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ABSTRACT

The cowpea bean (Vigna unguiculata [L.] Walp.) is the most important legume in the Colombian Caribbean,
and is cultivated with genotypes having prostrate growth habit, with yields that do not exceed 700 kg ha™.
Manual harvesting is very expensive for crop rotation in commercial agriculture, which is why cultivars with
erect growth habit are required. The research was carried out in the first semester of 2022, in the experi-
mental area of the Universidad de Cérdoba (Monteria-Colombia). Sixteen erect genotypes and five prostrate
genotypes, including the control, were evaluated under a randomized complete block design with five repeti-
tions. Each experimental unit consisted of two rows of 5 m in length, with a distance between plants of 0.15
m and between rows of 0.40 m for a population density of 166.000 plants/ha. The results indicated genetic
variability, which enables successful phenotypic selection, according to the estimated genetic parameters.
Likewise, there was positive and significant correlations of performance components with yield. In addition,
the unfolding of genotypic correlations by means of path analysis indicated that grain thickness is an impor-
tant and easy to measure characteristic to increase yield.
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RESUMEN

El frijol caupi (Vigna unguiculata [L.] Walp.) es la leguminosa mdas importante del Caribe colombiano, la cual es
cultivada con genotipos de habito de crecimiento postrado, con rendimientos que no superan los 700 kg ha'. La
cosecha manual resulta muy costosa para la rotacién de cultivos en la agricultura empresarial, por lo que se requiere
de cultivares de hébito de crecimiento erecto. La investigacién se realiz6 en el primer semestre de 2022, en el area
experimental de la Universidad de Cérdoba (Monterfa-Colombia). Se evaluaron 16 genotipos erectos y cinco postra-
dos incluido el testigo, bajo el disefio de bloques completos al azar con cinco repeticiones; cada unidad experimental
estuvo conformada por dos surcos de 5 m de longitud, con distancia entre plantas de 0,15 m y entre surcos de 0,40
m para una densidad de poblacién de 166.000 plantas/ha. Los resultados indicaron variabilidad genética, la cual
posibilita la seleccién fenotipica exitosa, de acuerdo con los pardmetros genéticos estimados. Asf mismo, la existen-
cia de correlaciones positivas y significativas de los componentes del rendimiento con el rendimiento. Ademads, el
desdoblamiento de las correlaciones genotipicas mediante anélisis de sendero indica que, el espesor del grano es una

caracterfstica importante y f4cil de medir para incrementar el rendimiento.

Palabras clave adicionales: leguminosas; calidad de grano; variabilidad genética, seguridad alimentaria;

composicion nutricional.
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The cowpea bean is a legume of African origin with
great economic and nutritional importance, which is
consumed as a fresh grain and mainly as a dry grain
for its high protein and mineral content, iron being
vital for the transport of oxygen in the blood, DNA
synthesis, energy production and other metabolic
processes; while the bioavailability of zinc is impor-
tant in cell growth and replication, bone formation,
strengthening of the immune system and sexual
maturation (Singh et al., 2016; Xiong et al., 2016).
In addition, in the USA, the demand for cowpea as
an alternative to soy in the preparation of food for
animal feed is expected to increase (Osipitan er al.,

2021).

In Colombia, it is cultivated mainly on the north
coast of the country by small and medium producers,
which benefit from their adaptation to the rainfall
deficit and the incorporation of atmospheric nitrogen
into the soil (Abaidooer al., 2017), the latter decreases
the need for very expensive inorganic fertilizers. This
production system has grown from 14,361 ha in 2007
to 17,199 ha in 2020 (Agronet, 2022), due to the re-
lease of new varieties with prostrate habit and great-
er yield potential, but with the difficulty of manual
harvesting, which represents 44% of production costs
(Martinez-Reina et al., 2022), and the additional chal-
lenge of finding labour for such work. Likewise, these
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INTRODUCTION

prostrate cultivars are affected by the microclimate,
since the pods, when they come into contact with
the soil, deteriorate, thereby affecting grain yield.

The native varieties of cowpea beans, ‘Like tiger
hand’, ‘Guajiro’, “Turkey quin’, ‘Quarantine’ and
‘Momposino’, whose yield does not exceed 700 kg ha”,
are planted in most of the cultivated area, which
makes it necessary to select new cultivars with good
agronomic and nutritional characteristics that allow
improving the yield and quality of the crop grain, to
contribute to an improvement in the quality of life of
the producer, the nutrition of the consumer and open
the possibilities of exporting to demanding markets,
with problems of food insecurity, mainly in the Ca-
ribbean region.

In this sense, research based on estimates of genetic
parameters are of great relevance in the genetic im-
provement of plants, since this allows knowing the
genetic variability of a population (Cardona-Ayala ez
al., 2013) and the degree of expression of a character-
istic from one generation to another and the possible
gain through direct and indirect selection, and, like-
wise, the methods of genetic improvement accord-
ing to the gene action in the control of quantitative
characteristics (Silva et al., 2014).
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Characteristics such as grain yield and its compo-
nents, being of a quantitative nature, are strongly
influenced by the environment, therefore, knowl-
edge of the existence of genetic variability indicates
the path to follow to obtain greater profits through
the selection process. The objective of this research
was to estimate the genetic parameters of agronomic
characteristics and the iron and zinc contents, the
correlations between characteristics and the direct
and indirect effects of a set of variables on yield, to se-
lect biofortified lines with high grain yield and erect
growth.

MATERIALS AND METHODS

Location

The study was carried out in the first semester of
2022 at the Faculty of Agricultural Sciences of the
Universidad de Cérdoba, located at 8°48” N 75952’ W,
with an elevation of 15 m a.s.l. The surrounding area
has an average annual rainfall of 1,200 mm, average
temperature of 28°C, solar brightness of 1,800 light h
year! and a relative humidity of 84%.

Genotypes

Sixteen lines of erect growth were evaluated, and four
were of prostrate growth, plus the commercial con-
trol ‘Caupicor 50’ also prostrate; with cream-colored
grains and black hilium obtained by the plant breed-
ing program of the Universidad de Cérdoba. The 16
lines originated by individual selection of the Mis-
souri genotype, while the prostrate ones originated
from the cross between IT86 X LCPM-35.

Experimental design

A randomized complete block design with five repli-
cations was used. Each experimental unit consisted
of two rows of 2 m in length, with a distance be-
tween plants of 0.15 m and between rows of 0.40 m
for a population density of 166.000 plants/ha.

Agronomic management

For the control of weeds, glyphosate was applied
in pre-emergence at a rate of 15 mL L and in post-
emergence diuron 100 mL plus ammonium glufos-
inate-5 mL L% for the management of Damping off,

azoxystrobin + difenoconazole was applied at a rate
of 1.0 mL L, and, for sucking insects, cypermethrin
1.0 mL L.

Response and measurement variables

The measurements were made on five competing
plants in each experimental unit, apart from the yield
that was made on the whole plot. The iron and zinc
contents were determined in a sample of 20 g per
plot. The characteristics studied were: days at flow-
ering (DFL), plant height (PH), pod length (PL), num-
ber of pods per plant (NPPP), number of seeds per pod
(NSPP), weight of 100 seeds (W100S), seed length
(SL), seed width (SW), seed thickness (ST), dry grain
yield (DGY), iron content (Fe) and zinc content (Zn)
in the seed.

Analysis of variance was performed with the Genes
v. 2016.6.0 software developed by Cruz (2016) and
separation of means using Tukey’s test at 5% and 1%.
Phenotypic, genotypic, and environmental variances
were estimated with the formulas used by Prasad et
al. (1981).

With the formulas proposed by Johnson et al. (1955)
and Donkor et al. (2022), the following were estimat-
ed: phenotypic coefficient of variation (PCV), geno-
typic coefficient of variation (GCV), variability index
(b), heritability in the broad sense (h%) and genetic
gain (GA).

The iron and zinc contents were determined with
an energy dispersive X-ray fluorescence spectrometer
(XRE-Bruker, S2 PUMA, Germany) for each material,
as described by Paltridge et al. (2012).

Pearson’s correlation coefficients between pairs of
characteristics were estimated with the standard
procedure, and the coefficients of direct effects
(Pyy = (éx’) and indirect effects (r,; P, ) of the path
analysis, according to the procedure described by Es-
pinosa (2018). The Genes software version Windows

Genes v. 2016.6.0 (Cruz, 2016) was used.

RESULTS AND DISCUSSION

Analysis of variance

The analysis of variance revealed significant differ-
ences for all the agronomic and nutritional character-
istics (Tab. 1), so the existing genetic variability can
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be used for the selection of lines with excellent agro-
nomic and nutritional attributes; similar results were
reported by Donkor et al. (2022) in Vigna subterranea,
Varanya et al. (2022) in V. unguiculata and Singh et al.
(2018) in V. unguiculata.

The contrasts recorded in table 1, show significant
differences in C1 (erect vs. prostrate) for all variables,
while for C2 (erect vs. control), only highly signifi-
cant differences were detected for DFL, PH, PL, NSPP
and DGY and significant for Fe, corroborating the ex-
istence of genetic divergence between genotypes as
previously detected in this species by Varanya et al.
(2022).

The averages of the agronomic and nutritional
characteristics indicate that the DFL, PH, NPPP, SL,
ST and DGY in the erect cultivars were agronomically
better than the prostrate ones and the control: they
flowered at 30 d, that is, 5 d before the prostrate ones
and the control, PH of 102.66 cm compared to 193.71
and 168.68 cm of the prostrate and control cultivars,
NPPP of 10.59 cm in the erect cultivars compared to
6.96 and 8.02 cm of the prostrate and control, respec-
tively, SL and ST slightly higher than the prostrate
and control, and W100S larger than the prostrate and
similar to the control. The SW was similar in erect,
prostrate and control cultivars.

The average DGY of the erect cultivar (1,225 kg ha')
far exceeded the prostrate one and control; the LM-40
line stood out with yields of 1,719 kg ha and LM-
27 with Fe and Zn contents of 71.40 and 44.46 mg
kg, respectively. The iron contents were like those
reported by Carvalho et al. (2012) and those of zinc.
The PL was lower in the erect cultivar, with lower
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NSPP and larger seed dimensions (SL and ST). On the
other hand, the control surpassed the erect and pros-
trate in terms of PL, NSPP, W100S and contents of Fe
and Zn.

It was inferred that the selection of genotypes with
good agronomic and nutritional characteristics is
feasible due to the presence of genetic variability;,
considering attributes such as high grain yield, erect
growing habit, determined growth pattern, earli-
ness, and the location of pods above the plant canopy
(Singh, 2007), which allows improving the food sup-
ply and the fight against hidden hunger (Dinesh ez al.,
2017; Mafakheri et al., 2017).

Estimation of genetic parameters

The most relevant genetic parameters in genetic im-
provement in the genus Vigna are: phenotypic coef-
ficient of variation, genotypic coefficient of variation,
phenotypic, genetic and environmental variances,
variability index, heritability and genetic advance
(Donkor et al., 2022; Varanya et al., 2022).

The decomposition of phenotypic variance (Tab. 2)
registered a greater contribution of genetic variance
than environmental variance, except for NPPE SL
and SW, which was due to environmental effects on
the expression of these characteristics, as highlighted
by Donkor et al. (2022).

In a broad sense, heritability estimates allow us to
know the degree of expression of a characteristic in
the following generations, being quantified as low
when it is less than 30%, moderate from 30 to 60%,

Table 1. Mean squares of the analysis of variance and contrasts for agronomic characteristics and micronutrient content in
cowpea beans.
Block 4 3.65 1,978.93 1.36 26.58 1.64 257 | 051 | 049 | 0.34 255,062.25 384 | 092
Genotype | 20 | 18.15** | 8,966.75** | 2.83** | 18.59* | 5.72** | 14.67** | 0.67* | 0.33* |0.25**| 771,5615.38** |20.02**| 7.06**
Error 80 2.05 700.11 0.46 9.48 0.75 0.7 041 | 017 | 0.09 140,476 3.54 1.14
Mean 31.8 124.34 15.03 9.72 10.03 16.09 | 837 | 594 | 4.67 1,038 64.84 | 42.19
C1 1 1275.56%* | 151,491.43** | 3.71** | 243.40** | 84.08** | 211.42** | 1.42* |2.14**|2.67**| 11939,443.62** | 71.67** | 4.63*
C2 1 181.04** | 20,506.12** |12.39** | 31.21" |22.49** | 1.80% |0.05" |0.26" | 0.08"| 1064,616.62** | 16.92* | 3.76"
CV (%) 45 21.27 452 31.64 8.65 5.19 768 | 6.96 | 6.42 36.08 2.9 2.53

FV = source of variation; DF = degrees of freedom; C1 = erect vs. prostrate; C2 = erect vs. control; DFL = days to flowering; PH = plant height; PL = pod
length; NPPP = number of pods per plant; NSPP = number of seeds per pod; W100S = weight of 100 seeds; SL = seed length; SW = seed width; ST = seed
thickness; DGY = dry grain yield; Fe = iron content; Zn = zinc content; CV = coefficient of variation. Means with " was not significative, * significative P<0.05,

** significative P<0.01, for the Tukey test.
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and high when it is greater than 60% (Donkor et al,
2022). In this study, moderate values were found for
NPPP, SL and SW, and high values in the remaining
nine variables. Therefore, phenotypic selection can
be efficient in identifying cultivars with better agro-
nomic and nutritional characteristics, given the ex-
istence of genetic variability quantified through the
genetic variability index, which when it is equal to or
greater than unity, there are favorable conditions for
selection (Jost et al., 2013) and allows advances that
result in cultivars with better performance and ac-
cumulation of iron and zinc, corroborating what was
expressed by Donkor et al. (2022), who pointed out
that high magnitudes of heritability and genotypic
coefficient of variation generate reliable indicators of
genetic progress, due to genes with additive action
that favor phenotypic selection, especially for DFL,
PH, W100S, DGY and Fe and Zn content. The results
are consistent with Panchta ez al. (2022) and Varanya
et al. (2022).

Correlations

In this study, 40% of the phenotypic (rF) and 59% of
the genotypic (rG) correlations were significant and
of the same meaning, at 5 or 1% probability (Tab. 3).
However, the genotypic correlations were of great-
er magnitude and importance than the phenotypic

ones, which represents a greater genetic contribution
and value in selection, as has been reported in several
legumes (Bandi et al., 2018; Tirkey et al., 2022).

DFL presented negative and significant rG (-0.51 to
1.00) with NPPP, W100S, SL, SW, ST and DGY, sug-
gesting that later flowering affected NPPP, biometric
characteristics and DGY, possibly because by increas-
ing the duration of the crop cycle, the genotypes were
exposed to a greater competition between plants and
intraplant, affecting the partition of assimilates, to
which is added a longer exposure time to pests and
diseases. Other studies have reported that nutrient
uptake and nodule activity is affected by abiotic fac-
tors such as drought or excess water in the soil, which
translates into lower yields in materials with longer
days to flowering and harvest (Panchta et al., 2020;
Tirkey et al., 2022).

On the other hand, DFL positively correlated (1G =
1.00**) with NSPP and PH, which suggests that by
increasing the crop cycle, starting from a later flower-
ing, plants of greater heights and NSPP are formed,
possibly because their characteristics are controlled
by genes with pleiotropic or linked effects, which
from the physiological point of view allows the plant
to produce photoassimilates that increase NSPP and
PH; results consistent with those found in other
studies (Panchta et al., 2020; Tirkey et al., 2022).

Table 2. Phenotypic variance (PV), genotypic variance (GV), environmental variance (EV), genotypic coefficient of variation
(GCV), phenotypic coefficient of variation (PCV), variability index (b), heritability in the broad sense (h?), genetic ad-
vance (GA) and genetic advance as percent of mean (GAM) for 12 quantitative traits of cowpea (Vigna unguiculata
(L.) Walp).

DFL 3.63 3.21 0.41 5.63 5.98 1.25 88.66 3.47 10.9

PH 1793.35 1653.31 140.03 32.7 34.05 1.53 92.19 80.42 64.68

PL 0.56 0.47 0.09 4.58 4.97 1.01 83.71 1.29 8.58

NPPP 3.69 1.8 1.89 13.78 19.74 0.43 48.67 1.92 19.79

NSPP 1.14 0.99 0.15 9.93 10.64 1.14 86.8 1.9 19.03

W100S 2.93 2.79 0.14 10.38 10.63 1.99 95.22 3.35 20.82

SL 0.13 0.06 0.07 3 432 0.4 46.57 0.34 4.07

N 0.066 0.031 0.034 3 4.32 0.43 48.17 0.25 4.29

ST 0.05 0.032 0.018 3.83 478 0.59 64.05 0.29 6.31

DGY 154,303 125,384.8 | 28,918.24 34.09 37.82 0.93 81.25 655.4 63.11

Fe 4 3.29 0.7 2.79 3.08 0.96 82.28 3.38 522

n 1.41 1.18 0.22 2.57 2.81 1.01 83.73 2.04 483

DFL = days to flowering; PH = plant height; PL = pod length; NPPP = number of pods per plant; NSPP = number of seeds per pod; W100S = weight of 100
seeds; SL = seed length; SW = seed width; ST = seed thickness; DGY = dry grain yield; Fe = iron content; Zn = zinc content.
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The NPPP was negatively and significantly correlated
(rG: -1.00**) with DFL, NSPP and PH, while with
W100S, SL, SW, ST and DGY the correlation was pos-
itive (G from 1.00** to 0.92). This indicates that the
variables DFL, NSPE, PH, W100S, SL, SW, ST, DGY
and NPPP have similar genetic control, so it can be
inferred that it is possible to select plants with higher
NPPP to improve yield and establish a physiological
limit in this type of population that does not reduce
the DGY; also valid for NSPP (Tirkey et al., 2022).

The NSPP was negatively and significantly correlated
with W100S, SL, SW, ST and DGY (rG from -0.57*
to -0.89"), this suggests that the selection of plants
with higher NSPP decreases the weight and the
biometric characteristics of the grain and the DGY.
Competition for photoassimilates during grain fill-
ing affects W100S, SL, SW and ST, which has been
reported by Silva et al. (2014) and suggests that it is
better to select pods with fewer seeds, but larger and
heavier (Tirkey et al., 2022).

Due to its importance and application in the selec-
tion, the correlations of W100S with SL, SW, ST and
DGY were positive and significant (rG from 0.85** to
1.00**), but negative with PH (rG = -0.89**), which
allows us to infer that the selection of plants with
higher W100S, facilitates increase in the size and bio-
mass of the grain, which is reflected in higher DGY,
associated in turn with lower PH. Similar results
have been reported by Lekshmanan and Vahab (2017)
and Tirkey ez al. (2022).

The three grain dimensions SL, SW and ST were posi-
tively correlated with each other (rG from 0.64** to
0.93**). On the other hand, SW and ST correlated
positively with DGY (tG = 0.85** and 1.00**) and
negatively with PH (rG from -0.48" to -0.88"%),
which confirms that the selection of plants by higher
W100S, SL, SW, ST and NPPP, should be considered
as criterion to increase the DGY, especially ST (1G =
1.00**) should be considered in a breeding program
by selection to improve yield.

Table 3. Estimates of phenotypic (rF) and genotypic (rG) correlations (r's) among thirteen agronomic traits (Var’s) in cowpea
bean cultivars.
DEL rF 0.30 -0.78 0.86 -0.73 -0.33 -0.41 -0.63 0.90 -0.81 -0.18 | -0.07
rG | 036 -1.00 1.00 -0.79 -0.51 -0.61 -0.82 1.00 -0.89 -0.21 -0.06
pL rF -0.18 0.50 0.17 0.38 0.21 -0.10 0.38 -0.16 0.01 0.42
rG -0.39 0.49 0.18 0.48 0.27 -0.18 0.39 -0.23 -0.02 0.49
NPPP rF -0.78 0.74 0.48 0.57 0.69 -0.83 0.75 0.25 0.26
rG -1.00 1.00 0.92 1.00 1.00 -1.00 1.00 0.36 0.33
NSPP rF -0.65 -0.35 -0.34 -0.56 0.93 -0.71 -0.13 0.01
rG -0.73 -0.62 -0.57 -0.83 1.00 -0.89 -0.18 | -0.04
W100S rF 0.57 0.75 0.77 -0.76 0.81 0.17 0.21
rG 0.85 1.00 0.97 -0.80 0.89 0.19 0.22
s rF 0.69 0.48 -0.31 0.29 -0.01 0.20
rG 0.64 0.40 -0.48 0.46 -0.05 0.26
SW rF 0.83 -0.45 0.52 0.26 0.16
rG 0.93 -0.65 0.85 0.33 0.18
ST rF -0.67 0.78 0.18 -0.01
rG -0.88 1.00 0.18 -0.09
" rF -0.81 019 | -0.01
rG -0.93 -0.22 | -0.01
rF 0.37 0.14
DGY rG 0.44 0.1
rF 0.61
Fe G 0.65

DF = days to flowering; PL = length of the pod; NPPP = number of pods per plant; NSPP = number of seeds per pod; W100S = weight of 100 seeds; SL = grain
length; SW = grain width; ST = grain thickness; PH = plant height; DGY = dry grain yield; Fe = iron content; Zn = zinc content. In bold the rF and rG correlations

are significant at 5 or 1% probability.
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The DGY presented negative and significant correla-
tion (rG from -0.55* to -0.93**) with DFL, NSPP and
PH; while with NPPP, W100S, SW and ST, the correla-
tion was positive (rG from 0.85** to 1.00**). Due to
their importance, these positive genetic correlations
make the selection and improvement of the DGY
much easier, since, by exerting selection pressure on
one of these characteristics, the other is affected, due
to the existence of a joint action of genes that govern
them or by pleiotropic action between these charac-
ters (Bandi et al., 2018; Tirkey et al., 2022).

The Fe and Zn did not correlate significantly with
the agronomic characteristics, however, between
both elements the correlation was positive and sig-
nificant (rG = 0.61**), which allows increase in the
content of iron and zinc in the grain in this type of
cultivars, while selecting plants with higher iron or
zinc content.

Path analysis

Next, the relationship of several characteristics with
the performance variable is explained, through the
analysis of path coefficients (Tab. 4), a useful tech-
nique for determining cause-effect relationships and

information from the direct and indirect effects of
indicator variables (Espinosa, 2018).

At the phenotypic level, ST caused the greatest posi-
tive direct effect on performance (Psppey= 0.61)
(Tab. 4), this means that, with a higher ST, a higher
performance is achieved. However, ST is associated
with positive indirect effects via SW, W100S and
NPPP, so performance is expected to increase with
higher SW, W100S and NPPP. On the other hand,
ST is associated with negative indirect effects with
PH, NSPP and DFL, indicating that a higher yield is
achieved with plants of lower height and lower NSPP
and DFL. At the genotypic level, the result is similar,
but with higher magnitudes of the path coefficients
(Pstpey = 3.84) and, in general, for all positive and
negative indirect effects.

The variable W100S presented positive direct ef-
fect (Puyioosy pey = 0.50) at the phenotypic level, this
means higher yield with heavier seeds. Indirect ef-
fects via SW, W100S and NPPP, were also positive and
contributed to increased yield indirectly. However,
PH, DFL and NSPP exerted negative indirect effects,
that is, heavier seeds were obtained with lower PH,
DFL and NSPP. At the genotypic level, the magni-
tudes of path coefficients for the effects were smaller.

Table 4. Estimates of direct (diagonal in bold) and indirect effects of the seven-component correlation on cowpea yield at the
phenotypic (rF) and genotypic (rG) levels.
DFL -0.21 -0.11 0.15 -0.36 0.21 -0.39 -0.10 -0.81**
NPPP 0.16 0.14 -0.13 0.37 -0.29 0.42 0.09 0.75**
NSPP -0.18 -0.11 0.17 -0.32 0.17 -0.34 -0.10 -0.71%*
W100S 0.15 0.10 -0.11 0.50 -0.39 0.47 0.09 0.81**
SW 0.08 0.08 -0.06 0.38 -0.51 0.50 0.05 0.52*
ST 0.13 0.10 -0.10 0.39 -0.42 0.61 0.08 0.78**
PH -0.19 -0.12 0.16 -0.38 0.23 -0.41 -0.1 -0.81**
R?=0.85 h=0.15
DFL -1.58 0.94 1.84 -0.18 1.13 -3.13 0.10 -0.89**
NPPP 1.76 -0.84 -2.37 0.23 -2.17 452 -0.12 1.00**
NSPP -1.60 1.09 1.82 -0.16 1.05 -3.20 0.10 -0.89%*
W100S 1.25 -0.86 -1.33 0.22 -2.05 3.73 -0.08 0.89**
SW 0.97 -0.99 -1.05 0.25 -1.84 3.57 -0.06 0.85**
ST 1.29 -0.99 -1.52 0.22 -1.70 3.84 -0.08 1.00**
PH -1.58 1.05 1.89 -0.18 1.19 -3.39 0.10 -0.93**
R?=1.00 h = 0.00

DFL = days to flowering; NPPP = number of pods per plant; NSPP = number of seeds per pod; W100S = weight of 100 seeds; SW = seed width; ST = seed

thickness; PH = plant height; DGY = dry grain yield.
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DEFL, at the phenotypic level, exerted a negative direct
effect on yield (Pppypey= -0.21), which means that
a higher yield was associated with earlier flowering,
as evidenced in the comparisons of means and con-
trasts (Tab. 2). Complementarily, the indirect effects
via NPPP, W100S, SW and ST were positive, that is,
earlier flowering was associated with higher values of
these four variables. At the genotypic level, the mag-
nitudes of the path coefficients were higher.

NSPP presented a direct positive effect on perfor-
mance (Pysprpey= 0.17) and positive indirect effects
via DFL and PH. It would then be expected that yield
would increase with taller plants and later flowering,
but experimental evidence has shown that the 16
erect cultivars, with lower PH and DFL, had higher
yields than the five prostrate ones. At the genotypic
level, the direct effect was greater (Pyspppcy= 1.82),
as were the indirect effects on performance via DF
and PH (Tab. 4).

CONCLUSION

The existence of genetic variability among the evalu-
ated genotypes allows selection of phenotypes with
good agronomic attributes and iron and zinc content,
to improve yields and contribute to reducing the
problems of hidden hunger.

The number of pods per plant, weight of 100 seeds,
length, width, and thickness of the seeds showed a
positive correlation with yield; while days to flower-
ing, number of seeds per pod and plant height nega-
tively correlated with yield.

Path analysis revealed that grain thickness is an im-
portant and easy to measure characteristics for in-
creasing yield.

Acknowledgement

The authors express their gratitude to Sistema gene-
ral de regalia, Universidad de Cordoba, Universidad
del Magdalena, Fundacién Canal del Dique-Compas
and Fenalce, for financing the research project on
cowpea beans.

Conflict of interests: The manuscript was prepared
and reviewed with the participation of the authors,
who declare that there exists no conflict of interest
that puts at risk the validity of the presented results.

Rev. Colomb. Cienc. Hortic.

BIBLIOGRAPHIC REFERENCES

Abaidoo, R., M.O. Dare, S. Killani, and A. Opoku. 2017.
Evaluation of early maturing cowpea (Vigna ungui-
culata) germplasm for variation in phosphorus use
efficiency and biological nitrogen fixation poten-
tial with indigenous rhizobial populations. J. Agric.
Sci. 155(1), 102-116. Doi: https://doi.org/10.1017/
5002185961500115X

Agronet. 2022. Area, produccién y rendimiento nacional
por cultivo. In: https://www.agronet.gov.co/estadis-
tica/paginas/home.aspx¢cod=1; consulted: October,
2022.

Bandi, H.R.K,, K.N. Rao, K.V. Krishna, and K. Srinivasulu.
2018. Correlation and path-coefficient estimates of
yield and yield component traits in rice fallow blac-
kgram (Vigna mungo (L.) Hepper). Int. J. Curr. Mi-
crobiol. App. Sci. 7(3), 3304-38309. Doi: https://doi.
org/10.20546/ijcmas.2018.703.380

Cardona-Ayala, C., H. Araméndiz-Tatis, and A. Jarma-Oroz-
co. 2013. Variabilidad genética en lineas de frijol caupi
(Vigna unguiculata L. Walp). Rev. Agron. 21(2), 7-18.

Carvalho, A.EU., N.M. Sousa, D.E Farias, L.C.B. Ro-
cha-Bezerra, RM.P. Silva, M.P. Viana, S.T. Gouveia,
S.S. Sampaio, M.B. Sousa, G.P.G. Lima, S.M. Morais,
C.C. Barros, and ER. Freire Filho. 2012. Nutritional
ranking of 30 Brazilian genotypes of cowpeas inclu-
ding determination of antioxidant capacity and vi-
tamins. J. Food Compos. Anal. 26(1-2), 81-88. Doi:
https://doi.org/10.1016/j.jfca.2012.01.005

Cruz, C.D. 2016. Programa Genes V.2016.6.0 - Aplicativo
computacional em genética e estatistica. In: http://
www.ufv.br/dbg/genes/genes.htm; consulted: Octo-
ber, 2022.

Dinesh, H.B., K.P. Viswanatha, H.C. Lohithaswa, R. Pavan,
and P. Singh. 2017. Variability, correlation and path
analysis studies in F3 generation of cowpea [Vigna
unguiculata (L.) Walp]. Int. ]J. Curr. Microbiol. Appl.
Sci. 6(9), 1420-1428. Doi: https://doi.org/10.20546/
ijemas.2017.609.172

Donkor, E.E, R.R. Adjei, B. Amadu, and A.S. Boateng. 2022.
Genetic variability, heritability and association among
yield components and proximate composition of ne-
glected and underutilized Bambara groundnut [Vigna
subterranea (L.) Verdc] accessions for varietal develo-
pment in Ghana. Heliyon 8(6), e09691. Doi: https://
doi.org/10.1016/j.heliyon.2022.09691

Espinosa, V. 2018. Construccién y andlisis de los coeficien-
tes de sendero. Acta Nova 8(4), 517-535.

Johnson, HW,, H.E Robinson, and R.E. Comstock. 1955.
Estimates of genetic and environmental variability in
soybeans. Agron. J. 47(7), 314-318. Doi: https://doi.
org/10.2134/agronj1955.00021962004700070009x

Jost, E., N.D. Ribeiro, S.M. Maziero, M. T.D.E Possobom,
D.P. Rosa, and L.S. Domingues. 2013. Compari-
son among direct, indirect and index selections on


https://doi.org/10.1017/S002185961500115X
https://doi.org/10.1017/S002185961500115X
https://www.agronet.gov.co/estadistica/paginas/home.aspx?cod=1
https://www.agronet.gov.co/estadistica/paginas/home.aspx?cod=1
https://doi.org/10.20546/ijcmas.2018.703.380
https://doi.org/10.20546/ijcmas.2018.703.380
https://doi.org/10.1016/j.jfca.2012.01.005
http://www.ufv.br/dbg/genes/genes.htm
http://www.ufv.br/dbg/genes/genes.htm
https://doi.org/10.20546/ijcmas.2017.609.172
https://doi.org/10.20546/ijcmas.2017.609.172
https://doi.org/10.1016/j.heliyon.2022.e09691
https://doi.org/10.1016/j.heliyon.2022.e09691
https://doi.org/10.2134/agronj1955.00021962004700070009x
https://doi.org/10.2134/agronj1955.00021962004700070009x

GENETIC PARAMETERS OF ERECT AND PROSTRATE CAUPI BEANS 9

agronomic traits and nutritional quality traits in com-
mon bean. J. Sci. Food Agric. 93(5), 1097-104. Doi: ht-
tps://doi.org/10.1002/jsfa.5856

Lekshmanan, D.K. and M.A. Vahab. 2017. Correlation and
path coefficient analysis of yield and its component
characters among different accessions of cluster bean
[Cyamopsis tetragonoloba (L.) Taub.]. Legume Res.
41(1), 53-56. Doi: https://doi.org/10.18805/10.18805/
LR-3691

Mafakheri, K., M.R. Bihamta, and A.R. Abbasi. 2017. As-
sessment of genetic diversity in cowpea (Vigna un-
guiculata L.) germplasm using morphological and
molecular characterization. Cogent Food Agric. 3(1),
1327092. Doi: https://doi.org/10.1080/23311932.201
7.1827092

Martinez-Reina, A.M., C.C. Cordero-Cordero, and A.P.
Tofino-Rivera. 2022. Eficiencia técnica del frijol caupi
(Vigna unguiculata L. Walp) en la Regién Caribe de Co-
lombia. Agron. Mesoam. 33(2), 47673. Doi: https://
doi.org/10.15517/am.v33i2.47673

Osipitan, O.A., ].S. Fields, S. Lo, and I. Cuvaca. 2021. Pro-
duction systems and prospects of cowpea (Vigna
unguiculata (L.) Walp.) in the United States. Agro-
nomy 11(11), 2312. Doi: https://doi.org/10.3390/
agronomy11112312

Paltridge, N.G., L.J. Palmer, PJ. Milham, G.E. Guild, and
J.C.R. Stangoulis. 2012. Energy-dispersive X-ray fluo-
rescence analysis of zinc and iron concentration in rice
and pearl millet grain. Plant Soil 361(1-2), 251-260.
Doi: https://doi.org/10.1007/511104-011-1104-4

Panchta, R., Preeti, and S. Arya. 2020. Variability, correlation
and path analysis studies in grain cowpea [Vigna ungui-
culata (L.) Walp]. Indian J. Pure Appl. Biosci. 8(2), 169-
172. Doi: http://doi.org/10.18782/2582-2845.8035

Prasad, S.R., R. Prakash, C.M. Sharma, and M.E Ha-
que. 1981. Genotypic and phenotypic variability in

quantitative characters in oat. Indian J. Agric. Sci.
51(7), 480-482.

Silva, A.C., O.M. Moirais, J.L. Santos, L.O. d’Arede, C.J.
Silva, and M.M. Rocha. 2014. Estimativa de pardme-
tros genéticos em Vigna unguiculata. Rev. Cienc. Agrar.

37(4), 399-407.

Singh, B.B. 2007. Recent progress in cowpea genetics and
breeding. Acta Hortic. 752, 69-76. Doi: http://doi.
org/10.17660/ActaHortic.2007.752.7

Singh, P, S. Prasad, and W. Aalbersberg. 2016. Bioavailabi-
lity of Fe and Zn in selected legumes, cereals, meat,
and milk products consumed in Fiji. Food Chem.
207(15), 125-131. Doi: http://doi.org/10.1016/j.
foodchem.2016.03.029

Singh, A., Shweta, and V. Singh. 2018. Estimates of genetic
variability, heritability and genetic advance for yield
and yield component traits in Indian cowpea [Vigna un-
guiculata (L.) Walp.]. Int. J. Pure App. Biosci. 6(1), 1142-
1147. Doi: http://doi.org/10.18782/2320-7051.5978

Tirkey, M., G.M. Lal, and S.P. Anand. 2022. Estimation of
correlation and path analysis for quantitative traits in
cowpea (Vigna unguiculata (L.) Walp). Int. J. Plant Soil
Sci. 34(22), 1194-1200. Doi: https://doi.org/10.9734/
ijpss/2022/v34i2231486

Varanya, A., G. Gayathri, K. Arya, C.T. Usha, P.G. Pra-
theesh, and H. Priyanka. 2022. Genetic variability
and genetic parameters analysis of 143 fodder cowpea
[Vigna unguiculata (L.) Walp] germplasm accessions
for yield and yield attributing traits. Pharma Innov. J.
11(2), 2595-2600.

Xiong, H., A. Shi, B. Mou, ]J. Qin, D. Motes, W. Ly, ]. Ma,
Y. Weng, W. Yang, and D. Wu. 2016. Genetic diversity
and population structure of cowpea (Vigna unguiculata
L. Walp). PLoS One 11(8), e0160941. Doi: http://doi.
org/10.1371/journal.pone.0160941

Vol. 17 - No. 1 - 2023


https://doi.org/10.1002/jsfa.5856
https://doi.org/10.1002/jsfa.5856
https://doi.org/10.18805/10.18805/LR-3691
https://doi.org/10.18805/10.18805/LR-3691
https://doi.org/10.1080/23311932.2017.1327092
https://doi.org/10.1080/23311932.2017.1327092
https://doi.org/10.15517/am.v33i2.47673
https://doi.org/10.15517/am.v33i2.47673
https://doi.org/10.3390/agronomy11112312
https://doi.org/10.3390/agronomy11112312
https://doi.org/10.1007/s11104-011-1104-4
http://doi.org/10.18782/2582-2845.8035
http://doi.org/10.17660/ActaHortic.2007.752.7
http://doi.org/10.17660/ActaHortic.2007.752.7
http://doi.org/10.1016/j.foodchem.2016.03.029
http://doi.org/10.1016/j.foodchem.2016.03.029
http://doi.org/10.18782/2320-7051.5978
https://doi.org/10.9734/ijpss/2022/v34i2231486
https://doi.org/10.9734/ijpss/2022/v34i2231486
http://doi.org/10.1371/journal.pone.0160941
http://doi.org/10.1371/journal.pone.0160941

