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Abstract. This study aimed to identify promising crosses to generate cowpea breeding
populations for the Brazilian Cerrado region. The experiment was carried out during the
two crop seasons. The experimental design used was a randomized block with four
replications and 20 genotypes prostrate. The effect of genotypes was significant for all
traits evaluated. The Mahalanobis distance and the Tocher’s cluster were used to
estimate the genetic diversity. Singh’s criterion was used to quantify the contribution of
each trait to genetic diversity. Mass of hundred grains and grain yield were the traits that
most contributed to detect diversity among cowpea genotypes. The crosses between the
G14 genotype with G2, G3, G4, G5, G6, G11, G16, and G20 are promising for the
development of populations with variability and high genetic potential.

Cowpea [Vigna unguiculata (L.)Walp.] is
one of the most important and strategic food
sources for tropical and subtropical regions
of the world. Cowpea grain contains a high
proportion of protein (19% to 35%) and
carbohydrates (63%), with low fat content
(1.5%) (Xiong et al., 2016). The crop has an
important role in promoting global food se-
curity due to its nutritional characteristics and
because it is considered undemanding in
terms of production, making it possible to
grow under low-input production systems
(Horn and Shimelis, 2020). This crop has
been increasingly studied in Brazil because it
is grown in a wide range of environments
(Santos et al., 2014, 2019), making the de-

velopment of improved local varieties for
traits of interest an essential task.

Despite being considered an undemand-
ing, tropical crop with wide adaptation to
diverse environments, cowpea presents a low
average yield (�0.3 Mg·ha–1), even though
there is evidence that its genetic potential is
from 1.5 to 3.0 Mg·ha–1 (Gbaye and Hollo-
way, 2011) and may even exceed 6.0Mg·ha–1

(Ehlers and Hall, 1997). The first step for
developing genotypes with greater yields is
the choice of parents, which need to have
genetic divergence between them and alleles
favorable for better agronomic traits of com-
mercial interest. Therefore, genetic diversity
studies are necessary to assist breeders in
determining the most promising hybrid com-
binations (Ribeiro et al., 2019; Santos et al.,
2014).

In addition to grain yield, other traits of
Brazilian cowpea genotypes need to be im-
proved. The mass of 100 grains is a trait that
has a direct association with yield and a direct
impact on consumption because consumers
prefer heavy grains. Other agronomic traits,
such as plant architecture and tolerance to
lodging, are also important because they
affect losses during mechanized harvest. Fi-
nally, cultivation value is constituted by a
scoring scale in which the breeder evaluates

whether the genotype comprises agronomic
and commercial traits that are favorable to
cultivation (Guerra et al., 2017).

The objective of this study was to analyze
the genetic diversity of cowpea genotypes to
identify promising crossings for the Brazilian
Cerrado based on agronomic traits.

Materials and Methods

The experiment was carried out in the
2010–11 and 2011–12 crop seasons at the
experimental site of the Universidade Federal
de Mato Grosso do Sul, Campus of Chapad~ao
do Sul (lat. 18�05#S, long. 52�04#W, 820 m).
The soil in the area was classified as Clayey
Hapludox, and the climate is Aw, according
to the Koppen classification. The experimen-
tal design used was a randomized block with
four replications and 20 prostrate genotypes
(G1 to G20) of the Embrapa Meio Norte
Improvement Program. Each plot was com-
posed of four lines with a spacing of 0.80 m
between lines and 0.25 m between plants.

The traits evaluated were growth type (GT),
cultivation value (CV), lodging (LOD), archi-
tecture (ARC), mass of 100 grains (MHG), and
grain yield (GY). The GT, CV, LOD, and ARC
were evaluated on a numerical scale described
in Guerra et al. (2017). GY was obtained by
harvesting the central rows of each plot and
correcting for 13% humidity. MHG was ob-
tained from a sample of the harvested grains.

Data were subjected to joint analysis of
variance considering the effect of genotypes
and crop season as fixed. Subsequently, the
means of each genotype were used to esti-
mate the genetic diversity among them. For
this, the Mahalanobis distance and the
Tocher’s cluster were used. Singh’s criterion
was used to quantify the contribution of each
trait to genetic diversity.

Results and Discussion

The effect of genotypes (G) was signifi-
cant for all characters evaluated (Supplemen-
tal Table 1). Similar results were obtained in
other research with cowpea in Brazil (Abreu
et al., 2019; Ribeiro et al., 2019; Santos et al.,
2014, 2019; Torres et al., 2016). Crop season
(CS) effect was not significant only for LOD.
In contrast, the G · CS interaction was
significant only for MHG. These results dem-
onstrate that there is no change, except for
MHG, in the ranking of the best genotypes
over the two evaluated seasons.

Tocher’s cluster formed eight homoge-
neous groups in terms of genetic diversity for
the traits evaluated (Table 1). Group I allo-
cated the largest number of genotypes (eight)
and stood out for obtaining adequate aver-
ages for all traits, except for MHG. Groups II,
III, IV, V, VI, and VII allocated genotypes
with the lowest GY averages. Increasing GY
is the main objective of cowpea breeding
programs (Guerra et al., 2017; Passos et al.,
2007; Ribeiro et al., 2019).

GroupVIII contained the G14 genotype in
isolation. This was due to the higher means of
this genotype for the GY, MHG, CV, and
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ARC traits. Therefore, this genotype has the
best productive performance, with high re-
sistance to lodging (low averages for LOD),
plants with branches, peduncles, and pods
with excellent configuration (high averages
for ARC), in addition to desirable traits for
commercial cultivation (high means for CV).

Considering that genetic variability is es-
sential for a breeding population, the most
promising crossings are between genotypes
from group VIII (G14) with the ones from
group I (G2, G3, G4, G5, G6, G11, G16, and
G20). These crossings can generate a breed-
ing population with high potential for select-
ing transgressive segregants for all traits
evaluated.

By Singh’s criterion, the traits GT, CV,
LOD, ARC, MHG, and GY contributed
15.81%, 6.46%, 17.17%, 15.42%, 24.94%,
and 20.20%, respectively, to the genetic di-
versity of 20 cowpea genotypes. MGH and
GY were the traits that contributed most to
detecting the diversity between cowpea ge-
notypes, corroborating the findings reported
by Santos et al. (2014). These results were
expected because these traits are governed by
many genes and are more sensitive to envi-
ronmental effects. This can be confirmed by
looking at MGH, a trait that contributed most
to the diversity of genotypes and presented
significant interaction with crop season.

Conclusion

Crossings between the G14 genotype with
G2, G3, G4, G5, G6, G11, G16, and G20 are
promising to obtain populations with vari-
ability and high genetic potential for cowpea
breeding programs.
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Santos, A.M. Corrêa, and G. Ceccon. 2016.
Simultaneous selection for cowpea (Vigna
unguiculata L.) genotypes with adaptability
and yield stability using mixed models. Genet.
Mol. Res. 15:1–11, doi: 10.4238/gmr.15028272.

Xiong, H., A. Shi, B.Mou, J. Qin, D.Motes,W. Lu,
J. Ma, Y. Weng, W. Yang, and D. Wu. 2016.
Genetic diversity and population structure of cow-
pea (Vigna unguiculata L. Walp). PLoS One
11:e0160941, doi: 0.1371/journal.pone.0160941.

Table 1. Grouping of 20 cowpea genotypes and mean values of each trait evaluated.

Group Genotype(s)

Mean value for group

GT CV LOD ARC MHG (g) GY (kg·ha–1)

I G2, G3, G4, G5, G6, G11, G16, and G20 2.89 3.59 1.14 3.33 15.76 913.82
II G9, G10, and G12 2.79 3.04 1.17 2.71 16.17 501.24
III G13 and G18 3.31 3.06 1.25 3.00 16.51 464.72
IV G1 and G15 3.13 3.50 1.00 3.31 18.93 799.13
V G7 and G19 2.50 2.69 1.00 2.50 12.00 555.71
VI G17 2.88 2.75 1.25 2.88 11.75 449.51
VII G8 2.88 3.75 1.38 3.50 15.70 676.55
VIII G14 2.75 4.38 1.00 4.13 18.53 1209.80

GT = growth type; CV = cultivation value; LOD = lodging; ARC = architecture; MHG = mass of 100 grains; GY = grain yield.
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Supplemental Table 1. Mean square of the joint variance analysis for traits growth type (GT), cultivation value (CV), lodging (LOD), architecture (ARC), mass of
100 grains (MHG), and grain yield (GY) evaluated in 20 cowpea genotypes.

Source of variation GT CV LOD ARC MHG GY

Block/CS 0.94* 1.15NS 0.24* 2.32* 25.94NS 903006.31*
Genotype (G) 0.55* 1.74* 0.23* 1.42* 34.86* 528994.08*
Crop season (CS) 71.55* 65.02* 0.51NS 49.50* 742.61* 2682981.00*
G · CS 0.49NS 1.08NS 0.30* 0.73NS 30.44* 241588.56NS

Residue 0.31 1.00 0.13 0.71 13.20 224941.46

NS, *Nonsignificant or significant at 5% probability by the F test, respectively.
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