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Abstract. Determining the ecological plasticity and stability of varieties and hybrids of 
agricultural crops helps to comprehensively assess them, considering the productivity 
potential, qualitative technological indicators, and the level of resistance to stressful 
conditions. The purpose of this study was to investigate the development of the yield 
of beans of cowpea varieties with high ecological stability, plasticity, and adaptability. 
The leading methods of studying this problem are field-based – to determine the 
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INTRODUCTION
The population of the whole world, as in Ukraine, is 
changing approaches to nutrition, which consists in in-
creasing the consumption of products from less com-
mon crops. More and more Ukrainians, along with tradi-
tional vegetables, require less well-known ones, which 
are valued for their medicinal properties and are safe 
for human health. Supermarkets and wholesale markets 
offer a small number of sparsely distributed vegetable 
crops. The main reason in Ukraine is the insufficient sup-
ply of new products. Over the past decades, the world’s 
food system has experienced several crises, including 
climate change and the COVID-19 pandemic, war that 
has disrupted markets and supply chains, and raised 
concerns about food security. The military conflict be-
tween Russia and Ukraine also undermines important 
principles of food security, as Ukraine has long been 
known as the breadbasket of Europe (Rabbi et al., 2023).

In this context, sparsely distributed vegetable leg-
umes are a significant factor in meeting the needs of 
the population in a balanced diet. Vegetable legumes 
are a valuable source of carbohydrates, vitamins and 
minerals, and biologically active substances that pro-
mote health. Due to the growing awareness of consum-
ers about a balanced diet, there is a constant increase 
in demand for fresh and processed legumes and vege-
tables. With this in mind, maintaining optimal yields of 
vegetable legumes is extremely important (Dhaliwal et 
al., 2020; Fedosiy et al., 2022).

Despite the significant impact of legumes on global 
food and food security, solving the problem of restor-
ing and preserving soil fertility, there is also an opinion 
that their production volumes are still unsatisfactory, 
compared to the need for them, due to biotic and abi-
otic factors (Ojiewo et al.,  2019; Tanchyk et al.,  2021;  
Hnatiuk et al., 2023). Among legumes, representatives 

of the genus Vigna unguiculata are becoming increas-
ingly socio-economic, especially in countries where the 
local population cannot afford animal proteins. Accord-
ing to M. Guney et al.  (2021), cowpea is a low-calorie 
source of protein, which makes it worth adding to the 
diet, especially for those who are vegetarian or prone 
to obesity. B. Abebe and M. Mulugeta (2022) and A. Qua-
mruzzaman  et al.  (2022) noted that cowpea contains 
dietary fibre, a number of vitamins and minerals, and is 
also characterised by a high content of phytochemical 
antioxidants. It belongs to the category of healthy and 
high-quality food products.

The value of the crop is its high heat, drought and 
salt resistance, and the ability to grow it for vegetables, 
seeds, green manure, and feed. However, annual warm-
ing and rising air temperatures accelerate the growth 
and development of the crop, reducing the duration of 
phenological phases. Under stressful conditions, plants 
change their metabolism for optimal development, 
which is conditioned by increased respiration (De-
hodyuk et al., 2021). J. Barros  (2021) pointed out that 
the crop reacts negatively to increased water scarcity 
and rising temperatures. It is the study of the ecological 
stability, plasticity, and adaptability of cowpea plants 
that can help producers change growing technologies 
to maintain sustainable crop production.

In 2008-2010, for the first time in the northern 
Forest-Steppe, cowpea varieties were studied and 
evaluated for early maturity, morphological character-
istics, productivity, yield of seedpods and ripe seeds at 
the Department of Vegetable Crops and Indoor Green-
house at the National University of Life and Environ-
mental Sciences of Ukraine (Bobos  et al. ,  2022). The 
selected source material of varietal samples of cowpea 
was used in breeding work as parent forms. As a result 

interaction of the research object with biotic and abiotic factors; statistical – to evaluate the results to determine 
the parameters of cowpea adaptability. Within the studied varieties, a direct and inverse correlation was established 
between the yield of cowpea and the sum of effective temperatures. For Groik (r = 0.36) and Kafedralna (Control) 
(R = 0.36), U-Cha-Kontou (r = -0.64) varieties, the correlation was average, while for Gasson (r = 0.96) and American 
improved (r = -0.98) varieties, it was strong. Based on the regression equations, an increase in the amount of 
precipitation by 1 mm can increase the yield of cowpeas by 3.4 kg/ha in the American improved variety and by 
20.8 kg/ha – U-Cha-Kontou, and for the Gasson, Kafedralna (control), Groik varieties, there will be a decrease in yield 
by 6.4 kg/ha, 10.8 kg/ha, and 20.7 kg/ha, respectively. Varieties with high overall adaptive capacity, defined as the 
ability of genotypes to maximise the manifestation of traits under all environmental conditions, are valuable. High 
indicators of total adaptive capacity for plant yield were observed in the varieties Gasson (TAC = 5.16) and Groik 
(SAC = 2.16). The lowest value of this indicator was observed in the U-Cha-Kontou variety (TAC = -3.44). Varieties 
that produce high but unstable yields are not able to guarantee maximum yields in conditions of improper farming 
and difficult climatic conditions. The genotype breeding value is a complex indicator that determines the totality of 
productivity and stability of varieties. Studies have obtained such fluctuations in this indicator from 0.84 to 13.63. 
The best varieties in terms of genotype breeding value were Gasson (GBVi = 13.63) and Kafedralna (GBVi = 8.06). 
There is a relatively low yield stability and the ability to respond to improved growing conditions in the U-Cha-
Kontou variety (GBVi = 0.84)
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of breeding, the first Kafedralna variety of cowpea was 
created, which in 2024 was listed in the State register 
of plant varieties (2024).

Nowadays, there is a growing interest in the con-
sumption of cowpea, but it remains sparsely distrib-
uted. Given the climatic conditions that change every 
year, there is a need for a comparative assessment 
of cowpea varieties by phenological, morphological, 
and economically valuable characteristics. With this 
in mind, comprehensive research on introduction, 
creation, and replenishment of the Ukrainian gene 
pool, and selection of promising samples for further 
breeding work will significantly expand the range of 
economically valuable plants aimed at developing 
the agricultural sector and ensuring a high quality of 
life for the population. That is why the purpose of this 
study was to investigate the development of the yield 
of seedpods of cowpea varieties with high ecological 
stability, plasticity, and adaptability.

MATERIALS AND METHODS
During 2014-2016, the following cowpea varieties 
were studied: Groik (Israel), Kafedralna (Ukraine), Gas-
son (Vietnam), American improved (USA), U-Cha-Kon-
tou (China). Variety samples were obtained from the 
National Centre for Plant Genetic Resources of Ukraine 
(n.d.). The research was conducted in the training lab-
oratory “Fruit and vegetable garden” at the collection 
plots of the Department of Vegetable Crops of the Na-
tional University of Life and Environmental Sciences 
of Ukraine The plot was located on soddy-medium 
podzolic soils in the northern part of the Forest-Steppe 
region of Ukraine. The field study was conducted ac-
cording to the methodology of one-factor experiments 
(Bondarenko & Yakovenko, 2001). Repeatability – three 
times with randomisation. The accounting area – 5 m2. 
The control was the Kafedralna variety, which has been 
approved for use in Ukraine since 2014. The variety 
was created by the staff of the Department of Vege-
table Crops of NUBiP of Ukraine (authors: I.M. Bobos, 
Z.D. Sych, I.O. Fedosiy, O.O. Komar).

Research continued in 2022-2023 within the 
framework of the state programme “Development 
of innovative technologies for growing sparsely dis-
tributed vegetable crops” (state registration number: 
0122U001637). An examination of the new variety was 
carried out for the purpose of state registration of the 
variety for distribution in Ukraine and state registration 
of rights to it. In 2023, Certificate No. 230516 on state 
registration and Patent No. 230332 for the Kafedralna 
cowpea variety (Vigna unguiculata (L.) Walp. subsp. ses-
quipedalis (L.) Verdc.) were obtained.

Technology of growing cowpea varieties, adopted 
in production conditions. Sowing scheme – 70×25 cm. 
Seed embedding depth – 2-3 cm. Seeds of varieties to-
gether with the control were sown simultaneously on 
May 13 in all years of the study. Plant care consisted of 

mulching, systematic loosening, protection from weeds, 
diseases, and pests. During the field method, phenolog-
ical phases were noted: full shoots, the beginning and 
full flowering, the beginning of harvesting ripeness of 
pods, and economic ripeness of pods. The beginning of 
maturation was noted for the maturation of the predom-
inant number of pods (more than 75%). The duration of 
the growing season was determined from sowing to the 
date of economic ripeness. The period from sowing to 
germination in varieties ranged from 12 to 17 days and 
passed with an average sum of effective temperatures 
of 70.2-105.7°C and precipitation of 42.8-56.8  mm.

Harvesting of pods in technical ripeness was car-
ried out weekly on all variants of the experiment simul-
taneously. Before harvesting, biometric measurements 
were made, namely, the length of the central stem was 
measured and the number of side shoots on the plants 
was counted. During harvesting, the length of the pod 
was measured and the number, weight of pods on the 
plant, and the number of seeds in one pod were deter-
mined. The response of a variety to growing conditions 
characterises the total adaptive capacity (TAC) – the av-
erage value of the trait in different environmental con-
ditions, specific adaptive capacity (SAC) – a deviation 
from the total in a particular environment. Stability is 
characterised by the ability of a genotype to maintain a 
specific phenotype under various growing conditions as 
a result of regulatory mechanisms. Plasticity (bi-regres-
sion coefficient for the environment) is the response 
of a genotype primarily to changes in environmental 
conditions, expressed in phenotypic variability (Tysh-
chenko et al., 2023).

A population study with n genotypes in m environ-
ments was used for the determination of TAC and SAC. 
The number of repetitions in this case is c:

xikr
 = U + Vi

 + dk
 + (Vd)ik

 + eikr ,                 (1)

where Xikr – phenotypic value (i) of genotype grown in 
(k) environment in (r) repetition; U – total average of the 
entire set of phenotypes; Vi – effect of (i) genotype; dk – 
effect of (k) environment; (Vd)ik – effect of interaction of 
(i genotype with (k) environment; eikr – effect caused by 
random causes and attributed to (ekr) phenotype.

Model elements have a set of the following restric-
tions:

∑ivi
 = ∑kdk

 = ∑k(vd)ik
 = ∑k(vd)ik

 = ∑eik
 = 0.         (2)

At the first stage of evaluating the parameters of 
TAC and the stability of varieties, a two-factor analysis 
of variance was performed. The second stage of evalua-
tion included the establishment of TAC, SAC, and stabil-
ity of varieties. According to the definition, the effect of 
the total adaptive capacity of the TACi variety is Vi. De-
viation from the sum of U + Vi is the effect of the specific 
adaptive capacity of the variety in the R medium – SACiR. 
This effect combines a linear (R medium effect) and a 
nonlinear part (interaction effect (Vd)iR).



Bоbоs et al.

Scientific Horizons, 2024, Vol. 27, No. 5

71

The SAC parameters of cowpea are defined as follows:

σ2 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑖𝑖𝑖𝑖 = 1
𝑚𝑚𝑚𝑚 – 1

∗ ∑ (𝑑𝑑𝑑𝑑𝑅𝑅𝑅𝑅 + 𝑉𝑉𝑉𝑉𝑑𝑑𝑑𝑑𝑖𝑖𝑖𝑖𝑅𝑅𝑅𝑅)2 –𝑅𝑅𝑅𝑅  𝑚𝑚𝑚𝑚 – 1
𝑚𝑚𝑚𝑚

∗  σ2  .   (3)

 σ 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑖𝑖𝑖𝑖 =  �σ2 САЗ𝑖𝑖𝑖𝑖   .                      (4)

The values of relative stability Sgi used to compare 
the variability of different characteristics of varieties:

𝑆𝑆𝑆𝑆𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 =
𝜎𝜎𝜎𝜎САЗ𝑖𝑖𝑖𝑖
𝑈𝑈𝑈𝑈+ЗАЗ

∗  100 %  .                      (5)

Regression coefficient bi was defined:

𝑏𝑏𝑏𝑏𝑖𝑖𝑖𝑖 = ∑𝑋𝑋𝑋𝑋𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 ∗ 𝑑𝑑𝑑𝑑𝑖𝑖𝑖𝑖
∑ 𝑑𝑑𝑑𝑑𝑖𝑖𝑖𝑖

2
𝑖𝑖𝑖𝑖

  .                             (6)

The genotype breeding value (GBVi) was used to 
identify cowpea varieties that combine productivity and 
stability:

GBVi
 = U + ЗАЗi

 – pσСАЗi
.                   (7)

The sum of effective air temperatures was calculat-
ed by the formula:

∑ 𝑡𝑡𝑡𝑡𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 = �𝑡𝑡𝑡𝑡𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 − 𝐵𝐵𝐵𝐵� ∗ 𝑛𝑛𝑛𝑛  ,                     (8)

where ∑tef – sum of effective air temperatures for the 
period, °C; tavg – average active air temperature for the 
period, °C; b – biological minimum, which in this study 
was taken as 10°C; n – number of days in the period.

Variance (ANOVA) and correlation analysis were per-
formed using the XLSTAT add-in in MS Excel software 
suite. The differences were considered significant for 
the validity of α = 0.95 (Rao, 2018). The authors adhered 
to the standards of the Convention on Biological Diver-
sity (1992) and the Convention on International Trade 
in Endangered Species of Wild Fauna and Flora (1979).

RESULTS
As a result of a study of the yield of commercial seed-
pods in 5 cowpea varieties with 3 replications of the ex-
periment and 3 replications in time (2014, 2015, 2016) 
with a sample size n = 45. The approximate number of 
groups was √4̄5̄, so 7 groups were selected. In this case, 
the interval value will be 1.7. A visual representation of 
the frequency distribution is shown in Figure 1. A step 
graph (histogram) in the form of columns has a height 
proportional to the frequencies, and its width, equal to 
the class intervals, the distribution curve connects the 
average values of groups with a line.
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Figure 1. Histogram and yield distribution curve of commercial seedpods of cowpea varieties (2014-2016)
Source: developed by the authors based on the conducted research

Based on the obtained data of the variance anal-
ysis Ffact.

 > Fcrit
 = 459.684 > 3.47804, which indicates 

the reliability of these differences at the level of P0.95 
(Table 1).

Sourse of Variation SS df MS F P-value F crit

Bethwein Groups 209.616 4 52.404 459.684 2.76576 E-11 3.47804

Winter Groups 1.14 10 0.114

Total 210.756 14

Table 1. Results of one-factor analysis of variance (2014-2016)

Source: developed by the authors based on the conducted research

Judging by the coefficient of determination 
(R2 = 0.13-0.95), approximately 2% in the Groik variety, 
17% – U-Cha-Kontou, 43% – Kafedralna (control), 84% – 
Gasson, and 91% – American improved) of changes in 
the yield of seedpods were conditioned by changes in 
the sum of effective air temperatures and only, respec-
tively, by 98%, 83%, 57%, 16%, and 9% of the changes 

were conditioned by other factors. Within the variants 
under study, a direct and inverse correlation was estab-
lished between the yield of cowpeas and the sum of ef-
fective temperatures. For Groik (r = 0.36) and Kafedralna 
(Control) (R = 0.36), U-Cha-Kontou (r = -0.64) varieties, the 
correlation was average, while for Gasson (r = 0.96) and 
American improved (r =v -0.98) varieties, it was strong.
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Based on the regression equations presented in 
Figure 2, it can be assumed that an increase in the sum 
of effective temperatures by 1°C corresponds to both 
an increase in the yield of seedpods for the varieties 
Groik (2 kg/ha), Kafedralna (control) (2.5 kg/ha), Gasson 
(2.2 kg/ha), and a decrease – for the varieties Ameri-
can improved (2.0  kg/ha), U-Cha-Kontou (2.4  kg/ha).  

According to the coefficients of determination 
(R2 = 0.02 - 0.96), about 2% of the yield variation in the 
varieties American improved, 25 % – Gasson, 65 % – Ca-
thedral (control), 94% – Groik, and 96% – U-Cha-Kontou 
was due to a change in the amount of precipitation, but 
the rest 98%, 75%, 35%, 6%, and 4% of the variation, 
respectively, was due to the influence of other factors.

It turned out that among the varieties under 
study, the yield directly and inversely depended on the 
amount of precipitation. The correlation was average 
for the American improved variety (r = 0.39), and strong 
for the Gasson (r = 0.71), Kafedralna (control) (r = -0.90), 
Groik (r = -0.98), and U-Cha-Kontou (r = 0.99) varieties. 
Based on the regression equations, an increase in the 
amount of precipitation by 1 mm can increase the yield 
of cowpeas by 3.4 kg/ha in the American improved vari-
ety and by 20.8 kg/ha – U-Cha-Kontou, and for the Gas-
son, Kafedralna (control), Groik varieties, there will be a 
decrease in yield by 6.4 kg/ha, 10.8 kg/ha, and 20.7 kg/
ha, respectively.

The range of feature variability allows assessing a 
certain influence of the environment on the expression 
of quantitative parameters. A higher scope means a 
greater environmental impact. Samples that have a low 
range of variations, regardless of the growing environ-
ment, are more stable. This means that the degree of 
influence of the genotype on the severity of the trait in 

Figure 2. Dependence of the yield of cowpea seedpods between the sum  
of effective air temperature (left) and precipitation (right) (2014-2016)

Source: eveloped by the authors based on the conducted research

them is greater than the influence of the environment. 
The smallest yield range of seedpods was found in 
the varieties American improved (0.3 t/ha) and Gasson 
(0.4 t/ha). This indicates that the boundaries in which 
the value of the trait changes narrow when the growing 
conditions of these varieties worsen. The largest range 
of variation of this trait was observed in the Groik varie-
ty (1.1 t/ha) (Fig. 3). Varieties with high overall adaptive 
capacity, defined as the ability of genotypes to maxim-
ise the manifestation of traits under all environmental 
conditions, are valuable. High indicators of total adap-
tive capacity according to plant yield was observed in 
the varieties Gasson (TAC = 5.16) and Groik (TAC = 2.16). 
The lowest value of this indicator was observed in the 
U-Cha-Kontou variety (TAC = -3.44) (Fig. 4). The specific 
adaptive capacity allows assessing the level of stabil-
ity of varieties – the lower the value of this indicator, 
the more stable the variety. The Gasson (SAC = 0.015) 
and American improved (SAC = 0.005) varieties were the 
most stable in the study.
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Figure 3. Yield of seedpods of cowpea varieties, t/ha (2014-2016)
Note: (c)* – control
Source: developed by the authors based on the conducted research

Figure 4. Parameters of adaptive capacity and stability of cowpea varieties: (2014-2016)
Note: A) total adaptive capacity; B) specific adaptive capacity; C) relative stability (Sgi); D) plasticity (bi); E) homeostasis 
(Hom); F) genotype breeding value (GBVi); (c)* – control
Source: developed by the authors based on the conducted research
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When assessing relative stability (Sgi), it was found 
that all the varieties have a high stability in the range 
of 0.10 to 2.50 %. The plasticity coefficient is a meas-
ure of adaptive ability. The higher the coefficient, the 
more sensitive the variety is to improved growing con-
ditions, and this may indicate its ability to make the 
best use of favourable environmental conditions. At 
the same time, it is less stable in the event of deterio-
ration of growing conditions. A coefficient value of less 
than 1 indicates both greater stability of the variety 
and a worse ability to respond to better growing con-
ditions with an increase in the quantitative trait. The 
variety does not respond to changes in environmental 
conditions when bi = 0. The Groik variety had the high-
est regression coefficient (5.0), therefore, it has a high 
sensitivity to growing conditions. A value close to 1 
was observed in the Gasson variety (bi = 1.13). Varieties 
American improved and U-Cha-Kontou had a bi coef-
ficient in the range from -0.24 to -0.29, therefore, they 
have a low level of sensitivity to any changes in the 
environment (stable). Such a variety provides a guaran-
teed high yield in any growing conditions.

A higher homeostatic index, compared to the con-
trol, was observed in the Gasson variety (Hom = 10.37). 
Varieties that produce high but unstable yields are 
not able to guarantee maximum yields in conditions 
of improper farming and difficult climatic conditions. 
The genotype breeding value is a complex indicator 
that determines the totality of productivity and stabil-
ity of varieties. In this study, this indicator ranged from 
0.84 to 13.63. The best varieties in terms of genotype 
breeding value were Gasson (GBVi = 13.63) and Kafed-
ralna (GBVi = 8.06). There is a relatively low yield sta-
bility and the ability to respond to improved growing 
conditions in the U-Cha-Kontou variety (GBVi

 = 0.84).
Using the correlation calculation, a direct strong 

relationship was established between the average 
yield and genotype breeding value (GBVi) (r = 0.77), ho-
meostasis (Hom) (r = 0.84), total adaptive capacity (TAC) 
(r = 0.99); between the range of variation and relative 
stability (Sgi) (r = 0.94), specific adaptive capacity (SAC) 
(r = 0.99); between the coefficient of variation and rel-
ative stability (Sgi) (r = 0.71); between total adaptive 
capacity (TAC) and homeostasis (Hom) (r = 0.84), gen-
otype breeding value (GBVi) (r = 0.77); between specif-
ic adaptive capacity (SAC) and relative stability (Sgi) 
(r = 0.94); between homeostasis (Hom) and genotype 
breeding value (GBVi) (r = 0.96).

An inverse strong correlation was found between 
the average yield and the coefficient of variation 
(r  =  -0.68); between the coefficient of variation and 
total adaptive capacity (TAC) (r = -0.68), homeostatic-
ity (Hom) (r = -0.87), and the genotype breeding value 
(GBVi) (r = -0.97). The presence of a direct average re-
lationship was established: between the average yield 
and plasticity (bi) (r = 0.62); between the range of varia-
tion and the coefficient of variation (r = 0.46), plasticity 
(bi) (r = 0.62); between the coefficient of variation and 

specific adaptive capacity (SAC) (r = 0.51); between to-
tal adaptive capacity (TAC) and plasticity (bi) (r = 0.62); 
between specific adaptive capacity (TAC) and plasticity 
(bi) (r = 0.62); between specific adaptive capacity (SAC) 
and plasticity (bi) (r = 0.61).

An inverse average correlation was found: be-
tween the range of variation and the genotype breed-
ing value (GBVi) (r = -0.38); between specific adaptive 
capacity (SAC) and the genotype breeding value (GBVi) 
(r = -0.44); between relative stability (Sgi) and homeo-
staticity (Hom) (r = -0.46), and the genotype breeding 
value (GBVi) (r = -0.62).

DISCUSSION
Cowpeas perform well in semi-arid tropics, where oth-
er legumes cannot thrive. Due to its ability to grow in 
extreme conditions, cowpea is a suitable choice in the 
face of climate change (Ayalew & Tarek, 2022). Q. Cui et 
al.  (2023) reported that 4 drought-tolerant samples 
were identified among 36 Arkansas cowpea lines. 
O. Olorunwa et al. (2022) confirmed that the UCR 369 
genotype can develop adventitious roots and provide 
biomass accumulation during waterlogging. The pho-
tosynthetic response to waterlogging varied between 
tolerant and sensitive cowpea genotypes. According to 
the study, excessive precipitation was observed in May 
2016, where the difference between the average long-
term precipitation was 102 mm. Waterlogging led to an 
increase in the concentration of CO2 in the root zone 
of plants, and to a decrease in hydraulic conductivity, 
which as a result, caused rapid closure of stomata.

The study of the effect of temperature stress on 
pollen is extremely important, as the viability of pollen 
grains is one of the key indicators for assessing plant 
tolerance to temperature stress (Havryliuk et al., 2022). 
In San Francisco, the cowpea variety BRS Gurguéia has 
proven itself well, which under conditions of temper-
ature stress maintained greater pollen viability with a 
lower level of flower abortivity and, as a result, provided 
a higher yield (Barros et al., 2024). Our research also con-
firms that high temperatures affected the metabolism of 
cowpea plants, causing changes in plant growth. How-
ever, the varieties had different physiological responses 
due to each variety’s different need for thermal energy.

Soil salinity is one of the key abiotic factors limiting 
the productivity of cowpea plants. For the most part, sa-
linity negatively affects growth processes, reproductive 
characteristics such as the number of flowers, bean de-
velopment, seed yield and size, thus affecting the final 
yield (Le et al., 2021). W. Ravelombola et al. (2019) found 
that PI582438 variety had a lower percentage of dead 
plants, increased chlorophyll content, and a lower rate 
of leaf damage.

In recent years, heavy metal toxicity has become 
one of the most serious threats to agricultural pro-
duction, which may become even more urgent in the 
coming decades (Tonkha et al., 2020). In particular, the 
effect of heavy metal toxicity on cowpea is evident in 
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almost all plant tissues and at all stages from seed ger-
mination to ageing, although these effects are strong-
est during seed germination and root system growth 
(Riyazuddin et al., 2021). A. Ahmad et al. (2023) proved 
that the use of rhizobacteria is an effective tool for 
improving the growth and physiological parameters 
of cowpea in conditions of lead contamination. Some 
of the most serious bacterial infections of cowpea are 
Xanthomonas axonopodis pv. vignicola (Xav) and Xantho-
monas citri pv. glycines (Xcg), causing serious damage to 
crops (Mahmoud, 2021). Depending on the time and in-
tensity of infection, viral diseases can cause crop losses 
from 10% to 100% (Mekonnen et al., 2022). In August, 
a summer drought was observed, and intense dews at 
the end of August led to the development of diseases 
(bacteriosis, anthracnose), which reduced the marketa-
bility of products.

Cowpea is damaged by insects at all stages of 
growth and development. Aphids are the first major 
pest to settle in the early stages of development (Mo-
fokeng & Gerrano,  2021). According to the study, dry 
weather was often observed in May, which led to inten-
sive infestation of plants by bean aphids. Plants inhab-
ited by aphids were distinguished by the presence of 
sticky honeydew, which is a favourable environment for 
the development of mould. In such plants, a decrease in 
the effective leaf area was observed, which significantly 
reduced the level of photosynthesis.

Cowpea is one of the most valuable leguminous 
crops that ensures food and food safety. Due to its nutri-
tional value, it is in demand all over the world. Although 
the climatic conditions prevailing in Ukraine are not so 
difficult in terms of drought and high temperatures, 
in contrast to the tropical climate, in which cowpea is 
mainly grown, it is exposed to numerous abiotic and 
biotic influences, and other factors that reduce its yield. 
However, the genetic resources of cowpea in most cas-
es remain unexploited. Therefore, to further unlock its  

potential, it is necessary to create highly productive varie-
ties with a variety of purposes, high nutritional value and 
adapted to the climatic and soil conditions of the region.

CONCLUSIONS
According to the results of studies on cowpea in the con-
ditions of the northern forest-steppe of Ukraine, it was 
established that the maximum level of yield of seed-
pods was provided by the Gasson variety (14.4 t/ha), the 
minimum – by the American improved variety (4.2 t/ha). 
The maximum range of yield variation (Max-Min) ranged 
from 0.3 to 1.1 t/ha. A low value of linear yield regres-
sion (bi < 1) was found only in the varieties American 
improved and U-Cha-Kontou, therefore, such varieties 
respond less to changes in environmental conditions 
than on average the entire set of varieties under study. 
The Groik variety was the most responsive to chang-
es in environmental conditions for this feature (bi > 1).

The relative stability index of the varieties under 
study ranged from 0.1 to 2.5. Thus, all the studied varie-
ties belong to a highly stable group. However, the Amer-
ican improved and U-Cha-Kontou varieties do not have 
high productivity (average yield 4.2-5.8  t/ha), so they 
are not economically valuable. Kafedralna and Gasson 
varieties are distinguished, which are characterised by 
a combination of high yield parameters (10.4-14.4  t/
ha), adaptability, and genotype breeding value (8.06-
13.63). Marketing of little-known legumes is complicat-
ed by the fact that they are mostly less well-known to 
consumers, so a promising area of further research is 
to investigate the mechanisms of popularisation and 
widespread inclusion of them in the human diet.
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Анотація. Визначення екологічної пластичності та стабільності сортів і гібридів с/г культур дає можливість 
комплексно оцінити їх з урахуванням потенціалу продуктивності, якісних технологічних показників та рівня 
стійкості до стресових умов. Метою даного дослідження було вивчення формування врожаю бобів-лопаток 
сортів вігни спаржевої з високою екологічною стабільністю, пластичністю та адаптивністю. Провідними 
методами дослідження даної проблеми є польовий  – для визначення взаємодії об'єкта дослідження з 
біотичними та абіотичними факторами, статистичний – для оцінки результатів досліджень з метою визначення 
параметрів адаптивності вігни. В межах досліджуваних варіантів встановлено пряму та зворотню кореляцію 
між урожайністю вігни та сумою ефективних температур. Для сортів Гроік (r = 0,36) і Кафедральна (контроль) 
(r = 0,36), У-Тя-Контоу (r = -0,64) кореляція була середньою, а для сортів Гассон (r = 0,96), Американська поліпшена 
(r=-0,98) – сильною. Виходячи з рівнянь регресії підвищення суми опадів на 1 мм може збільшувати урожайність 
бобів-лопаток вігни спаржевої на 3,4 кг/га у сорту Американська покращена та на 20,8 кг/га – У-Тя-Контоу, а для 
сортів Гассон, Кафедральна (контроль), Гроік спостерігатиметься зменшення врожайності на 6,4 кг/га, 10,8 кг/
га та 20,7 кг/га відповідно. Сорти з високою загальною адаптивною здатністю, яка визначається як здатність 
генотипів до максимального прояву ознак за будь-яких умов навколишнього середовища, є цінними. Високі 
показники загальної адаптивної здатності за урожайністю рослини спостерігалися у сортів Гассон (ЗАЗ = 5,16) 
та Гроік (ЗАЗ = 2,16). Найменше значення даного показника спостерігали у сорту У-Тя-Контоу (ЗАЗ = -3,44). Сорти, 
які дають високі, але нестабільні врожаї, не здатні гарантувати отримання максимальної врожайності за умов 
неналежного землеробства та складних кліматичних умов. Селекційна цінність генотипу – це комплексний 
показник, який визначає сукупність продуктивності та стабільності сортів. У дослідженнях отримано такі 
коливання цього показника від 0,84 до 13,63. Кращими за показниками селекційної цінності виявилися сорти 
Гассон (СЦГі = 13,63) і Кафедральна (СЦГі = 8,06). Спостерігається відносно низька стабільність врожайності та 
здатність реагувати на покращення умов вирощування у сорту У-Тя-Контоу (СЦГі = 0,84)
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