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Abstract: This study assessed the impacts of genotypes, environments, and their interaction on the performance
of elite cowpea lines for key adaptive, grain yield, and associated traits across different locations. A total of 42
elite genotypes were evaluated in five Nigerian environments, representing various savanna ecologies during
the 2021 growing season. The experimental design employed was an alpha lattice arrangement, replicating
each genotype three times. The results revealed significant differences among genotypes, environments, and
genotype-by-environment interaction for most traits, including days to maturity, 100 seed weight, and grain
yield. GGE biplot showed G21 (IT14K-2111-2) and G25 (IT15K-2386-1) as the most stable genotypes across the
five environments, G41(IT1K-61-82) was best adapted to Ibadan and Shika, G5 (245-1) was best adapted to
Bagauda and Gumel while G30 (IT16K-2365-1) was best adapted to Bauchi. G21 and G25 could be
recommended across the five test environments while G41, G30 and G5 are specific to the adapted

environments.

Keywords: Cowpea (Vigna unguiculata); G x E interactions; stability; GGE biplot

Introduction

Cowpea, Vigna unguiculata (L. Walp), is an important grain legume grown in the tropics, where
it constitutes a valuable source of protein, in the diets of millions of people [1].

The crop has become an essential nutritional component in the human diet due to its high
protein content, carbohydrate composition that complements cereal grains, and relatively low-fat
content [2]. Improved cowpea varieties contain between 20 and 25% protein on a dry weight basis
[3,4]. Smallholder farmers are the major cowpea producers in sub-Saharan Africa (SSA), where the
crop is grown for various purposes, including tender leaves, green pods, grains, and fodder, which
serve as both human food and livestock feed. Additionally, cowpea residues are utilized to replenish
the soil, contributing to enhanced soil fertility in the region [5].

In addition to the grain, cowpea plays an important role in human nutrition, food security, and
income generation for farmers and food vendors in SSA. Fresh leaves are also used as pot herbs,
especially in East Africa.

In an earlier study, [6] found that cowpea fodder could contain up to 18.6g of protein per 100g
dry weight and plays a crucial role as a valuable and nourishing feed resource within crop-livestock
systems. Additionally, it serves as a significant income source for various stakeholders in the value
chain. Reports indicate that the price of cowpea haulms can range from 50% to 80% of the grain price
[7]), and in Nigeria, farmers who harvest and store cowpea fodder for sale at the peak of the dry
season increased their annual income by 25% [8]. Depending on the region, seed coat colour and
texture could be very important to consumers. For example, in northern parts of Nigeria, where
cowpea is generally produced because of favourable climatic conditions mostly in the dry northern
Guinea Savannah, Sudan Savannah, and Sahel, agro-ecologies characterized by low annual rainfall,
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white-coloured grains are preferred by consumers, whereas in the southern parts of the country, the
preference is for brown-seeded types [1].

In Africa, particularly in the West and Central Africa, Nigeria produces the highest quantity of
cowpea grains annually at approximately 3.6 million metric tonnes; other major producers are Niger
Republic and Burkina Faso with an average of 2.6 and 0.660 million metric tonnes, respectively[9]
The crop is known to be relatively drought tolerant compared to other legumes and adapted to
marginal soil, due to the nitrogen-fixing ability that makes it a useful staple crop for farmers in harsh
environments under moisture stress and high temperatures[10,11]. It is widely cultivated and
consumed globally, especially in the arid and semi-arid tropics and sub-Saharan Africa [12]. In recent
times, the amount of rainfall received in the major producing areas has been declining, and the
distribution of the rains is irregular, especially during the early or late stages of the cropping seasons
[1,13].

While cowpea is a versatile grain legume, its productivity is hindered by various factors, both
biotic and abiotic. Biotic factors such as weeds, insects, and diseases, as well as abiotic factors like soil
type, altitude, and rainfall patterns, contribute to the low and unstable yields of cowpea across
different environments and years [14-16]. In addition, the low yield by smallholder farmers has been
partly attributed to the use of local varieties and poor agronomic practices such as low plant density
per hectare [17]). Additionally, the scarcity of widely adaptable and early maturing varieties further
exacerbates the problem. The productivity of the crop is highly influenced by the variability in
environmental conditions, including location effects, seasonal fluctuations, and the interaction
between these factors. These environmental variables play a crucial role in determining the actual
yield potential of cowpea [18-19]. Studies in cowpea have shown that G x E has a significant effect on
traits performance [20-23]. It has been found that some cowpea genotypes are more stable in
agronomic trait performance across environments than others [24,20]. The variability of genotypes
performance is partially unpredictable just as response of genotypes to change in environment are
not the same [24]. This agreed with [26-27] on cowpea.

The interaction between genotypes and environments (GEI) poses a significant challenge for
plant breeders, as it complicates the process of recommending the best-performing varieties. The
inconsistency of genotypes that yield the highest results across different cropping environments and
seasons add to this challenge. Hence, the analysis of GEI is a fundamental requirement prior to
recommending varieties for widespread cultivation since it serves as a crucial step in knowing the
superiority and consistency of genotypes performance across diverse geographic locations. This is
essential because a genotype's performance can be significantly influenced by its genetic worth,
environmental conditions, and or the interaction of both [20,21,23]. Often, the environment could
mask the genetic potential of a genotype, leading to poor genetic gain from artificial selection,
especially for quantitative traits such as grain yield [21]. Thus, GEI analysis is valuable during the
final stages of selecting elite breeding materials as it assists breeders in recommending candidate
varieties as either suitable for location-specific adoption or wider geographic use [23,21] Several
techniques have been widely adapted to analyse and interpret G x E data for cowpeas, including the
genotype main effect plus genotype-by-environment interaction biplot (GGE biplot) analysis and the
additive main effect and multiplicative interaction (AMMI) [21,22,28]. To mitigate the impact of
GEI, researchers commonly repeat experiments in multiple sites within a single year or over multiple
crop seasons in a single site, or sometimes both approaches are combined [29-30].

Therefore, evaluating the performances of improved cowpea in contrasting environments is
imperative for the recommendation of the right genotype for a specific environment or wider use
across different regions. In view of this, the objectives of the present study were to estimate the effects
of genotype, environment, and genotype x environment interaction on key agronomic, grain yield
and yield-related traits of some elite cowpeas and assess the stability of improved cowpea lines for
yield across different environments.

Materials and Methods

Genetic materials
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The genetic materials for this study were forty test entries and two standard checks, which are
presented in Table 1. The lines were recently developed by the Cowpea breeding program at the
International Institute of Tropical Agriculture (IITA) Nigeria and their response to various
environments have not been documented in a published literature.

Table 1. List and description of the genotypes.

Genotype codes Genotype Entry type Source
Gl 23-109 T IITA
G2 235-7 T IITA
G3 244-2 T IITA
G4 244-3 T IITA
G5 245-1 T IITA
G6 245-8 T IITA
G7 IT07K-210-1-1 T IITA
G8 IT07K-230-2-9 T IITA
G9 IT07K-297-13 C IITA
G10 IT07K-303-1 T IITA
G11 ITO8K-150-12 C IITA
G12 IT10K-863-11 T IITA
G13 IT13K-1071-4 T IITA
Gl4 IT13K-1144-9 T IITA
G15 IT13K-1201-5 T IITA
Gl16 IT14K-1683-2 T IITA
G17 IT14K-1813-1 T IITA
G18 IT14K-1813-2 T IITA
G19 IT14K-1913 T IITA
G20 IT14K-2026 T IITA
G21 IT14K-2111-2 T IITA
G22 IT14K-2179-1 T IITA
G23 IT15K-2244-1 T IITA
G24 IT15K-2369 T IITA
G25 IT15K-2386-1 T IITA
G26 IT15K-2510-2 T IITA
G27 IT16K-1968-3 T IITA
G28 IT16K-1984-2 T IITA
G29 IT16K-2214-3 T IITA
G30 IT16K-2365-1 T IITA
G31 IT16K-2575-2 T IITA
G32 IT16K-2597-2 T IITA
G33 IT17K-1146-4-2 T IITA
G34 IT17K-1165-5-2 T IITA
G35 IT17K-1348-1-1 T IITA
G36 IT17K-1489-2-3 T IITA
G37 IT17K-1555-5-1 T IITA
G38 IT17K-1589-2-1 T IITA
G39 IT17K-1921-8 T IITA
G40 IT17K-2515-3 T IITA
G41 IT1K-61-82 T IITA
G42 StrigaMABC-42 T IITA

T-test entries, C- check [32].
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Description of the study environments

The experiment was conducted in five Nigeria locations in 2021 (Table 2). The locations were
Bagauda in Kano state, situated on 499m elevation, semi-arid/sudan savanna with annual rainfall
ranging from 552-1093mm from June to November. The temperature ranges from 19 - 33-c and the
soil type are regosols. The second location was Ibadan in Oyo state, situated on 235m elevation in
derived savanna, with an annual rainfall ranging from 939-1681mm from March to November. The
temperature in this location ranges from 21- 31°c and the soil type are lixisols. Details of the
environmental condition for the other locations, namely, Abubakar Tafawa Balewa University
(ATBU), Gubi in Bauchi state; Gumel in Jigawa state, and Shika in Kaduna state, all in Nigeria are
presented in Table 2.

Table 2. Description of the study environments.

*Annual . Tempera
. ) . Rainfall .
Location State Latitu Longit Elevat Aeroecolo rainfall duration ture  °CSoil
de ude ion & &Y (Min-Max) Min- Typet
(months)
mm Max
Bagauda Semi-arid/Sudan 552mm -June -19 C - 33Regoso
Kano 11.945 8.6736 499m Savanna 1093mm  November °C Is
(ATBU) Bauch10.439 9.8131 602m Northern Guinea779mm -June -19 -C - 32Lixisol
Gubi i 722 ' Savanna 1192mm November °C S
Jigaw 12.622 Semi-arid/Sudan 293mm -June -20 oC - 35Cambis
Gumel a 611 9-384  371m Savanna 662mm November C ols
. Kadu 11.182 Northern Guinea818mm -May -18 »C - 32Lixisol
Shika na b5 7.6044 692m Savanna 1242mm  November °C s
IITA- 7.5014 . 939mm -March -21 »C - 31Lixisol
Ibadan yO o1 3.90992235m Derived Savanna 1681mm November  +C s

Source: 1[31-32]; *[32].

The testing sites cut across three different agro-ecologies in Nigeria, which are also the key
cowpea growing zones (Figure 1). These agro-ecological zones include Derived Savanna, Nothern
Guinea Savanna and Semi- arid/Sudan Savanna.
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Figure 1. Agroecological zones and site location on the Map of Nigeria *Source[32].

Experimental layout and data collection

The experiment was laid in 7 x 6 alpha lattice design with three replications. Cowpea lines were
established in four rows each four metres long. The intra and inter planting space was 20cm and
75cm, respectively. To control weeds, pre- and post-emergence herbicides (Life line at the rate of 3
liters/ hectare and Raptor at the rate of 1.5 liter per hectare respectively) were applied. Fertilizer was
applied at the rate of 30:110:30kg N, P20s: K20, which translates as 100kg NPK 15:15:15 (two bags)
and 200kg single super phosphate (SSP 18% P20s) were applied per hectare. All agronomic practices
were carried out in accordance with recommendations for cowpea production [8].

The measured parameters included plant hills, plant stands at harvest, days to first flowering,
days to 50% flowering, days to first pod maturity, days to 95% pod maturity, bacteria blight score,
grain yield (kg/ha), dried fodder yield (kg/ha), and 100 seed weight (g). To minimise border effects,
data were recorded from the net plot consisting of the two middle rows as the net plot.

Data analysis

The analysis of variance was conducted using the R software [33]. Means were separated using
the least significance difference (LSD) at probability level of 5% where significant differences were
found. The following statistical measures were calculated in the analysis: phenotypic coefficient of
variation (PCV), genotypic coefficient of variation (GCV), predicted genetic advance (GA) and
genetic advance as per cent of mean (GAM) as per formular listed below. Principal component
analysis (PCA) was computed for yield and was done using ViTSel,[34] to further understand
genotypes’ stability across test locations. Additionally, stability parameters such as Wricke
ecovalence [35], cultivar superiority of Lin and Bins [36], Shukla stability [37], GGE biplot (displays
the GGE of a genotype by environment two-way data. The GGE biplot methodology originates
from graphical analysis of multi-environment variety trials) and Pearson correlation were computed
among the traits measured using R [38].
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Where; PCV, GCV, GA and GAM were computed as follows;

o2
Phenotypic coefficient of variation (PCV), PCV =100 x g

a2
Genotypic coefficient of variation (GCV) = GCV =100 x g
X = the mean,
according to [39]

0.2

2
h? (b) = —$x 100
o
P
o2 = genotype mean square—error mean square
g number of replication
o = genotype mean square

P number of replication

Broad sense heritability (Hz) was estimated as the ratio of genotypic variance to

phenotypic variance and was expressed as a percentage [40].

H2=<E)*10

Yp
VP = VG + VE [41-42]
Where, Vr is phenotypic variance, V¢ is genetic variance and Ve is environmental sources
Genetic advance to be expected by selecting 5% of the superior progeny was calculated using the

following formula given by [43]
Genetic Advances (GA), GA = iop /2

i =standard selection differential for 5% selection intensity (= 2.06) according to [44].

op is phenotypic standard deviation and h2 is the heritability in a broad sense.

Genetic Advance as Per cent of Mean (GAM)

GAM = G4/ x 100

where GA is the genetic advance,
and X is the general mean
GAM was categorised as low (0-10%), moderate (10-20%), and high (> 20%) following [45]

recommendation.
Stability measures

1. Wricke's ecovalence (Wi) [35]
2
Wi= (Y= Y= ¥+ Y)

Where; Wi = ecovalence of the i-th cultivar
Yij = the observed phenotypic value of the i-th cultivar in the j-th environment
Yi. = mean of i-th cultivar across the entire environment

Y, = mean of j-th environment
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Y..=grand mean.

2. Cultivar Superiority (Pi) of Lin and Binns [36]

Where, Pi = superiority index of the i-th cultivar,
Xij = yield of the i-th cultivar in the j-th environment,
Mj = maximum response obtained among all the cultivars in the j-th environment,
and n = number of environments.
3. Shukla's stability (1972) [37] measure was calculated as the difference between the genotype's
observed performance and its expected performance across all environments, divided by the overall
mean performance across all genotypes and environments. The formula for Shukla's stability
measure is as follows:
siz1-=h)
Yi;=Y)
Where: Si is the stability measure for genotype i
Yi. is the average performance of genotype 7 across all environments
Y is the overall mean performance across all genotypes and environments

Yij is the performance of genotype i in environment j

Genotype Main Effect Plus Genotype by Environment Interaction (GGE) Biplot Analysis

A GGE biplot generated from multivariate analysis, was used to depict the associations between
the genotypes and the specific testing environments [28].

Results

The results of the analysis of variance revealed significant differences for all the traits measured
(Table 3). Significant differences were observed among the environments, genotypes, and genotype
by environment interaction. The phenotypic coefficient of variation (PCV) consistently exhibited
higher values compared to the genotypic coefficient of variation (GCV) for all the assessed traits. The
heritability estimates ranged from 0.49 for seed yield to a maximum of 0.97 for 100 seed weight.
Specifically, the GCV, which represents genotypic variability ranged from 0.02 for bacteria blight to
265.11 for dried fodder weight. Conversely, the PCV, representing phenotypic variability spanned
from 27.22 for days to 50% flowering to 756.26 for dried fodder. Moreover, the expected genetic
advance (GA) varied across traits with the lowest value of 2.99 for days to first flowering and the
highest value of 252.80 in dried fodder weight. Additionally, the expected genetic advance as a
percentage of the mean (GAM) was also found to differ across traits assessed with values ranging
from a minimum of 5.50 for days to 95% maturity to 66.85 in bacteria blight infection. These results
provide valuable evidence of the diversity and heritability of the examined traits which further
indicate variation within the genotypes and environmental conditions.

Table 3. Summary Statistics, Heritability Estimates and Variation Metrics for Elite Cowpea Lines
Evaluated for Key Agronomic Traits Across Various Agroecologies.

Traits MeantSE LSD CV  Enve Genob SETf H2 GCV PCV GA GAM
DFDWTKGH585.72+41.5031.25 210.31 <0.001 <0.001 <0.001 070  265.11 756.26 252.80 43.16

Daysfl 42.07+0.35 4.13 1.04 <0.001 <0.001 <0.001 0.85 23.68 26.82 299 7.09



https://doi.org/10.20944/preprints202311.1767.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 28 November 2023 doi:10.20944/preprints202311.1767.v1

Flwt50F 45.24+0.49 4.04 1.67 <0.001 <0.001 <0.001 0.83 2299 2722 3.05 6.75
Daysmat 60.52+0.48 3.51 1.48 <0.001 <0.001 <0.001 0.82 2195 2732 347 5.74
MatT95 70.33+0.53 4.05 1.62 <0.001 <0.001 <0.001 0.83 23.56 27.82 3.87 5.50
SEEDKGHA 809.85+45.1 15.44 176.65 <0.001 <0.001 <0.001 0.49  218.33 439.55 117.48 14.51
HSW 15.85+0.31 15.83 0.93  <0.001 <0.001 <0.001 097 59.89 63.02 497 31.35

ap = value for environment factor; ’p = value for genotype factor, p = value for genotype-by environment

interaction factor; LSD =least significant difference, CV= coefficient of variation, H?>= broad sense heritability,
GCV = Genotypic coefficient of variation, PCV=phenotypic coefficient of variation, GA= genetic advancement,
GAM-= genetic advance as percentage of the mean, DFDWTKG= dried fodder weight (kg/ha), Daysfl=Days to
first flowering, Flw50F= days to 50% flowering, Daymat=days to first pod maturity, Mat95=Days to 95%
maturity, Seedkgha= seed yield kg/ha, HSW=100 seed weight.

Estimates of Stability Measures for Elite Cowpea Genotypes Evaluated for Key Agronomic

Traits Across Various Agro-ecologies

Three stability measures were used to identify the most stable genotypes (Table 4). Genotypes
G8, Gl16, G5, G26, G25, G20, G19, G12, G38, and G36 were the most stable based on Wricke’s
ecovalence method. On the other hand, based on cultivar superiority, the top superior genotypes
were G25, G17, G42, G40, G32, G20, G12, G14, G19, and G16, while genotypes G27, G28, G23, G37,
G21, G5, G19, G6, G41, and G18 were detected by Shukla stability variance as being the most stable.
Genotype G19, was ranked in the top ten position by all three stability measures, G12 and G16 were
ranked among the best 10 genotypes in both Wrickes and cultivar superiority stability estimates.

Principal Components

Principal Component 1 (PC1) and Principal Component 2 (PC2) together accounted for 81% of
the total variation among the genotypes studied across the five environments (Figure 2).

The PCI*PC2 indicated that Ibadan and Shika environments were closely related with.
Genotypes G41, G10 and G28 were the most suitable in these environments. Gumel and Bagauda
were also closely related, with Genotypes G37,G5 and G6 being the most adapted to these sites.
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Figure 2. PCA analysis showing clustering of genotypes and test locations for yield using ViTSel.
(ViTSel 2020)
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Genotype Main Effect Plus Genotype-by-Environment Interaction (GGE) Biplot Analysis

Specific adaptation of genotypes was assessed using the “Which Won Where” model of the GGE
biplot (Figure 3). In this analysis, principal components 1 and 2 explained 81.05% of the total
variations. Nine mega environments (sectors) were identified by the “Which Won Where”” biplot,
with Ibadan, Shika, Gumel and Bagauda all falling within the same mega environment. Genotype
G41 appeared to be the best for Ibadan and Shika, as it was located closer to these two environments
on the biplot. On the other hand, genotype G5 was the best for Gumel and Bagauda. Bauchi fell within
another mega environment and G30 was the best genotype for the environment. These inferences are
based on the proximity of each genotype to the respective environments in the biplot.

Which Won Where/What

SHIKA
adan
w -
111
O e I - e 1T SRR
i BG%JmeI
@ ©
=
o |1V VIt
AY
' VI |
T I I T I
-10 5 0 5 10 15

AXIST1 68.27 %

Figure 3. GGE biplot -Which Won Where-presenting the best genotypes in each environment.

Figure 4 displayed results for GGE biplot-mean versus stability. In this analysis, principal
components 1 and 2 explained 79.9% of the total variations. It presented the mean yield and stability
across the five test locations. G5 had the highest mean yield, while G21 and G25 were the most stable
having the shortest perpendicular mark on the axis. G12 and G41 also have high mean yield value
but are less stable because they have longer perpendicular mark on the axis.
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Mean vs. Stability
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Figure 4. GGE biplot-presenting mean versus stability for grain yield data across five locations.
Correlations among Traits

There was a positive and significant correlation between the weight of dried fodder and several
traits, including the number of plant hills, plant stands at harvest, days to 95% maturity, and seed
yield in kg/ha (Figure 5). Of particular interest, significant positive correlations were detected among
all maturity-related traits, days to first flower, days to 50% flowering and days to 95% pod maturity.
In addition, days to 95% maturity was significantly correlated (r = 0.73) with 100 seed weight. On the
other hand, grain yield had positive but weak correlations with maturity-related traits. These traits
are expected to play a significant role in the selection process for dried fodder weight, days to first
flowering, days to 50% flowering, and 100 seed weight. Likewise, the 100-seed weight showed a
weak negative relationship with bacterial blight, the number of plant hills, and plant stands
at harvest. However, it displayed a slight positive connection with seed yield per hectare in
kilograms. Grain yield (kg/ha) also had a positively significant correlation with dried fodder weight,
number of plants per hill and plant stands at harvest.
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Figure 5. Relationship between phenology, yield components and bacteria blight incidence for elite
cowpea lines evaluated across five locations in Nigeria.

Discussion

Phenotypic coefficient of variation (PCV) was generally higher than Genotypic coefficient of
variation (GCV) in all the traits, suggesting that the environment plays a major role in the
performance of the genotypes across different locations. This means that the expression of the trait is
more influenced by environmental conditions, such as temperature, humidity, nutrient availability,
or other external factors, rather than solely by genetic differences, which agrees with the findings of
[24]. High values of PCV and GCV observed in the present study suggest reliability of effective
selection for these traits. Furthermore, it also indicated the existence of substantial phenotypic
variability among the tested cowpea genotypes. Similar reports of high PCV and GCV for agronomic
traits such as yield, and hundred seed weight were reported by [46-50]

Higher broad sense heritability reveals that a large portion of variation may be heritable,
especially if the additive component of the broad sense heritability is very high. In this study, the
highest broad sense heritability was recorded in hundred seed weight.

The present study dissected the stability of advanced cowpea lines based on three stability
measures. Wricke's ecovalence stability measure calculates the average deviation of a genotype's
performance from the average performance of all genotypes in each environment, and then compares
this deviation to a measure of the overall variation in performance across environments. A genotype
is considered stable if its deviation is relatively small compared to the overall variation. In the present
study, genotypes G8, G16, G5, G26 and G25 were the top five lines with very small mean yield
deviation across the five environments and are considered stable across these environments. In
agreement to this,[51] in cowpea and [52] in common bean reported the highest yielding genotypes
as having relatively low ecovalence values. In the present study, according to the ecovalence method,
the most unstable genotypes were G30, G38, G27, G28, and G17, showing relatively higher ecovalence
values for grain yield, respectively. According to [53], genotypes with high ecovalence mean and
large estimated values are suitable for high-input environments. Similarly, [54] in faba bean also
reported Wricke’s stability measures as effective parameter in identifying stable and high yielding
genotype which agrees with our findings.
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Cultivar superiority (Pi) of Lin and Binns measures the most stable genotype as the one with the
least deviation from the maximum yield of each environment; i.e.; with the lowest (Pi) value. From
the present investigation; the most stable genotype ranked first for Pi and for mean grain yield was
G25 followed by G17; G42; G40; and G32; respectively. These stable genotypes had the least
contribution to the total variation due to the genotype by environment interaction. In contrast; G29;
G5; G11; G31 and G37 were the most unstable genotypes; and they contributed a large portion of the
total variation due to GEIL these results agree with the work of [52], who reported that the most stable
cowpea genotypes having the lowest Pi value and high mean grain yield in their study

Our study revealed significant G x E among cowpea genotypes on several agronomic traits such
as hundred seed weight, grain yield, days to flowering and days to maturity which were also reported
by [55,46,56-57].

Overall, the GGE biplot provides a powerful visual representation of complex genotype-by-
environment interactions and can help researchers to identify the genotypes that are most suited for
specific environments, as well as the environments that are most similar to each other in terms of
performance [58-59]). [60] reported high heritability for stay green trait and substantially low
genotype by environment (g x e) interactions for this trait in cowpea would enable successful
incorporation of this trait in improved varieties. Findings of [52], indicated that the yield performance
of speckled bean genotypes was highly influenced by GE interaction effects; the magnitude of
environment effect was about 2.88 times that of genotype effect. In agreement with our findings [25],
in cowpea also reported that analysis of variance for each location and combined over five locations
showed significant differences among genotypes, environments, and genotypes x environments
interaction (GEI) for grain yield and most of the yield-related traits. The significant
genotypes x environments interaction effects indicated the inconsistent performance of genotypes
across the tested environments and the differential discriminating ability of the tested environments.
The significant effects of GEI on traits suggested the need to assess the stability of genotypes overall
environments [61,51,62-64].

Grain (kg/ha) shows positive significant correlation to days to 50% flowering, indicating that the
longer it takes to attain 50% flowering, the higher the yield; this agreed with the findings of [65] in
soybean that there is positive significant correlation with grain yield and days to 50% flowering and
days to maturity, however, our findings shows negative non-significant correlation to 100 seed
weight which disagreed with the findings of [65]. The 100 seed weight show positive significant
correlation with days to 50% flowering and days to 95% physiological maturity. This was expected
as the longer period of grain filling result in larger seed size which corroborated the findings of [66]
and [67]

Conclusion

Our study revealed that the influences of genotypes, environments, and their interaction were
highly significant for the grain yield of cowpea genotypes evaluated across five locations during the
2021 growing season in Nigeria. We employed various stability models to assess genotype stability,
including Wricke’s ecovalence, cultivar superiority, Shukla stability variance, and the GGE biplot and
it shows that Wricke's ecovalence and cultivar superiority methods are more dependable measures
of stability than the Shukla method. This conclusion is drawn from the fact that the same five
genotypes were consistently ranked as the most stable among the top ten genotypes in both Wricke’s
ecovalence and cultivar superiority stability measures. Specifically, genotypes G16, G25, G20, G12,
and G19 consistently ranked among the top ten stable genotypes according to both Wricke’s
ecovalence and cultivar superiority measures. Furthermore, G19 was the only genotype that
appeared among the top ten stable genotypes in all three stability measures used in this study. The
GGE biplot analysis revealed nine possible mega-environments, with four locations (Ibadan, Shika,
Bagauda, and Gumel) falling within the same mega-environment (Sector VIII), while Bauchi
constituted a distinct mega-environment. Based on the GGE biplot analysis, G21 (IT14K-2111-2) and
G25 (IT15K-2386-1) emerged as the most stable genotypes across all five test locations, as indicated
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by the shortest perpendicular marks on the axis. As a result, we recommend these two genotypes for
cultivation across the test locations.
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