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Assessment of vegetable soybean (Glycine max L.) cultivars
according to genotype-environment indicators:
Ecological plasticity, stability, and adaptive response

Abstract. This study aimed to determine the quantitative and qualitative relationships between
the effects of abiotic environmental factors, typical of the Right-Bank Forest-Steppe of Ukraine,
and the productivity of soybean cultivars. The main methodological approaches included field
experiments, which enabled the analysis of cultivation technology elements, and statistical analysis
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was used to verify the data obtained. It was established that the dry seed yield per plant among the
soybean cultivars intended for sprout production ranged from 14.3 to 30.4 g. The highest yield was
recorded in the cultivar Kytaiska tsukrova No. 1 (Chinese Sugar No. 1), followed by Staroukrainska
mistseva (Old Ukrainian Local) (the control variant), and Soybean for Sprouts No. 3 in third place.
The coefficient of variation in plant productivity over the years of study ranged from 7.54% to 2.42%.
The cultivars Soybean for Sprouts No. 3, Soybean for Sprouts No. 4, and ID0O-21142 exhibited high
regression coefficient values (b, =1.03-116), indicating their increased sensitivity to changes in
agroecological conditions. In contrast, the cultivar Kytaiska tsukrova No. 1 was characterised by
the lowest regression coefficient (b, = 0.73), indicating a reduced response to changes in growing
conditions. According to the selection value index, the most promising cultivars were Kytaiska
tsukrova No. 1 (BVG, = 26.56) and Staroukrainska mistseva (control) (BVG, =19.64). The studied
soybean cultivars for green pea use demonstrated a wide range of dry seed productivity - ranging
from 29.8 to 52.4 g per plant - with a coefficient of variation between 7.74% and 9.13%. Among the
cultivars intended for green pea production, IDO-200905 (b,=0.78) and IR-398 (b,= 0.93) were the
least sensitive to improved growing conditions, whereas IR-1030 (b,=1.02) and Smolianka (control)
(b, = 1.27) exhibited the highest sensitivity. At the same time, IDO-200905 and IR-398 showed
high homeostasis (Hom =348 and 5.07, respectively) and significant breeding value (BVG,=2015

and 23.59, respectively), indicating an effective combination of high productivity and stability
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INTRODUCTION
Climate change is accelerating the phenologi-
cal development of agricultural crops, leading
to a shortened growing season and potentially
reduced yields. In addition, climatic uncertain-
ty is increasing, manifested in uneven rainfall
distribution, rising temperatures, and a high-
er frequency of extreme weather events, all of
which pose a threat to food security. Population
growth is another critical factor affecting the
sustainability of global food systems. According
to F. Rastegaripour et al. (2024), the global pop-
ulation is projected to reach 8.6 billion by 2050
and 11.2 billion by 2100. In connection with this
demographic expansion, P. Khatri et al. (2024)
note that the challenge of ensuring adequate
food supply is intensifying, as arable land and
water resources cannot expand indefinitely. As
pointed out by N. Nirmal et al. (2024), the glob-
al distribution of food is highly unequal, result-
ing in over 800 million people living in a state
of chronic hunger, while one-third of all food
produced is lost or wasted. According to the
findings of K. Agyenim-Boateng et al. (2022), le-
guminous crops - particularly soybeans - play a
significant role in human nutrition worldwide.
They provide essential nutrients such as pro-
tein, iron and calcium while requiring relatively

D

low inputs for cultivation. Vegetable soybeans
are distinguished from grain soybeans by sever-
al key traits: larger seed size, a sweeter flavour,
and the absence of the characteristic legume af-
tertaste. They can be consumed fresh, frozen or
canned, and may be used as a substitute for peas
orbeans in a variety of dishes (Nair et al., 2023a).

The current state of legume cultivation, as
highlighted by A. Aboltins et al. (2024), reveals
several challenges. One of the key issues is the
need to adapt cultivars to changing environ-
mental conditions, as noted in the research of
S. Kumar et al. (2023). W. Abobatta et al. (2021)
emphasise that successful crop cultivation re-
quires careful consideration of potential yield,
technological characteristics, maturity peri-
ods, and cultivar responses to climatic and soil
conditions. According to J. Rane et al. (2021) and
I. Fedosiy et al. (2022), grain legumes are sensi-
tive to both biotic and abiotic factors that con-
strain yield potential. Climatic conditions - par-
ticularly drought and heat - negatively affect
legume yields worldwide and pose a significant
risk of water scarcity. Water shortages and re-
curring heat waves considerably reduce grain
yield and the productivity of other plant compo-
nents. The combined effect of heat and drought
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is multiplicative, resulting in greater yield loss-
es that are strongly influenced by the duration
of stress exposure. K. Dave et al. (2024) stress
the importance of identifying and introducing
drought-tolerant cultivars to mitigate the ad-
verse effects of drought conditions.

Moreover, the study by V. Mazur et al. (2021)
indicates that current grain legume cultivars re-
alise only about 50% of their yield potential. This
highlights the need to optimise cultivation con-
ditions and to develop technologies tailored to
the specific requirements of individual cultivars.
The main reason for this underperformance is
the mismatch between cultivar characteristics
and the environmental conditions in which they
are grown, which requires urgent attention. In
Ukraine, vegetable soybean is a relatively new
and underutilised crop. Its cultivation could
contribute to the food supply by providing prod-
ucts rich in essential amino acids and balanced
in nutritional content. Soybeans are grown for a
range of purposes, which has created the need to
study different cultivar types: those for sprout-
ing; for consumption of immature boiled seeds
in pods (Edamame type); for consumption in the
form of canned green peas (hulled and boiled
seeds, Mikimame type); and for the production
of dry seed (seed production type).

This study aimed to identify patterns of
ecological plasticity and adaptability among
various soybean cultivars under the conditions
of the Right-Bank Forest-Steppe of Ukraine, as
well as to assess their yield potential based on
varietal characteristics, with a view to support-
ing the future development of vegetable soy-
bean cultivars.

MATERIALS AND METHODS

Over a three-year period, from 2008 to 2010,
an experimental study was conducted at the
Fruit and Vegetable Garden educational lab-
oratory of the National University of Life and
Environmental Sciences of Ukraine. The field
experiment took place on research plots locat-
ed in the Right-Bank Forest-Steppe region of
Ukraine, at approximately 50°22'42.10"N lati-
tude and 30°30'4.59"E longitude, at an elevation
of 158 metres above sea level. The soil cover was
classified as dark grey, medium podzolic, light
loamy soil, with a pH level of 6.1. The humus layer
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ranged in depth from 24 to 28 centimetres. Soil
analysis of the experimental site revealed a low
humus content (1.5%-2.2%), moderate nitrogen
levels (26-38 mg/kg), phosphorus (43-61 mg/kg),
and potassium (28-34 mg/kg).

In January, there was an initial warming
trend, with the average ten-day air temperature
rising from -7.5°C in the first ten-day period
to -37°C in the second - a difference of +3.8°C
(Fig.1). However, during the third ten-day period,
the temperature dropped again to -3.9°C. The to-
tal monthly precipitation amounted to 21.2 mm.
February was marked by a gradual increase in
air temperature from -2.5°C in the first ten-day
period to 0.6°C in the third, representing a rise of
+3.1°C. Monthly precipitation totalled 20.4 mm,
slightly lower than in the previous month. In
March, the temperature continued to rise stead-
ily, increasing from 0.8°C (first ten-day period)
to 5.1°C (third ten-day period), a difference of
+4.3°C. Total precipitation for the month was
20.8 mm. April saw a moderate rise in air tem-
perature, from 10.3°C in the first ten-day period
to 11.3°C in the third (+1.0°C), accompanied by
an increase in precipitation to 31.9 mm. In May,
the temperature rose from 14.7°C in the first
tenday period to 16.6°C in the third ten-day pe-
riod (+1.9°C), while monthly rainfall amounted to
31.0 mm. June was notable for a more substan-
tial increase in temperature - from 19.3°C in the
first ten-day period to 22.1°C in the third ten-day
period (+2.8°C) - and the highest monthly pre-
cipitation recorded during the year, at 48.8 mm.
The peak rainfall occurred in the second ten-day
period, reaching 26.2 mm. In July, the second
ten-day period was the hottest, with an average
temperature of 237°C. The monthly total pre-
cipitation was nearly identical to that of June,
amounting to 48.6 mm. August (first and second
ten-day periods) was marked by stable temper-
atures ranging from 23.1°C to 23.3°C; however, a
notable drop to 19.3°C (-4.0°C) was recorded in
the third ten-day period. The total monthly pre-
cipitation was the lowest of the year, amounting
to just 181 mm. In September, air temperatures
gradually declined from 17.4°C (first ten-day pe-
riod) to 13.4°C (third ten-day period), a decrease
of 4.0°C. Monthly precipitation amounted to
36.0 mm. October was characterised by a fur-
ther decrease in average ten-day temperatures,
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from 10.4°C to 71°C (-3.3°C). The total month-
ly rainfall was 151 mm, the second lowest after
August. In November, temperatures continued
to drop from 6.3°C (first ten-day period) to 34°C
(third ten-day period), a fall of 2.9°C. The total
monthly precipitation was 26.7 mm. December

experienced sharp temperature fluctuations,
beginning at 1.6°C (first ten-day period), falling
to -7.2°C in the second (-8.8°C), and then ris-
ing to -2.5°C in the third (+4.7°C). Despite these
variations, December recorded a considerable
amount of precipitation, totalling 41.2 mm.
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Figure 1. Dynamics of air temperature and precipitation, 2008-2010
Source: compiled by the authors based on the conducted study

Between 2008 and 2010, nine vegetable soy-
bean accessions were studied - five intended
for sprout production (Staroukrainska mistseva
variety (control), Soybean for Sprouts No. 3, Soy-
bean for Sprouts No. 4, IDO-21142, and Kytaiska
tsukrova No. 1), and four for green pea-type use
(IDO-200905, IR-398, IR-1030, and Smolianka
(control)). The experiment was arranged in three
replicates using randomisation. The recorded
plot area was 5 m2 Seeds of all tested accessions
were sown simultaneously on 12 May, using a
planting scheme of 70x15 cm. Sowing was car-
ried out at a high density, and final plant density

1)

(95,000 plants per hectare) was established at
the third true leaf stage. Seed depth ranged from
2 to 3 cm. The cultivation techniques for vegeta-
ble soybeans followed standard practices used
in grain soybean production. Assessment of
general adaptive capacity and specific adaptive
capacity was based on the evaluation of geno-
types (n) under environmental conditions (m),
with the number of replications (c) following the
methodology of 1. Bobos et al. (2024). The formu-
la used was:

X, =U+V,+d, +(Vd), +e (1)

ikr?
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where x,_is the phenotypic value of trait (i) of the
genotype when grown in environment (k) and
replication (r); U is the overall mean of the entire
set of phenotypes; V, is the effect of genotype (i);
d, is the effect of environment (k); (vd), is the in-
teraction effect of genotype (i) with environment
(k); e, is the effect caused by random factors and
associated with phenotype (ekr).

The following constraints were applied to

the model components:
Zivi:dek:Zk(Vd)ik :Zk(Vd)ik:Zeik: 0. @)

The general adaptive capacity (GAC) effects
were calculated as:

GAC=V=X,-u. (3)

The parameters of the species’ specific
adaptive capacity (SAC) were estimated using:

02 SAC; = ——x Na(dg + Vdig)? - "=+ 2. (4)

-1 m
0 SAC; = Jo? SAC;. (5)

To compare the variability of different soy-
bean traits across environments, the relative

stability index (Sgi) was used:

OSAC;
Sgi = L
U+GAC

% 100 %. (6)

The soybean response to improved environ-
mental conditions was determined using the re-
gression coefficient b;:

_ XXir*dg
b i R d}z2 . (7)
To identify soybean accessions combining
both productivity and stability, the breeding val-
ue of the genotype (BVG) was calculated:

BVG,=U+GAC,~p og,. 8

The Growing Degree Days method was ap-
plied to calculate the sum of effective air tem-
peratures for each interphase period of soybean
development based on actual temperature data:

Yters = (tawg —B) *n, 9)

where teﬁ is the sum of effective air tem-
peratures over the period, °C; t is the average

avg
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air temperature for the period, °C; B is the value
of the biological minimum, which in this analy-
sisis taken to be 10°C; n is the number of days in
this period.

The research results were processed using
Statistica 13.1 software (StatSoft, Inc., Tulsa, OK,
USA). Differences between varieties were evalu-
ated using Tukey's test, with significance deter-
mined at p <0.05 (with Bonferroni correction ap-
plied). To identify the direction and strength of
associations between the studied variables, cor-
relation coefficients were calculated. The study
adhered to the principles of the Convention on
Biological Diversity (1992)

RESULTS AND DISCUSSION

Figure 2 presents a box plot illustrating the dis-
tribution of dry seed yield for soybean varieties
intended for sprouting. The dataset contains no
significant outliers. For the varieties IDO-21142
and Kytaiska tsukrova No.1, the mean, medi-
an, and mode are located almost at the same
point, closely resembling a normal distribu-
tion. In contrast, for Soybean for Sprouts No. 3,
Soybean for Sprouts No. 4, and Staroukrainska
mistseva (control), the measures of central ten-
dency differ in location, indicating a non-nor-
mal distribution.

Between 2008 and 2010, during the grow-
ing season of soybean varieties intended for
sprouting, the sum of effective air tempera-
tures (>10°C) ranged from 1,171°C to 1,459°C,
while total precipitation varied from 129 to
180 mm. A strong positive correlation was iden-
tified between dry seed yield and the sum of
effective temperatures (r=0.73-0.99) (Fig. 3). In
contrast, an inverse correlation was observed
between seed yield and total precipitation, with
the strength of the correlation varying by vari-
ety: strong for Soybean for Sprouts No. 4, IDO-
21142, and Kytaiska tsukrova No.1 (r=-072 to
-0.76), moderate for Staroukrainska mistseva
(control) (r=-0.36), and weak for Soybean for
Sprouts No. 3 (r=-0.29) (Fig. 4). An increase of
10°C in the average sum of effective tempera-
tures during the growing season resulted in a
rise in dry seed yield per plant of 0.05-0.78 g in
sprouting varieties. Conversely, every addition-
al 10 mm of precipitation led to a reduction in

yield of 0.36-145g.



Assessment of vegetable soybean (Glycine max L.)...

Box Plot of Productivity of dry seeds per plant, g grouped by Soybean varieties
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Figure 2. Box plot illustrating the yield performance of soybean varieties for sprouting
Note: A) Staroukrainska mistseva (control); B) Soybean for Sprouts No. 3; C) Soybean for Sprouts No. 4;
D) IDO-21142; E) Kytaiska tsukrova No. 1(2008-2010)
Source: compiled by the authors based on the conducted study
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Figure 3. Analysis of the relationship between the yield of soybean varieties for sprouting
and the sum of effective temperatures above 10°C during the sowing-to-harvest period
Note: a) Staroukrainska mistseva (control); b) Soybean for Sprouts No. 3; ¢) Soybean for Sprouts No. 4; d) IDO-21142;
e) Kytaiska tsukrova No. 1(2008-2010)
Source: compiled by the authors based on the conducted study
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Figure 4. Analysis of the relationship between the yield of soybean varieties
for sprouting and total precipitation during the sowing-to-harvest period
Note: a) Staroukrainska mistseva (control); b) Soybean for Sprouts No. 3; ¢) Soybean for Sprouts No. 4; d) IDO-21142;

e) Kytaiska tsukrova No. 1(2008-2010)

Source: compiled by the authors based on the conducted study

The variability in seed yield for the soy-
bean variety for seedlings of Kytaiska tsukro-
va No. 1 variety was low, as indicated by a
low coefficient of variation (7.54%) (Table 1).
The Staroukrainska mistseva (control) and

Soybean for Sprouts No. 3 demonstrated mod-
erate variability (10.36%-15.08%), while Soy-
bean for Sprouts No.4 and IDO-21142 showed
high variability, with coefficients of variation
ranging from 22.11% to 22.42%.

Table 1. Parameters of adaptive capacity and stability
of soybean varieties for sprouting (2008-2010)

Variety
c S ] @ ~
Indicator £8% | §8~ | §3- = Z8
BES g9 §9d g £i=
g % 2 v 5 9 5 a x 2
Dry seed yield per plant, g (Mean) 28.0£2.9% | 19.9+3.68%® | 14.3+0.39° 15.4+0.9° 30.4+1.21°¢
Coefficient of variation (V), % 10.36 15.08 22.42 22.11 7.54
General adaptive capacity (GAC) 6.39 -1.71 -7.28 -6.21 8.82
Specific adaptive capacity (SAC) 5.86 6.45 7.77 9.04 2.71
Relative stability (Sgi), % 20.92 32.39 54.21 58.68 8.90
Plasticity (b) 0.99 1.03 1.09 1.16 0.73
Homeostasis (Hom) 2.70 1.32 0.64 0.70 4.04
Breeding value of the genotype (BVG) 19.64 10.70 3.24 2.50 26.56

Note: different letters (a, b, c) denote values that differ significantly within a row, based on Tukey's test with

Bonferroni correction

Source: compiled by the authors based on the conducted study
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In examining the adaptive capacity of gen-
otypes - that is, their ability to maintain phe-
notypic traits under varying conditions - it was
found that the Staroukrainska mistseva (con-
trol) (6.39) and Kytaiska tsukrova No.1 (8.82)
varieties exhibited the highest levels of gener-
al adaptive capacity. In contrast, Soybean for
Sprouts No. 4 (777) and IDO-21142 (9.04) showed
the highest values of specific adaptive capacity,
which reflects deviations in performance under
particular environmental conditions. Notably,
the Kytaiska tsukrova No.1 and Staroukrainska
mistseva (control) varieties demonstrated high
relative stability (Sgi=8.9% and 20.92%, respec-
tively), indicating a strong capacity to maintain
consistent phenotypic expression across differ-
ent growing environments. Soybean for Sprouts
No. 3 was also classified as stable (S;=32.39%).
Meanwhile, Soybean for Sprouts No. 4 and IDO-
21142 were considered to exhibit moderate
stability (S,;=54.21% and 68.68%, respectively).

Among the soybean varieties for sprout-
ing, Kytaiska tsukrova No.1 and Staroukrain-
ska mistseva (control) were found to be the
least responsive to improvements in growing

conditions. With each 1g increase in the av-
erage dry seed yield per plant, their own yield
increased by only 0.73 g and 0.99 g, respective-
ly. Among the set of varieties studied, the most
responsive to changes in yield levels at the trial
sites were Soybean for Sprouts No. 3, Soybean
for Sprouts No.4, and IDO-21142. With each
1g increase in the average productivity, these
varieties increased their own yield by 1.03-
116 g. High homeostasis was observed in the
Staroukrainska mistseva (control) and Kytaiska
tsukrova No. 1(Hom=2.7 and 4.04, respectively),
whereas the lowest value was recorded for IDO-
21142 (Hom=0.70). An analysis of the breeding
value of the genotypes, based on a combina-
tion of yield and yield stability, revealed that
the Kytaiska tsukrova No. 1 variety (BVG,=26.56)
had the highest selection value, followed by
Staroukrainska mistseva (control) (BVG,=19.64)
and Soybean for Sprouts No. 3 (BVG,=10.70) The
dry seed productivity data for soybean varieties
grown for green peas showed no outliers (Fig. 5).
However, the distribution did not meet the cri-
teria for normality, as the mean and median
were not aligned.

Box Plot of Productivity of dry seeds per plant, g grouped by Soybean varieties
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A strong positive correlation was identified
between the dry seed yield of soybean varieties
for green peas and the sum of effective temper-
atures (r=0.78-0.94) (Fig. 6). At the same time,
a negative correlation was observed between
dry seed yield and total precipitation, with the

D

strength of this relationship varying by varie-
ty. For example, a strong inverse correlation
was recorded for the IR-1030 variety (r=-0.75),
while a moderate inverse correlation was
observed for IDO-200905, IR-398, and Smo-
lianka (control) (r=-0.49 to -0.65) (Fig.7). In

Plant and Soil Science (16)2



Bobos et al.

addition it was found that each 10°C increase in
the average sum of effective air temperatures
during the growing season contributed to a
rise in dry seed yield per plant of 0.146-0.204 g

Scatterplot: Sum of air temperature (> 10 °C), °C vs. Productivity of dry seeds per plant, g (Casewise
MD deletion)
Productivity of dry seeds per plant, g = 3.8903 + 0.02039 * Sum of aif lemperalura (> 10 °C), °C
Correlation: r = 0.94271

in soybean varieties for green pea production.
Conversely, each additional 10 mm of precip-
itation led to a reduction in productivity of
0.66-12.22 g per plant.

Scatterplot: Sum of air temperature (> 10 C), °C vs. Productivity of dry seeds per plant, g (Casewise

MD deletion)
Productivity of dry seeds per plant, g = 16.576 + 0.01634 * Sum of air lemperalura (> 10 °C), °C
Correlation: r = 0.86470
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Figure 6. Analysis of the relationship between the productivity of soybean varieties for green peas
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Scatterplot: Amount of precipitation, mim vs. Productivity of dry seeds per plant, g (Casewise MD
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Productivity of dry seeds per plant, g = 39.348 - 0.0663 * Amount of precipitation, mm
Comrelation: = -0.4996

Scatterplot: Amount of precipiation, mim vs. Productivity of dry seeds per plant, g (Casewise MD
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Productivity of dry seeds per plant, g = 43773 - 0.0755 * Amount of precipitation, mm
Corrolation: r = -0.6513
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According to the coefficient of variation,
the dry seed yield of the examined soybean va-
rieties for green pea production exhibited low
variability (V=774%-913%) (Table 2). The anal-
ysis indicates that the variety Smolianka (con-
trol) showed the highest value for general adap-
tive capacity (12.33). Two varieties stood out in
terms of specific adaptive capacity: Smolianka

(control) with a value of 16.34 and IR-1030
with 10.13. The dry seed yield of IDO-200905
and IR-398 was characterised by high stabili-
ty (S,=14.64% and 17.99%, respectively) based
on the relative stability index. In contrast, IR-
1030 and Smolianka (control) were identified
as demonstrating moderate relative stability
(Sgi: 26.37% and 31.27%, respectively).

Table 2. Parameters of adaptive capacity and stability
of soybean varieties for green pea production (2008-2010)

Indicator Variety
1DO-200905 IR-398 IR-1030 Smolianka (control)

Dry seed yield per plant, g (Mean) 29.8+1.08° 37.4+0.96° 38.4+0.95° 52.4+1.03°¢
Coefficient of variation (V), % 8.56 7.74 9.13 8.23
General adaptive capacity (GAC) -10.10 -0.70 -1.54 12.33
Specific adaptive capacity (SAC) 4.37 7.06 10.13 16.34
Relative stability (Sgi), % 14.64 17.99 26.37 31.27
Plasticity (b.‘) 0.78 0.93 1.02 1.27
Homeostasis (Hom) 3.48 5.07 421 6.35
Breeding value of the genotype (BVG)) 20.15 23.59 15.96 16.06

Note: different letters (a, b, c) denote values that differ significantly within a row, based on Tukey’s test with

Bonferroni correction

Source: compiled by the authors based on the conducted study

An analysis of the linear regression coef-
ficients revealed that the varieties IR-398 and
IDO-200905 exhibited low sensitivity to chang-
es in growing conditions. With an increase of
1g in the average dry seed yield per plant, their
productivity rose by only 0.78 g and 0.93 g, re-
spectively. In contrast, the varieties IR-1030 and
Smolianka (control) showed high sensitivity, in-
creasing yield by 1.02 g and 1.27 g, respectively,
under the same conditions. High homeostasis
was recorded in IR-398 and Smolianka (control)
(Hom=5.07 and 6.35, respectively), while the low-
est value was noted in IDO-200905 (Hom =3.48).
The highest values for genotype breeding val-
ue were observed in IDO-200905 and IR-398
(BVG,=2015 and 23.59, respectively), whereas
the variety IR-1030 recorded the lowest value
(BVG,=15.96). The study found that the sprout-
ing soyean varieties Staroukrainska mistseva
(control) and Kytaiska tsukrova No.1 showed
the highest breeding value for dry seed yield
per plant (BVG,=19.64 and 26.56, respectively),
along with high relative stability (S,=20.92%
and 8.90%, respectively) and favourable plastici-
ty coefficients (b,=0.99 and 073, respectively).

1)

Among the varieties intended for green pea pro-
duction, the best results were demonstrated by
IDO-200905 and IR-398, which showed BVG,
values of 20.15 and 23.59, Sgi=14.64% and 17.99%,
and b, of 0.78 and 0.93, respectively.

Improved crop varieties are essential tech-
nological tools for optimising agricultural pro-
duction by increasing both potential yield and
resilience to environmental and biological
stresses. The study by R. Yofa et al. (2021) high-
lights that the adoption of improved soybean
varieties is driven by a complex interplay of
interrelated factors. Key among these are: the
availability of qualified personnel for breeding
programmes; the level of interest among agri-
cultural producers in adopting high-yielding
varieties; farmers’ trust in the effectiveness of
quality seed material; the physical and econom-
ic accessibility of innovative seed; and the pres-
ence of institutional support from local author-
ities aimed at facilitating access to high-quality
varieties. When it comes to variety selection in
soybean cultivation, early-stage growth vigour
is an important trait that should be taken into
account. The performance results of soybean
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varieties are consistent with the correlations
identified by J. Monzon et al. (2021) and L. Roth et
al. (2022), which provide further evidence that
yield is significantly and positively correlated
with early growth vigour. The findings indicate
that the influence of initial growth vigour on
yield is linked to its role in the development of
the assimilative surface area, the initiation of
flowering, and pod-setting processes. L. Abda-
la et al. (2025) emphasise that selecting an ap-
propriate maturity group enables agricultural
producers to align the crop’s critical growth
stages with optimal agroclimatic conditions,
make the most of the growing season, and mit-
igate climate-related risks.

One of the key indicators of soybean seed
yield is seed size (Duan et al, 2022). A global
soybean collection, comprising samples from
all continents except Antarctica, was divided by
R. Nair et al. (2023b) into two distinct groups: the
first included 456 large-seeded accessions (over
25 g per 100 seeds), while the second comprised
7,397 small-seeded accessions (less than 25 g per
100 seeds). Based on this classification, soybean
varieties intended for sprouting were identified
as small-seeded. Among the varieties used for
vegetable soybean production, the Smolianka
variety (control) was also small-seeded, where-
as IDO-200905, IR-1030, and IR-398 were clas-
sified as largeseeded This distinction makes it
possible to differentiate vegetable soybeans,
which are typically characterised by larger seed
size, from grain soybeans, which tend to have
smaller seeds. As highlighted by X. Li et al. (2024),
seed size can influence germination speed and
vigour, both of which are important for adapta-
tion to varying sowing times and climatic condi-
tions. Furthermore, a study by C. Xu et al. (2022)
identified a negative correlation between yield
stability index and 100-seed weight, suggesting
that soybean varieties with larger seeds may not
provide consistently high and stable yields.

Elevated air temperatures during the sum-
mer months are often accompanied by drought,
which, according to M. Staniak et al. (2023), in-
tensifies water stress. Such conditions typi-
cally result in accelerated soybean maturation
and a shortened flowering and grain-filling
phase, which may reduce seed yield by 24%-
54%. Furthermore, as shown by the findings of
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0. Tkachuk et al. (2022), varieties with great-
er drought adaptability exhibit not only stable
yields but also reduced susceptibility to lodging.
According to a study by M. Staniak et al. (2021),
a seven-day cold stress event during the flow-
ering stage negatively affected plant structure
and yield traits, leading to a 191% reduction
Experimental research has also confirmed the
sensitivity of yield performance in both sprout-
ing and vegetable soybean varieties to tempera-
ture fluctuations during critical growth periods.
0. Mazur et al. (2023) emphasise that breeders
should aim to develop varieties with a short
overall growing season but an extended flow-
ering-to-maturity phase (BBCH 60-99). Such a
growth pattern provides optimal conditions for
pod formation and seed development, while a
prolonged reproductive period allows plants
to better compensate for potential yield losses
caused by adverse conditions during this stage.
Studies on soybean varieties intended for
sprouting and vegetable use have shown that
an increase of 10°C in the average sum of ef-
fective air temperatures during the growing
season contributes to a rise in dry seed yield
per plant by 0.05-0.204 g. In contrast, an addi-
tional 10 mm of precipitation had the opposite
effect, reducing yield by 0.36-12.22 g. According
to A. Melnyk et al. (2022), an analysis of relative
elasticity coefficients revealed that a 1% rise in
temperature led to a yield increase of 10.7%-
738.5% in early-maturing varieties, 17.6%-
29.6% in mid-early varieties, and 2.7%-7.6% in
mid-maturing varieties. It was also established
that a reduction in precipitation by 1 mm could
increase yields by 1.4-2.2 t/ha in early-matur-
ing varieties, 4.9-6.5 t/ha in mid-early varieties,
and 0.6-14 t/ha in mid-maturing varieties. Ad-
ditionally, for fast-growing soybean varieties, a
1% increase in precipitation may result in a yield
gain of 1.4%-4.2%. The study by M. Corbellini et
al. (2024) explored the impact of environmental
factors on the adaptability of soybean varieties.
Using yield data from multiple locations and ge-
ostatistical methods, it was shown that the en-
vironment accounts for approximately 32.54%
of genotype-environment interactions. The
most influential factor was soil moisture avail-
ability, contributing 7.80%. Based on the exper-
imental findings, genotypes of high breeding
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value were identified: for sprouting purposes -
Staroukrainska mistseva (control) and Kytais-
ka tsukrova No. 1; for green peas — IDO-200905
and IR-398. The study by L. Biliavska et al. (2021)
demonstrated that the soybean varieties Alex-
andrite and Aquamarine, developed through
Poltava breeding programmes, possessed the
highest breeding value due to their strong plas-
ticity under varying soil and climatic conditions
in Ukraine. These varieties were characterised
by a plasticity coefficient greater than 1 and a
variance close to zero.

In the context of a changing climate marked
by temperature anomalies and precipitation
deficits, agriculture increasingly requires pro-
gressive approaches. The findings from soybean
research revealed significant differences among
varieties in terms of yield performance and
plant adaptability, which are essential for devel-
oping cultivation recommendations tailored to
varietal characteristics and the climatic condi-
tions of specific regions.

CONCLUSIONS

The productivity of soybean varieties was
strongly influenced by climatic conditions
(r=from 073 to 0.99 with the sum of effective
temperatures; r=from -0.49 to -0.76 with total
precipitation). Relative stability (S ) varied from
8.90% to 58.68%. The coefficient of variation for
yield ranged from 7.54% to 22.42%, depending
on the variety. Regression coefficient analysis
(b) revealed differing sensitivities of soybean
varieties to agroecological conditions. The va-
rieties Soybean for Sprouts No.3, No.4, and

IDO-21142 exhibited high b, values (1.03-116),
indicating a strong response to improved
growing conditions. In contrast, the Kytaiska
tsukrova No. 1 variety had a lower b, value (0.73),
demonstrating greater environmental stabil-
ity. Among soybean varieties for green peas,
the least sensitive to improved conditions were
IDO-200905 (bi=0.78) and IR-398 (bi=0.93),
while the most responsive were IR-1030
(b,=1.02) and Smolianka (b,=1.27). Cultivation of
sprouting soybean varieties Kytaiska tsukrova
No. 1and Staroukrainska mistseva (control) pro-
vided an optimal combination of high homeo-
stasis (Hom=270-4.04), breeding value of the
genotype (BVG,=19.64-26.56), and dry seed yield
(28.0-304 g per plant). Among soybean varieties
for green peas, IDO-200905 and IR-398 demon-
strated the highest breeding value (BVG,=20.15-
23.56), high homeostasis (Hom=3.48-5.07), and
dry seed yield (29.8-37.4 g per plant).

Future research will focus on identifying
optimal agronomic practices - such as sowing
dates, plant density, fertilisation, and soil man-
agement - to maximise the environmental sta-
bility and adaptability of different vegetable soy-
beanvarietiesunderspecificregional conditions.
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OuiHKa copTiB coi oBoueBoi (Glycine max L.)
3a NOKa3HUKaMU reHoTUN-cepefoBULLE:
eKonoriyHa naacTUYHICTb, CTabiNbHICTb

i apanTnBHa peakuis

AHoTauia. MeTo poboTH 6y/I0 BCTAHOBIEHHS KUTBKICHUX Ta AKICHUX 3aJIEXKHOCTEM MiX Ii€io
abioTuuHuX GaKTOpiB cepemoBUINa, TUIIOBUX IJis IIpaBobepeskHoro JlicocTemy VKpaiHu, Ta
MIPOAYKTUBHICTIO COPTiB col. OCHOBHMMH METOZHOJIOTIYHUMMU IifXO0AaMU A0 BUBYEHHS JAaHOI
rpobeMu 6yu MOTbOBI JOCTIIKEHHS, 110 JO3BOJIUIN IIPOaHasi3yBaTH eJIeMeHTU TeXHOJIOTi]
BUPOIIYBaHHS, Ta CTAaTUCTUYHUM aHasli3, BUKOPUCTAHUU [ Bepudikallil OTpuUMaHUX
JaHUX. YCTAaHOBJIEHO, 10 IPOAYKTUBHICTH CyXOro HacCiHHA 3 OJHI€l POCIMHMU y COPTIB COj,
IpU3HaYeHUX IJi [IPOPOCTKIB, BapioBaia B MeXkax Bif 14,3 no 30,4 r. MaKkcuMaJbHi 3HaYeHHS
IIBOTO ITOKA3HUKA BiZl3HaueHO y copTy KuTaricbka IIyKpoBa N1, IpyryM 3a IpOLYKTUBHICTIO 6YB
copt CrapoykpaiHChKka MicieBa (KOHTPONBHUN BapiaHT), TPETIO MO3UILI0 MOoCiB copT Coa aa
popocTKiB N23. KoedillieHT Bapiallil IpOAYKTUBHOCTI POCIUH YIIPOILOBXK POKIB AOCIiAKeHb
CTaHOBMUB Bif 7,54 10 22,42 %. Coptu Cod Ong NPOpPOCTKiB N23, Cod A1 MPOpOCTKiB N24 Ta IJO-
21142 Bip3Hayanucsad BHCOKMMHU 3HAaYeHHAMM KoedillieHTa perpecii (bi=1,03—1,16), 10 BKasye
Ha IXHIO MiZBUIEHY YYTIUBICTE IO 3MiH arpoeKoJoridHuX yMoB. HaTomicTb copT KuTaricbka
1ykpoBa N2l XxapaKTepu3yBaBCS HaWHIDKYMM 3HadeHHAM KoeodirieHTta perpecii (b,=073), mo
CBiJYMTH ITPO MOTO HMUIKUY PeaKIiio Ha 3MiHy YMOB BUPOIIYBaHHSA. 3a TIOKAa3HUKOM CeJIeKIiHO]
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Assessment of vegetable soybean (Glycine max L.)...

LIHHOCTI HaN6i/IbII IePCIeKTUBHUMY BUABUIINCA COpTH KuTalicbKa 1[yKpoBa N21 (GBVi=26,56)
Ta CrapoykpaiHcbka MicueBa (KOHTponb) (GBV,=19,64). BuBYeHi COpPTH COI I 3€JI€HOTO
TOPOLIKY XapaKTepU3yBaJIMCA IIMPOKMM JAialla30HOM MPOAYKTHMBHOCTI CyXOTO HacCiHHA - Bif
29,8 1o 52,4 r/pocnuny, npu KoeditieHTi Bapianii B Mexxax Bix 7,74 no 9,13 %. Cepep, copTiB coi
ILJIsI BUKODUCTaHHA Y BUIVIAZ] 3€JIeHOr0 TOPOIIKY HaliMeHII YYTIMBUMU IO ITOKpallleHHs YMOB
BUPOIIYBaHHS BUABMINCA copTH [J0-200905 (b,=0,78) Ta IR-398 (b,=0,93), Tozi SK HaN6iIbIIY
4y TIMBicTh BUABMIK copty IR-1030 (b,=1,02) Ta CMonaHKa (koHTpOB) (b,=1,27). BogHOYaC COPTH
I[J10-200905 Ta IR-398 e MOHCTPYBaJIX BUCOKY ToMeocTaTuuHicTh (Hom = 3,48 Ta 5,07 BiAmoBigHo)
i 3HAYHY CeNeKIiMHYy LiHHICTb (GBVi=20,15 Ta 23,59 BiAIMOBIAHO), IO CBIMYMUTD PO ebeKTUBHE
[TO€IHAaHHS BUCOKOI TPONYKTUBHOCTI Ta CTA6i1/IBHOCTI
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