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yield and yield components in
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Grain yield in South Africa cowpea remains low compared to other cowpea
producing countries, due largely to a lack of breeding efforts. The objectives of
this study were to cross diverse parental genotypes and to measure yield and
yield components in the parents and F1 hybrid progeny. Ten cowpea parental
genotypes selected for diverse characteristics were assessed for genetic diversity
using 20 simple sequence repeat (SSR) markers. Parents were crossed in a half
diallel mating design which produced 45 F1 hybrids, and parents and the hybrids
were evaluated for grain yield and yield components in four environments (two
locations in two seasons). The genetic diversity analysis identified five highly
informative markers (SSR6265, SSR6217, SSR6451, SSR6277, and SSR6436, PIC
> 0.5) which indicated their usefulness in determining the genetic structure of
cowpea. High broad-sense heritability (>0.80) was observed for all traits except
for pod width, indicating that a good response to selection can be expected.
Although cowpea is a self-pollinating crop, high levels of heterosis were evident
for yield and yield components in this study. Six hybrids (IT96D-602 x Glenda,
IT96D-602 x Kisumi-mix, IT96D-602 x 98K-5301, ITOOK-1060 x TVU13953,
TVU13953 x Glenda, and IT96D-602 x TVU13953) performed significantly better
than their parental genotypes for grain yield, showing heterosis and potential
for hybrid breeding. Parental genotypes TVU13953 and IT96D-602 were high
yielding and could serve as a foundation for subsequent breeding efforts.
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1 Introduction

Cowpea (Vigna unguiculata L. Walp) is an important grain legume that is widely grown
in many parts of the world, particularly in sub-Sahara Africa (SSA), for its edible seeds and
forage. Cowpea is highly nutritious and its production and consumption can contribute
to healthier diets in populations with high levels of malnutrition (Gongalves et al., 20165
Mbuma etal., 2021). The crop can tolerate drought, due to its deep rooting, early flowering,
and early maturity (Gongalves et al., 2016). Cowpea also can fix atmospheric nitrogen, thus
contributing to increased soil fertility (Kyei-Boahen et al., 2017).

The global cowpea production amounted to 8.99 million ton in 2021, with Nigeria
being the top producer (3.63 million ton) and Africa contributing 97% of production
(FAOSTAT, 2021). Globally, the yield for 2021 was 6,026 kg/ha, but South Africa produced
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only 435 kg/ha contributing only 4,689.16 ton to the total global
production (FAOSTAT, 2021). Cowpea production in Africa is
hindered by biotic and abiotic stresses (Yirzagla et al., 2021; Abdou,
2022), and in addition to these constraints, the low grain yield in
South Africa could be attributed to lack of improved cultivars and
low soil fertility (Omomowo and Babalola, 2021) as well as a lack of
good agronomic management practices.

The small-scale producers in the country grow cowpea
landraces and other imported accessions. These accessions are poor
yielding, unstable and susceptible to major pests and diseases.
South Africa imported cowpea germplasm from the International
Institute for Tropical Agriculture (IITA), Nigeria, which includes
wild species, accessions, mutants, and cultivars developed through
hybrid breeding. This imported cowpea germplasm is used
mainly for pre-breeding purposes to evaluate adaptation and their
performance in South African agro-ecological conditions (Mbuma
et al., 2021; Gerrano et al., 2015, 2019; Mbuma et al., 2022; Gumede
et al., 2022a).

Studies conducted in South Africa (Mbuma et al, 2021;
Gerrano et al.,, 2019; Gumede et al., 2022b; Asiwe, 2009) reported
significant variation among available cowpea genotypes for yield
and yield components. Another study to assess the genetic
diversity and population structure of 90 cowpea accessions in
South Africa, using single nucleotide polymorphism (SNP) markers
(Gumede et al.,, 2022a), concluded that the accessions evaluated
showed genetic variation and a significant potential to contribute
to breeding for new cultivars. Thus, it would be beneficial
to create genetic variation through hybridization, in efforts to
eventually improve the crop for grain yield, yield components
and morphology (Kumari and Chauhan, 2018; Owusu et al,
2018, 2020). The observed yield is well below the yield of
1,500 to 2,500 kg/ha obtained in other countries, largely due to
the lack of improved cultivars (Omomowo and Babalola, 2021;
Gumede et al, 2022a). Hybridisation should be employed as
intervention strategy to improve cowpea productivity for desired
yield components and morphology through selection (Kumari and
Chauhan, 2018; Owusu et al,, 2018, 2020). There have been no
cowpea breeding activities in South Africa before, due mainly to
the fact that the crop was never considered important. A single
academic study that produced dual-purpose second-generation
(F2) cowpeas is the only evidence of cowpea breeding in South
Africa thus far (Moalafi et al, 2010). This underlines the need
for a breeding program for South Africa. As cowpea is a self-
pollinating crop this can be done through hybridization and
pedigree selection, or if heterosis is present, hybrid breeding could
be an option.

The objectives this study were to cross selected diverse cowpea
parental genotypes in a half-diallel design to determine the
expression and heritability of grain yield and yield components in
the parents and the hybrids in two locations and two seasons.

2 Materials and methods

2.1 Planting materials

Ten cowpea parental genotypes were obtained from the
Agricultural Research Council Vegetable, Industrial, Medicinal
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Plants (ARC-VIMP) pre-breeding programme. They were selected
based on high grain yield, drought tolerance/susceptibility, and
high levels of Fe, Zn, and protein content (Table 1).

2.2 DNA isolation protocol

The ten parental genotypes (Table 1) were sown (two
seeds per parent) in pots filled with sterile soil in the
glasshouse at the University of the Free State, Bloemfontein,
South  Africa
sampled on ice and freeze-dried. DNA was isolated using
a CTAB DNA
isolation method (Saghai-Maroof et al., 1984). Samples were
diluted with 1x TE buffer (10mM Tris-HCl, pH of 8.0;
1mM EDTA) to a working concentration of 20 ng/pnL for

in June 2020. Two-week old leaves were

(hexadecyltrimethylammonium  bromide)

subsequent experiments.

2.3 SSR analysis

(Table 2)  that
identified (Danso et al, 2018) were used for genetic diversity

Twenty SSR  primers were previously
assessment of the parental genotypes following the protocol
described in the same paper. Each PCR amplification reaction
contained 40 ng DNA, 2mM MgCl2, 1x KAPATaq ReadyMix
DNA polymerase, 50 ng each of the forward and reverse
(Integrated DNA and 0.10 mg/ml
Bovine serum albumin (BSA) in a total reaction volume of
10 pl.

The optimized cycling conditions for the primers were 1

primer technologies)

cycle at 94°C for 2min followed by 35 cycles of denaturation
for 30 seconds at 94°C. The annealing process followed for 30
seconds at 55.00 or 50.90°C (depending on the primer), then initial
extension for 1 min at 72°C followed by a final extension for 10 min
at 72°C.

2.4 Diallel mating

Ten genetically different cowpea lines were used as parents for
hybridization. The parents were selected based on yield, drought
tolerance and specific nutritional attributes. Three seeds of the
parental genotypes were planted per pot (filled with sterile soil)
in three consecutive weeks to synchronize flowering. The half-
diallel crosses were conducted in the greenhouse under controlled
conditions which prevented insect-mediated cross pollination. A
distance of 50 cm was maintained between plants. Just before
flowering, the flower buds of the female parents were emasculated
and covered with paper bags. Cross-pollination was done manually,
where pollen from the male was transferred to the stigma of
the female parent. The pollination was carried out between
8h00 and 10h00 am, when the flowers were most receptive.
After pollination, the flowers were re-bagged to exclude foreign
pollen. The pods that developed from the pollinated flowers
indicated that the cross-pollination was successful. The seeds
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TABLE 1 Description of parental genotypes used to generate hybrids.
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Genotypes Trait of interest Color Origin Growth habit
I1T93K-129-4 Drought tolerant Cream white IITA, Nigeria Erect
TVU7778 Drought susceptible Speckled purplish IITA, Nigeria Semi-erect
98K-5301 Protein Cream white IITA, Nigeria Semi-erect
Glenda Zinc Speckled maroon ARG, South Africa Winding
TVU-14196 Iron Black eye-cream IITA, Nigeria Semi-erect
1T845-2246 Iron Dark brown IITA, Nigeria Semi-erect
ITOOK-1060 Zinc Tan ARC, South Africa Winding
Kisumi-mix Protein Cream brown KALRO, Kenya Winding
TVU13953 Yield Speckled brown IITA, Nigeria Erect
IT96D-602 Yield Brown eye-cream IITA, Nigeria Erect

IITA, International Institute of Tropical Agriculture; KALRO, Kenya Agricultural and Livestock Research Organization; ARC, Agricultural Research Council.

TABLE 2 List of molecular markers used to assess the genetic diversity of the cowpea parental genotypes.

Forward primer (5/-3')

Reverse primer (3/-5) Annealing temp (°C)

SSR-6265 | GCATGTTGCTTTGACAATGG CAGAAGCGGTGAAAATTCAAC 55.00
SSR-6258 | ATTATGCCATGGAGGGTTCA GGTTTCCTAGTTGGGAAGGAA 55.00
SSR-6243 | CAACCGATGTAAAAAGTGGACA GTAGGGAGTTGGCCACGATA 55.00
SSR-6218 | AGGAAATTTGCATTCCCTTGT GTGGAAGGAATGGGTCCAG 55.00
SSR-6217 | TTCCCTATGAACTGGGAGATCTAT GGGAGTGCTCCGGAAAGT 55.00
SSR-6353 | AAACCATGTGGTTGTTGCAC TCATGGGTTAAATTTGCTTCAA 50.90
SSR-6352 | AATTTTGAACCCACCACCAG GTTGTGAGCTTCCCCAGATG 55.00
SSR-6336 | TCAGTCTTAGAATTGAGTTTTCTTCG TGAAAAACAACGATATGCAGAAG 55.00
SSR-6323 | TTTAAGCAGCCAAGCAGTTGT CAAAGGGTCATCAGGATTGG 55.00
SSR-6277 | CACTTAAATTTTCACCAGGCATT CACCCCCGTACACACACAC 50.90
SSR-6436 | TTTCGCAATATGCCCTTTTC GCAGAATCCTTGTGAACCTG 50.90
SSR-6375 | TCAGTGTCAGCACCATACCC GCTCGGATATGGTCCTGAAA 55.00
SSR-6371 CACTTCAGACTTAGAGCGAAGAAA TGCTCATCGTGCTTTGTCTT 55.00
SSR-6370 | TTGAAGGTATGGCCTTTTGTTT CAACTTCACAGCCCTCACAA 55.00
SSR-6356 | ATGCCCCAACAACAACATTT TGCAATATGGACCAGAAGAAA 55.00
SSR-6613 | CTTTACCTTTATGCAAACCAATTC CTATTGGAATCTTGCCGTTG 55.00
SSR-6608 | GGTTAAGGAAAAGAGGGTAGG CTAAATTATAATATTCGTCGGTC 55.00
SSR-6503 | CGCGGTAGCATGATTGAATTTTG GAGAACTTCACGCACAATAG 55.00
SSR-6587 | GTTGAAAGTTTGATAGTAAAGTGG GATATAGAATAGCATATTTAACATATTAG 55.00
SSR-6451 GACCAACAGCGACTTTGAGC AAAGAGATACACATGCCTAACA 55.00

from the 45 successful F; hybrids were collected and bulked for
field evaluation.

2.5 Experimental locations
Field experiments were planted at the ARC research farms,

at Loskop and Brits in 2021 and 2022 during the summer
cropping season (Table 3). These locations represent current
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cowpea production areas in South Africa, which will also
be targeted in future cowpea breeding efforts. Due to low
amounts of seed generated from crosses, there was only
enough seed for two environments and two seasons. Loskop
is situated in the Limpopo Province and is characterized by
a sandy loam soil and a pH value that ranged from 4.00
to 8.50. Brits is located in the Northwest Province and is
characterized by clay loam soil with a pH ranging from 5.90
to 8.08.
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TABLE 3 Description of test environmental conditions of the study
locations.

Description Loskop: Brits:
Limpopo North-West
Latitude 25°17'59” S 25°92/80” S
Longitude 29°39'57” E 27°88'19”E
Altitude (m) above sea level 920 1.118
Average maximum temperature °C 27.38 26.75
Average minimum temperature °C 18.90 18.60

Soil traits
Soil type Sandy loam Clay loam
pH (H,0) 1:2.5 7.31 7.20
P (Brayl) 17.00 26.00
Mg% 39.90 46.80
Ca% 58.30 4830
K% 3.10 5.60
Na% 0.60 0.80

P, Phosphorus; Mg, Magnesium (%); Ca, Calcium (%); K, Potassium (%); Na, Sodium (%).

2.6 Experimental design, trial establishment
and management

The trial layout was a randomized complete block design
with three replications, planted using one seed per hole of
a 3m plot spaced at 1m between rows and 0.50m between
plants. Manual weeding and other normal cultural practices
were used when needed to ensure optimal growing conditions.
Supplementary irrigation was applied using sprinklers for 2h
to give an amount of 12.50mm when needed to prevent
drought stress.

2.7 Data collection

Quantitative traits were recorded according to published
cowpea descriptors (Alves and Bettencourt, 2007). The data was
collected on five randomly selected plants in each replication. The
traits recorded were plant height (PH, cm), number of branches
(NB), leaf length (LL, cm), leaf width (LW, cm), days to 50%
flowering (D50F), number of pods per plant (NPP), hundred seed
weight (HSWt, g), and grain yield (GY, t/ha). Pod length (PL, mm),
pod width (PW, mm), and number of seeds per pod (NSPP) were
measured from 10 randomly selected pods. Grain yield (GY) was
converted to t/ha using the Equation 1.

Plot weight
Plot area

(100 — 14)

x 10 000 (1)
100 — mc

Grain yield =

Where mc was the moisture content of grain at harvest,
14% was the standard constant for legume moisture content,
and 10,000 is the conversion factor used for hectare (Nkhoma,
2020).
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2.8 Data analysis

2.8.1 Genetic diversity analysis

The alleles were scored as present (1) or absent (0) based
on the size of the amplified product. Scored data were used
to construct a binary data matrix for statistical analysis. Total
allele number (Na) and average number of alleles at each locus
were calculated manually. Allelic polymorphic information content
(PIC) was calculated from the binary data of the 20 SSR markers
using iMEC: online marker efficiency calculator developed by
Amiryousefi et al. (2018). PIC evaluates polymorphism of a marker
by characterizing the efficiency of each primer for detecting
polymorphic loci (Shete et al., 2000). A PIC of >0.50 indicates
high diversity, a PIC < 0.25 low diversity and a PIC between
0.25 and 0.50 intermediate diversity (Botstein et al., 1980). Cluster
analysis based on the unweighted neighbor-joining (NJ) with 30
000 bootstrap repetitions was conducted with DARwin 6.0.19
(Perrier and Jacquemoud-Collet, 2006) to construct a rooted
dendrogram. The dendrogram illustrates the relationship of the
cowpea parental genotypes based on SSR allele variation. Genetic
similarities between the parents were compared by using the
Jaccard similarity coefficient (Jaccard, 1908).

2.8.2 Analysis of variance

Analysis of variance (ANOVA) was done on data of all
yield components using Agrobase generation II SQL-version 38
(Agronomix Statistical Software Inc., 2019) statistical software.
The least significant difference (LSD) at P < 0.001 and P < 0.05
was used for means separation. The following statistical linear
mixed model was used for genotype analysis in multi-environments
(Equation 2).

Yik =1 + Gi+ L+ R(Ly) + Ejjx (2)

Where Yjj = Yield components in the k™ replication of the
ith genotype recorded at the I location, L; = Random effect of
the 1" location, G; = Random effect of the ih genotype, Ry (E;)
= Effect of k™ replication in the I location, &jk = Residual error
or random experimental error, p = Grand mean. The combined
ANOVA using the statistical linear mixed model (Equation 3).

Yijkl =u + Gi + Ll =+ R (L)k(l) + GL,‘] + GR (L)ik(l) + S] + SLl]
+ SR (L)jk(l) + GSij + GLS;j + €ua(3)

Where, Yjjiq = observation for ith genotype, in jth season, in kP
replication nested within 1t Jocation, i = overall mean, G; = the
random effect of the i genotype, L; = the random effect of the I
location, R(L)y(1y = the random effect of the kth replication nested
within the I location t and was the error term for the environment
effect. Where GL; = random interaction effect between the ih
genotype and the 1t Jocation, GR(L)jk(y = the random interaction
effect between the i genotype and the k™ replication nested in the
1 location and was the error term for the genotype and genotype
by environment interaction effect. Where Sj = random effect of
the jh season, SL; = the random interaction effect between the jt
season and the 1" location. Where SR(L)jk(1) = random interaction
effect between the j'" season and the k' replication nested within
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the I location and was the error term for the season and location
by season interaction effect. Where GS;j = random interaction
effect between the i genotype and the j season, GLS;j) = random
interaction effect between the i™ genotype, I location and j™
season, and Eijll= residual error.

Heritability (broad from the ANOVAs for two locations and
two seasons for parents and progeny combined rather than from
the diallel analysis.

Genotypic (oé) and phenotypic variance (012)) were calculated
using equations:

MSg — MS,
azg: g E

(4)

r

Genotypic variance across environments was determined
by equation.

MSg — MS
02g= g E

(5)

re

Genotypic variance for combined analysis was determined
by equation.

MSg + (MSgls — MSgl — MSgs)
ol = 8 8! 8! 8 )
rls
The phenotypic variance for individual environments was
determined by equation.

o’p=o’g+a’e )

The phenotypic variance across environments was determined
by equation.

o’p =o’g+ ogl/l+o’e/gl (8)

The phenotypic variance for combined environments was
determined by equation.

o’p_o’g + o’gl/l+ olgs/s + olgsl/ls + e rls )

Where 02 = genotypic variance, 02p = phenotypic variance,
o? ge = genotype by environment variance, Uzgs = genotype by
season variance, o2gsl = genotype by location by season variance,
environmental error (62¢) = error mean squares, MSg = mean
squares for genotype, MSgsl = mean squares for genotype by season
by location interaction, MSgl = mean squares for genotype by 1t
location, MSgs = mean squares for genotype by season, MS, =
mean squares for error, ¥ = number of replication, / = number of
I Jocations and s = number of seasons.
Broad-sense heritability (H2) was determined for each trait

using equation
(10)

Where o2g = Genotypic variance, o->p = Phenotypic variance.
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TABLE 4 SSR marker analysis showing the number of alleles detected,
gene diversity and the polymorphic information content (PIC) values.

Marker Number of alleles  Gene diversity PIC
SSR6265 5 0.74 0.70
SSR6258 2 0.44 0.34
SSR6243 2 032 0.27
SSR6218 3 0.34 031
SSR6217 3 0.64 0.56
SSR6352 3 0.58 0.49
SSR6323 2 0.18 0.16
SSR6375 2 032 0.26
SSR6371 2 0.48 0.36
SSR6356 2 0.18 0.16
SSR6613 3 0.54 0.44
SSR6608 4 0.51 0.48
SSR6587 2 032 0.26
SSR6451 6 0.81 0.78
SSR6353 2 032 0.26
SSR6277 5 0.78 0.74
SSR6436 6 6,356 071
Mean 0.49 0.42
3 Results

3.1 SSR marker analysis

Three of the markers, SSR6336, SSR6370, and SSR6603, were
excluded because they were monomorphic for all alleles produced
at those loci. In total 56 alleles were detected in the 10 parents.
The number of alleles per locus ranged from one to six, with an
average of 2.80. The loci SSR6451 and SSR6436 had the most alleles
(six each), while three markers, SSR6336, SSR6370, and SSR6603,
had only one allele each (Table 4). The PIC ranged from 0.16 to
0.79 with an average value of 0.43. Out of 17 polymorphic markers,
five (29.40%) markers were highly informative (PIC > 0.50), ten
markers (58.80%) were intermediately informative (PIC = 0.25-
0.50), and two markers (11.80%) had the lowest informativeness
(PIC < 0.25). The parental genotypes had a mean gene diversity
of 0.49, with individual markers ranging from 0.18 (SSR6323 and
SSR6356) to 0.81 (SSR6451) (Table 4).

3.2 Genetic relationships amongst cowpea
parental genotypes

The ten cowpea parental genotypes were divided into three
main clusters (Figure 1). Cluster I had two genotypes (TVU-
14196 and IT96D-602) from Nigeria, and they showed 50%
genetic similarity. Cluster II contained three genotypes (IT845-
2246, TVU13953, and Kisumi-mix), each with a different shade
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TVU-14196
IT96D-602 I
IT845-2246 ]
TVUI13953 i
Kisumi mix
Glenda :
ITOOK-1060
98K-5301 m
TVU7778
IT93K 129-4
0 0.1 —
;z:w?;;gram constructed based on genetic distance from simple sequence repeat molecular markers of the 10 selected cowpea parental genotypes.

of brown seed color. Cluster IIT included five genotypes (Glenda,
ITOOK-1060, 98K-5301, TVU7778, and IT93K-129-4). Two of
the genotypes within the cluster were cream-white and one was
tan. The other two genotypes were speckled, possibly indicating a
cross between the cream white and tan genotypes. Three genotypes
were from Nigeria, and two from South Africa. Table 5 shows
the genetic distances between parental genotypes, ranging from
0.29 (for ITOOK-1060 and TVU7778) to 0.61 (for TVU13953 and
Glenda, TVU-14196 and Glenda).

3.3 Analysis of variance for grain yield and
yield components

Significant genotype effects (P < 0.05) were evident for all the
traits measured at all locations (Table 6). The effect of environment
(Brits and Loskop in 2021 and 2022) was significant (P < 0.05) for
GY, NPP, NSPP, HSWt, and PH. For Brits and Loskop in 2021 and
2022, the location effect was highly significant (P < 0.001) for GY,
NSPP, HSWt, and PH. Genotype by location interaction effect was
significant (P < 0.05) for all traits, except for season 2021 (HSWHt,
LL, and LW) and season 2022 (NPP, PW, LL, LW, and NB).

From combined ANOVA, the genotype effect was significant (P
< 0.05) for all traits (Table 7). The location effect was significant
(P < 0.05) for GY, NPP, NSPP, and HSWt. Season effect was
significant (P < 0.05) for NPP, PW, PH, and D50F. Genotype by
location interaction effect was significant (P < 0.05) for all the
traits measured, except PL, LL, and LW. Genotype by season and

Frontiers in Sustainable Food Systems

genotype by location by season interaction effects were significant
(P <0.05) for GY, NPP, NB, PW, PH, and D50F. Season by location
interaction effect was significant (P < 0.05) for GY, NPP, and PW.

The broad sense heritability (H?) ranged from 0.61 (GY) to
0.98 (PH) at Brits 2021 (Table 6) whereas it ranged between 0.07
(PL) to 0.97 (HSWt and PH) at Brits 2022. The H? ranged from
0.43 (GY) to 0.98 (PH) at Loskop 2021, whereas it ranged from
0.57 (GY) to 0.98 (PH) at Loskop 2022. The H? ranged from 0.61
(NPP) to 0.99 (D50F) in season 2021 (Table 7), whereas it ranged
from 0.53 (NSPP) to 0.98 (LL, NB, and PH) in season 2022. The
H? ranged from 0.59 (NB) to 0.99 (PH and D50F), for combined
analysis (Table 7).

3.4 Mean performance of parental
genotypes and their F; hybrids from
combined analysis

Mean performance for GY from combined ANOVA ranged
from 0.27 to 2.95 t/ha, with an overall mean of 1.34 t/ha (Table 8).
The six hybrids that were superior for GY (2.70 to 2.95 t/ha) had
either Glenda, TVU13953 or IT96D-602 as a common parent.
The three hybrids which were inferior for GY (0.27 to 0.55 t/ha)
had TVU7778 as a common parent. The yield of the hybrids was
significantly higher than for the parents (Table 8).

The mean value of NPP ranged from 19.08 to 87.08, with an
overall mean of 44.57 (Table 8). The seven hybrids with the highest
NPP (70.00 to 91.00) had either TVU13953, Glenda or IT96D-602
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TABLE 5 Genetic distance among the ten selected parental genotypes used for hybridization.

Parental Glenda Kisumi-mix [T845-2246 IT96D-602 IT93K-129-4 ITOOK-1060 TVU7778 TVU

genotypes

Kisumi-mix 0.53

1T845-2246 0.45 0.44

1T96D-602 0.47 0.44 0.50

1T93K-129-4 0.45 0.42 0.50 0.39

ITOOK-1060 0.36 0.38 0.42 0.31 0.53

TVU7778 0.47 0.38 0.47 0.42 0.50 0.29

TVU13953 0.61 0.39 0.24 0.26 0.53 0.50 0.42

TVU-14196 0.61 0.58 0.45 0.53 0.42 0.55 0.47 0.58

TABLE 6 Mean squares for grain yield and yield components for individual environments.

Source DF (€)1 NPP NSPP NB HSWt PL PW LL LW PH D50F
Brits 2021

Rep 2 1.31 45.35 2.97 1.37 89.68 28.93 0.06 0.89 0.04 2.44 0.01
Genotypes 54 6.81** 356.88"* 23.72% | 10.70% | 2,310.06 | 2,548.60** | 6.74** | 9.05 | 124" | 1941537 | 114.85"
Residual 108 0.31 4353 2.63 0.64 106.48 90.96 0.42 0.50 0.02 162.14 0.01
0%, 0.50 104.45 7.02 3.35 734.53 819.40 2.11 2.87 0.40 6,417.74 0.38
o 0.81 147.98 9.66 3.99 841.00 910.17 2.52 3.35 0.46 6,579.88 0.39
H2 0.61 0.71 0.73 0.84 0.87 0.90 0.84 0.85 0.87 0.98 0.97
Brits 2022

Rep 2 2.38 239.41 3.08 0.20 3229 48.61 2489 | 0.11** 0.28 192.09 0.10
Genotypes 54 9.51"* 1,418.41% | 19.87** 6.92" | 2,351.33%" | 2,629.73"% | 28.74** | LI12** | 150" | 13,960.20** | 105.69**
Residual 108 2.43 141.93 1.25 0.32 24.96 131.69 23.66 0.01 0.17 133.77 1.39
o2, 2.36 425.49 6.21 2.20 775.46 832.68 1.69 0.35 0.44 4,608.81 34.77
ob 4.79 567.42 7.45 2.52 800.42 964.37 25.36 0.40 0.61 4,742.58 36.16
H2 0.50 0.75 0.83 0.87 0.97 0.86 0.07 0.88 0.72 0.97 0.96
Loskop 2021

Rep 2 0.49 40.55 0.08 0.52 201.53* 135.00 0.16 0.12 0.15 27.29 0.18**
Genotypes 54 9.12** 1,037.48 | 26.19"* 6.76" | 4,679.86"" | 1,582.65"" | 7.88"* | 1.40** | 153" | 15391.93** 0.83**
Residual 108 2.83 20.42 0.69 0.36 20.68 90.33 0.11 0.01 0.17 83.85 0.02
o2 2.10 339.02 8.50 2.13 1,553.06 497.44 2.59 0.46 0.46 5,102.69 0.27
o} 4.93 359.44 7.18 2.49 1,710.74 587.77 2.70 0.53 0.62 5,186.54 0.29
H? 0.43 0.94 0.92 0.86 0.90 0.85 0.96 0.87 0.73 0.98 0.93
Loskop 2022

Rep 2 0.51 17.12 0.18 0.10 310.93* 47.54 0.12 0.28 0.12 18.80 0.13
Genotypes 54 10.20* 1,139.94* | 26.85"* 625" | 4,759.71%* | 2,853.03" | 8.62** | 677" | 1.54" | 15296.55"* | 106.58"*
Residual 108 2.20 19.08 0.49 0.24 55.73 82.12 0.17 0.27 0.13 91.81 1.40
o2 0.18 1.18 1.48 2.06 1,567.99 923.64 2.81 2.18 0.47 5,068.25 0.38
ol 0.19 1.64 1.65 2.24 1,625.72 1,005.76 2.99 2.45 0.60 5,160.06 0.39
H? 0.57 0.72 0.89 0.89 0.97 0.91 0.94 0.89 0.78 0.98 0.77

**P < 0.001, *P < 0.05, Loc, Location; DF, Degrees of freedom; GY, Grain yield; NPP, Number of pods per plant; NSPP, Number of seeds per plant; NB, Number of branches; HSWt,
Hundred seed weight; PL, Pod length; PW, Pod width; LL, Leaf length; LW, Leaf width; PH, Plant height; D50F, Days to 50% flowering. ozp, Phenotypic variance; o2 g, Genotypic variance; H2,
Broad-sense heritability.
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TABLE 7 Mean squares for grain yield and yield components, evaluated in the 2021 and 2022 seasons, and combined for all trials.

10.3389/fsufs.2025.1588245

Source DF GY NPP NSPP  NB HSWt PL PW LL LW PH DSOF‘
2021

Season (S) 1 1.68** 14,663.33** 40.49** 0.46 13,521.66** 0.04 0.02 3.96 1.41 3,801.89** 3.71
Genotype (G) 54 2.56** 1,081.36** 45.11%* 15.10%* 6,205.74** 3,669.19** 13.72%* 16.98* | 3.05" | 32,714.12"* | 222.94™
GxS§ 54 0.08* 313.00* 4.79* 2.36* 784.18 462.05* 0.89** 1.58 0.28 2,093.18* 1.10*
Repin § 4 0.08** 42.95 1.53 0.95 145.61" 81.97 0.11 1.63 0.73 14.86 0.01
Residual 216 0.01 31.98 1.66 0.50 63.58 90.65 0.26 1.47 0.24 123.00 0.50
cé 0.29 1.17 1.48 1.39 903.97 534.48 2.14 2.56 1.50 5,103.40 36.97
o} 0.43 1.65 1.65 1.65 1,034.29 611.53 2.28 2.83 1.65 5,452.35 37.16
H 0.67 0.71 0.89 0.91 0.87 0.87 0.94 0.91 0.93 0.94 0.99
2022

Season (S) 1 0.14* 67.72 10.98** 1.35 9,113.48** 46.73 9.83 0.83 0.03 2,331.28** 1.21
Genotype (G) 54 1.89** 2,489.89** 44.09** 13.01** 6,129.33** 5,266.94** 25.03** 14.65* | 3.00** | 29,017.86™ | 208.12**
G xS 54 0.05"* 68.47 2.63" 0.16 981.70** 215.82%* 12.33 1.25 0.03 238.89%* 4.14**
Repin § 4 0.14** 128.26 1.63 0.15 171.61* 48.08 12.50 0.39 0.20 105.44 0.11
Residual 216 0.02 80.5 0.87 0.28 40.35 106.91 11.92 1.55 0.15 112.79 1.40
UZG 0.21 403.57 6.91 2.14 857.94 841.85 2.11 2.23 0.49 4,796.50 33.40
o} 0.32 414.98 7.35 2.17 1,021.56 877.82 4.17 1.65 0.50 4,836.31 34.69
H? 0.66 0.97 0.94 0.99 0.84 0.96 0.51 0.92 0.99 0.99 0.93
2021/22

Location (L) 1 1.38** 8,362.01** 46.82"* 1.69 22,418.45%* 4.52 89.46 0.58 0.92 22.07 0.34
Genotype (G) 54 4.36"* 3,312.88** 87.67** 26.78"* 12,291.46** 31.50™* 60,814.13" | 29.45** | 593** 8,483.58** 425.80"*
RepinL x S 8 0.11%* 85.61 1.58 0.55 158.61* 6.31 60.15 1.01 0.46 65.02 0.06
Season (S) 1 0.05 11,432.02** 1.86 0.12 115.40 43.64 4,900.31** 2.48 0.51 4,220.71"* 51.86™*
GxL 54 0.09"* 192.90** 5.95% 1.42%* 1,719.55™* 7.41 1,470.47** 0.98 0.17 408.22%* 2.56**
LxS$ 1 0.43* 6,369.04™ 4.65 0.12 216.70 5.33 6,043.71%* 421 0.52 24.70 4.58
GxS§ 54 0.09** 258.36*" 1.53 1.34%* 43.62 7.25 917.85™* 2.18 0.13 452.56™* 5.25%*
GxLxS§ 54 0.05** 188.57** 1.47 1.10%* 46.33 5.81 861.60** 1.84 0.14 269.65** 2.69**
Residual 432 0.01 56.24 1.27 0.39 51.96 6.09 117.89 1.51 0.20 98.78 0.95
O'ZG 3.80 3,290.89 87.17 16.64 12,148.39 8,434.32 30.76 29.34 591 60,686.91 425.38
o} 5.53 3,370.66 89.19 28.24 12,425.15 8,574.49 32.27 30.57 7.04 61,170.77 427.80
H 0.69 0.98 0.98 0.59 0.98 0.98 0.95 0.96 0.84 0.99 0.99

**P < 0.001, *P < 0.05, Loc, Location; DE, Degrees of freedom; GY, Grain yield; NPP, Number of pods per plant; NSPP, Number of seeds per plant; NB, Number of branches; HSWt,
Hundred seed weight; PL, Pod length; PW, Pod width; LL, Leaf length; LW, Leaf width; PH, Plant height; D50F, Days to 50% flowering. czp, Phenotypic variance; czg, Genotypic variance; H2,
Broad-sense heritability.

as a common parent. The hybrids had far more pods per plant than
the parents. The mean value of NSPP ranged from 9.11 to 21.19,
with an overall mean of 14.20 (Table 8). The 10 hybrids with the
highest NSPP (17.00 to 21.00) had either TVU13953 or IT96D-602
as a common parent. The hybrids had significantly higher NSPP
values than the parents.

The mean of NB for combined analysis ranged from 4.37 to
10.33, with an overall mean of 6.54 (Table 8). The three hybrids with
the highest NB (9.00 to 10.50) had Glenda as a common parent.
Mean performance for HSWt ranged from 11.22 to 38.87 g, and an
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overall mean of 26.96 g (Table 8). The eight hybrids with the highest
HSWt (35.29 to 39.00 g) had either IT96D-602, TVU13953, Glenda
or ITOOK-1060 as a common parent. The mean value of PL from
combined analysis ranged from 110.01 to 214.03 mm (Table 8), with
an overall mean of 167.99 mm. The eight hybrids with the highest
PL (207.00 to 230.00 mm) had either TVU13953 or IT96D-602 as a
common parent. The pod lengths of the hybrids were much higher
than that of the parents.

The mean value of PW from combined analysis ranged from
5.83 to 12.27 mm, with an overall mean of 8.64 mm (Table 8). The
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TABLE 8 Mean performance of cowpea genotypes evaluated in four environments in South Africa.

Genotypes NB HSWt PL
(¢)
TVU13953 x Glenda 2.84 75.83 17.92 10.33 38.44 214.03 9.80 8.36 2.86 119.95 3475
ITOOK-1060 x Glenda 1.81 65.66 15.82 9.30 26.10 174.06 10.59 12.13 4.42 127.12 42.00
IIT93K-129-4 x Glenda 1.08 57.54 15.80 9.76 35.29 171.62 10.53 8.46 4.94 201.54 52.50
Kisumi-mix x Glenda 1.07 33.02 11.27 8.30 22.03 171.45 10.37 12.65 2.99 124.19 51.00
TVU7778 x Glenda 0.53 43.00 1033 7.83 25.04 170.10 10.36 11.56 412 114.38 41.08
98K-5301 x Glenda 0.74 37.69 11.27 8.19 2071 168.83 10.17 7.78 413 99.61 51.75
IT96D-602 x Glenda 2.47 43.93 17.39 7.92 20.20 163.60 10.03 9.42 1.80 107.93 50.50
1T845-2246 x Glenda 1.28 4331 13.45 7.84 38.60 161.70 8.06 8.75 329 135.47 51.00
TVU-14196 x Glenda 1.08 41.23 11.58 5.77 21.24 161.45 8.02 9.32 337 125.60 47.50
ITOOK-1060 x TVU13953 2.82 86.73 18.19 5.34 31.97 210.55 951 8.66 372 126.95 51.00
IT93K-129-4 x TVU13953 1.62 74.71 18.50 5.62 27.86 210.03 9.40 10.22 3.13 127.93 50.00
Kisumi-mix x TVU13953 1.57 45,59 19.82 7.84 27.63 209.19 9.23 9.66 3.13 116.32 50.00
TVU7778 x TVU13953 1.32 27.10 18.43 497 24.16 192.37 8.28 10.25 339 148.35 38.75
98K-5301 x TVU13953 1.00 87.08 20.92 5.70 36.89 21521 9.93 9.62 2.98 136.32 50.00
IT96D-602 x TVU13953 2.95 90.93 17.80 5.03 38.87 229.62 9.95 9.33 1.72 148.18 34.00
1T845-2246 x ITOOK-1060 1.20 31.63 12.15 4.85 35.82 186.66 8.11 9.93 3.13 74.59 49.17
TVU-14196 x TVU13953 0.66 31.55 21.19 525 23.44 190.44 8.21 9.83 3.08 113.36 46.92
IT93K-129-4 x ITOOK-1060 0.72 41.65 11.64 5.60 37.08 175.92 10.63 9.16 323 76.83 51.08
Kisumi-mix x ITOOK-1060 0.63 38.45 11.31 572 29.37 184.23 11.73 9.39 3.10 121.78 49.00
TVU7778 x ITOOK-1060 0.47 23.69 11.88 6.28 28.75 159.94 8.02 9.78 337 107.89 4825
98K-5301 x ITOOK-1060 0.99 41.46 12.15 491 27.70 159.04 7.96 9.78 2.87 131.79 44.75
IT96D-602 x ITOOK-1060 0.94 78.56 17.91 6.89 26.96 157.22 7.95 9.26 343 107.89 39.00
1T845-2246 x TVU13953 1.88 70.61 14.48 5.13 2473 197.21 8.38 9.33 1.81 121.06 36.50
TVU-14196 x ITOOK-1060 1.03 46.12 12.31 537 2278 157.20 7.88 9.41 3.16 107.81 4275
Kisumi-mix x IT93K-129-4 0.91 45.47 12.06 5.80 23.54 184.90 12.14 9.18 3.60 108.12 38.58
TVU7778 x TT93K-129-4 1.01 23.98 10.41 6.87 3115 156.29 7.85 10.40 3.12 108.58 34.50
98K-5301 x IT93K-129-4 1.61 46.00 11.79 8.63 23.22 155.41 7.84 9.24 3.11 129.97 36.00
IT96D-602 x IT93K-129-4 0.94 41.88 11.52 6.85 21.16 207.97 8.68 9.1 1.86 171.81 40.00
1T845-2246 x IT93K-129-4 1.48 47.64 15.02 437 20.52 155.10 6.92 10.48 3.06 21539 54.50
TVU-14196 x IT93K-129-4 1.51 60.35 15.49 5.07 19.70 154.54 6.87 8.91 3.88 115.47 42.00
TVU7778 x Kisumi-mix 1.80 25.62 15.30 8.64 29.28 181.54 11.18 10.27 328 134.38 53.50
98K-5301 x Kisumi-mix 1.55 50.42 15.00 8.01 29.14 179.06 11.05 9.91 3.62 145.81 37.00
IT96D-602 x Kisumi-mix 2.65 49.22 14.57 7.27 26.49 185.48 12.27 9.93 1.77 121.86 42.00
1T845-2246 x Kisumi-mix 1.54 4225 14.18 7.57 25.10 177.27 10.89 8.38 3.53 121.16 53.50
TVU-14196 x Kisumi-mix 1.49 52.48 14.85 8.05 22.64 177.16 10.69 831 325 120.18 5475
98K-5301 x TVU7778 L11 40.02 14.76 8.39 12.41 153.35 6.84 10.34 3.01 84.94 42.00
IT96D-602 x TVU7778 1.69 38.34 13.75 474 15.44 152.07 6.55 9.41 1.82 84.15 34.50
1T845-2246 x TVU7778 1.69 38.83 13.58 4.89 14.52 151.39 6.36 8.49 3.54 83.86 39.50
TVU-14196 x TVU7778 1.17 40.54 13.48 827 14.27 151.17 5.96 10.13 3.96 83.20 4133
IT96D-602 x 98K-5301 2.69 36.64 13.34 4.89 30.57 208.07 8.91 8.65 1.71 82.30 41.00
1T845-2246 x 98K-5301 1.36 38.03 13.45 493 3027 149.88 5.83 9.49 339 80.73 45.50
(Continued)
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TABLE 8 (Continued)

10.3389/fsufs.2025.1588245

Genotypes NB HSWt PL PW LW PH
(9) (mm) (cm) (cm) (cm)

TVU-14196 x 98K-5301 1.35 34.95 11.92 5.26 31.60 149.03 7.82 8.33 3.52 76.94 46.00
IT845-2246 x IT96D-602 1.09 32.42 13.13 518 30.51 147.78 7.81 8.67 3.55 124.03 47.00
TVU-14196 x IT96D-602 1.61 34.45 16.14 5.03 38.83 144.81 7.76 7.90 3.49 122.73 38.50
TVU-14196 x IT845-2246 0.84 35.69 12.60 8.59 20.61 144.79 7.75 547 3.26 70.66 34,50
Glenda 1.18 34.44 14.25 6.15 32.27 144.68 7.72 6.27 416 69.79 41.50
98K-5301 0.94 33.71 12.97 5.98 27.98 143.42 8.15 9.32 2.97 66.08 45.00
IT96D-602 151 39.15 13.70 653 3141 190.42 7.57 8.22 3.28 126.81 36.50
IT93K-129-4 1.01 38.16 1245 6.18 34.46 141.60 7.53 497 3.54 66.91 39.58
Kisumi-mix 1.07 29.89 14.10 6.83 35.04 141.38 7.35 8.71 3.74 60.39 46.00
TVU7778 027 19.08 9.11 5.09 1322 110.01 7.05 7.38 3.05 37.65 48.50
TVU13953 1.45 48.85 14.79 623 2227 137.28 7.29 9.69 3.75 73.70 39.50
ITOOK-1060 1.09 31.83 14.01 5.43 25.46 117.06 7.21 572 1.77 52.85 4425
IT845-2246 1.02 27.43 1433 7.18 30.83 116.18 7.10 7.73 3.41 42.65 39.25
TVU-14196 1.10 36.40 14.46 6.94 11.22 139.44 7.30 6.14 3.33 68.30 43.00
Mean hybrids 1.42 46.94 14.44 6.60 26.73 174.64 8.91 9.40 317 117.98 44.43
Mean parents 1.06 33.89 13.42 625 26.42 138.15 7.43 7.42 3.30 66.51 4231
Grand mean 1.34 44,57 14.20 6.54 26.67 167.99 8.64 9.08 3.18 108.62 44.20
LSD (P = 0.05) 0.08 1.66 0.83 6.69 485 0.42 7.31 5.05 0.76 030 41.33

First parent of the hybrids represents the female, GY, Grain yield; NPP, Number of pods per plant; NSPP, Number of seeds per plant; NB, Number of branches; HSWt, Hundred seed weight; PL,
Pod length; PW, Pod width; LL, Leaf length; LW, Leaf width; PH, Plant height; D50F, Days to 50% flowering.

14 hybrids that had the highest PW (10.00 to 12.27 mm) had either
Glenda, ITOOK-1060 or Kisumi-mix as a common parent. The
mean value of LL from combined analysis ranged from 6.27 to
12.14 cm, with an overall mean of 9.08 cm (Table 8). The 10 hybrids
with the highest LL (10.00 to 12.65cm) had either TVU7778,
IT93K-129-4 or Glenda as a common parent. LL was 21% higher
in the hybrids than the parents.

The mean of LW ranged from 1.71 to 4.94 cm, with an overall
mean of 3.18 cm (Table 8). The five hybrids with the highest LW
(4.00 to 4.94cm) had Glenda as a common parent. The mean
of PH from combined analysis ranged from 37.65 to 215.39 cm,
with an overall mean of 108.62cm (Table 8). The 10 hybrids
with the highest PH (130.00 to 216.00 cm) had either IT96D-602,
TVU13953, IT93K-129-4, and 98K-5301 as a common parent. The
hybrids grew significantly taller than the parents (44%). The mean
of D50F from combined analysis ranged from 34.75 to 54.50 days,
and an overall mean of 44.20 days (Table 8). The seven hybrids
with the lowest D50F (34.00 to 36.50 days) had either IT93K-129-4,
1T845-2246, or TVU13953 as a common parent.

4 Discussion

4.1 Genetic diversity analysis of ten
selected cowpea parental genotypes

Genetic diversity in a population is essential for selecting
diverse genotypes and broadening a population’s genetic basis.
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When analyzing the genetic diversity, the PIC value represents the
relative informativeness of each marker and in the current study,
29.4% of the markers (SSR6265, SSR6217, SSR6451, SSR6277,
and SSR6436) were highly informative (PIC > 0.50), indicating
that they could be useful genetic tools for determining the
genetic structure of cowpea. Other studies also reported the
informativeness of SSR markers in discrimination of cowpea
genotypes for analysis of genetic diversity (Ali et al, 2015; Dagnon
et al., 2022; Sarr et al,, 2021). The study observed one to six alleles
per locus which corroborated diversity studies conducted in Nigeria
and in Ghana (Adetiloye et al., 2013; Diouf and Hilu, 2005). The
number of markers and parental genotypes used in the current
study could have resulted in fewer alleles observed.

The expected heterogeneity (0.10 to 0.81, with an average of
0.49) observed, indicated a wide genetic diversity between the
cowpea parents. The average heterogeneity observed in the current
study corroborated a study on Sudanese cowpea germplasm which
reported heterogeneity average of 0.49 (Ali et al, 2015). The
findings are in contrast with a lower heterogeneity average (0.23)
and a higher heterogeneity average (0.54) previously reported on
cowpea (Dagnon et al., 2022; Seo et al., 2020).

In general, the genetic distances between genotypes in
each cluster showed close relationships or similarities. It
would be preferable to avoid crossing individual genotypes
within a cluster. However, cluster I and III had genotypes
with the least similarity, therefore crosses between these
genotypes should be considered. The genotypes with the
highest genetic diversity, the three

particularly among
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different clusters, may serve as sources of novel alleles for
cowpea breeding.

4.2 Analysis of variance and variance
components for grain yield and yield
components

Differences in genetic makeup of parental genotypes is
necessary to generate variability in hybrids (Seo et al, 2020).
The genetic diversity between the cowpea parental genotypes
confirmed the presence of genetic variation, which, when combined
through hybridization, provides an opportunity for selection. These
findings agree with that of a previous study (Mbuma et al,
2021), which evaluated the Southern African cowpea germplasm
collection for grain yield and yield components and reported
highly significant genotype effects for seed yield, number of pods,
and number of seeds per plant. The results are also in line
with findings reported previously (Stoilova and Pereira, 2013),
when genetic diversity of 48 cowpea accessions consisting of 18
landraces from Bulgaria and Portugal and 30 advanced breeding
genotypes of different origins were evaluated, showing significant
differences in number of pods and seeds per plant. Another study
(Mofokeng et al., 2020), conducted on 100 cowpea genotypes,
also reported significant differences among genotypes for grain
yield, number of branches per plant, number of pods per plant,
pod weight per plant and 100 seed weight. Thus, the presence
of variation within a population allows selection efficiency for
crop improvement.

When parents and the hybrid progeny were evaluated at
two locations in two seasons, significant genotype by location
interaction was observed for all the yield components, except for
leaf length and leaf width, indicating that the parents and hybrids
did not rank consistently for these traits at the different locations.
The significant genotype by season and genotype by season by
location interaction for grain yield, number of pods per plant,
pod width, number of branches, plant height and days to 50%
flowering, indicated changes in genotype ranking across seasons
and locations.

Previous studies also reported significant genotype by location
interaction for grain yield and yield components (Mbuma et al.,
2021; Gerrano et al., 2020; Ishiyaku et al., 2017; Odeseye
et al, 2018). The location affects the genotype performance,
thus reducing the relationship between the genotype and the
corresponding phenotype. The significant interaction between
genotype and the location indicates that the selection for superior
yielding ability in one location might not lead to good yielding
ability in another due to instability of the genotype. Thus, breeding
for stable yielding genotypes for the targeted production areas
is important. Evaluation and selection for yield stability should
be a part of future breeding efforts. Phenotypic variances were
consistently only slightly higher than the genotypic variances for
all the traits measured, showing that the phenotype was largely
representative of the genotype. This indicates that traits were largely
determined genetically. High genetic variance is necessary to obtain
a good response to selection, as this indicates a limited effect of
location on the desired traits.
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4.3 Broad-sense heritability estimates for
grain yield and yield components

The broad-sense heritability was higher than 0.80 for all traits
measured, except for pod width, across seasons and locations.
These findings indicated a considerable proportion of genetic
variance to the total variance in the population and could
result in good response to selection during breeding. The results
corroborated a previous study (Mofokeng et al., 2020), on 100
cowpea genotypes where high heritability (0.97) was reported for
100 seed weight. A study of grain yield and yield components
in cowpea also gave high estimates of broad-sense heritability
(0.91) for grain size (Aliyu and Makinde, 2016). Another study
(Ajayi et al., 2014) also reported high broad-sense heritability (<
0.99) for seed length and seed weight. In contrast, other studies
reported <0.50 of H? for seed yield and related traits (Mbuma et al.,
20215 Aliyu and Makinde, 2016). The high broad-sense heritability
observed in this study suggests the potential for a good response
to selection.

4.4 Performance of parental genotypes and
their F1 hybrids

A number of hybrids were high yielding (above average, >2.50
t/ha), which indicated that they can already be considered for
production at the test locations. The results are in agreement with
findings of other authors (Iseki et al., 2021; Owusu et al., 2021) that
reported grain yield performance of more than 2 t/ha for parental
genotypes and hybrids across environments. It is recommended
that the best genotypes be further evaluated at more locations and
seasons to confirm their yield potential and stability.

Several hybrids yielded significantly higher than their parents,
suggesting the presence of heterosis. The hybrids that had higher
than average grain yield had either parents TVU13953, IT96D-602,
or Glenda in common, suggesting that these parental genotypes had
contributed significantly to grain yield increases observed in the
hybrids. The finding suggests the need for combining ability studies
to determine the nature of gene action involved in expression
of grain yield and yield components. The parental genotypes
TVU13953 and IT96D-602 had above average mean performance
for grain yield. However, the parental line Glenda had lower grain
yield than the average of the population studied (Gerrano et al,
2019).

The high yield of specific hybrids (IT96D-602 x Glenda,
IT96D-602 x Kisumi-mix, IT96D-602 x 98K-5301, ITOOK-
1060 x TVUI13953, TVU13953 x Glenda, and IT96D-602 x
TVU13953) suggests the presence of heterosis. This was confirmed
by the 25% higher yield in the hybrids than the parents. The
parental genotypes require further evaluation for general and
specific combining ability, for better use in strategic breeding for
grain yield enhancement. Superior hybrids over parental genotypes
were also reported in other studies (Kumari and Chauhan, 2018;
Owusu et al,, 2018, 2020). This emphasizes the potential of hybrid
cowpea breeding in South Africa.

The parental genotypes generally had below average (<1.34
t/ha) mean grain yield compared to hybrids, with only two
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parental genotypes (TVU13953 and IT96D-602) having above
average (>1.34 t/ha) grain yield. TVU13953 and IT96D-602 were
also superior for 100 seed weight, number of pods per plant
and height compared to the other parental genotypes, and their
superiority was evident in their progeny that had the highest
mean for the traits. Previous studies reported a positive correlation
of grain yield with number of seeds per pod and plant height
(Mbuma et al., 2021; Walle et al., 2018). Parental line TVU7778
generally performed poorly and produced inferior hybrids for
most of the important traits, which could be because of poor
breeding value.

Two hybrids (ITOOK-1060 x TVUI13953 and IT96D-602 x
TVU13953) had above average values for grain yield, number
of pods per plant, number of seeds per pod, plant height, pod
length, and pod width. The improvement of cowpea for grain
yield can be done through indirect selection of yield components,
as grain yield is a polygenic trait (Mofokeng et al., 2020; Aliyu
and Makinde, 2016). Previous studies reported cowpea genotypes
with above average plant height (Owusu et al., 2021) and pod
length (Gerrano et al., 2013). Studies on other legumes reported
strong correlation between grain yield and number of branches
per stem, number of leaves and plant height (Jayasingha and
Fernando, 2020; Upadhyaya et al., 2012; Gerrano et al., 2013; Siwale
et al, 2022). In the current study the hybrids had significantly
more pods per plant (28%), longer pods (21%) and wider pods
(17%), and wider leaves (21%), and significantly taller plants (44%)
than the parents. Therefore, although cowpea is a self-pollinating
crop, there clearly is heterosis which can be exploited through
hybrid breeding.

Earliness in flowering is also important, particularly in the ever-
changing climatic conditions, hence resource poor farmers will
benefit from early flowering to mitigate the short rainy seasons. In
the current study four hybrids (IT96D-602 x TVU13953, IT96D-
602 x 98K-5301, TVU-14196 x 1T845-2246, and TVU13953 x
Glenda) were early flowering (34 to 35 days). However, early
flowering does not translate to above average grain yield for
the current study, as the genotypes that flowered early had
both average and above average grain yield. The current study
corroborated findings of the negative correlation of days to
50% flowering with seed yield (Shanko et al.,, 2014; Thorat and
Gadewar, 2013). The advantages of early flowering should therefore
be weighed against possible reduced yield compared to later
flowering genotypes.

5 Conclusions

This study showed significant genetic variation amongst
the F; hybrids and their parental genotypes which can be
explored for improvement of grain yield and yield components
in cowpea. Two cowpea parental genotypes (TVU13953 and
IT96D-602) displayed superior performance compared to other
parental genotypes for grain yield, thus could be selected for
future breeding activities, if they also have good breeding values.
Although cowpea is a self-pollinating crop, there was significant
heterosis for yield and yield components, which can be exploited
in hybrid breeding. Six hybrids (IT96D-602 x Glenda, IT96D-
602 x Kisumi-mix, IT96D-602 x 98K-5301, ITOOK-1060 x
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TVU13953, TVU13953 x Glenda, and IT96D-602 x TVU13953)
with above-average grain yield should be evaluated for potential
hybrid production.
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