixed models and the REML/BLUE estimation method (restricted maximum
likelihood/best linear unbiased estimation). The mixed linear model adopted was the following:

y=Xb+Zg +e (Equation 1)

where y = vector of observed data; X and Z = incidence matrices for b and g, respectively; b =
vector of block effects (random); g = vector of genotypic (fixed) effects; e = vector of random
error effects.

Due to the small number of treatments and because they did not belong to the same
population, the effects of genetic materials were considered as fixed in the mixed linear model
(Resende and Duarte, 2007). The presence of genetic variability among populations for the
traits was evaluated by the Snedecor’s F value.

The genetic gain with the selection considering all the traits simultaneously was
estimated only in the segregating populations, considering that these will be advanced and
open lines in later generations. Three selection ind methodologies were used.

The classical index proposed by Smith (1936) and Hazel (1943) was obtained by the
aggregate index (H), according to the equation:

H= za,.g,. =d'g (Equation 2)
i=1
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where n = number of traits evaluated; g = population effect for the # traits evaluated; a = effect
of the economic weights previously established.

For the estimation of the classical index, different economic weights (0 to 1) and
the direction of selection (increase and decrease) were adopted for each trait. The economic
weight were: number of days to start flowering (0.10), number of days for maturity (0.12),
plant type, plant lodging (0.02), cultivation value (0.02), pod length (0.02), number of grains
per pod (0.05), weight of one hundred grains (0.15), grain yield (0.20), cooking time (0.02),
and protein concentration (0.05). For the irection of selection, the increase of the traits were:
value cultivation, pod length, the number of grains per pod, grain yield, grain index, and
concentration protein; and the decrease of the traits were: the number of days to start flowering,
the number of days for maturity, plant type, plant lodging, and cooking time.

The multiplicative index proposed by Subandi et al. (1973) was estimated according
to the equation:

1= YIkIYZkZ...ijj (Equation 3)

where [ = selection index; Y. = overall mean of the trait j, where k/ =1, if considered the direct
relation of the index with the trait, and kj = -1 if considered the inverse relation of the index
with the trait.

The index based on the sum of ranks proposed by Mulamba and Mock (1978) was
calculated according to the equation:

n

Ty = Z”k’”ik (Equation 4)
k=1
where 7, = value of the Mulamba and Mock index associated with the population i; u, =

economic weight of the trait £, being adopted the unity for all the traits; , = ranks associated
with the genotypic mean of the population 7 relative to the trait £.

For the estimative of the index sum of ranks, the direction of selection (increase or
decrease) was informed.

RESULTS AND DISCUSSION

Statistical analysis showed the existence of genetic variability among the 11 cowpea
populations for all the traits, except for iron and zinc concentrations (Table 1).

The genotypic variation coefficient showed superiority in relation to the environmental
variation coefficient for the number of days to start flowering (2.64%), plant type (9.53%),
weight of one hundred grains (6.41%), grain index (3.48%), and protein concentration (3.24%)
(Table 1), evidencing a situation favorable to the improvement of these traits. According to
Vencovsky (1978), the largest portion of the phenotypic variation determined by genetic
variations infers success in the selection process.

The evaluated traits presented genotypic determination coefficient (g?) from the
medium (cultivation value: 3.03) to the high magnitude (plant type: 12.50), except the iron
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and zinc concentrations, which presented low estimates, of 1.35 and 1.61, respectively. The
moderate and high magnitude values of g showed that most of the traits presented good
reliability of the phenotype in the selection of genotype. These results differed in part from
those obtained by Mohammed et al. (2010), who studying six parental and five crosses of
cowpea, found values from low to a moderate magnitude of this parameter.

Table 1. Estimates of the parameters genotypic variation coefficient (GVC), environmental variation coefficient
(EVC), genotypic determination coefficient (g?), and Snedecor’s F value (F) of 14 traits, evaluated in 11 cowpea
populations.

Trait Parameter

GVC (%) EVC (%) g’ F OM
NDSF (days) 2.64 2.37 5.88%* 0.91 40.72
NDM (days) 1.05 1.48 3.03%* 0.82 57.89
PT (note)' 9.53 5.72 12.50** 0.96 1.65
PLD (note)! 7.59 7.75 4.76%* 0.89 1.67
CV (note)’ 3.72 5.21 3.03%* 0.82 1.84
PL (cm) 5.41 5.59 4.76%* 0.89 21.18
NGP (unity) 6.23 8.48 3.13%* 0.83 14.14
WHG (g) 6.41 5.69 5.88%* 0.91 16.44
GY (kg/ha) 1091 14.61 3.23%* 0.83 1330.43
GI (%) 3.48 3.28 5.56** 0.90 717.55
CT (min) 10.01 10.17 4.76%* 0.89 11.80
PC (%) 3.24 2.82 5.00%* 0.89 26.14
IC (mg/kg) 1.33 3.89 1.35™ 0.51 65.43
ZC (mg/kg) 2.28 5.01 1.60"™ 0.62 45.03

NDSF, number of days to start flowering; NDM, number of days for maturity; PT, plant type; PLD, plant lodging;
CV, cultivation value; PL, pod length; NGP, number of grains per pod; WHG, weight of one hundred grains;
GY, grain yield; GI, grain index; CT, cooking time; PC, protein concentration; IC, iron concentration; ZC, zinc
concentration. OM, overall mean, ™not significant, **significant at 1%, and 'value transformed to 4/x + 0.5 .

The low magnitude of g2 for iron and zinc concentrations indicates the existence of high
environmental influence, which makes it more difficult to select iron and zinc concentrations
in the cowpea grain, also confirmed by low Snedecor’s F values and estimates of g* that were
not significant (Table 1). The low magnitude of g> and high environmental influence for these
characters were also found by Moura et al. (2012) and Costa (2013), who evaluating cowpea
parental and crosses also found low estimates for this parameter.

The Snedecor’s F value presented median estimates only for the iron (0.51) and zinc
(0.62) concentrations, while the other traits showed a high magnitude, ranging from 0.82
(cultivation value and number of days for maturity) to 0.91 (number of days to start flowering).
This corroborates with the magnitudes of the estimates of g, which showed greater variability
for the agronomic and culinary traits and low variability of the nutritional traits, except the
protein concentration. These results differed from those obtained by Costa (2013) for the iron
concentration, which found high variability for this trait, studying a group of parental and two
cowpea Ccrosses.

According to the estimated genotypic values (BLUE) and considering the selection of
the cowpea populations evaluated to increase the traits pod length, number of grains per pod,
weight of one hundred grains, grain yield, grain index, protein concentration, iron concentration,
and zinc concentration, as well as the decrease in number of days to start flowering, number of
days for maturity, plant type, plant lodging, and cooking time, relevant gains will be obtained
for a large number of traits, mainly BRS Xiquexique, IT-98K-205-8, IT-97K-1042-3, F,C
F,C,,, and F,BC , populations, which presented the highest estimates (Table 2).

31
12°
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Table 2. Estimated genotypic values - BLUE (p+g) of 14 traits' evaluated in 11 cowpea populations.

Population NDSF (days) NDM (days) PT? (note) PLD? (note) CV? (note) PL (cm) NGP (unity)
BRS Xiquexique 41.5800 58.4610 1.75 1.7909 1.81® 22.390 15.82(0
IT-98K-205-8 38.67(H 57.12 1.45® 1.46(0 1.93® 20.001D 13.26(1D
IT-97K-1042-3 40.75© 57.29® 1.29 1.53@ 1.95M 20.3700 13.5000
FaCi2 39.91? 58.13) 1.706) 1.580) 1.837 21.06® 14.21®
F4Ca 40.33% 57.79%) 1.650) 1.644 1.86% 21.57% 13.67
FaCi3 41.37 58.13® 176119 1.8101 1.8701 21.110 13.91©
FaCa1 424101 58.8011 1.770D 1.70© 1.78 2225 13.980)
F4BCi2 40.75) 57.96 1.7200 1.730 1.868) 21.33© 14.86
F4BCai 40.120) 57468 1.70© 1.660) 1.850) 21.34®) 13.877
F4BCi3 40.957 57.96© 1.74® 1.77® 1.7800 20.99® 13.80®
F4BCs1 41.16® 57.63% 1.65% 1.75® 1.85© 21.87) 14.665)
Population WHG (g) GY (kg/ha) GI (%) CT (min) PC (mg/kg)' IC (mg/kg) ZC (mg/kg)
BRS Xiquexique 17.681) 1481.99%) 89.591 13.330D 25.510 65.320) 44,380
1T-98K-205-8 16.41®) 1181.5719 78.40%) 11.03® 25.90© 64.8700 44.92
1T-97K-1042-3 13.96D 1155351 71.920D 11.787 28.040 65.63%) 45.520)
FaCi2 15.6810) 1279.06" 77.187 9.94(1) 26.130) 65.39) 46.170
F4Ca 16.800) 1306.07© 76.76 11.36% 26.44% 65.597@ 45.300)
FaCi3 17.05? 1268.83®) 75.5010 10.93® 26.443) 65.822) 44270
FaCsi 16.320) 1251.87®) 76.56 13.1910 26.61?% 66.42() 45.742
F4BCi2 16.80%) 1495.04) 79.75@ 11.53) 25.70® 65.490) 45.38¢%
F4BC21 17.03® 1391.32% 78.694 12.02® 25.420D 64,8800 44.740
F4BCi3 16.57©) 1332.87) 79.35® 13.08 25.4709 65.179 4438019
F4BCs1 16.53) 1490.80) 78.03®) 11.58© 25.83) 65.19® 44.53®)

'NDSF, number of days to start flowering; NDM, number of days to maturity; PT, plant type; PLD, plant lodging;
CV, cultivation value; PL, pod length; NGP, number of grains per pod; WHG, weight of one hundred grains;
GY, grain yield; GI, grain index; CT, cooking time; PC, protein concentration; IC, iron concentration; ZC, zinc
concentration. ?Values transformed to +/x + (.5 . The index in parenthesis next to the BLUE estimates corresponds
to the classification or ranking of the population based on the genetic gains.

The F,C,, F,C,,, and F BC , segregating populations were highlighted in BLUE
values, surpassed only by the BRS Xiquexique parental (Table 2), Brazilian cultivar adapted
to the region and with a high concentration of iron and zinc in the grain (Rocha et al., 2017).
However, it did not show promising populations for all the traits analyzed simultaneously.
This fact can be explained by the negative correlation between the production components
and the nutritional traits (Table 3). These are populations obtained from the crosses involving
the BRS Xiquexique Brazilian cultivar and the exotic African lines IT-98K-205-8 and IT-
97K-1042-3. It is important to mention the difference of adaptation between the lines and
the cultivar, as well as to emphasize that among the traits evaluated there are those that are
strongly influenced by the environment, such as grain yield and iron and zinc concentrations.

The BRS Xiquexique population presented the highest gains for the production
components and grain index (Table 2). The IT-98K-205-8 population had the highest gains for
traits related to precocity (number of days to start flowering and number of days for maturity)
and plant lodging. The IT-97K-1042-3 population obtained the highest gains for the traits
related to the plant architecture and cultivation value. The F,C,, population presented the best
classification for iron concentration and cooking time. The F,C, population was highlighted
in gain for the iron concentration. The F,BC , population had a higher gain for grain yield.

Grain yield showed positive genotypic correlations, from medium to high magnitude
with plant type (0.60), plant lodging (0.40), pod length (0.23), the number of grains per pod
(0.59), the weight of one hundred grains (0.80), and grain index (0.72) (Table 3). This suggests
the possibility of simultaneous gains for grain yield using an indirect selection of the plant
type, plant lodging, pod length, number of grains per pod, the weight of one hundred grains,
and grain index. These results corroborate with those obtained by Silva and Neves (2011),
evaluating these correlations in 20 cowpea genotypes.

Genetics and Molecular Research 16 (3): gmr16039736



D.G. Oliveira et al. 8

Table 3. Genotypic correlation coefficients estimated among 14 traits' obtained from the evaluation of 11
cowpea populations.

Trait NDM PT? PLD? Ccv? PL NGP WHG GI GY CT PC IC zC

NDSF 0.76%* | 0.48** | 0.74** | -0.65** 0.81** 0.46* 0.15ns | 0.29ns | -0.06ns | 0.62** 0.14ns | 0.72** | -0.13ns
NDM 0.74** 0.61%* -0.81%* 0.74%* 0.52%* 0.37* 0.25ns 0.24ns 0.41* -0.14ns | 0.68** 0.12ns
PT 0.77** -0.92%* 0.67** 0.48* 0.77*% | 0.58** 0.60** 0.24ns -0.65** | 0.20ns | -0.23ns
PLD -0.80%** 0.74%* 0.61** 0.62%* | 0.67** 0.40* 0.46* -0.42* 0.23ns | -0.57**
Ccv -0.67*%* | -0.36* | -0.57** | -0.35*% | -0.35* -0.35* 0.42* -0.37* | 0.27ns
PL 0.66** 0.39* 0.62%* 0.23ns 0.47* -0.17ns 0.45* -0.05ns
NGP 0.49*%* | 0.82%* | 0.59** 0.33* -0.44* | -0.0lns | -0.22ns
WHG 0.64** | 0.80%* 0.27ns | -0.81** | -0.18ns | -0.57**
GI 0.72%* 0.27ns | -0.68** | -0.25ns | -0.37*
GY 0.31* -0.95%** -0.46* -0.38*
CT -0.17ns | 0.19ns -0.36*
PC 0.55%* 0.46*
IC 0.40*

'NDSF, number of days to start flowering; NDM, number of days for maturity; PT, plant type; PLD, plant lodging;
CV, cultivation value; PL, pod length; NGP, number of grains per pod; WHG, weight of one hundred grains;
GY, grain yield; GI, grain index; CT, cooking time; PC, protein concentration; IC, iron concentration; ZC, zinc
concentration. Values transformed to /x + 0.5 .

Negative correlations ranging from medium to high magnitude were observed
between the protein concentration and the traits grain yield, number of grains per pod, pod
length, the weight of one hundred grains, and grain index (Table 3). These results indicate
that enhancement for these components may lead to decreases in protein concentration. These
results corroborate with those obtained by Moura et al. (2012), studying the same populations,
but in the F, and F, generations, but disagree with the results obtained by Santos and Boiteux
(2013), which found positive correlation between protein concentration and grain yield,
evaluating 87 lines derived from six cowpea crosses.

The correlations between the iron and zinc concentrations and the production and
their components, in the great majority, were negative and from low to medium magnitude
(Table 3), indicating that the breeder should be careful because the increase of the production
traits can lead to decreases in the concentrations of these nutrients. These results were similar
to those obtained by Ribeiro et al. (2014), evaluating the selection for grain yield and iron
concentration in common bean, but different from those obtained by Santos and Boiteux
(2013), who found a positive correlation between grain yield and iron and zinc concentrations,
evaluating 87 F, cowpea lines derived from six crosses.

The correlation coefficients between the traits related to the crop cycle (number of
days to start flowering and number of days for maturity) and iron concentration and cooking
time were positive and from medium to the high magnitude (Table 3). These correlations are
indicative that the improvement for precocity leads to decreases in iron concentration and
cooking time. According to Moura et al. (2012), the correlation between cooking time, number
of days to start flowering, and number of days for maturity is favorable for obtaining early
and fast cooking genotypes, which is currently emphasized in the cowpea breeding in Brazil
(Freire Filho, 2011; Rocha et al., 2017).

The correlation between the weight of one hundred grains and grain index was positive
and of high magnitude (Table 3), suggesting that the selection for the increase of grain size
can lead to simultaneous gains for grain/pod ratio in cowpea. A similar result was obtained
by Silva and Neves (2011), studying correlations between traits in 20 cowpea genotypes. The
current market has demanded larger grains (Freire Filho, 2011) that together with a high grain
index represent ideal conditions for producers and consumers.

Genetics and Molecular Research 16 (3): gmr16039736
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Correlations between protein concentration and iron and zinc concentrations were
positive and of medium magnitude (Table 3), indicating that simultaneous gains for these three
traits can be obtained by selection. A similar sense of correlations was obtained by Santos and
Boiteux (2013), evaluating 87 lines derived from six cowpea crosses.

The classical index of Smith (1936) and Hazel (1943) had the lowest expected
genotypic gains with the selection, compared to the other indexes used (Table 4). This index
highlighted the populations F,BC, ,, F,BC, , and F,C, with the highest gains, 0.36, 0.33, and
0.29%, respectively, and therefore, are the ones with the greatest potential in simultaneous
selection for precocity, erect plant, larger grain size, high grain yield, fast cooking time, and
high protein, iron, and zinc concentrations.

Table 4. Estimates of genotypic gains with the simultaneous selection of 12 traits' in eight cowpea F, populations,
using the three selection indexes.

Smith (1936) and Hazel (1943) Mulamba and Mock (1978) Subandi et al. (1973)
Population Gain (%) Population Gain (%) Population Gain (%)
F4BCi2 0.36 FiBCi2 31.25 F4Csi 15.69
F4BCai 0.33 F4C21 29.90 F4BCi3 1331
F4Coi 0.29 FaCi2 23.53 F4BCi2 12.04
F4BCs1 0.27 F4BC21 19.43 FaBCs1 10.45
FiCi2 0.20 FiBCs1 17.10 FiBCa1 7.84
F4BCi3 0.14 F4Cs1 10.53 FiCi3 5.36
F4Ci3 0.08 F4Ci3 5.00 FaCai 3.26
FiCs1 0.00 F4BCi3 0.00 F4Ci2 0.00

"Number of days to start flowering, number of days to maturity, plant type, plant lodging, cultivation value, pod
length, number of grains per pod, weight of one hundred grains, grain yield, grain index, cooking time, protein
concentration, iron concentration, and zinc concentration.

The index sum of ranks (Mulamba and Mock, 1978) showed the highest gains with
the simultaneous selection, with the FBC , F,C, , and F,C , populations with percentage
gains of 31.25, 29.90, and 23.53%, respectively (Table 4). According to Cruz et al. (2012), the
index sum of ranks does not use variances and covariates between the characters. However,
reliable estimation is not dependent on the availability of matrices of genetic and phenotypic
variances and covariances. Besides, in this analysis, the populations were classified taking into
account each of the traits, in order of improvement.

Santos and Araujo (2001), Bertini et al. (2010), Silva (2015), Torres (2015), and
Rodrigues et al. (2016), in studies on the application of selection indices in cowpea, reported
that sum of ranks and multiplicative indexes presented satisfactory genetic gains with the
simultaneous selection of traits. Jost (2011), studying the efficiency of the different selection
indexes in common bean had different results to this one since the index sum of ranks showed
inferior performance to the classical and multiplicative indexes. Marinho et al. (2014), comparing
some selection indexes in common bean pre-commercial genotypes, also found lower efficiency
for the index sum of ranks when compared to other selection indexes evaluated.

The multiplicative index (Subandi et al., 1973) presented moderate gains, relative
to the indexes classical and the sum of ranks, highlighting the F,C,, F BC ,, and F,BC ,
populations, which presented, respectively, genotypic gains of 15.69, 13.31, and 12.04%
(Table 4). Contrary to this result, Jost (2011), using several selection indexes for to select
common bean genotypes, found that the multiplicative and classical indexes were those that
provided greater gains with the combined traits.
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The different results found between the selection indexes adopted in this study,
compared to the literature, suggest that an adequate index varies with the traits, species, and
populations considered.

All the selection indexes used in this research indicated the cowpea segregating
populations resulting from backcrossing (BRS Xiquexique x IT-98K-205-8) x BRS Xiquexique
as very promising to obtain superior genotypes with simultaneous attributes of production,
nutrition, and culinary in generations more advanced of endogamy.

CONCLUSION

The use of selection indexes allowed the identification of superior cowpea populations
on the base of simultaneous selection of several traits. The index based on the sum of ranks
provided the greatest genetic gains with the simultaneous selection of agronomic, nutritional,
and culinary traits in the segregating cowpea populations evaluated, highlighting the F,BC ,
population, with the best gain.
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