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ABSTRACT

Auvailability of diverse genetic materials is central in any plant breeding programme. Genetic diversity
is important in ensuring survival of a species; and buffering of crops from climate change effects
through crop improvement programmes. The objective of this study was to determine the genetic
diversity among a panel of dual purpose cowpea (Vigna unguiculata L.) genotypes to inform crop
breeding programmes in Kenya. The study was conducted at the Jomo Kenyata University of Agriculture
and Technology (JKUAT) Demonstration Farm in Kenya; during four cropping seasons (2021-2022).
A total of 224 dual-purpose cowpea (Vigna unguiculata L.) genotypes were evaluated using an alpha
lattice design with two replications. Data were recorded on agronomic traits, and were subsequently
subjected to correlation and principal component analysis (PCA), biplot and hierarchical cluster
analyses. Total grain yields positively correlated (P<0.05) with grain yield per row and pods plant™.
Principal component analysis dissected total variation into three components, namely PC1, PC2 and
PC3. The first three PCs (with eigenvalues >1), accounted for 71.6% of the total variability among the
accessions. PCA and Bi-plots showed that pods plant™, grain yield plant™ and per row were the best
(farthest from the origin indicating largest divulgence) agronomic traits for selection towards
improvement of Kenyan dual- purpose cowpea genotypes. The dendrogram also grouped the genotypes
into three clusters, namely I (101), II (53) and III (70). There was congruence between the PC and
hierarchical cluster in grouping the accessions, based on the Euclidean distance; with the highest
values to be used for genetic improvement. The genotypic and phenotypic differences among the
accessions could be leveraged as a basis for genetic improvement, through selection and crossing of
parents with desired phenotypic traits in future breeding programmes.

Key Words: Bi-plots, hierarchical cluster, Vigna unguiculata
RESUME
La disponibilité de matériel génétique diversifié est essentielle a tout programme de sélection végétale.

La diversité génétique est importante pour assurer la survie d’une espéce et pour protéger les cultures
des effets du changement climatique grace a des programmes d’amélioration des cultures. L’objectif
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de cette étude était de déterminer la diversité génétique d’un panel de génotypes de niébé a double
usage (Vigna unguiculata L.) afin d’éclairer les programmes de sélection végétale au Kenya. L’étude
a été menée a la ferme de démonstration de Jomo Kenyata University of Agriculture and Technology
(JKUAT) au Kenya, pendant quatre saisons de culture (2021-2022). Au total, 224 génotypes de niébé
(Vigna unguiculata L.) a double usage ont été évalués a 1’aide d’une conception de réseau alpha avec
deux réplications. Les données ont été enregistrées sur les caractéres agronomiques, puis soumises a
une analyse de corrélation et de composantes principales (PCA), a des analyses de biplot et de cluster
hiérarchique. Les rendements totaux en grains étaient positivement corrélés (P<0,05) avec le rendement
en grains par rang et par gousses par plante”. L’analyse des composantes principales a disséqué la
variation totale en trois composantes, a savoir PC1, PC2 et PC3. Les trois premiéres composantes
principales (avec des valeurs propres > 1) représentaient 71,6 % de la variabilité totale entre les
accessions. PCA et les bi-plots ont montré que les gousses plante™, le rendement en grains plante™ et
par rangée étaient les meilleurs caracteéres agronomiques (les plus éloignés de 1’origine indiquant la
plus grande divulgation) pour la sélection en vue de I’amélioration des génotypes de niébé a double
usage du Kenya. Le dendrogramme a également regroupé les génotypes en trois groupes, a savoir I
(101), II (53) et III (70). 11 y avait une congruence entre le PC et le groupe hiérarchique dans le
regroupement des accessions, sur la base de la distance euclidienne; les valeurs les plus élevées étant
utilisées pour I’amélioration génétique. Les différences génotypiques et phénotypiques entre les
accessions pourraient étre exploitées comme base pour ’amélioration génétique, par la sélection et le
croisement de parents présentant les traits phénotypiques souhaités dans les futurs programmes de
sélection.

Mots Clés: Bi-parcelles, cluster hiérarchique, Vigna unguiculata

INTRODUCTION

Cowpea (Vigna unguiculata (L.) Walp) is by
far the most important indigenous pulse crop
in sub-Saharan Africa (SSA), playing key roles
in the livelihoods of communities. Its seeds
and leaves provide proteins, vitamins and
minerals; while its haulms are used as a
nutritious animal feed or silage (Araméndiz-
Tatis et al., 2018). Besides, cowpea greatly
enhances soil fertility through symbiotic
biological nitrogen fixation (Edematie et al.,
2021) .

Genetic diversity in crops like cowpea, is
important as it ensures a means of survival
for plant species. It buffers crops from climate
change and can be conserved through
germplasm collection, conservation and
utilisation within crop improvement
programmes (Mukhopadhyay and
Bhattacharjee, 2016). Genetic diversity can
be assessed using variation in morphological

traits, isozymes, DNA markers and seed
protein (Salgotra and Chauhan, 2023).
Preference of cowpea varieties among
farmers and consumers varies in terms of grain
yield, drought tolerance, time to physiological
maturity, pest resistance, capacity to improve
soil fertility, cooking time, storage quality,
palatability and rate of growth attributes
(Karikari et al., 2023). Patil et al. (2022)
revealed positive correlations between grain
yield with days to 50% flowering, number of
seeds pod! and pod length. Nkoana et al.
(2019) also reported that grain yield ha!
correlated positively with number of pods
plant'! and grain yield plant’; thus indicating
that the traits were important in cowpea yield
improvement through direct selection. Owusu
et al. (2021) and Kindie et al. (2022)
conducted PCA and Cluster Analysis that are
essential for grouping the genotypes, to
provide the breeder with an opportunity to
select appropriate parents for crossing.
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However, cowpea as a minor crop with diverse
uses, its evaluation for genetic variability has
been limited (Chen et al., 2017), due to scanty
attention, thus rendering it an “orphan crop”.

In order to permit efficient genetic
improvement, a basis for crossing parents with
improved agronomic superiority is necessary,
and that calls for assessment of genetic
diversity and identification of parental lines for
crossing and hybridisation (Salgotra and
Chauhan, 2023; Begna and Teressa, 2024).

The objective of this study was to determine
genetic diversity among a panel of dual-
purpose cowpea (Vigna unguiculata (L.)
Walp) genotypes to inform crop breeding
programmes in Kenya.

MATERIALS AND METHODS

Experimental site. The experiment was
conducted over four cropping seasons, in the
experimental field of Jomo Kenyatta University
of Agriculture and Technology (JKUAT), Juja
in central Kenya. The site is located at latitude
3° 35"S and longitude of 36° 35"E. The site
experiences semi-arid continental monsoon
climate type, with a mean annual temperature
of 19.8 °C, and annual precipitation of 675.8
mm (Jaetzold et al., 2007).
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The area has three soil types, which are
shallow clay soils over trachytic tuff, very
shallow sandy clay soils over murram; and
deep clay (Vertisols) soils (Soil Survey Staff,
2010). The pH ranged from 5.2 to 5.8 in the
top soil and from 4.8 to 7.0 in the sub-soil
(Bankole et al., 2016).

Experimental materials. The experiment
was conducted using 224 genotypes, obtained
from the Legumes Breeding Project of JRUAT.
The genotypes comprised of the following as
illustrated in Table 1.

Treatments and design. Treatments included
224 cowpea genotypes, laid out in an alpha
lattice design, with incomplete blocks design
and with two replications. Plant spacing was
50 cm between and 30 cm within rows; while
plot size was 5 m by 1 m. The study was
repeated four times during 2021 and 2022, long
and short rain seasons.

Routine field maintenance. Fertiliser
application 60 kg ha' P O, as single super
phosphate (SSP); 60 kg ha! N in the form of
urea; and 50 kg ha! K as muriate of potash.
SSP was applied all at planting; while the latter

TABLE 1. Characteristics of the cowpea genotypes used in the study

Genetic materials Locality Specific locality Number of
accessions
National Gene Bank of Kenya Lower Eastern Kenya Machakos 74
Makueni 3
Kitui 5
Landraces Lower Eastern Kenya Machakos 14
Rift-valley Baringo 9
Single plant selections 113
Commercial varieties Registered seed companies 6
Total 224
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two were applied in two splits, half at planting
and the rest at 20% flowering.

Supplementary irrigation was done at the
rate of 20 mm per week, during dry spell,
usually in the months of June-September 2021
and June-December, 2022. Insecticides were
sprayed once at vegetative growth, flowering
and pod maturing stages; using Dimethoate
50% to control aphids at the rate of 1 litre
ha'. Hand weeding was done thrice, at three
weeks after planting (two to three leaves
stage), at two months after planting, and at
75 days after planting, to ensure weed-free
plots.

Data collection. Data were collected on eight
agronomic traits (days to 50% flowering and
75% physiological maturity, pod length, seed
pod!, pods plant!, grain yield plant' and
row’!; and seed yieldha™) (Table 2), based on
the International Board for Plant Genetic
Resources descriptors for cowpea (IBPGR,
1983). To avoid border effects, a composite
sample of three randomly selected plants, were
taken from each plot in the centre row.

Statistical analysis. The data collected were
subjected to analysis of variance (ANOVA),
using the Agricolae package in RStudio Version
4.2.2 software (R Core Team, 2022). Mean
separation was done using Least Significant
Differences (LSD) at 5% level of significance.
The genotypic mean values were standardised
to a mean zero and a variance of unity, using
R Studio Version 4.3.1 software; before
analysis, to remove biases due to differences
in the scale of measurements.

The means were then used to calculate
phenotypic correlation, using Corrplot package
at P < 0.05. Principal components, Eigen
values and scores were computed using
correlation matrix in ggbiplot package; and
hierarchical cluster analyses were performed
using Ward’s Method. A dendrogram was
constructed using Hclust package in R (R Core
Team, 2022).
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RESULTS AND DISCUSSION

Days to 50% flowering and to 75%
maturity. Days to 50% flowering was not
significant among the tested cowpea genotypes
(P>0.05); however, days to physiological
maturity was highly significant (P <0.001) for
the test genotypes evaluated (Table 4).

The days to 75% maturity was significantly
shorter for genotypes 52 (GBK 003682), 177
(selection from within variety), 137 (GBK
022545) and 128 (GBK 022473). The high
variation among cowpea genotypes
underscores the significance of genetic
variation as an input in the Kenyan cowpea
breeding programmes (Dorvlo et al., 2022). This
provides the requisite genetic information for
the selection of useful parents for application
in a cowpea improvement programme that
would contribute substantially to food security
in sub-Saharan Africa.

Similar findings were reported by Gerrano
et al. (2015) and Mofokeng et al. (2020), that
early flowering might be attributed to inherent
genetic variation in cowpea, as well as
prevailing environmental factors, such as
altitude, temperature and soil conditions.
Furthermore, flowering time varies
significantly among cowpea genotypes and is
influenced by environmental factors prevalent
during growth and development. Kinfe and
Tsehaye (2015) also opined that genotypes
should be first screened for genetic diversity,
to ensure success in developing new high
yielding cultivars; by relying on the availability
of genetically diverse germplasm (Buckler et
al., 2009). The higher the genetic diversity
possessed, the greater the prospects for
improvement of traits of interest; as well as
increasing chances for developing new
superior high yielding cultivars, with consistent
performance.

The significant seasonal differences
between the long and short rains arise from
environmental differences, particularly as a
result of rainfall and temperatures. The short
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TABLE 5. Descriptive statistics for days to flowering, days to maturity and yield- related traits for 224
dual-purpose cowpea accessions grown at Juja in 2021 and 2022

Traits  Seas. Mean Range MSE SE MSS  CV% P.value
Max Min
DTF SR 41 55 25 2416 3416 43.36 83 <0.001
IR 40.94 56 27 3.796 2.684 38.55 927 <0.001
CSR 4091 52 285 1.354 1915 37274 47 <0.001
DTM SR 94.14 118 78 3207 4.536 8945 478 <0.001
IR 94.18 116 78 3.181 4499 90.81 48 <0.001
CSR 94.16 115.5 79.5 2718 1926 82713 29 <0.001
PL SR 1644 2373 10.5 06617 09358 7.008 5.7 <0.001
IR 16.52 23.6 11.03 0.7119 1.0067 6.357 6.1 <0.001
CSR 1648 24.07 11.65 0.508 0.719 6.167 95 <0.001
NPP SR 25.04 57 7 5342 7.554 115403 31.6 <0.001
IR 25.04 66 567 4672 6.608 4209 264 0.106
CSR 24.48 61 794 3.103 4.389 109.37 179 <0.001
NSP SR 1424 28.67 8.67 1.547 2.188 5.049 154 0.344
IR 1445 20.67 9.67 13344  1.88871 4209 154 <0.001
CSR 1434 2 9.84 0.968 137 2.766 95 0.002
GYP SR 3599 114.7 11 8.588 12.145 288.5 337 <0.001
IR 35.86 88.5 733 6.2 8.768 2415 245 <0.001
CSR 3592 89.83 10.1 4.066 5.75 231.7 16 <0.001
GYR SR 420.6 913.7 81 3571 50.5 46721 12 <0.001
IR 4258 1070 96.67 3291 46.55 50464 109 <0.001
CSR 4232 1036 100.5 23.89 33.79 47460 8 <0.001
™™ SR 4574 943 100 36.93 52.23 46804 1144 <0.001
IR 461.6 1101 118 33.94 48 52400 104 <0.001
CSR 459.5 1070 119.5 3531 2494 48980 7.7 <0.001

season is characterised by higher temperatures,
triggering early termination of the flowering
phase and initiation of the reproductive phase.
Genotypes that flower early and mature early,
tend to be more adapted to warm- or tropical
season food legumes than their late maturing
counterparts (Sita et al., 2017).

In the present study, 10 genotypes were
found to mature earlier than the second most
physiologically maturing commercial variety,
C2 (M66); and eight reasonably higher yielding
variety than the second commercial variety,
(C3 (KAT-KUNDE) (Table 6). These cowpea
genotypes are more suitable for the warm

tropical and sub-tropical regions of Kenya. K80
was the earliest to flower among the
commercial varieties, with the highest seed
yielding potential; attributed to prolonged pod
filling period.

The genotypes that flowered and matured
earliest tended to be more adapted to the
growing conditions, than the late maturing
genotypes; thus were able to escape the
drought conditions. This provided an advanced
drought adapted production strategy in cowpea
under conditions of eminent terminal drought.

These genotypes could be used in future
plant breeding programmes, through recurrent
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TABLE 6. Contd.

™

PL NSP NPP

DTM

DTF

Field ID and Genotype

488.75

45342

3533
31.67
3542
35.92

18.0%**

20.39

13.69
14.84

15.77
1727

86

86.75

41.75
36.25
33.75

4097

C5-KUNDE-FAULU

739.75

708.34

13.41
18.64
24.48
12.4%%*

C3-KAT-KUNDE

C6- KUNDE-TAMU
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409.75

374.33

15.63
14.34
3.7%
4.7*

15.7
1648
1 gk

88.5
94.16

459.52
91.5%**

42321
88.2%**

Mean

7.9%
7.5%*

6.1™

LSD genotypes
LSD seasons
CV (%)

69.3%**

31.5%**

13.6%*

A

3.3%*

8.9%
8.15

109

1141

27.39

27.83

14

599

457

Number of pods plant';

Number of seeds pod'-, NPP
Least significance difference, ns = not significant

Pod Length (cm), NSP =

Coefficient of Variation, LSD

Days to maturity (days), PL

Grain yield per plot, CV

significant (at 0.05,0.01, 0.001 level respectively)

Days to Flowering (days), DTM

Grainyield plantl-; TW

Note: DTF =
GYP

>

% oskok kkk —

)

selection, as earliness is a crucial adaptation
in agro-ecological zones with short growing
seasons especially in sub-Saharan Africa. This
could allow cowpea escape from biotic and
abiotic stresses (Owusu et al., 2018) and
hinders early floral development, leading to
sterility (Kazan and Lyons, 2016; Abdou,
2021), that would counteract adverse effects
of water stress typical in Kenya.

Furthermore, evaluation of early maturing
cowpea genotypes, in diverse environments,
is crucial to identify lines with wide adaptations
and stability in yield performance. This would
answer to the needs of the farmers in arid and
semi-arid regions of Kenya who tend to prefer
early maturing and high yielding cowpea
varieties that are tolerant to diseases (Kuruma
et al., 2019).

Breeding efforts should, therefore, focus
on developing genotypes that combine early
maturity with desirable agronomic traits, such
as pod length and yield components that meet
farmer preferences. In addition, effective
dissemination of early maturing cowpea
varieties, along with training about improved
production practices, could accelerate
adoption by smallholder farmers in semi-arid
areas. By leveraging the development and
adoption of early maturing and high yielding
cowpea genotypes, Kenya could achieve
higher cowpea productivity, improve food
security, and increase incomes of smallholder
farmers in drought-prone regions.

Pod characteristics and grain yield

Pods per plant. A significantly small number
of pods plant! was recorded for 201(SFV)
(8.01) and 85 (GBK 003770-1), with the
highest recorded in 136B (SFV) (51.67), 147
(GBK022484); followed by 113 (GBK 005173-
2) (Table 5). Pods plant! recorded an overall
mean of 14.33 pods plant!, ranging from 8.01-
51.67, compared to the best performing
commercial variety, K80 which yields barely
32.33 pods plant!. The wide range of pods
per plant suggests presence of genotypes with
superior genetic traits that can be selected for
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breeding programmes that can significantly
enhance productivity and sustainability. The
genotype with the highest pod count, 136B,
could be particularly valuable for developing
new varieties aimed at maximising yield.
Furthermore, the best-performing commercial
variety, K80, yields only 32.33 pods per plant,
indicating that the identified genotypes have
the potential to significantly outperform
established varieties.

The significant difference between the
highest-yielding genotype and the commercial
standard (K80) underscores the potential for
breeding programmes to improve pod
production. Incorporating high-yielding traits
from genotypes like 136B into existing varieties
could lead to substantial increases in overall
yield.

Further research could focus on
understanding the environmental and
agronomic factors that contribute to the high
pod counts in genotypes like 136B; and
exploring their adaptability across different
growing conditions. Additionally, studies on
disease resistance and stress tolerance would
provide a more comprehensive view of their
potential applications in diverse agricultural
settings.

These findings presents significant
opportunities for enhancing pod yield through
selective breeding and improved agricultural
practices, ultimately contributing to greater
food security and sustainability in agriculture.
This diversity is essential for breeding
programmes focused on developing varieties
that can withstand environmental stresses such
as drought, pests, and diseases. Utilising
diverse genetic backgrounds can enhance
resilience and adaptability in changing climatic
conditions, against a backdrop of climatic
stress that limits yields, owing to shifts in pests
and pathogens, precipitation, heat-waves and
other weather extremes (Bailey-Serres et al.,
2019).

Seeds per pod. The highest mean for the trait
was recorded in genotypes 175 (GBK 005163),
33(GBK-003668 D) and 46 (KOL 3), with
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19.00, 18.36 and 17.96 seeds per pod,
respectively (Table 6). The lowest value was
recorded in 157 (GBK 022559) and 179 (GBK
017474), with 10.00 and 11.75 seeds plant™,
respectively; compared to the best performing
check variety, Kunde-Tamu (15.63). The high-
yielding genotypes identified, such as GBK
005163, GBK-003668 D, and KOL 3, have
several potential applications in agriculture that
can significantly enhance productivity and
sustainability.

These high-yielding genotypes can
contribute to greater food production,
addressing food security challenges, especially
in regions facing population growth and climate
change impacts (Bailey-Serres et al., 2019). The
high-yielding genotypes may possess traits that
enhance resilience to environmental stresses,
making them suitable for cultivation in
changing climatic conditions (Zhang et al.,
2018; Bailey-Serres et al., 2019). This is crucial
for maintaining yields in the face of
unpredictable weather patterns.

In addition, these genotypes can serve as
valuable genetic resources in cowpea breeding
programmes aimed at developing new varieties
with enhanced traits such as disease resistance,
drought tolerance, and enhanced nutritional
quality by application of modern breeding
strategies such as CRISPR/Cas9 for
accelerated crop improvement leveraging on
these naturally evolved traits (Richards,
2000).

Pod length. Mean pod length was significant
among genotypes, with the trait mean at 16.47
cm and ranging from 11.74 to 23.06 cm (Table
6). The longest mean values were recorded in
126 (GBK 003676-2), 133 (GBK 003723) and
131 (GBK 003671-1); which recorded 23.06,
21.90 and 20.87, respectively. The shortest
recorded pod length was in 199 (SFV);
followed by 84B (MAR.6-1), which recorded
11.74 and 12.57 cm, compared to the best
check variety; (C2) M66, which recorded
19.67 cm (Table 5). The significant differences
in pod length among genotypes indicate a rich
genetic diversity that can be exploited in
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breeding programmes. Genotypes with longer
pods, such as GBK 003676-2, could be
prioritised for breeding to enhance this
desirable trait in new varieties. Pod length is
often correlated with other yield components,
such as pod weight and seed number per pod.
Selection for longer pods could indirectly
improve overall yield through these associated
traits, making it a strategic focus in breeding
programmes (Edematie et al., 2021).

Grain yield. Grain yield is dependent on the
three factors; the longer the pods, the greater
the seeds space; the higher the number of pods
the more the seeds and the higher the number
of seeds pod’'; the higher the seed yield ha''.
However, this may pose a grain quality problem
as over proliferation of seeds per pod may lead
to production of small and incompletely
developed seeds per pod; hence low grain yield
per ha. Sometimes, fewer but larger seeds per
pod and per unit area may be desirable for
hybridisation of the best parents selection for
high yielding varieties in future. Hence, an
optimum yield that combines high seed quality
and quantity may be the most desirable (Ezin
et al., 2023).

The three factors can be considered in
cowpea breeding by selection of genotypes
with desirable traits in breeding strategy and
hybridisation for grain yield (Owusu et al.,
2021; Gerrano et al., 2022).

Days to flowering and physiological
maturity. Days to flowering was not
significant (P>0.05) among the 224 genotypes
used in the present study. However, days to
75% physiological maturity, were significantly
different (P<0.05) and ranged from 80.25-
113.00 days; with a mean 0f 94.13 days (Table
6). Genotypes 53 (GBK 003720-1), 161
(GBKO022548) and 100 (GBK 00366-1)
recorded the longest days to physiological
maturity, with 113.00, 112.75 and 111.25 days;
and shortest maturity periods recorded in
genotypes 52 (GBK 003657-2) and 177 (GBK
022519, recording 81.00 and 81.25 days,
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compared to the check variety C1 (K80) taking
80.25 days to mature.

Of necessity, farmers tend to prefer short
term maturing cowpea genotypes that are
capable of escaping terminal drought, and
insect pests and diseases, prevalent at the end
of cropping season in the dry SSA, which is
characterised by short and erratic rainfall
(Owusu et al., 2018).

The late maturing genotypes were high
yielding (Table 6), as long grain filling period
and pod development resulted in more grains
per pod. Additionally, the longer pods had
heavier grains due to the maximum period
taken for plant growth and development; hence
superior dry matter accumulation. Breeding
cowpea for early maturation and high yielding
cowpea genotypes is a challenge as earliness
embodies decline in yield potential due to short
growth cycle and sub-optimal foliage
development owing to the short cropping
season (Mduruma et al., 1998).

Grain yield. Results in Table 7 revealed that
mean grain yield varied significantly among the
genotypes, with the highest yields ranging
from 734 to 908 kg ha'!, with accession 222
yielding the highest (908 kg ha™') and accession
85 (GBK 003770-1) producing the lowest (122
kg ha'), compared with the commercial
varieties in which C1 (K80) with mean yield
of 664.5 kg ha'! (Table 7). On the other hand,
commercial varieties C2 (M66) yielded more
(883 kgha), but less than the highest yielding
genotype. The significant variation in grain yield
among the genotypes indicates a rich genetic
potential that can be harnessed in breeding
programmes. Accession 222, with the highest
yield, serves as a valuable genetic resource for
developing new high-yielding varieties. This
can lead to improved productivity in agricultural
systems.

The performance of commercial varieties,
C1 (K80) and C2 (M66), demonstrates that
while they provide reliable yields, there is still
room for improvement. The fact that accession
222 outperforms these varieties by substantial



05199 w6109 8Sy €eee 1234! 8Ll ST08 SLYE 08>-1D

SL6EL PE80L L91E Ivel P81 LTLT SL98 STot HANMLV-€D

00°€88 O'LI8 6619 €861 123! Ly6l STs8 cTee 99N-CO

(S[013U0))) SANILIBA [BIIIIUIIO))

0S9LT 80°1I¥1 (4443 €8L1 80°€l Y651 SL98 STy L6900 A9D-9C

00991 132341 LT1T 0581 L9€l 0Csl1 0518 0Se ASLET

00991 [4 439! 8SIE 65°CC SLYI €yl SL'T8 001y 1-L89€0019D-8C1

- STYSIT €8°811 (4443 96781 86C1 091 00°¢8 SLTY [-CELLEO D66

m 00°Ccl L1501 €Ll 40! (444! S6¢l SL98 SL9E [-0LLEO0ALD-S8

v SurppIA Mo
=)

W SLYEL V8769 w1y €8'LT 5491 90°¢€C 0016 STYE C9L9€00 D91

¢ 000¥L LYTIL Pe8C LTGI e8¢l 6861 SL96 000F €-90L£00dOVCI

M 009%L SL'SOL SToy [4 A3 [4ad! 8181 05°S01 44 02ST20AdD-€91

0S°SLL 607CEL ey peee 49! 06'1C 0568 SLLE 1S9€00X1dO-€€1

05108 L9TLL eele [44%4 LTSI SL0C 00901 STey [LYT20AdO-€ST

SL908 LTOLL 85°9¢ SLe LTV 6£381 0516 SL9E 707800 dD6L

ST0E8 SLY6L 05°s¢ L9€T Lyl 961 00°€lT 00°Sy 1-0CLE00 D€

c1es S¥o6L So'se 6CST 14! crel 0506 0S°'6C AS-€£C

040 LY'TI8 €6'LC 09°0C (444! 7881 08901 001y AS-VVV

00806 79'8L8 6£6C LSYC €091 €661 00701 00cy AS-TCC

SurppIf ysig

ML dAD dAD ddN dSN 1d LA 41d ad&youan pue ([ plorg

© -BY P[IA ureI3 U0 paseq paxuel

QR 7oz pue 17T ur elng ur umoisd sadAjousasd eadmoos asodmd-1enp ueAuay] Jo sy2ayd pue ¢ woyoq ‘0] doy 103 s)ren Sruouoise Jo sanfea UedN L A19V.L



™

651.75

GYR

609.75

GYP
42.00

NPP
23.58

PL NSP
1542

17.56

8525

DTM

DTF
36.25

Field ID and Genotype

TABLE 7. Contd.
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days to maturity, suggests that this trait is
relatively stable across different genotypes
despite environmental variations. This stability
may be advantageous for breeding programmes
aiming for consistent maturity times.

The highest coefficient of variation was
recorded in grain yield plant' at 33.86% and
number of pods plant™ at 31.83%, respectively.
This showed a significant environmental
impact among the genotypes assessed for
these traits. The highest CV recorded at 33.7%
during long rain seasons, indicates substantial
variability in grain yield among the genotypes.
This suggests that environmental conditions,
such as rainfall patterns, soil fertility and pest
pressures, significantly impacted yield
outcomes. Breeders may focus on identifying
genotypes with higher resilience to these
environmental stresses

Similarly, the high CV of 31.83% for pods
plant™! reflects considerable variability in this
trait as well, emphasizing its sensitivity to
environmental factors. A high CV (>30%)
indicates substantial differences among
individual plants regarding their yield and pod
production capabilities, suggesting that these
traits are influenced by both genetic and
environmental factors. The high CV for grain
yield per plant suggests that there is
considerable potential for improvement
through selective breeding. This suggests
considerable potential for improvement
through selective breeding. Breeders could
target genotypes that consistently produce
higher yields, thereby enhancing overall crop
productivity.

Similarly, the significant variability in the
number of pods per plant indicates that
selecting for this trait could also lead to
increased grain yield, as pod number is often
positively correlated with yield. This variability
could inform selection strategies, where
genotypes that consistently produce more pods
under varying conditions could be prioritised.

The significant environmental impact
observed on grain yield and pod production
highlights the need for targeted breeding
strategies that consider both genetic potential

J.K. KARIUKI etal.

and environmental adaptability. Breeders
should prioritise genotypes that demonstrate
consistent performance across varying
environmental conditions, particularly those
with high yields and pod counts despite
fluctuations in weather. Farmers can benefit
from understanding which cowpea genotypes
are likely to perform better under specific
seasonal conditions, allowing for more
informed decisions regarding crop selection
and management practices. These findings
underscores the importance of environmental
influences for assessing genetic variation in
agronomic traits in cowpea. By focusing on
traits with high CVs, such as grain yield and
pods plant™!, breeders and farmers can enhance
crop productivity and resilience in changing
climates.

These results are in close conformity with
the findings of Wahome et al. (2023) with 257
common bean genotypes with grain yield
(32.3%) and number of pods plant! (36.1%).
This depicts a strong environmental influence
among the cowpea genotypes traits evaluated.

The low coefficient of variation for days
to maturity (5.55%), and days to flowering
(6.54%); suggest that these traits are stable
across different environments or genotypes,
which is advantageous for breeding
programmes aimed at consistent quantitative
and qualitative yield attributes. This stability
can help farmers to predict performance and
make informed decisions about which varieties
to fit to which environments.

Conversely, a high CV indicates greater
variability in a trait, which can reflect genetic
diversity among cowpea accessions as
observed in number of pods plant! (23.73%),
and grain yield plant’ (22.10%) . This diversity
can be leveraged to select for desirable traits
that may perform well under varying
environmental conditions, enhancing
adaptability and resilience in production
systems. The observation of both stable and
diverse traits will be important in arid and
semi-arid cowpea breeding programmes in
Kenya. For instance, Mofokeng et al. (2020)
and Horn and Shimelis (2020) showed that high
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genetic variability in cowpea traits allowed for
better selection of high yielding and early
maturing varieties, which are crucial for
improving cowpea production in Kenya.
Therefore, understanding the coefficients of
variation among traits can guide breeding
strategies to enhance cowpea production,
ensuring both consistency and adaptability
response to environmental challenges.

Mean seed yield was surprisingly greater
in short rainy season than in its long rain
counterpart in 2021 and 2022 (Table 4). This
could have been occasioned by warmer
temperatures and longer day lengths
experienced in SSA, marking early flower
initiation and short grain filling period allowing
the early flowering and maturing escape of
terminal drought, heavy incidences of pests
and diseases; and unfavourable temperatures
during flowering and pod formation (Haisirikul
et al., 2020).

In addition, the low yields during the wet
long rainy seasons could have been attributed
to luxuriant vegetative growth, at the expense
of grain formation, causing a yield penalty as
most photosynthates are translocated to foliage
(Atakora et al., 2023).

Heavy rainfall in poorly drained soils and
high temperatures in the study area (Table 10),
could have led to excessive soil water, causing
poor root nodulation and decreased yields
(lizumi et al., 2024). This could have resulted
from supersaturation of water in soil micro-
and macropores, leading to impaired soil
aeration, otherwise necessary for root growth
and Biological N-fixation.

Iseki et al. (2021) and lizumi et al. (2024)
reported that cowpea grown under excessive
soil water in the Sudan Savannah, showed
reduced yields due to suppression of biological
nitrogen fixation in roots; thereby limiting plant
growth and yield. Our findings conformed to
those of Atakora et al. (2023), that heavy
rainfall normally reduces temperatures causing
poor flower and pod development with
interactions of seasons x genotype influencing
most traits evaluated limiting achievement of
maximum yield in cowpea.
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Character associations. The correlation
among traits of tested genotypes is presented
in Table 8. Days to flowering was highly
(P<0.01) and positively correlated with days
to physiological maturity (r =0.50%*%)
indicating a moderate to strong positive
relationship for the traits. This relationship can
guide breeders in selecting for early-flowering
varieties that may also reach maturity sooner,
potentially allowing for earlier harvests and
better adaptation to varying climatic
conditions. This is useful to farmers in
managing planting schedules more effectively,
ensuring that flowering and maturity align with
optimal growing conditions.

Grain yield plant! was also highly
significant (P<0.01) and positively correlated
with grain yield row™! (r= 0.18**%*), The weak
correlation implies that improvements in grain
yield plant! do not necessarily translate into
proportional increases in yield per row. This
highlights the importance of considering
multiple factors affecting yield, such as plant
density, competition for resources, and
environmental conditions while grain yield
row! was highly significant (P<0.01) and
positively correlated with pods plant! (r=
0.31***). This moderate positive relationship
suggests that an increase in the number of pods
per plant is associated with an increase in grain
yield per row emphasizing the importance of
selecting genotypes that produce a higher
number of pods, as this trait appears to be a
significant contributor to overall yield potential.
By leveraging this information, breeders can
make informed decisions when selecting for
desirable traits, while farmers can adopt
management practices that optimise yield
outcomes.

Understanding these relationships is crucial
for enhancing agricultural productivity and
sustainability. These results provides better
choice of Kenyan dual-purpose cowpea
genotypes adaptable to unfavorable sub-
Saharan environmental conditions influencing
overall yield by careful selection and breeding.
Apart from the seed yield, early maturing
cowpea ranks second in importance in
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TABLE 8. Pearson’s correlation values among the studied traits in dual purpose cowpea genotypes
evaluated in JKUAT
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marginal sub-Saharan Africa regions
characterised with unpredictable onset and
termination of rainfall (Martey et al., 2022).
Late maturing crop succumbs to a yield
penalty, although not always, as reported by
Owusu et al. (2018); with terminal drought
which occurs mostly at flowering and pod
filling stage of the crop, causing as high as
80% yield loss (Agbicodo et al., 2009).

This informs breeders in selection and
development of new varieties of cowpea in
breeding programme with novel genes allowing
farmers with an opportunity to shift to extra-
early maturing varieties (those maturing in less
than 60 days after planting), enhancing
drought tolerance for cost effective and
sustainable crop yield in the ever changing
harsh and dry sub-Saharan climatic conditions
posing food and income threat to resource
poor smallholder farmers. Owusu et al. (2021)
and Yaw et al. (2022) inferred that early
maturing varieties do not always translate to
small seeds, hence low yield plant'. Aliyu et

al. (2022) suggested that the strong correlation
between flowering days and maturity days
indicates that flowering days is a reliable
indicator for selection of maturity period
enhancing cowpea seed yield in marginal short
wet season in sub-Saharan Africa.

Kenyan breeders may infer that other traits
such as pod development or environmental
factors may play significant roles in
determining yield, explore presence of genetic
diversity within early maturing varieties that
affects seed size and yield to identify lines that
combine early maturity with desirable yield
traits, focus on selection of multiple traits
rather than single traits to achieve optimal yield
outcomes and conduct additional studies to
understand relationship between maturity, seed
size, and yield guiding future cowpea breeding
programmes more effectively in Kenya.

Pod length was highly significant (P<0.01)
and positively correlated with number of seeds
pod! (r=0.46***), This implies that pod length
forms a fundamental selection index for
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number of pods per plant in the cowpea
breeding programmes. These results are in
consonance with the findings of Chay and
Thurling (2009), who suggested that long pods
produced greater number of seed than short
pods. However, the short pods produces more
seeds per unit length of pod due to less efficient
distribution of assimilates required to support
growth of pod walls within the longer pods in
cowpea (Canci and Toker, 2014), in mung bean
(Thorat and Gadewar, 2013; Snehal et al.
2021) in cowpea. This indicates that selection
of genotypes with longer pods creating more
seeds space could provide baseline for greater
acceptability by cowpea farmers alleviating
food insecurity and provision of adequate
genetic materials for breeding. Longer pods
selection could be an effective strategy for
improving the number of seeds per pod.
Breeders might prioritise these traits in their
selection processes to enhance yield potential
ultimately contributing to improved agricultural
outcomes.

Seed yield was highly significant (P<0.01)
and positively correlated with grain yield
row! (r =0.97***), grain yield plant! (r=
0.32***) and number of pods plant

TABLE 9.
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I(r=0.39***), As yield is a complex trait
influenced by polygenes, genetic heterogeneity
and environment variety of factors (Usman et
al.,2017), correlation among yield and related
agronomic component traits assessment is
necessary to identify traits with significant
effect on cowpea yield and elimination of those
with undesirable correlative changes. Seed
yield is influenced by agronomic, genetic and
environmental factors hence the need of
cowpea breeders to identify their interactions
to ascertain the most appropriate for seed
production to feed the ever increasing
population in sub-Saharan Africa.

Principal component analysis. The presence
of agronomic traits variances among the
genotypes was further validated by principal
component analysis, which indicated that the
overall diversity observed could be elucidated
by a few eigenvectors (Fig. 2). The cumulative
contribution was split into eight PCs equal to
the variables in the study based on Kaiser-
Guttmann rule (Guttman, 1954). The resulting
three PCs with eigenvalues >1 provided a
potential criteria in the selection of the critical
principal components contributing to the total

Contribution of 8 yield and yield-related traits to the variation among 224 cowpeas

genotypes showing eigenvectors, eigenvalues, variance percent and cumulative variation

Traits PC1 PC2 PC3 PC4 PC5 PCo6 PC7
Days to flowering -0.094 -0.3295 0.7167 -0.118 -0.5108 0.244 -0.186
Days to pod maturity  0.274  -0.4341  0.4489 0.0403 0.6018 -0.3205 0.2617
Pod length 0.4561 -0.1507  -0.1577 0.0774  -0.0361 0.7007  0.4962
Seeds pod! 0.1575 -0.0361  -0.1097 -0.9463 0.104 -0.0761 -0.2232
Pods plant! 0.2456  0.5513 0.351 0.0969 0.4098 0.3793 -0.4374
Grain yield plant! 0.2221 0.5955 0.3136 -0.1491 -0.3014 -0.3422 0.5144
Grain yield row™! 0.5317 -0.1213  -0.1268 0.1672  -0.2203 -0.1871  -0.2911
Seed yield ha! 0.5394 -0.0755  -0.1018 0.1531  -0.2398 02123  -0.2454
Eigenvalues 3.0446 1.447 1.237 0.984 0496 0415 0.377
% variance 38.1 18.1 15.5 123 6.2 52 4.7
Cum. variance % 38.06 56.14 71.6 839 90.1 95.29 99.996

Bold figures represent vector loadings >0.24 for a trait contribution for a given principal component

towards cumulative variation
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TABLE 10. Mean monthly rainfall and temperature for the year 2021 and 2022

Month 2021 2022 2021 2022
Rainfall (mm) Rainfall (mm) Mean monthly Mean monthly
(°C) (°C) temperature temperature
January 331 23 18.6936 19.0936
February A 4 18.8286 19.7929
March 522 39.1 19.2345 19.5
April 254.2 224.6 19.2862 19.6867
May 1343 37.8 185129 19.5419
June 0 L5 16.7767 17.6367
July 6.5 118 15.8032 163742
August 89 28 16.7 16.53
September 12 0 17.2333 174933
October 66.6 0 19.8032 19.7533
November 1619 0 20.32 193621
December 2054 0 19.1839 19.2194

variation as suggested by Gerrano et al.
(2019).

The present study has revealed three
important PCs (PC1, PC2 and PC3) among
the evaluated agronomic traits, contributing
36.1, 19.3 and 16.1%, respectively; totaling
to 71.6% of cumulative variation (Table 8).
This forms the basis for characterisation and
classification of genotypes for improvement
programmes and submission to gene bank for
long-term storage; although Gixhari et al.
(2014) suggested that pulse crops genetic
characterisation, acceptable total variation
should be greater than 75%.

Principal Component 1 accounted for
36.1% of the total variation; mainly influenced
and impacted by variation due to days to
flowering, pod length, pods plant!, grain yield
row”!, and seed weight ha! among Kenyan
dual-purpose cowpea genotypes, as the main
positive contributors with eigenvalue of 3.0446
accounting for the greatest amount of variance
of the original data. The identified traits
highlight their collective impact on the overall
performance and adaptability of cowpea
genotypes. Days to flowering is a critical trait
determining the growth cycle and can
influence overall yield potential. Early flowering

may allow for better adaptation to varying
climatic conditions, especially in regions with
unpredictable rainfall patterns. Longer pods
may indicate better seed development and
higher yield potential. This trait is essential for
assessing the crop quality and quantity of
produce. A higher number of pods plant! is
directly associated with increased yield. This
trait reflects the plant’s reproductive success
and its ability to maximise output under optimal
conditions.

Grain yield row! measure provides insight
into how effectively a genotype can convert
its growth resources into harvestable grain,
making it a critical factor for farmers focused
on maximising productivity: The overall seed
weight indicates seed quality and vigor. Heavier
seeds often correlate with better germination
rates and stronger seedlings, contributing to
overall crop success. Breeders can focus on
enhancing these specific traits to improve
overall cowpea performance. By selecting
genotypes that exhibit desirable characteristics
in these areas, they can develop varieties that
are more productive and resilient. A better
understanding of these traits contributing most
to variation allows for more efficient evaluation
and selection processes in breeding
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Figure 2. Contributions of the various traits to dimension 1 and 2.
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programmes. This can lead to faster

development cycles for new cultivars. By
leveraging these insights, stakeholders can
enhance both breeding efforts and agricultural
practices for optimal outcomes.

Genotypes with high PC1 scores could
provide good genitors for diversity could be
used as a selection criteria to improve seed
yield of Kenyan dual-purpose cowpea. The rich
diversity endowed within the genotypes,
provides greater chance of selection in cowpea
breeding programmes in Kenya. The results
of our findings were close to those obtained
by Vijayakumar et al. (2020), who observed
that grain yield plant!, pods plant!, seeds
pod!, pod length, except days to maturity that
contributes maximum towards divergence in
the PC1. Similarly, Mwangi et al. (2021) used
PCA to identify major traits for detecting
phenotypic diversity Kenyan mung bean
(Vigna radiata L. Wilckzek) genotypes, and
observed that pod length, seeds pod!, grain
yield plant! and pods plant! contributed
significantly to PC I and II. Therefore, seeds
pod, seeds plant!, and pod length are mainly
the yield contributing traits mostly preferred
by cowpea farmers among the studied traits
and traits utilised as morphological quantitative
marker traits for characterisation and

classification of cowpea germplasm (Gixhari
et al., 2014).

Principal Component 2 contributed 18.1%
of the total variation; which accounted for the
greatest variance in the residual variation,
which was not accounted in the first principal
component (Table 8). The variance explained
by PC2 may be indicative of other important
traits or interactions among traits that influence
cowpea performance. Understanding these
relationships can provide deeper insights into
how different traits contribute to overall plant
health and yield. By considering both PC1 and
PC2, breeders can develop more
comprehensive strategies that take into account
a wider variety of traits. This holistic approach
can enhance selection processes and lead to
the development of more resilient and
productive cowpea varieties ultimately leading
to improved breeding strategies and better
crop performance.

PC2 was negatively dominated by days to
flowering and maturity; but positively
associated with the pod length and grain yield
plant!. The negative dominance of days to
flowering and maturity in PC2 suggests that
genotypes exhibiting shorter durations for these
traits are likely to score higher on this principal
component. This could indicate a selection
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pressure towards early flowering and maturity,
which is advantageous in environments with
variable climatic conditions. This helps plants
escape adverse conditions, such as drought
or extreme temperatures, thus enhancing
survival and productivity. Breeding efforts that
focus on increasing pod length may align well
with the goals of improving yield, particularly
in genotypes that also exhibit early flowering.
This dual focus can enhance adaptability while
maximising yield potential.

PC3 explained 15.5% of the variation and
mainly contributed positively to days to
flowering and maturity, grain yield plant! and
to pods plant!. This component provides
valuable insights into the relationships among
these traits in cowpea genotypes. This could
indicate that longer flowering and maturity
times are linked with better overall plant
performance, possibly due to extended growth
periods allowing for greater resource
accumulation to produce more grain, aligning
with agricultural practices that favor extended
growth cycles in favorable environments.
selecting for genotypes that exhibit favorable
flowering and maturity characteristics
alongside high yield and pod production.

This dual focus can lead to the development
of varieties that perform well under diverse
environmental conditions. By leveraging these
insights, breeders and farmers can enhance
selection processes aimed at improving both
adaptability and productivity, ultimately
contributing to more resilient agricultural
systems. The positive significant contribution
of phenological and yield and yield-related traits
could allow genotypes stability and escape
from the impact of the unfavorable soil and
erratic rainfall conditions in sub-Saharan
Africa.

Vijayakumar et al. (2020) reported similar
findings for pods plant! and grain yield plant’
in PC2 and days to flowering and maturity in
PC3, respectively. In PC, days to flowering
had the greatest residual variation unaccounted
for by PC2 with vector loading of 0.717. These
selection based on these traits could effectively
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allow improvement in cowpea Yyield
improvement programme.

Variables with vector loadings of + 0.4 and
above, had the greatest contribution to total
variation (Fig. 2). These characters were grain
yield row™!, total seed weight, days to
flowering and maturity, pod length, grain yield
plant! and pods plant! being the significant
contributors towards the divergence. These
results to certain extent are in accordance with
the findings of Hutchinson et al. (2017) and
Nkhoma et al. (2020).

PCA biplots are very effective in
identification of the existence of wider
phenotypic variability by providing the contrast
among variables and interrelationships among
genotypes possessing multiple traits facilitating
designation of a suitable breeding strategy
(Owusu et al., 2021). The biplot grouped the
genotypes with characteristics explained by the
first two dimensions (PC1 vs. PC2), based on
combined data across seasons showing
groupings of cowpea genotypes and
agronomic traits were scattered into the four
quadrants depicting wide genetic variability of
characters studied (Fig. 1). All the genetically
dissimilar cowpea genotypes are viable
genotypes that can broaden the genetic base
of'the cowpea materials for population bulking
and utilisation in breeding programme that
would contribute to food security and nutrition.

In the present study, the eight characters
are placed in all the four quadrants with pod
length having negative association with pods
plant! (Fig. 1) in the opposite quadrant
indicating that genotypes are genetically
distinct. The extent of variation among the
quantitative variables depicted that characters
such as pod length, grain yield plant! and pods
plant! are closer to the origin, thus are
considered to have lower loadings, with least
contributions towards the divergence.
Variables placed further away from the origin
(X, y) such as total weight and grain yield
row! were considered to have the highest
loadings score; having maximum contribution
towards the divergence. In order to enhance
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the productivity of dual-purpose cowpea in
Kenya, leveraging the insights from variables
such as total weight and grain yield is essential.
These variables indicate the potential for
improved agricultural practices and resource
management.

Mwadzingeni et al. (2016) also reported
occurrence of a great phenotypic trait
association in discriminating evaluated
genotypes with narrow angles between the
dimensions vectors in the same direction. On
the contrary, parameters such as days to
flowering and seeds pod! were placed closer
to the origin and were considered to have the
least loading scores having minimal
contribution towards the divergence (Figs. 1
and 2). These results are in conformity with
previous studies by Gerrano et al. (2015) and
Walle et al. (2019) in cowpea who reported
similar observations regarding the limited
impact of these traits on overall variation
among genotypes. There studies emphasize
that these traits with lower loading values are
less significant in distinguishing between
different genotypes, supporting the findings
of Mwangi et al. (2021) regarding yield-
contributing traits.

In light of these observations, it can be
inferred that traits prioritisation such as pod
length, pods plant’, and seed yield plant! are
more critical for improving cowpea yields,
as they exhibit greater variation and loading
scores in PCA analysis. This suggests that
breeding programmes should prioritise these
traits to enhance overall productivity. There is
also minimal impact of flowering as minimal
loading scores for days to 50% flowering
indicate that this trait may not influence the
phenotypic diversity among Kenyan dual-
purpose cowpea genotypes.

The consistency of these previous studies
by Gerrano et al., 2015; Walle et al., 2019)
reinforces the reliability of PCA in
understanding trait contributions to phenotypic
diversity and highlights the importance of
focusing on traits that have been validated by
multiple studies. The results suggest the need
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for further research to explore the genetic basis
and their interactions that could lead to more
effective breeding strategies for cowpea
improvement. The biplot containing the
principal components based on eigenvalues >1
is shown in Figure 1.

The presence of agronomic traits variances
among the genotypes was further validated by
principal component analysis, which indicated
that the overall diversity observed could be
elucidated by a few eigenvectors (Fig. 2). The
cumulative contribution was split into eight PCs
equal to the variables in the study based on
Kaiser-Guttmann rule (Guttman, 1954). The
resulting three PCs with eigenvalues >1
provided a potential criteria in the selection of
the critical principal components contributing
to the total variation as suggested by Gerrano
et al. (2019).The Principal Component
Analysis can significantly enhance cowpea
production by identifying key traits that
contribute to yield variation. By focusing on
these critical components, breeders can make
informed decisions to optimise breeding
programmes, ultimately leading to improved
cowpea yields and better resources
management in agriculture.

The present study has revealed three
important PCs (PC1, PC2 and PC3) among
the evaluated agronomic traits, contributing
36.1, 19.3 and 16.1%, respectively; totaling
to 71.6% of cumulative variation (Table 8).
This forms the basis for characterisation and
evaluation of Kenyan dual-purpose cowpea
genotypes by selection of promising and
suitable genotypes for production by small-
scale and commercial farmers as well as to
develop breeding populations for high yield and
related traits; although Gixhari et al. (2014)
suggested that pulse crops genetic
characterisation, acceptable total variation
should be greater than 75%. These findings
from the Principal Component Analysis (PCA)
of the Kenyan dual purpose indicates that
significant genetic diversity aimed at enhancing
yields and resilience is crucial for breeding
programmes culminating in traits selection
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identified through PCA that serves as a guide
in selection of promising genotypes suitable
for small scale farmers in sub-Saharan Africa
for production optimisation and sustainability
through farmers training on selecting
genotypes aligning with PCA findings.

Principal Component 1 accounted for
36.1% of the total variation; mainly influenced
and impacted by variation due to days to
flowering, pod length, pods plant, grain yield
row’!, and seed yield ha!' among Kenyan dual-
purpose cowpea genotypes, as the main
positive contributors with eigenvalue of 3.0446
accounting for the greatest amount of variance
of the original data. Genotypes with high PC1
scores could provide good genitors for
enhancing diversity in cowpea breeding
programme by introduction of variations into
breeding lines leading to improved yields and
enhance potential effectiveness of the breeding
efforts. To leverage on these findings, a priority
on these traits should be evaluated on field trials
to assess their interactions under varying
conditions, and use PCA results to identify
superior genotypes for specific environments.
This targeted approach can enhance
productivity and resilience in cowpea
cultivation, particularly in drought-prone areas
of Kenya.

The rich diversity endowed within the
genotypes, provides greater chance of
selection in cowpea breeding programmes in
Kenya. This diversity allows cowpea breeders
to identify and select traits that contribute to
improved yield, disease resistance and
adaptability to different environmental
conditions. By leveraging this genetic variation,
breeding programmes can develop new
cowpea varieties that meet the needs of
farmers and consumers while improving
overall crop resilience and productivity.

Principal Component 2 contributed 18.1%
of the total variation; which accounted for the
greatest variance in the residual variation that
was not accounted in the first principal
component (Table 8). PC 2 was negatively
dominated by days to flowering and maturity;
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but positively associated with the pod length
and grain yield plant'. The 18.1% variation in
PC 2 highlights significant relationships in the
dataset. Its negative correlation with days to
flowering and maturity may reduce overall
plant growth duration that limits time available
for photosynthesis and nutrient accumulation,
which is critical for seed development,
potentially impacting yield by reducing grain
fill. Therefore, flowering time management is
essential to optimise yield potential in varying
climatic conditions as previously reported by
Kim and Lee (2023) and Shavrukov et al.
(2017). Conversely, its positive association
with pod length and grain yield plant™! indicates
that these traits are crucial in maximising
productivity. These findings emphasize the
trade-offs between developmental timing and
yield-related traits, revealing important genetic
relationships that can inform breeding strategies
for improved cowpea performance.

The findings indicate a trade-off between
developmental timing and yield-related traits.
While faster developmental timing may lead to
earlier harvests, it could potentially
compromise traits like pod length and grain
yield. Understanding the genetic relationships
between these traits can guide breeders in
selecting for desirable characteristics. By
focusing on traits that positively influence yield,
such as pod length, breeders can develop
cowpea varieties that are both high-yielding
and resilient as reported by Horn and Shimelis
(2020). The insights gained from these
associations can inform breeding strategies
aimed at maximising productivity.

Prioritising traits that enhance pod length
and grain yield while maintaining optimal
developmental timing could lead to significant
improvements in cowpea performance. In
summary, the interplay between pod length,
grain yield, and developmental timing presents
both challenges and opportunities in cowpea
breeding. By leveraging these genetic insights,
breeders can enhance cowpea varieties to meet
growing food demands effectively.
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The insights derived from PC3 (Fig.1) can
guide breeders in selecting genotypes that not
only perform well in terms of yield but also
exhibit desirable developmental traits. By
understanding the genetic relationships among
these traits, breeding programmes can
prioritise selections that optimise both early
maturation and pod production, ultimately
leading to improved cowpea varieties suited
for diverse agricultural environments.

In summary, the analysis of PC3’s
contributions underscores the inter-
connectedness of flowering time, maturity,
grain yield, and pod production in cowpeas.
These findings are instrumental for developing
effective breeding strategies aimed at enhancing
cowpea productivity and resilience in changing
agricultural landscapes.

In PC3, days to flowering had the greatest
residual variation unaccounted for by PC2 with
vector loading of 0.717indicating a strong
positive correlation between days to flowering
and PC3. This suggests that flowering time is
a critical trait influencing the overall variation
captured by this principal component. The
significant residual variation associated with
days to flowering in PC3 suggests that its
variability may be influenced by additional
factors such as genetic, environmental, or
management factors not captured in the
analysis. Breeders may need to consider these
additional influences when selecting for early
flowering varieties, as improvements in this
trait could lead to enhanced adaptability and
yield potential. The unaccounted variation
highlights opportunities for further research
into the genetic basis of flowering time.
Understanding the underlying mechanisms
could lead to more targeted breeding strategies
that effectively reduce this residual variation
and enhance flowering consistency across
different environments.

The high vector loading of days to flowering
in PC1, combined with its significant residual
variation unaccounted for by PC2, underscores
its importance as a trait in cowpea breeding.
This finding emphasizes the need for
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comprehensive approaches that consider both
direct traits and those influencing flowering
time to optimise cowpea productivity and
adaptability.

Variables with a vector loadings of + 0.4
and above, had the greatest contribution to total
variation (Fig. 2). These characters were grain
yield row™!, total seed weight, days to
flowering and maturity, pod length, grain yield
plant! and pods plant! being the significant
contributors towards the divergence based on
PCA and biplot analysis (Fig. 1). These results
supports the view that grain yield components
such as pod length, pods plant! along with
seeds pod!' and days to maturity and
flowering, are key traits driving genetic
divergence in cowpea. Selection for these traits
can lead to development on new cowpea
varieties with enhanced yield potential. Days
to maturity with eigenvectors of 0.6 and above
was considered as having the major effect to
the variation. This indicates that the trait
influences the overall genetic diversity and
variation among cowpea accessions.

An eigenvector value of 0.6 or higher
(Table 8), suggests strong correlation, implying
that days to maturity is a key factor in
determining genetic differences. This trait,
likely affects other yield-related characteristics,
impacting breeding strategies aimed at
improving cowpea genotypes for specific
growing conditions and market needs. These
results, to certain extent, rhyme with the
findings of Hutchinson et al. (2017) and
Nkhoma et al. (2020).

PCA biplots are very effective in deciphering
the existence of wider phenotypic variability,
by providing the contrast among variables, and
interrelationships among genotypes possessing
multiple traits facilitating designation of a
suitable breeding strategy (Owusu et al.,
2021). The biplot grouped the genotypes with
characteristics explained by the first two
dimensions (PC1 vs. PC2), based on combined
data across seasons showing groupings of
cowpea genotypes and agronomic traits were
scattered into the four quadrants depicting wide
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genetic variability of characters studied (Fig.
1). All the genetically dissimilar cowpea
genotypes are viable genotypes that can
broaden the genetic base of the cowpea
materials for population bulking and utilisation
in breeding programme that would contribute
to food security and nutrition.

In the present study, the eight characters
are placed in all the four quadrants, with pod
length having a negative association with pods
plant! in the opposite quadrant (Fig. 1);
indicating that genotypes are genetically
distinct. The extent of variation among the
quantitative variables, depicted that characters
such as pod length, grain yield plant™! and pods
plant! are closer to the origin; thus are
considered to have lower loadings (Khatun et
al., 2022), with least contributions towards
the divergence. Variables placed further away
from the origin (X, y), such as total weight
and grain yield row™!, were considered to have
the highest loadings score; having maximum
contribution towards the divergence (Fig. 1).

Mwadzingeni et al. (2016) also reported
occurrence of a great phenotypic trait
association in discriminating evaluated
genotypes, with narrow angles between the
dimensions vectors in the same direction. On
the contrary, parameters such as days to
flowering and seeds pod! were placed closer
to the origin and were considered to have the
least loading scores, having minimal
contribution towards the divergence (Figs. 1
and 2). These results are in conformity with
previous studies by Gerrano et al. (2015) and
Walle et al. (2019) in cowpea, from which
they reported that high degree of association,
depicting the greatest variation and
interrelationships among traits depicted by PC1
and PC2 among the studied traits. In light of
these observations, it can be inferred that pod
length and number of seeds plant™! are the most
potentially desirable trait choices for future
breeding efforts towards enhancing
productivity in Kenyan dual-purpose cowpea
genotype.
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Hierarchical clustering. Cluster analysis for
the phenotypic variables depicted a clear
demarcation between the dual-purpose cowpea
genotypes (Fig. 3). Based on these agronomic
traits, the dendrogram classified the genotypes
into three divergent main clusters; namely
Cluster I which is comprised of three sub-
clusters with 101 genotypes; Cluster II with
two sub-clusters comprising 53 genotypes;
and cluster III comprising of 70 genotypes.

Cluster I was characterised by genotypes
with early flowering and maturity, high number
of pods per plant, longer pod length, high
number of seeds per pod, high number of grain
yield per plant and high total weight per plot
(Fig. 3). Cluster II grouped genotypes with
high pod length, high number of seeds pod’,
high number of grains pod! and high grain
yield plant!. Cluster III grouped genotypes
with late maturity, high number of pods
plant!, low grain yield plant! and short days
to 50% flowering.

Clustering of genotypes did not group them
according to their geographical origin,
indicating no relationship between genetic and
geographic distribution; mostly due to cross-
border diffusion and intermixing of
germplasms by farmers and traders resulting
to intermediate traits; to a lesser extent
introgression of alien genes from the exotic
materials (macrosperma germplasm) for
cowpea genetic base broadening (Kumar et al.,
2014) owing to cowpea narrow genetic base.
The proximity of the source of the germplasms
and availability are a major factor precipitating
this observation.

Similar findings were reported by Walle et
al. (2019), that clustering of genotypes did
not follow patterns of geographical origin,
indicating no relationship between genetic and
geographic distribution as cowpea genotypes
originating from the same regions entered into
different clusters indicating the absence of
relationships between genetic diversity and
geographic origin. This could have resulted
from environmental variation, exchange of
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Figure 3. Hierarchical cluster analysis based on agronomic traits measured using ward.D2 method among the 224 Cowpea genotypes, using the Euclidean

distance.
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germplasm materials among neighboring
regions, natural and artificial selection, genetic
enrichment and genetic drift (Belay et al., 2021).
Jivani et al. (2013) inferred that genetic drift
and selection in diverse environments, could
cause greater diversity than geographic
distance. Dwevedi and Lal (2009) reported no
connection between geographical distribution
and genetic diversity. This implies that genetic
variation within cowpea does not correlate
with the regions from which the genotypes
were collected as factors other than
geographic origin, such as breeding practices
or historical selection pressures, may play a
more significant role in shaping genetic
diversity (Xiong et al., 2016); population
structure analysis often reveals that genetic
differentiation occurs more within populations
than between them (Dairo, 2024) and the lack
of a direct connection between geographic
distribution and genetic diversity highlighting
the importance of broadening breeding
programmes to include genotypes from various
regions (Nkhoma et al., 2020).

Kenyan cowpea breeders aiming at
increased food security in lower Eastern
regions characterised with inadequate total
rainfall, erratic rainfall distribution, long dry
spells and delayed onset and/or early cessation
of rains that compromises its productivity can
utilise the admixture with different genes for
breeding cowpea with novel genes for
maximum productivity and adaption to the
agroecological conditions in sub-Saharan
Africa where nutritional insecurity is feared
to increase in near future. It is concluded that
the presence of high genetic diversity in the
genotypes appears to be genetic drift and
selection in differing environments, rather than
their geographic origin.

CONCLUSION
This study has revealed existence of a

substantial level of variation among the dual-
purpose cowpea genotypes present among the
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germplasm in Kenya. Seed yield ha! was
positively and significantly correlated with
grain yield row!, grain yield plant! and pods
plant!. The positive correlations based on
these phenotypic traits are reliable indicators
for selecting high-yielding genotypes for
breeding programmes aimed at enhancing yield
and adaptability.

The first three principal components
accounted for 71.6% of total variation with
seed yield ha!, grain yield plant™, pods plant™,
days to 50% flowering and maturity being the
most important traits, contributing largest
portion of the phenotypic diversity in parental
lines towards achievement of high grain
production and early maturing varieties. This
information is crucial for breeders focusing
on developing high-yielding and early-maturing
cowpea varieties in future breeding
programmes.

The dendrogram grouped the genotypes
into three main clusters based on phenotypic
traits and not dictated by geographic origin.
These findings encourages a broader approach
to selection that transcends geographic
boundaries, allowing breeders to utilise diverse
genetic materials from various regions.

Further study is necessary on multi-
locations towards understanding the genetic
basis of the observed phenotypic traits and
their interactions with environmental factors
to assist in breeding strategies refinement and
improve cowpea resilience in changing
climatic conditions in sub-Saharan Africa

ACKNOWLEDGEMENT

This study was funded by the VLIR-UOS
Programme, Belgium through Legume Centre
of Excellence for Food and Nutrition Security
(LCEFoNS) project under the Grant number
KE20171U037A101. Horticulture and Food
Security Department provided the requisite
technical support during the research. The
National Gene Bank of Kenya provided the
germplasms used in this study.



352
REFERENCES

Abdou, S. 2021. Grain and fodder yields of
early-maturity cowpea (Vigna unguiculata
L. Walp) lines in Niger Republic. Journal
of Applied Biosciences 164:16931-16942.

Agbicodo, E.M., Fatokun, C.A., Muranaka, S.,
Visser, R.G.F.F., Der, C.G.L. van and
Linden Van Der, C.G. 2009. Breeding
drought tolerant cowpea: Constraints,
accomplishments, and future prospects.
Euphytica 167(3):353-370. https://doi.org/
10.1007/s10681-009-9893-8

Aliyu, O.M., Tiamiyu, A.O., Usman, M. and
Abdulkareem, Y.F. 2022. Variance
components, correlation and path analyses
in cowpea (Vigna unguiculata L. Walp).
Journal of Crop Science and Biotechnology
25(2):173-182. https://doi.org/10.1007/
s12892-021-00121-5

Araméndiz-Tatis, H., Cardona-Ayala, C.,
Espitia-Camacho, M., Arrieta-Puche, D.
and Barba, A. G. 2018. Estimation of genetic
parameters in white seed cowpea (Vigna
unguiculata (L) Walp). Australian Journal
of Crop Science 12(6):1016-1022. https://
doi.org/10.21475/ajcs.18.12.06.PNE1105

Atakora, K., Essilfie, M.E., Agyarko, K.,
Dapaah, H.K. and Santo, K.G. 2023.
Evaluation of yield and yield components
of some cowpea (Vigna unguiculata (L.)
Walp) genotypes in forest and transitional
zones of Ghana. Agricultural Sciences 14:
878-897. https://doi.org/10.4236/as.2023.
147059

Bailey-Serres, J., Parker, J. E., Ainsworth,
E.A., Oldroyd, G.E D., and Schroeder, J.1.
2019. Genetic strategies for improving crop
yields. Nature 575(7781):109-118. https://
doi.org/10.1038/s41586-019-1679-0

Bankole, O.A., Mwangi, N.P. and Gichua, K.M.
2016. Tree diversity effects on litter
decomposition in an agroforestry system
in a semi arid zone in Juja , Kenya. Journal
of Environment and Earth Science 6(8):
29-37.

J.K. KARIUKI etal.

Begna, T. and Teressa, T. 2024. Genetic
variability and its benefits in crop
improvement: A review. Middle East
Journal of Agriculture Research 13(1):
128-136. https://doi.org/10.36632/mejar/
2024.13.1.6

Belay, F., Fisseha, K. and Fischa, K. 2021.
Genetic variability, heritability, genetic
advance and divergence in Ethiopian
cowpea [ Vigna unguiculata ( L) Walp ]
landraces. Journal Agricultural Science
and Food Technology 7(1):138-146. https:/
/doi.org/https://dx.doi.org/10.17352/ijasft

Buckler, E.S., Holland, J.B., Bradbury, P.J.,
Acharya, C.B., Brown, P.J., Browne, C.,
Ersoz, E., Flint-Garcia, S., Garcia, A.,
Glaubitz, J.C., Goodman, M.M., Harjes, C.,
Guill, K., Kroon, D.E., Larsson, S., Lepak,
N.K., Li, H., Mitchell, S.E., Pressoir, G.
and McMullen, M.D. 2009. The genetic
architecture of maize flowering time.
Science 325:714-718. https://doi.org/
10.1126/science.1174276

Canci, H. and Toker, C. 2014. Yield
components in mung bean [Vigna radiata
(L.) Wilczek]. Turkish Journal of Field
Crops 19(2):258-261. https://doi.org/
10.17557/tjfc.79162

Chay, P. and Thurling, N. 2009. Variation in
pod length in spring rape (Brassica napus)
and its effect on seed yield and yield
components. The Journal of Agricultural
Science 113(2):139-147. doi: https://
doi.org/10.1017/S002185960008669X

Chen, H., Chen, H., Hu, L., Wang, L., Wang,
S., Wang, M. L. and Cheng, X. 2017.
Genetic diversity and a population structure
analysis of accessions in the Chinese
cowpea [Vigna unguiculata (L.) Walp.]
germplasm collection. Crop Journal, 5(5),
363-372. https://doi.org/10.1016/j.cj.
2017.04.002

Dairo, O0.0. 2024. Genetic diversity in cowpea
(Vigna unguiculata (L) Walp) under two
growing conditions. Advances in



Genetic diversity in agronomic traits among dual-purpose cowpea

Bioscience and Biotechnology 15:310-324.
https://doi.org/10.4236/abb.2024.155019

Dorvlo, LK., Amenorpe, G., Amoatey, H.M.,
Amiteye, S., Kutufam, J.T., Afutu, E.,
Asare-Bediako, E. and Darkwa, A. A. 2022.
Improvement in cowpea variety Videza for
traits of extra earliness and higher seed
yield. Heliyon 8(12):1-9. https://doi.org/
10.1016/j.heliyon.2022.¢12059

Dwevedi, K.K. and Lal, G.M. 2009.
Assessment of genetic diversity of
cultivated chickpea ( Cicer arietinum L .).
Asian Journal of Agricultural Sciences
1(1):7-8.

Edematie, V.E., Fatokun, C., Boukar, O.,
Adetimirin, V.O. and Kumar, P.L. 2021.
Inheritance of pod length and other yield
components in two cowpea and yard-long
bean crosses. Agronomy 11(4): 1-17. https:/
/doi.org/10.3390/agronomy 11040682

Ezin, V., Tossou, T. A.W., Chabi, I.B. and
Ahanchede, A. 2023. Diallel analysis of
cowpea (Vigna unguiculata (L.) Walp.)
genotypes under water deficit stress. BMC
Plant Biology 23(1):1-13. https://doi.org/
10.1186/s12870-023-04508-0

Gerrano, A.S., Adebola, P.O., Rensburg,
W.S.J. Van and Laurie, S.M. 2015. Genetic
variability in cowpea ( Vigna unguiculata
(L.) Walp.) genotypes. South African
Journal of Plant and Soil 32(3):165-174.
https://doi.org/10.1080/02571862.2015.
1014435

Gerrano, A.S., Adebola, P.O., Sternberg, W.,
Rensburg, J. Van and Venter, S.L. 2015.
Genetic variability and heritability estimates
of nutritional composition in the leaves of
selected cowpea genotypes [Vigna
unguiculata ( L.) Walp]. HortScience
50(10):1435-1440. https://www. research
gate.net/publication/283542186%0A
Genetic

Gerrano, A.S., Rensburg, W.S.J. van and Kutu,
F.R. 2019. Agronomic evaluation and
identification of potential cowpea (Vigna
unguiculata L . Walp ) genotypes in South

353

Africa. Acta Agriculturae Scandinavica
Section B -Soil and Plant Science 69(4):
295-303. https://doi.org/10.1080/090647
10.2018.1562564

Gerrano, A.S., Thungo, Z.G. and
Mavengahama, S. 2022. Phenotypic
description of elite cowpea (Vigna
ungiculata L. Walp) genotypes grown in
drought-prone environments using
agronomic traits. Heliyon 8:1-9. https://
doi.org/10.1016/j.heliyon.2022.e08855

Gixhari, B., Pavelkova, M., Ismaili, H., Vrapi,
H., Jaupi, A. and Smykal, P. 2014. Genetic
diversity of albanian pea (Pisum sativum
L.) landraces assessed by morphological
traits and molecular markers. Czech
Journal of Genetics and Plant Breeding
50(2):177-184. https://doi.org/10.17221/
227/2013-cjgpb

Guttman, L. 1954. Some necessary conditions
for common-factor analysis.
Psychometrika 19:149-161. https://doi.org/
10.1007/BF02289162

Haisirikul, P., Sontornkarun, T., Burakorn, W.,
Pinta, W., Chankaew, S., Monkham, T.,
Phapumma, A., Laudthong, S. and
Sanitchon, J. 2020. Yield performance of
early-maturity cowpea (Vigna unguiculata)
elite lines under four varied environments.
Thai Journal of Agricultural Science
53(3):165-1717.

Horn, L. N. and Shimelis, H. 2020. Production
constraints and breeding approaches for
cowpea improvement for drought prone
agro-ecologies in Sub-Saharan Africa.
Annals of Agricultural Sciences 65(1):1-
9. https://doi.org/10.1016/j.a0as.2020.03.
002

Hutchinson, M.J.J., Muniu, F.K.K., Ambuko,
J., Mwakangalu, M., Mwang’ombe, A.W.,
Okello, J.J., Olubayo, F. and Kirimi, J.
2017. Morphological and agronomic
characterization of local vegetable cowpea
accessions in Coastal Kenya. African
Journal of Horticultural Science 11:47-
58.



354

International Board for Plant Genetic
Resources (IBPGR). 1983. Cowpea
Descriptors. Rome, Italy. 82(80):1-29.

lizumi, T., Iseki, K., Ikazaki, K., Sakai, T.,
Shiogama, H., Imada, Y. and Batieno, B.J.
2024. Increasing heavy rainfall events and
associated excessive soil water threaten a
protein-source legume in dry environments
of West Africa. Agricultural and Forest
Meteorology 344(109783):1-10. https://
doi.org/10.1016/j.agrformet.2023.109783

Iseki, K., Ikazaki, K. and Batieno, J.B. 2021.
Cowpea yield variation in three dominant
soil types in the Sudan Savanna of West
Africa. Field Crops Research,261(108012),
1-11. https://doi.org/10.1016/j.fcr.2020.
108012R. Hornetz., R., and Shisanya, S.
2007. Farm Management Handbook of
Kenya. Volume II Natural Conditions and
Farm Management Information 2™ Edition
part B Subpart B2 Central Kenya; German
Technical Cooperation(GTZ).

Jivani, J.V., Mehta, D.R., Madariya, R. and
Mandavia, C. 2013. Variability analysis and
multivariate analysis in chickpea (Cicer
arietinum L .). Electronic Journal of Plant
Breeding 4(4):1284-1291.

Karikari, B., Maale, M.D., Anning, E., Akakpo,
D.B., Abujaja, A. M. and Addai, I.K. 2023.
Cowpea cropping systems, traits
preference and production constraints in
the upper west region of Ghana: Farmers’
consultation and implications for breeding.
CABI Agriculture and Bioscience 4(17):1-
11. https://doi.org/10.1186/s43170-023-
00159-1

Kazan, K. and Lyons, R. 2016. The link
between flowering time and stress
tolerance. Journal of Experimental Botany
67(1):47-60. https://doi.org/10.1093/jxb/
erv44l

Khatun, R., Uddin, M.1., Uddin, M.M.,
Howlader, M.T.H. and Haque, M.S. 2022.
Analysis of qualitative and quantitative
morphological traits related to yield in
country bean (Lablab purpureus L. sweet)

J.K. KARIUKI etal.

genotypes. Heliyon 8(12):e11631. https://
doi.org/10.1016/j.heliyon.2022.e11631

Kim, K. and Lee, B. 2023. Maize Growth.
Plants 12(3548):1-18.

Kindie, Y., Tesso, B. and Amsalu, B. 2022.
AMMI and GGE biplot analysis of genotype
by environment interaction and yield
stability in early maturing cowpea
[Vigna unguiculata (L) Walp] landraces in
Ethiopia. Plant-Environment Interact 3(1):
1-9. https://doi.org/10.1002/pei3.10068

Kinfe, H. and Tsehaye, Y. 2015. Studies of
heritability, genetic parameters, correlation
and path coefficient in elite maize hybrids.
Academic Research Journal of Agricultural
Science and Research 3(10):296-303.
https://doi.org/10.14662/ARJASR2015.062

Kumar, J., Srivastva, E., Singh, M., Kumar,
S., Nadarajan, N. and Sarker, A. 2014.
Diversification of indigenous gene- pool by
using exotic germplasm in lentil (Lens
culinaris Medikus subsp . culinaris).
Physiology and Molecular Biology of
Plants 20(1):125-132. https://doi.org/
10.1007/s12298-013-0214-2

Kuruma, R.W., Sheunda, P. and Kahwaga,
C.M. 2019. Yield stability and farmer
preference of cowpea (Vigna Unguiculata)
lines in semi-arid Eastern Kenya. Afrika
Focus 32(2):65-82. https://doi.org/10.1163/
2031356X-03202007

Lenaerts, B., Collard, B.C.Y. and Demont, M.
2019. Review: Improving global food
security through accelerated plant breeding.
Plant Science 287:1-8. https://doi.org/
10.1016/j.plantsci.2019.110207

Martey, E., Etwire, P.M., Adogoba, D.S. and
Tengey, T.K. 2022. Farmers’ preferences
for climate-smart cowpea varieties:
implications for crop breeding
programmes. Climate and Development
14(2):105-120. https://doi.org/10.1080/
17565529.2021.1889949

Mduruma, Z.0., Nchimbi-Msolla, S., Reuben,
S.0.W.M. and Misangu, R.N. 1998.
Evaluation of maturity characteristics and



Genetic diversity in agronomic traits among dual-purpose cowpea

of yield components of high protein bean
(Phoseolus vulgaris L.) varieties in
Morogoro, Tanzania. Tanzania Journal of
Agricultural Science 1(2):131-140.
Mofokeng, M.A., Mashilo, J., Rantso, P. and
Shimelis, H. 2020. Genetic variation and
genetic advance in cowpea based on yield
and yield-related traits. Acta Agriculturae
Scandinavica, Section B -Soil and Plant
Science 70(5):381-391. https://doi.org/
10.1080/09064710.2020.1749295
Mukhopadhyay, T. and Bhattacharjee, S. 2016.
Conserving biological diversity: A
multiscaled approach. In: Mir, A.H. and
Bhat, N.A. (Eds.), Genetic Diversity: Its
Importance and Measurements. (2016th ed.,
pp- 251-295). Research India Publications.
https://www.researchgate.net/publication/
309290823
Mwadzingeni, L., Shimelis, H., Tesfay, S. and
Tsilo, T. J. 2016. Screening of bread wheat
genotypes for drought tolerance using
phenotypic and proline analyses. Frontiers
in Plant Science 7(71276):1-12. https://
doi.org/10.3389/1pls.2016.01276
Mwangi, J.W., Okoth, O.R., Kariuki, M.P. and
Piero, N.M. 2021. Genetic and phenotypic
diversity of selected Kenyan mung bean
(Vigna radiata L. Wilckzek) genotypes.
Journal of Genetic Engineering and
Biotechnology 19(142):1-14. https://
doi.org/10.1186/s43141-021-00245-9
Nkhoma, N., Shimelis, H., Laing, M.D.,
Shayanowako, A. and Mathew, 1. 2020.
Assessing the genetic diversity of cowpea
[Vigna unguiculata (L.) Walp.] germplasm
collections using phenotypic traits and SNP
markers. BMC Genetics 21(110):1-34.
https://doi.org/10.21203/rs.3.rs-26693/v1
Nkoana, D.K., Gerrano, A.S. and Gwata, E.T.
2019. Agronomic performance and genetic
variability of cowpea (Vigna unguiculata)
Accessions. Legume Research 0(0):1-6.
https://doi.org/10.18805/LR-450
Owusu, E.Y., Akromah, R., Denwar, N.N.,
Adjebeng-Danquah, J., Kusi, F. and

355

Haruna, M. 2018. Inheritance of early
maturity in some cowpea (Vigna
unguiculata (L.) Walp.) genotypes under
rain fed conditions in Northern Ghana.
Advances in Agriculture 2018:1-10. https:/
/doi.org/10.1155/2018/8930259

Owusu, E.Y., Karikari, B., Kusi, F., Haruna,
M., Amoah, R.A., Attamah, P., Adazebra,
G., Sie, E.K. and Issahaku, M. 2021.
Genetic variability, heritability and
correlation analysis among maturity and
yield traits in Cowpea (Vigna unguiculata
(L.) Walp) in Northern Ghana. Heliyon
7(9):1-9. https://doi.org/10.1016/j.heliyon.
2021.e07890

Patil, S., Toprope, V. N. and Gaiwal, K. 2022.
Correlation analysis for yield and yield
contributing characters in F 2 and
backcross generations of Cowpea (Vigna
unguiculata L ). International Journal of
Theoretical and Applied Sciences 14(2):
43-46.

Porciello, Aj., Tufan, H. A., Njuki, J., Winters,
P., Mabaya, E. and Coffman, R. 2020.
Averting hunger in sub-Saharan Africa
requires data and synthesis. Nature 584: 37-
40.

R Core Team. 2022. A Language and
Environment for Statistical Computing
(4.2.2). R Foundation for Statistical
Computing. https://www.r-project.org

Richards, R.A. 2000. Selectable traits to
increase crop photosynthesis and yield of
grain crops. Journal of Experimental
Botany 51(Special Issue):447—458. https:/
/doi.org/10.1093/jexbot/51.suppl 1.447

Salgotra, R.K. and Chauhan, B.S. 2023.
Genetic diversity, conservation, and
utilization of plant genetic resources. Genes
14(174):1-20. https://doi.org/10.3390/
genes14010174

Shavrukov, Y., Kurishbayev, A., Jatayev, S.,
Shvidchenko, V., Zotova, L., Koekemoer,
F., De Groot, S., Soole, K. and Langridge,
P. 2017. Early flowering as a drought
escape mechanism in plants: How can it



356

aid wheat production? Frontiers in Plant
Science 8(1950):1-8. https://doi.org/
10.3389/1p1s.2017.01950

Sita, K., Sehgal, A., Hanumantharao, B., Nair,
R.M., Vara Prasad, P.V., Kumar, S., Gaur,
P.M., Farooq, M., Siddique, K.H.M.,
Varshney, R.K. and Nayyar, H. 2017. Food
legumes and rising temperatures: Effects,
adaptive functional mechanisms specific to
reproductive growth stage and strategies
to improve heat tolerance. Frontiers in
Plant Science 8(1658):1-30. https://doi.org/
10.3389/1pls.2017.01658

Snehal, P., Pethe, U., Mahadik, S., Dalvi, V.
and Joshi, M. 2021. Correlation and path
analysis studies in F3 population of cowpea
(Vigna unguiculata (L.) walp.). Journal of
Pharmacognosy and Phytochemistry
10(1):203-207. https://doi.org/10.18782/
2320-7051.5090

Soil Survey Staff. 2010. Keys to soil
taxonomy. In: Soil Conservation Service
(11th ed., Vol. 12). http://www. nrcs.usda.
gov/Internet/FSE_ DOCUMENTS/nrcs
142p2 051546.pdf

Thorat, A. and Gadewar, R.D. 2013. Variability
and correlation studies in cowpea (Vigna
unguiculata). International Journal for
Environmental Rehabilitation and
Conservation IV(1):44-49. https://essence-
journal.com/wp-content/uploads/Archives/
Volume IV/Issue 1/Variability-and-
Correlation-studies-in-cowpea-Vigna-
unguiculata-.pdf

Usman, M.G,, Rafii, M.Y., Martini, M.Y. and
Kashiani, P. 2017. Genotypic character
relationship and phenotypic path
coefficient analysis in chili pepper

J.K. KARIUKI etal.

genotypes grown under tropical condition.
Journal of Science , Food and Agriculture
97:1164-1171. https://doi.org/10.1002/
jsfa.7843

Vijayakumar, E., Thangaraj, K., Kalaimagal, T.,
Vanniarajan, C., Senthil, N. and Jeyakumar,
P.2020. Multivariate analysis of 102 Indian
cowpea (Vigna unguiculata (L.) Walp.)
germplasm. Electronic Journal of Plant
Breeding 11(1):176-183. https://doi.org/
10.37992/2020.1101.031

Wahome, W., Githiri, M., Kinyanjui, P.K., Toili,
M.E.M., and Angenon, G. 2023. Screening
for yield-related agronomic traits in a panel
of locally conserved common bean
(Phaseolus vulgaris L.) accessions.
Journal of Plant Breeding and Crop
Science 15(1):14-31. https://doi.org/
10.5897/JPBCS2022.1004

Walle, T., Mekbib, F., Amsalu, B. and Gedil,
M. 2019. Genetic diversity of Ethiopian
cowpea [Vigna unguiculata (L.) Walp]
genotypes using multivariate analyses.
Ethiopian Journal Agricultural Science
29(3):89-104.

Xiong, H., Shi, A., Mou, B., Qin, J., Motes,
D., Lu, W, Ma, J., Weng, Y., Yang, W.
and Wu, D. 2016. Genetic diversity and
population structure of cowpea (Vigna
unguiculata L. . Walp ). PLoS ONE, 4(8):
1-15. https://doi.org/10.1371/journal.pone.
0160941

Zhang, Y., Massel, K., Godwin, 1.D. and Gao,
C. 2018. Applications and potential of
genome editing in crop improvement.
Genome Biology 19(210):1-11. https://
doi.org/10.1186/s13059-018-1586-y



