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Article’s History: Abstract. The article presented the results of a two-year field experiment investigating
Received: 29.09.2025 the influence of varietal characteristics, agrotechnological practices, and weather
Revised: 24.02.2026 conditions on soybean yield using predictive modelling. The relevance of the study
Accepted: 25.03.2026 stems from the need to improve the stability of soya bean yields in the context of
Published: 06.04.2026 climate change and the importance of using biological plant protection products
(biofungicides). The aim was to establish the effectiveness of various pre-sowing seed
treatment schemes and foliar application of fungicides and micronutrients, as well as
to develop mathematical models for predicting soyabean yield depending on weather
conditions. Field studies were conducted in 2024-2025 at the Training and Production
Centre of Bila Tserkva National Agrarian University using soybean varieties ‘RGT Salsa’
and ‘RGT Saidina’ The experiment included 50 variants. It was established that the
highest average vyield (2.71 t/ha) was obtained for the variety ‘RGT Saidina’ under the
combined use of the fungicides Maxim XL, Apron XL, the inoculant BioMAG Soya, and
double application of the fungicide Kolosal Pro with micronutrient fertilisers Intermag
Molybdenum and Quantum Bor Active at the budding stage (BBCH 51-59) and the
flowering stage (BBCH 60-69). Under this scheme, variants with the biofungicide
Fitosporin-M Soya provided a yield of 2.65 t/ha, confirming the high effectiveness of
biological protection. Mathematical modelling revealed a high level of agreement
between actual and calculated data (error up to 0.07 t/ha). Cluster analysis of the 50
studied variants based on soybean grain yield identified three main groups according
to productivity level. The first cluster included variants with yields above 2.5 t/ha, most
of which combined the use of the inoculant BioMAG Soya with the fungicides Maxim
XL (1.0 L/t) + Apron XL (0.5 L/t), as well as the fungicide Kolosal Pro and micronutrient
fertilisers Intermag Molybdenum (1.0 L/ha) + Quantum Bor Active. The practical value
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of the results lies in identifying optimal combinations of biological and chemical fungicides, inoculants, and
micronutrient fertilisers to increase soybean productivity, as well as in the possibility of forecasting yield based

on climatic indicators

Keywords: inoculation; fungicides; variety; micronutrient fertilisers; climatic conditions; clustering

INTRODUCTION

Soybean (Glycine max (L.) Merr.) is one of the most im-
portant grain legume crops in the world, playing a key
role in providing protein and vegetable oils for both
the food and feed sectors. W.M. Singer et al. (2023) and
D.B.Shelke et al.(2023) noted that the growing demand
for this crop necessitates improving the efficiency of its
cultivation through the enhancement of agrotechnolo-
gies. In this context, optimisation of soybean growing
conditions in modern agroecosystems is of particular
importance. Under current conditions of climatic in-
stability and agricultural intensification, optimisation
of agronomic practices for soybean cultivation be-
comes especially significant. In particular, according to
O. Milenko et al. (2022), an important direction is the
study of the influence of varietal characteristics in com-
bination with different schemes of seed treatment with
fungicides and inoculants, as well as foliar application
of fungicides and micronutrient fertilisers. As noted by
[. Prymak et al. (2025), determining the effectiveness of
these measures makes it possible to increase yield, im-
prove product quality, and reduce risks associated with
adverse weather conditions.

At the same time, the effectiveness of these agro-
technical measures largely depends on the influence of
abiotic factors, particularly water regime. Leguminous
crops are highly sensitive to drought, both during veg-
etative and reproductive stages of development. The
yield of agricultural crops, including legumes, is the
result of a complex interaction between the genetic
potential of the plant and a set of environmental fac-
tors. Grain productivity of legumes is also determined
by symbiotic performance, which depends on the effi-
ciency of symbiosis formed with highly active and viru-
lent strains of nodule bacteria. In the studies of M. Na-
deem et al. (2019), the efficiency of legume-rhizobial
symbiosis under unfavourable growing conditions de-
pends on the ability of the host plant to induce its anti-
oxidant defence systems. This leads to adaptive chang-
es in plant metabolism and increases their tolerance.
The most noticeable effects of drought conditions on
legumes include reduced germination, delayed growth,
severe damage to the photosynthetic apparatus, de-
creased photosynthetic productivity, and reduced nu-
trient uptake. Accordingly, the study of plant responses
and the formation of adaptive potential in crops, par-
ticularly soybean, under climate change conditions has
both economic and agronomic significance.

Given the need to account for climatic factors on
soya beanyields,the role various forecasting methods is

increasing. One of the promising approaches to improv-
ing soybean productivity is the application of elements
of mathematical modelling, which allows prediction of
potential yield depending on climatic conditions. This
is particularly relevant in view of increasing weather
variability, which often makes it difficult to assess risks
in advance and plan cultivation technologies. Crop
yield modelling is an important tool for evaluating the
impact of climatic factors on productivity. Researchers
such as H.Chen et al. (2020) have used statistical meth-
ods together with process-based models to assess the
impact of climate change on crop yields.

At the same time, the development of such models
is associated with a number of methodological difficul-
ties. As noted by L.B. Jaques et al. (2022), attempts to
develop physiologically based soybean yield models
over large areas have been complicated by the lack of
a growth-stage model capable of accounting for these
responses and applicable across a wide geographical
and climatic range. T.D. Setiyono et al. (2021) developed
a soybean phenological model, which uses nonlinear
functions of temperature and photoperiod and sepa-
rates flowering induction and post-induction phases to
simulate flowering time. In the studies of J.Q. Zhang et
al.(2019),the artificial neural network method provided
the highest accuracy in predicting soybean phenological
development stages, indicating that this approach can
be effectively applied in modelling. However, according
to A. Moreira et al. (2023) and K.R. Hopper (2023), the
problem of modelling soybean growth and yield lies in
the complexity of accurately describing plant respons-
es to stress factors (drought, temperature anomalies)
and the specific nature of symbiotic nitrogen fixation,
which often leads to errors in traditional models un-
der changing climatic conditions. In addition, existing
systems require continuous and complex calibration for
new varieties and local growing conditions.

Thus, improving the efficiency of soybean cultiva-
tion requires a comprehensive approach that incorpo-
rates both technica and analytical tools. Comprehensive
studies of soybean cultivation technology components
are necessary to achieve a balance between plant pro-
tection against harmful organisms, preservation of ni-
trogen-fixing potential, and maintenance of resilience
to abiotic stress factors. The development of mathe-
matical models for specific soil and climatic conditions
makes it possible to predict the influence of weather on
plant development and forecast yield. This enables the
adaptation of soybean cultivation techniques, minimise
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climatic risks and ensure stable economic efficiency.
The aim of the research was to establish the effective-
ness of various pre-sowing seed treatment regimens
using fungicides and inoculants, and the foliar appli-
cation of fungicides and micronutrients, as well as to
develop mathematical models for forecasting soyabean
yield depending on weather conditions.

LITERATURE REVIEW

Under current climate change conditions, accord-
ing to the Food and Agriculture Organisation of the
United Nations (FAO, 2021), crop yields could fall by
more than 50% of their potential productivity, which
could pose serious food security challenges. As not-
ed in their works by G.L. Hartman et al. (2011) and
A.Y. Bandara et al. (2020), realising the potential pro-
ductivity of legquminous crops is one of the main tasks
in ensuring their high yield and is determined by a
harmonious combination of all modern methods: or-
ganisational and economic, agrotechnical, immuno-
logical, biological and chemical. Among agrotechnical
measures, pre-sowing seed treatment is of particular
importance. As noted by N. Strom et al. (2020), one of
the important technological practices used in soybean
cultivation is pre-sowing seed treatment with fungi-
cides, as yield losses due to damage to soybeans by
phytopathogens can reach up to 40%. Subsequent
studies focused on combining various elements of
this technology. Studies by J.R. Rathjen et al. (2020)
and Z. Getachew & L. Abeble (2021) investigated the
combined use of seed inoculation with nodule-form-
ing bacteria and fungicides to regulate the metabo-
lism of leguminous crops and enhance their tolerance
to fungal diseases and productivity. And according to
data obtained by I. Fedoruk et al. (2021), combining
the inoculation process with the use of micronutrient
fertilisers in cultivation technology yields significant
results and increases soyabean yield. This is linked
to the specific functioning of the symbiotic system of
leguminous crops. Research by O. Mazur et al. (2025)
established that to maximise the development of the
symbiotic system’s parameters - including the num-
ber and mass of nodules, their intensive functioning
with the formation of the highest levels of total and
active symbiotic potential, as well as the amount of
biologically fixed nitrogen - it is necessary to combine
pre-sowing seed treatment (with the HighCot Super
inoculant, Wonder Micro microfertiliser and Maxim XL
seed dressing) with foliar feeding using chelated fer-
tilisers containing macro-and microelements (Wonder
Yellow and Wonder Blue), alongside the application of
mineral fertilisers at the standard rate of N,,P,,S,.
Practical aspects of implementing these processes
are reflected in the results of field studies. According
to V. Petrychenko et al. (2024), the use of pre-sowing
seed treatment with a bacterial preparation based on
nodule-forming bacterial strains had a lesser effect
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on laboratory germination and a greater effect on the
germination energy of soyabeans. The highest value
was obtained for the Slavna soyabean variety - 93.4% -
when using nitrogen-fixing bacteria (Rhizolin + Rhiz-
osavei) in pre-sowing seed treatment. S. Didorenko et
al. (2023), under agroclimatic conditions of Kazakhstan,
found that treating soybean seeds with molybdenum
and cobalt salts before sowing is economically ben-
eficial for the early-maturing variety Ivushka and the
mid-maturing variety Lastivka. For the early-maturing
variety Birlik KV, the highest profitability was recorded
with combined seed treatment using the nitrogen-fix-
ing inoculant HiStick and Mo and Co salts. In the soy-
bean variety Zhansaya, additional seed treatments re-
duced production profitability.

Alongside biological factors, the plant nutrition
system plays an important role. According to the work
of S. Bagale (2021), effective management of the soy-
bean nutrition regime helps to provide the necessary
nutrients for the plant without causing a significant
reduction in yield, and also helps the crop to with-
stand biotic and abiotic stresses. A total of fifteen nu-
trients are required for the growth and development
of soya. These nutrients can be classified as micro-and
macronutrients. Macronutrients required in quantities
>0.01% include nitrogen (N), phosphorus (P), potassi-
um (K), sulphur (S), calcium (Ca) and magnesium (Mg).
They perform structural and functional roles in plants.
Similarly, soya also requires micronutrients, but in
quantities of <0.01%. These are copper (Cu), iron (Fe),
manganese (Mn), zinc (Zn), boron (B), chlorine (Cl), mo-
lybdenum (Mo) and nickel (Ni). These micronutrients
perform enzymatic and cellular regulatory functions.
In practice, the supply of these elements to plants is
often achieved through foliar fertilisation. According
to studies by V. Petrychenko et al. (2016), the most ef-
fective way to provide plants with micronutrients is
foliar feeding during the growing season at critical
stages of soybean development: the 3-5 trifoliate leaf
stage, budding, and pod formation. In this way, up to
100% of the plant’s micronutrient requirements can
be satisfied.

The effectiveness of such approaches is confirmed
by a number of experimental studies. AV. Golodna et
al. (2024) found that foliar feeding of soybean plants
with the organo-mineral fertiliser Khelprost Soya at
the branching and budding stages, against the back-
ground of fertilisation N;.P,.K,, + N5, and pre-sowing
seed treatment, increased yield to 3.67 and 3.74 t/ha
(by 23.2% and 25.5%, respectively) and provided a yield
increase compared to the absolute control of 0.69 t/
ha and 0.76 t/ha. Fertilisation at the flowering stage
ensured soybean seed yield at the level of 3.62 t/ha,
with a yield increase of 0.64 t/ha. Under the conditions
of the Forest-Steppe of Ukraine, according to M.P. Bai-
da (2025), higher yields of the soybean variety Arat-
ta were obtained with the combined use of YaraVita




Mono Molitrac at the budding stage (0.25 L/ha) and
the micronutrient fertiliser Radostym - 2.35 t/ha, as
well as in variants combining YaraVita Mono Molitrac
at the budding stage (0.25 L/ha) and at the flower-
ing stage (0.25 L/ha) with growth regulators Biosil
and Radostym - 2.34 t/ha and 2.35 t/ha, respectively.
The yield of the soybean variety Cordoba under these
same treatment combinations was 2.40 t/ha, 2.41 t/ha,
and 2.45 t/ha, respectively. In the southern part of
the Western Forest-Steppe of Ukraine, D.V. Kozyrsky et
al. (2025) reported that double foliar feeding with the
preparation Fulvohumin resulted in a yield increase
of 0.18-0.37 t/ha compared to the base fertilisation
variant N4 P, K. Foliar fertilisation with Fulvohumin
in combination with fungicidal protection ensured a
greater realisation of the productivity potential of soy-
bean varieties than the application of these techno-
logical elements separately. Yield increases amount-
ed to 0.35 t/ha for the variety Samorodok, 0.43 and
0.41 t/ha for Rohiznianka and Triada, respectively, and
0.65 t/ha for the variety Azymut.

An important criterion for evaluating the effec-
tiveness of agrotechnologies is not only yield but
also the economic feasibility of their application. Un-
der the conditions of the Forest-Steppe of Ukraine,
M. Grabovskyi et al. (2025) found that the maximum
conditional net profit and profitability were achieved
in the soybean varieties Amadea and Aurelina in the
variant with pre-sowing seed treatment using fungi-
cides containing the active ingredients fipronil, thio-
phanate-methyl, and pyraclostrobin (2 L/t), along with
the application of fungicides pyraclostrobin and epox-
iconazole during the growing season. The use of these
preparations contributed to a statistically significant
increase in soybean yield.

Alongside mineral nutrition, seed inoculation is
an important factor in increasing productivity. In the
study by Ya.O. Yarovyi (2024), it was shown that, on av-
erage over three years, soybean vyield increased from
2.50 to 3.03 t/ha with the application of N,, and up to
3.19 t/ha with N4,. The application of complete mineral
fertilisers at rates of N;,P,,K,, increased this value to
3.20 t/ha (by 6%), and NP, K., to 3.40 t/ha (by 7%)
compared to nitrogen-only systems. The use of inocu-
lation contributed to a yield increase of 0.38-0.41 t/ha
depending on the experimental variant. In the
north-eastern Forest-Steppe of Ukraine, A. Melnyk et
al.(2022) obtained the highest soybean yield (3.02 t/ha)
under the application of calculated fertiliser rates
(N5oPgoKso): with foliar fertilisation using Wuxal Mi-
croplant + Wuxal Combi Plus + Wuxal Aminoplant,
yields reached 3.45 t/ha for the variety Lissabon and
3.22 t/ha for Diadema Podillia, which is 1.24-1.41 t/ha
higher compared to the absolute control; with the use
of fertilisers Basfoliar 36 Extra + Solu Bor + Basfoliar
6-12-6, the variety Kyoto achieved 3.37 t/ha, which is
1.35 t/ha higher than the absolute control.

Labunskyi & Grabovskyi

MATERIALS AND METHODS

The research was conducted in 2024-2025 at the Train-
ing and Production Centre of Bila Tserkva National
Agrarian University. Experimental design: Factor A - va-
rieties: ‘RGT Salsa’and ‘RGT Saidina’ Factor B - pre-sow-
ing seed treatment with fungicides and inoculants.
1. Control: no treatment. 2. Fungicide Maxim XL (1.0 L/t)
+ Apron XL (0.5 L/t) + inoculant RhizoStart (2.0 kg/t).
3. Fungicide Maxim XL (1.0 L/t) + Apron XL (0.5 L/t) +
inoculant BioMAG Soya (3.0 kg/t). 4. Inoculant RhizoS-
tart (2.0 kg/t) + biofungicide Ekostern Trichoderma, SC
(1.5 L/t). 5. Inoculant BioMAG Soya (3.0 kg/t) + biofungi-
cide Ekostern Trichoderma, SC (1.5 L/t). Factor C - fun-
gicides and micronutrient fertilisers applied during the
growing season. 1. Control: no application. 2. Fungicide
Kolosal Pro (0.5 L/ha) + micronutrient fertilisers In-
termag Molybdenum (1.0 L/ha) + Quantum Bor Active
(1.0 L/ha) at the budding stage (BBCH 51-59). 3. Fun-
gicide Kolosal Pro (0.5 L/ha) + micronutrient fertilisers
Intermag Molybdenum (1.0 L/ha) + Quantum Bor Active
(1.0 L/ha) at the budding stage (BBCH 51-59) and at
the flowering stage (BBCH 60-69). 4. Biofungicide Fi-
tosporin-M Soya (1.5 L/ha) + micronutrient fertilisers
Intermag Molybdenum (1.0 L/ha) + Quantum Bor Active
(1.0 L/ha) at the budding stage (BBCH 51-59). 5. Bio-
fungicide Fitosporin-M Soya (1.5 L/ha) + micronutrient
fertilisers Intermag Molybdenum (1.0 L/ha) + Quantum
Bor Active (1.0 L/ha) at the budding stage (BBCH 51-59)
and at the flowering stage (BBCH 60-69).

The arrangement of treatments in the experiment
was systematic and sequential. The total plot area was
70 m?, with an accounting area of 56 mZ2 The experi-
ment was conducted in triplicate. Soybean cultivation
practices,apart from the studied factors, followed those
generally accepted for the Right-Bank Forest-Steppe of
Ukraine. The research was carried out in accordance
with the methodological recommendations of V.V.Volko-
dav (2001). Pre-sowing seed treatment with Maxim XL
(1.0 L/t), Apron XL (0.5 L/t), and Ekostern Trichoderma,
SC (1.5 L/t) was performed in advance, 5-7 days prior to
sowing, while inoculation with RhizoStart (2 kg/t) and
BioMAG Soya (3 kg/t) was carried out on the day of sow-
ing, in accordance with the manufacturers’ recommen-
dations for product use. Seeds and soybean crops in the
control treatments were treated with water. Application
of fungicides and micronutrient fertilisers was carried
out using a knapsack sprayer, in accordance with the
application rates recommended by the manufactur-
ers and the working solution rates at the appropriate
growth and development stages of the crop.

Yield assessment of soybean varieties was conduct-
ed by plot harvesting, followed by grain cleaning and
recalculation to 100% purity and 14% moisture content.
Statistical processing of the research results was per-
formed using analysis of variance and correlation-re-
gression analysis with the application software Excel
and Statistica 12.0. Clustering of soybean yield data was
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carried out using the method of J.H. Ward (1963) based
on Euclidean distances, which minimises the increase in

within-group variance at each stage of cluster merging.

This method allows for the formation of compact and
clearly separated groups of objects according to sim-
ilar characteristics, making it particularly effective for
the analysis of quantitative agronomic data, including
yield. During the study, the requirements of the Con-

vention on Biological Diversity (1992) were observed.

RESULTS

The data in Table 1 showed that for the soybean vari-
ety ‘RGT Salsa’, in the control treatment without seed

treatment and foliar application of preparations, grain
yield amounted to 1.34 t/ha in 2024 and 2.51 t/ha in
2025, with an average value of 1.92 t/ha. The highest
yield in 2024-2025 was obtained in the experimental
variant with pre-sowing seed treatment using Maxim
XL + Apron XL + BioMAG Soya and double application
during the growing season of the fungicide Kolosal
Pro (0.5 L/ha) with micronutrient fertilisers Inter-
mag Molybdenum (1.0 L/ha) and Quantum Bor Active
(1.0 L/ha) at the budding stage (BBCH 51-59) and
at the flowering stage (BBCH 60-69), reaching 1.82
and 3.13 t/ha, respectively, with an average value of
2.48 t/ha.

Table 1. Grain yield of the soybean variety ‘RGT Salsa’ depending
on the applied agrotechnological measures (average for 2024-2025), t/ha

Pre-sowing seed treatment

with fungicides and inoculants (B) Fungicides and micronutrient fertilisers (C)* 2024 2025 Average
1 1.34 2.51 1.92
2 1.57 2.82 2.19
Control 3 1.68 2.96 2.32
4 1.50 2.75 2.13
5 1.62 2.92 2.27
1 1.45 2.65 2.05
2 1.69 2.97 2.33
Maxim XL + Apron XL + RhizoStart 3 1.80 3.10 2.45
4 1.62 2.89 2.26
5 1.75 3.06 2.40
1 1.48 2.68 2.08
2 1.70 3.00 2.35
Maxim XL + Apron XL + BioMAG Soya 3 1.82 3.13 2.48
4 1.64 2.92 2.28
5 1.76 3.10 2.43
1 1.43 2.61 2.02
2 1.68 2.94 231
RhizoStart + Ekostern Trichoderma, SC 3 1.77 3.02 2.40
4 1.59 2.85 2.22
5 1.72 3.00 2.36
1 1.44 2.64 2.04
2 1.67 2.95 231
BioMAG Soya + Ekostern Trichoderma, SC 3 1.78 3.06 2.42
4 1.60 2.93 2.27
5 1.72 3.07 2.40
B 0.05 0.07
LSD, s, t/ha, for C 0.03 0.05
BC 0.10 0.12

Note: 1. Control: no application. 2. Fungicide Kolosal Pro (0.5 L/ha) + micronutrient fertilisers Intermag Molybdenum
(1.0 L/ha) + Quantum Bor Active (1.0 L/ha) at the budding stage (BBCH 51-59). 3. Fungicide Kolosal Pro (0.5 L/ha) +
micronutrient fertilisers Intermag Molybdenum (1.0 L/ha) + Quantum Bor Active (1.0 L/ha) at the budding stage (BBCH
51-59) and at the flowering stage (BBCH 60-69). 4. Biofungicide Fitosporin-M Soya (1.5 L/ha) + micronutrient fertilisers
Intermag Molybdenum (1.0 L/ha) + Quantum Bor Active (1.0 L/ha) at the budding stage (BBCH 51-59). 5. Biofungicide
Fitosporin-M Soya (1.5 L/ha) + micronutrient fertilisers Intermag Molybdenum (1.0 L/ha) + Quantum Bor Active (1.0 L/
ha) at the budding stage (BBCH 51-59) and at the flowering stage (BBCH 60-69)

Source: compiled by the authors
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When the chemical product Kolosal Pro (0.5 L/ha)
was replaced with the biofungicide Fitosporin-M
Soya (1.5 L/ha), productivity was lower, amounting
to 1.78 t/ha in 2024 and 3.06 t/ha in 2025, with no
statistically significant difference between these
variants (LSD,,; =0.10 in 2024 and LSD,,,=0.12 in
2025). Due to improved weather conditions in 2025,
an increase in soybean grain yield was observed,
with gains ranging from 0.5 to 1.2 t/ha. For the va-
riety ‘RGT Saidina’, grain yield in 2025 was higher by
80.6-93.1% compared to 2024 (Table 2). On average
over the two years, the application of pre-sowing
seed treatment with fungicides and inoculants re-
sulted in an increase in productivity of 0.18-0.30 t/ha
compared to the control plots. In variants with the use

Labunskyi & Grabovskyi

of fungicides and micronutrient fertilisers during the
growing season, the yield increase compared to the
control ranged from 0.21 to 0.40 t/ha. The maximum
yield values (1.84 t/ha in 2024 and 3.39 t/ha in 2025)
were observed in the variant with pre-sowing seed
treatment using Maxim XL + Apron XL + BioMAG Soya
and double application during the growing season
of the fungicide Kolosal Pro (0.5 L/ha) with micro-
nutrient fertilisers Intermag Molybdenum (1.0 L/ha)
and Quantum Bor Active (1.0 L/ha) at the budding
stage (BBCH 51-59) and at the flowering stage (BBCH
60-69). The use of the biofungicide Fitosporin-M Soya
(1.5 L/ha) in this scheme led to a slight decrease in
soybean productivity, indicating the high effective-
ness of biological protection systems.

Table 2. Grain yield of the soybean variety ‘RGT Saidina’ depending
on the applied agrotechnological measures (average for 2024-2025), t/ha

Pre-sowing seed treatment with fungicides

and inoculants (B) Fungicides and micronutrient fertilisers (C) 2024 2025 Average
1 1.45 2.72 2.09
2 1.63 3.04 2.34
Control 3 1.72 3.16 2.44
4 1.59 2.99 2.29
5 1.60 3.09 2.35
1 1.57 2.95 2.26
2 1.79 3.30 2.54
Maxim XL + Apron XL + RhizoStart 3 1.88 3.43 2.66
4 1.74 3.26 2.50
5 1.84 3.40 2.62
1 1.64 3.00 2.32
2 1.82 3.33 2.57
Maxim XL + Apron XL + BioMAG Soya 3 193 3.49 2.71
4 1.77 3.30 2.53
5 1.86 3.43 2.65
1 1.52 291 1.72
2 1.76 3.27 2.51
RhizoStart + Ekostern Trichoderma, SC 3 1.84 3.39 2.62
4 171 3.22 2.47
5 1.83 3.37 2.60
1 1.60 2.96 2.28
2 1.78 3.29 2.53
BioMAG Soya + Ekostern Trichoderma, SC 3 1.90 3.43 2.67
4 1.72 3.27 2.49
5 1.81 3.39 2.60
B 0.05 0.07
LSD, s, t/ha, for C 0.03 0.05
BC 0.10 0.12

Note: 1. Control: no application. 2. Fungicide Kolosal Pro (0.5 L/ha) + micronutrient fertilisers Intermag Molybdenum
(1.0 L/ha) + Quantum Bor Active (1.0 L/ha) at the budding stage (BBCH 51-59). 3. Fungicide Kolosal Pro (0.5 L/ha) +
micronutrient fertilisers Intermag Molybdenum (1.0 L/ha) + Quantum Bor Active (1.0 L/ha) at the budding stage (BBCH
51-59) and at the flowering stage (BBCH 60-69). 4. Biofungicide Fitosporin-M Soya (1.5 L/ha) + micronutrient fertilisers
Intermag Molybdenum (1.0 L/ha) + Quantum Bor Active (1.0 L/ha) at the budding stage (BBCH 51-59). 5. Biofungicide

Fitosporin-M Soya (1.5 L/ha) + micronutrient fertilisers Intermag Molybdenum (1.0 L/ha) + Quantum Bor Active (1.0 L/

ha) at the budding stage (BBCH 51-59) and at the flowering stage (BBCH 60-69)

Source: compiled by the authors
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It was established that the average grain yield of
the variety ‘RGT Saidina’ was 2.47 t/ha, whereas for
‘RGT Salsa’it was 2.27 t/ha, which is higher by 0.2 t/ha
or 9.1% in relative terms. In both varieties, the high-
est yield indicators were obtained under conditions
of combined use of chemical (Maxim XL (1.0 L/t) +
Apron XL (0.5 L/t)) or biological fungicidal seed pro-
tection and inoculation (BioMAG Soya (3 kg/t)), to-
gether with double application during the growing
season of the fungicides Kolosal Pro (0.5 L/ha) and
Fitosporin-M Soya (1.5 L/ha), and micronutrient fer-
tilisers Intermag Molybdenum (1.0 L/ha) + Quantum
Bor Active (1.0 L/ha). It was determined that the
greatest contribution to soybean yield formation

G
N

is made by the genotype (variety) - 43.1% (Fig. 1).
The second most influential factor is Factor C with
a share of 17.6%, demonstrating the significant im-
pact of fungicides and micronutrient fertilisers on
yield. The influence of Factor B amounts to 15.0%,
while the interaction between factors B x C accounts
for 8.4%. This indicates that the combined applica-
tion of seed treatment and foliar use of fungicides
and micronutrient fertilisers provides an additional
increase in yield. Weather conditions also have a con-
siderable effect on soybean productivity - 8.2%. The
growing seasons for soya in 2024 and 2025 differed
significantly in terms of precipitation and tempera-
ture (Table 3).

W Variety (A)

B Pre-sowing treatment (B)

m Fungicides and microfertilizers during vegetation (C)
AxB interaction

m AxC interaction
BxC interaction

B Other (weather conditions)

Figure 1. Contribution of the factors under study to soyabean yield, %

Source: compiled by the authors

Table 3. Weather conditions during the study years

Month Decade — 2024 — 2025

Total precipitation,mm Average temperature, °C Total precipitation, mm Average temperature, °C

| 0.8 14.8 20.9 12.6

May | 0.1 129 2.7 125

n 14.8 19.5 715 15.8

per month 15.7 15.8 95.1 13.6

1 21.8 21.3 11.5 21.6

| 58.8 20 16.0 20.4

June M 0.7 212 10.2 217

per month 81.4 20.8 37.7 21.2

| 0 225 7.8 221

July Il 40.9 26.5 16.0 24.6

]l 1.2 214 319 220

per month 42.1 23.5 55.7 22.9

| 7.8 20.7 15.9 20.4

August | 1.8 21.2 239 21.5

]| 0 235 125 24.1

per month 9.6 21.8 52.3 22.0

| 3.9 20.8 4.1 19.7

September | 9.3 19.5 18.3 20.4

][] 0 18.2 8.6 16.5

per month 13.2 19.5 31.0 18.9

Note: 1. Control: no application. 2. Fungicide Kolosal Pro (0.5 L/ha) + micronutrient fertilisers Intermag Molybdenum
(1.0 L/ha) + Quantum Bor Active (1.0 L/ha) at the budding stage (BBCH 51-59). 3. Fungicide Kolosal Pro (0.5 L/ha) +
micronutrient fertilisers Intermag Molybdenum (1.0 L/ha) + Quantum Bor Active (1.0 L/ha) at the budding stage (BBCH
51-59) and at the flowering stage (BBCH 60-69). 4. Biofungicide Fitosporin-M Soya (1.5 L/ha) + micronutrient fertilisers
Intermag Molybdenum (1.0 L/ha) + Quantum Bor Active (1.0 L/ha) at the budding stage (BBCH 51-59). 5. Biofungicide
Fitosporin-M Soya (1.5 L/ha) + micronutrient fertilisers Intermag Molybdenum (1.0 L/ha) + Quantum Bor Active (1.0 L/
ha) at the budding stage (BBCH 51-59) and at the flowering stage (BBCH 60-69)

Source: Crop-monitoring (n.d.)
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In May 2024, dry conditions were observed, with
total precipitation of 15.7 mm, whereas in 2025 this
indicator amounted to 95.1 mm, providing more fa-
vourable conditions for the initial development of
soybean plants. June 2024 was better supplied with
moisture (81.4 mm) compared to 2025 (37.7 mm). In
July 2025, more favourable conditions were observed
during the flowering and seed formation period of
soybean (55.7 mm of precipitation), along with a
more even distribution throughout the month. Au-
gust 2024 was dry (9.6 mm), which negatively affect-
ed the yield potential of soybean, while in 2025 it
was, on the contrary, sufficiently supplied with mois-
ture (52.3 mm). The total precipitation in 2024 for

4.0
3.5
3.0
2.5
2.0
1.5
1.0
0.5

0

Yield, t/ha

2024
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the May-September period amounted to 162.0 mm,
with an average air temperature of 20.3°C, whereas
in 2025 it was 271.8 mm and 19.7°C, respectively.
Overall, 2025 was characterised by more favoura-
ble conditions for the growth and development of
soybean plants, while 2024 was characterised as a
stressful year, particularly during critical periods -
May and August. To quantitatively assess the influ-
ence of weather factors on soybean yield formation,
predictive models were developed. Figure 2 presents
a comparison of the actual soybean seed yield in
2024 and 2025 with the calculated values obtained
based on models that take into account the weather
conditions of July and August.

[ Calculated by July weather
A\ Calculated by August weather
@ Actual Yield

2025

Figure 2. Actual and model-calculated soybean seed yield figures, tonnes per hectare

Source: compiled by the authors

The actual yield in 2024 amounted to 1.68 t/ha,
and in 2025 - 3.06 t/ha, indicating a significant in-
crease in productivity due to more favourable weather
conditions. Models developed on the basis of weather
factors of individual months demonstrated high fore-
casting accuracy. In 2024, the July model (1.62 t/ha)
closely matched the actual data, confirming the de-
cisive role of conditions during the soybean devel-
opmental stages (BBCH 51-69) in shaping future
productivity. In 2025, the July model slightly overesti-
mated the yield (3.12 t/ha). In 2024, the August model
showed a higher value (1.75 t/ha) than the actual yield,
indicating that the extreme drought in August (only
1.8 mm of precipitation in the second ten-day period)
acted as a limiting factor that the model could not
fully account for.In 2025, the August model (2.98 t/ha)
was lower than the actual yield. The deviations be-
tween actual and calculated values were insignificant
(up to 0.07 t/ha), which confirms the adequacy of the
models and the strong dependence of soybean yield
on climatic indicators in July and August. The July
model is more stable for predicting the overall trend
in soybean yield, as it is during this period that the
structure of the future yield is formed.

In addition to analysing the influence of weather
factors, cluster analysis was applied to generalise the
obtained results and identify similarities between ex-
perimental variants. Figure 3, which presents the re-
sults of cluster analysis of the average soybean yield

for 2024-2025, clearly shows several hierarchically
formed clusters. Clustering was performed using the
method of J.H. Ward (1963) with Euclidean distances,
allowing the degree of similarity between variants to
be assessed based on yield level. The first large cluster
includes variants with the highest yield values: 13, 30,
45,46,49, and 50. This indicates that, regardless of the
variety, certain agrotechnological measures (pre-sow-
ing seed treatment and inoculation, as well as foliar
application of fungicides and micronutrient fertilisers)
contributed to consistently high yield results in both
years of the study. The internal structure of this cluster
is quite compact, indicating a high degree of similarity
among the variants included in it. The second cluster
consists of variants that demonstrated medium yield
levels. Within this group, greater variability between
variants is observed; however, they form a distinct
branch separated from both high-and low-productivity
combinations. Variants within this cluster are grouped
at smaller Euclidean distances, indicating relatively
similar, although not maximum, characteristics.

The third cluster comprises the variants with the
lowest yield values: 1, 4, 15, 16, 35, 41. Variant 41 has
one of the lowest average yields (1.66 t/ha) and forms
its own isolated sub-cluster, showing the greatest dis-
tance from the other variants, which may indicate the
influence of adverse weather conditions in this trial.
Overall, the dendrogram confirms that soyabean yield
depends to a significant extent not only on the variety
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but also on the combination of agronomic practices.

Despite the differences between varieties, some ex-
perimental variants had similar productivity and are

grouped into common clusters, indicating the possi-
bility of optimising cultivation technologies for differ-
ent genotypes.

Variant number

DL AL,

4.0 3.5 3.0 2.5

T
2.0 15 10 0.5

Euclidean distance

Figure 3. Dendrogram of cluster analysis of yield of soybean varieties ‘RGT Salsa’ and ‘RGT Saidina’ for 2024-2025

Source: compiled by the authors

DISCUSSION

The obtained research results are consistent with
data from other authors regarding the influence of cli-
matic factors on crop yields. According to E. Vogel et
al. (2019), climate extremes increase yield variability
of agricultural crops by 18-43%, accounting for more
than half of the variance for maize, soybean, and rice.
Temperature extremes have a stronger relationship
with yield changes than precipitation-related variables
such as drought or heavy rainfall. H.Zhang et al. (2019)
indicated that for every 1°C increase in growing sea-
son temperature, soybean yield decreases by 3.1%.
Soybean plants are particularly sensitive to elevated
temperatures during the reproductive stage, espe-
cially during flowering and grain filling. According to
H.A. Araji et al. (2018), water stress caused by reduced
precipitation affects the physiological development
of soybean plants and yield formation. As reported by
K.Jumrani & V.S. Bhatia (2018), both temperature and
water stress influence soybean growth and yield, but
the effect is more pronounced when water deficit oc-
curs under high air temperatures.

These findings fully correspond with the results
of the present study. In the weather-stressful year of
2024, yields of the soybean varieties ‘RGT Salsa’ and
‘RGT Saidina’ranged from 1.34-1.82 and 1.45-1.93 t/ha,
respectively, whereas in the more climatically favour-
able 2025 (in terms of precipitation and temperature),
they reached 2.51-3.13 and 2.72-3.49 t/ha, respective-
ly, which is 70.6-93.1% higher. However, according to

Scientific Horizons, 2026, Vol. 29, No. 1

results obtained by R. Ramteke et al. (2015) in India
during 2001-2013, a shift in precipitation from July to
August was observed, while soybean yield in Indore
district and Madhya Pradesh state increased by 21.6
and 13.9 kg, respectively.

According to the authors’ calculations, in 2024 the
July model (1.62 t/ha) closely matched the actual soy-
bean yield data, whereas in 2025 the July model slight-
ly overestimated the yield (3.12 t/ha). In 2024, the Au-
gust model showed a higher value (1.75 t/ha) than the
actual yield, while in 2025 the August model (2.98 t/ha)
was lower than the actual yield. At the same time, de-
viations between actual and calculated values were
insignificant (up to 0.07 t/ha), indicating the adequacy
of the models and the strong dependence of soybean
yield on climatic indicators in July and August. These
conclusions are also supported by findings of other re-
searchers. According to O. Sobko et al. (2020), soybean
yield showed a significant positive correlation with so-
lar radiation (r=0.32) and precipitation (r=0.33), but
a significant negative correlation with crop heat units
(CHU) (r=-0.42). M. Tsekhmeistruk et al. (2021), based
on correlation analysis of weather conditions and soy-
bean yield during 2004-2020, identified a negative ef-
fect of average daily temperature in August (correlation
coefficient r=-0.428). Ya.O. Yarovyi (2024) reported
that July precipitation had a positive effect on the crop
(r=0.501-0.555). Soybean seed yield varies significantly
depending on the weather conditions of the study year,
as indicated by a low stability index of 0.36-0.40.




According to Kazakh researchers S. Didorenko et
al. (2023), the yield of soybean varieties shows a posi-
tive correlation with maturity group (r=0.87). Weather
conditions had an inconsistent effect on the yield of
varieties from different maturity groups. In the driest
year, the yield of late-maturing soybean varieties Bir-
lik KV and Zhansaya decreased the most. N.G. Buslae-
va et al. (2024) established relationships between
soybean seed yield and weather elements: a strong
correlation with average monthly air temperature
was observed for July (r=-0.931), while correlations
with monthly precipitation were identified for May
(r=-0.875), June (r=0.720), and August (r=-0.950).
The strongest combined influence of average daily air
temperature and precipitation was found during the
third ten-day period of June (r=-0.938 and 0.996)
and August (r=0.976 and -0.999).Ya.O. Yarovyi (2024)
stated that soybean seed vyield is most affected by
weather conditions and fertilisation, and least by in-
oculation. Y. He & M.L. Matthews (2023) noted that
solar radiation, temperature and relative humidity
were the main climatic factors influencing yield im-
provement, and they showed an inverse correlation
with yield improvement during the vegetative phase
compared to the reproductive phase of soya.

In addition to the influence of climatic factors,
agrotechnological measures, in particular pre-sowing
seed treatment and the application of biological prod-
ucts, play an important role in determining soyabean
yield. The results of this study showed that pre-sow-
ing treatment of soya bean seeds with fungicides and
inoculants contributed to an increase in grain yield
of 0.09-0.30 t/ha or 5.1-12.8%, compared to the con-
trol. According to S. Hussain et al. (2009), soyabean
yield in treatments involving seed treatment with the
bacterium B. japonicum and the fungicide fludioxonil
+ B. japonicum was the highest and significantly ex-
ceeded the control treatment by 0.27-0.60 t/ha. Data
from S. Kobak et al. (2025) indicated that inoculation
of soyabean seeds with biological preparations in-
creased yield: 40-45 days before sowing — by 7-10%,
19-21 days before sowing - by 10-16%, and on the day
of sowing - by 13-19%. In experiments conducted by
Ya.O. Yarovyi (2024), inoculating seeds before sowing
yielded 0.54-0.60 t/ha of seeds, compared to plots
without fertiliser. Pre-sowing inoculation of soyabeans
with a cellular protector was effective 30 days before
sowing, and grain yield was similar to that of standard
inoculation even under unfavourable environmental
conditions, indicating the potential for using this tech-
nology even under adverse conditions.

However, researchers A.S.F.D. Aratjo & R.S. Arau-
jo (2006) and EJ. Hartley et al. (2012) reported on the
toxicity of plant protection products used for pre-sow-
ing seed treatment to the bacteria present in inocu-
lants and a possible reduction in yield due to this an-
tagonistic effect. Thus, according to P.P. Pukhtaievych et
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al. (2023), the combined application of inoculants and
the Benorad preparation resulted in a reduction in the
above-ground biomass of soyabeans by 8.7-20.9% and
root biomass by 4.8-16.8% during the growing season,
compared with control plants (regardless of the rhizo-
bium strain used for inoculation). A negative effect of
seed treatment on the nitrogenase activity of symbiotic
systems was noted following the application of Beno-
rad at the three-true-leaf stage and during budding to
early flowering.

T. Nyzhnyk et al. (2024) found that the application
of the inoculant Bradyrhizobium japonicum (titre 10°
cells per ml) and the fungicide fludioxonil (25 g/L) to
seeds promoted the development of antioxidant pro-
tection in soybean plants under drought conditions
through the activation of key enzymatic complexes
and regulation of lipid peroxidation processes, which
positively affect nitrogen fixation and soybean pro-
ductivity. This increased the nitrogen-fixing activity
of soybean at the pod formation stage by more than
71.7% and also increased soybean yield by 12.7%. Ac-
cordingly, in this study no negative effect of fungicides
on the growth and development of soybean plants
was observed either in the initial period of vegetation
or in later stages.

An important element of cultivation technology is
also the foliar application of fungicides and micronu-
trients, the effectiveness of which is confirmed by the
obtained results. According to the data, the influence of
foliar application of micronutrients and fungicides dur-
ing soybean vegetation (17.6%) was more significant
for yield formation. Thus, grain yield in these variants
exceeded the control plots, depending on the variety,
by 0.23-0.42 t/ha. This is confirmed by the findings of
AV. Melnyk et al. (2019), according to which the use of
foliar fertilisation products contributed to an increase
in soybean grain yield on average by 0.3-0.5 t/ha,
or 12.5-15.5%. Studies by AV. Holodna et al. (2024)
showed that plant feeding at the flowering stage with
an organo-mineral fertiliser ensured an increase in soy-
bean yield of 0.64 t/ha; the application of the micro-
nutrient YaraVita Mono Molytrac at the budding stage
and additionally at the flowering stage with growth
regulators increased yield by 0.21-0.44 t/ha. According
to D.V. Kozyrsky et al. (2025), the fungicide protection
system was effective and contributed to the formation
of 0.23-0.45 t/ha more soybean grain compared with
variants without their application.

Particular attention in modern soybean cultivation
technologies is given to the use of biological products
as an environmentally safe alternative to chemical
plant protection agents. The use of biological prod-
ucts in crop production is highly relevant, and micro-
biological preparations are increasingly being applied.
S.S. Nimenko & M.B. Grabovskyi (2023) and A. Korob-
ko et al. (2024) noted that modern biological products
contain various microorganisms that can enhance plant
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resistance to diseases and pests, promote growth and
development, and improve the qualitative composition
of soil microbiota. According to H. Panda (2017), they
are an alternative to mineral fertilisers and pesticides
that disrupt natural cycles and negatively affect biota
and the environment. L.E. Fuentes-Ramirez & J. Cabal-
lero-Mellado (2006) pointed out that the widespread
use of biological factors for the intensification of agri-
culture has not only environmental but, in most cases,
economic priority. The positive effect of biofungicides
is also confirmed by the data of Y. Prayogo et al. (2023)
and T.P.C. Ezeorba et al. (2023). In this study, the use
of the biofungicide Ecostern Trichoderma, SC (1.5 L/t)
for pre-sowing seed treatment and the biofungicide Fi-
tosporin-M Soya (1.5 L/ha) during vegetation resulted
in lower grain yield than in variants where chemical
products were used; however, the difference was not
statistically significant, indicating the effectiveness of
biological products in soybean cultivation technology.

CONCLUSIONS

According to the results of the two-year study, a sig-
nificant influence of varietal characteristics, pre-sow-
ing seed treatment and inoculation, as well as foliar
application of fungicides and micronutrient fertilisers
on soybean yield was established. The highest yield
was obtained for the variety ‘RGT Saidina’ in the exper-
imental variant with pre-sowing seed treatment using
Maxim XL + Apron XL + BioMAG Soya and double appli-
cation during the growing season of the fungicide Ko-
losal Pro (0.5 L/ha) with micronutrient fertilisers Inter-
mag Molybdenum (1.0 L/ha) and Quantum Bor Active
(1.0 L/ha) at the budding stage (BBCH 51-59) and at
the flowering stage (BBCH 60-69) - 2.71 t/ha. The use
of the biofungicide Fitosporin-M Soya (1.5 L/ha) within
this scheme resulted in a yield of 2.65 t/ha, indicating
the high effectiveness of biological preparations. For
the variety ‘RGT Salsa;, yield indicators under these var-
iants were 2.48 and 2.43 t/ha. The variety RGT Saidina’

provided an average yield of 2.47 t/ha over two years,
whereas ‘RGT Salsa’yielded 2.27 t/ha, which is higher by
0.2 t/ha or 9.1%.

In 2024, the average soybean yield across the ex-
periment was 1.68 t/ha, while in 2025, under favoura-
ble moisture conditions, it increased to 3.06 t/ha. The
developed mathematical models confirmed that July
data have higher predictive value. Deviations between
actual and calculated values were insignificant (up to
0.07 t/ha), indicating the adequacy of the models and
the strong dependence of soybean yield on climatic in-
dicators inJuly and August. Cluster analysis of 50 experi-
mental variants based on soybean grain yield identified
three main groups according to productivity level. The
first cluster included variants with yields above 2.5 t/ha,
most of which combined the use of the inoculant Bi-
oMAG Soya with the fungicides Maxim XL (1.0 L/t) +
Apron XL (0.5 L/t), as well as the fungicide Kolosal
Pro and micronutrient fertilisers Intermag Molybde-
num (1.0 L/ha) + Quantum Bor Active. Further research
should be aimed at expanding environmental testing of
the experimental variants to assess the stability of the
identified relationships under different soil and climat-
ic conditions, as well as at studying the long-term ef-
fects of biological preparations on soil microbiota and
the efficiency of symbiotic nitrogen fixation in soybean
plants. A promising direction is yield modelling using
long-term weather datasets to develop adaptive man-
agement systems for soybean cultivation under varying
climatic conditions.

ACKNOWLEDGEMENTS
None.

FUNDING
None.

CONFLICT OF INTEREST
None.

REFERENCES
[1] Araji, H.A., Wayayok, A., Bavani, A.M., Amiri, E., Abdullah, A.F., Daneshian, J., & Teh, C. B.S. (2018). Impacts
of climate change on soybean production under different treatments of field experiments considering
the uncertainty of general circulation models. Agricultural Water Management, 205, 63-71. doi: 10.1016/].

agwat.2018.04.023.

[2] Araujo,A.S.F.D., & Aradjo, R.S. (2006). Survival and nodulation of Rhizobium tropici in bean seeds treated with

fungicides. Ciéncia Rural, 36(3), 973-976. doi: 10.1590/50103-84782006000300039.
[3] Bagale, S. (2021). Nutrient management for soybean crops. International Journal of Agronomy, 2(10), article

number 3304634. doi: 10.1155/2021/3304634.

[4] Baida,M.P.(2025).Yield and quality of soybean varieties depending on cultivation technology elements. Latest
Agricultural Technologies, 13(2). doi: 10.47414/na.13.2.2025.336247.

[5] Bandara,A.Y., Weerasooriya, D.K., Bradley, C.A., Allen, TW., & Esker, P.D. (2020). Dissecting the economic impact
of soybean diseases in the United States over two decades. PLoS ONE, 15(4), article number e0231141.

doi: 10.1371/journal.pone.0231141.

[6] Buslaeva, N.G., Golodna, AV., & Hritsyuk, YaV. (2024). Forecasting profitability levels for different
soybean (Glycine max L.) cultivation technologies. Agroecological Journal, 3, 164-172. doi: 10.33730/2077-

4893.3.2024.311192.

Scientific Horizons, 2026, Vol. 29, No. 1



https://doi.org/10.1016/j.agwat.2018.04.023
https://doi.org/10.1016/j.agwat.2018.04.023
https://www.scielo.br/j/cr/a/xwpf89mHPWKwJYc6mkWpsQM/?lang=pt
https://www.researchgate.net/publication/354417650_Nutrient_Management_for_Soybean_Crops_Macronutrients_and_Micronutrient_Management
https://www.researchgate.net/publication/394745979_Yield_and_quality_of_soybean_cultivars_depending_on_cultivation_technology_elements
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0231141
https://www.researchgate.net/publication/385307797_Fore-casting_profitability_levels_for_different_soybean_Glycine_max_L_cultivation_technology_options
https://www.researchgate.net/publication/385307797_Fore-casting_profitability_levels_for_different_soybean_Glycine_max_L_cultivation_technology_options

Labunskyi & Grabovskyi

[7]1 Chen, X., Wang, L., Niu, Z., Zhang, M., Li, CA., & Li, J. (2020). The effects of projected climate change and
extreme climate on maize and rice in the Yangtze River Basin, China. Agricultural and Forest Meteorology,
282-283, article number 107867.doi: 10.1016/j.agrformet.2019.107867.

[8] Convention on Biological Diversity. (1992, June). Retrieved from https://surl.li/nvimfg.

[9] Crop-monitoring. (n.d.). Retrieved from https://crop-monitoring.eos.com.

[10] Didorenko, S., Kabylbekova, G., Kassenov, R., Dalibaeva, A., Andrambayeva, N., & Derbush, S. (2023). Pre-sowing
seed treatment of soybean seeds as approach to increase crop yield. Fundamental and Experimental Biology,
11128(3),49-56.doi: 10.31489/2023bmg3/49-56.

[11] Ezeorba, T.P.C., Chukwudozie, K.I., Okoye, C.O., Okeke, E.S., Ezugwu, A.L., & Anaduaka, E.G. (2023). Biofungicides:
Classification, applications and limitations. In Biofungicides: Eco-safety and future trends (pp. 12-39). Boca
Raton: CRC Press.

[12] FAO. (2021). The impact of disasters and crises on agriculture and food security. Retrieved from https://www.fao.
org.

[13] Fedoruk,l.,Bakhmat, O.,Khmelianchyshyn,Y., & Gorodyska, 0.(2021).Agroecological influence of micronutrient
fetilizers and seed inoculation on a soybean crop. EUREKA: Life Sciences, 2, 16-24. doi: 10.21303/2504-
5695.2021.001747.

[14] Fuentes-Ramirez, L.E., & Caballero-Mellado, J. (2006). Bacterial biofertilizers. In Z.A. Siddiqui (Ed.), Biocontrol
and biofertilization (pp. 143-172). Dordrecht: Springer.

[15] Getachew, Z., & Abeble, L. (2021). Effect of seed treatment using Mancozeb and Ridomil fungicides on
Rhizobium strain performance, nodulation and yield of soybean (Glycine max L.). Journal of Agriculture and
Natural Resources, 4(2), 86-97. doi: 10.3126/janr.v4i2.33674.

[16] Golodna, AV., Hrytsiuk, Ya.V., Buslaieva, N.G., & Stoliar, 0.0. (2024). The impact of fertilization, seed treatment,
and meteorological conditions on soybean yield in the Right-Bank Forest-Steppe. Agriculture and Plant Growing:
Theory and Practice, 2, 58-66. doi: 10.54651/agri.2024.02.07.

[17] Grabovskyi, M., Mostipan, O., Lozinskyi, M., Kozak, L., Fedorenko, E., Ostrenko, M., Gorodetskyi, O., Kachan, L.,
& Kovalov, D. (2025). Economic and energy efficiency of fungicides and herbicides in soybean crops. Scientific
Papers. Series “Management, Economic Engineering in Agriculture and Rural Development”, 25(1), 445-453.

[18] Hartley, EJ., Gemell, L.G., & Deaker, R. (2012). Some factors that contribute to poor survival of rhizobia on
preinoculated legume seed. Crop and Pasture Science, 63(9), 858-865. doi: 10.1071/CP12132.

[19] Hartman, G.L., West, E.D., & Herman, T.K. (2011). Crops that feed the World 2. Soybean - worldwide production,
use, and constraints caused by pathogens and pests. Food Security, 3, 5-17. doi: 10.1007/s12571-010-0108-x.

[20] He, Y., & Matthews, M.L. (2023). Seasonal climate conditions impact the effectiveness of improving
photosynthesis to increase soybean yield. Field Crops Research, 296, article number 108907. doi: 10.1016/].
fcr.2023.108907.

[21] Hopper, K.R. (2023). Modeling the effects of plant resistance, herbivore virulence, and parasitism, on the
population dynamics of aphids and parasitoids in wheat and soybean in different climates. Ecological Modelling,
481, article number 110376.doi: 10.1016/j.ecolmodel.2023.110376.

[22] Hussain, S., Siddique, T., Saleem, M., Arshad, M., & Khalid, A. (2009). Impact of pesticides on soil microbial
diversity, enzymes, and biochemical reactions. Advances in Agronomy, 102, 159-200. doi: 10.1016/S0065-
2113(09)01005-0.

[23] Jaques, L.B., Coradi, P.C., Rodrigues, H.E., Dubal, I.T., Padia, C.L., Lima, R.E., & de Souza, G.A.C. (2022). Post-
harvesting of soybean seeds - engineering, processes technologies, and seed quality: A review. International
Agrophysics, 36(2), 59-81.doi: 10.31545/intagr/147422.

[24] Jumrani, K., & Bhatia, V.S. (2018). Impact of combined stress of high temperature and water deficit on growth
and seed yield of soybean. Physiology and Molecular Biology of Plants, 24(1), 37-50. doi: 10.1007/s12298-017-
0480-5.

[25] Kobak, S., Datsko, A., & Chorna, V. (2025). Efficiency of pre-sowing treatment of soybean seeds with bioinoculants
at different treatment terms. Feeds and Feed Production, 99, 99-111. doi: 10.31073/kormovyrobnytstvo202599-09.

[26] Korobko, A., Kravets, R., Mazur, O., Mazur, O., & Shevchenko, N. (2024). Nitrogen-fixing capacity of soybean
varieties depending on seed inoculation and foliar fertilization with biopreparations. Journal of Ecological
Engineering, 25(4), 23-37.doi: 10.12911/2299899%/183497.

[27] Kozyrsky, D.V., Sydorak, 1.Ya., Hrygoriev, V.M., Korunyak, O.P., & Trach, V. (2025). Formation of soybean
productivity depending on microfertilizers and fungicide protection. Podilian Bulletin: Agriculture, Technology,
Economics, 46, 53-59. doi: 10.37406/2706-9052-2025-1.6.

[28] Mazur, O.,Voloshyna, O.,Mazur, O.,Zayka, K., Dovgopolyi, V., & Yakovets, V. (2025). The effect of seed inoculation
and fertilization on the nitrogen fixing capacity of soybean varieties. Ecological Engineering and Environmental
Technology, 26(5), 82-95. doi: 10.12912/27197050/202888.

Scientific Horizons, 2026, Vol. 29, No. 1

63


https://www.sciencedirect.com/science/article/abs/pii/S0168192319304836
https://zakon.rada.gov.ua/laws/show/995_030#Text
https://crop-monitoring.eos.com
https://doi.org/10.31489/2023bmg3/49-56
https://www.researchgate.net/publication/373085824_Biofungicides_Classification_Applications_and_Limitations
https://www.researchgate.net/publication/373085824_Biofungicides_Classification_Applications_and_Limitations
https://www.fao.org/3/cb3673en/cb3673en.pdf
https://www.fao.org/3/cb3673en/cb3673en.pdf
https://journal.eu-jr.eu/life/article/view/1747
https://journal.eu-jr.eu/life/article/view/1747
https://www.researchgate.net/publication/225980699_Bacterial_Biofertilizers
https://www.nepjol.info/index.php/janr/article/view/33674
https://journal-agriplant.com/index.php/journal/article/view/144
https://managementjournal.usamv.ro/pdf/vol.25_1/Art45.pdf
https://connectsci.au/cp/article-abstract/63/9/858/27707/Some-factors-that-contribute-to-poor-survival-of?redirectedFrom=fulltext
https://link.springer.com/article/10.1007/s12571-010-0108-x
https://www.sciencedirect.com/science/article/pii/S0378429023001004
https://www.sciencedirect.com/science/article/pii/S0378429023001004
https://doi.org/10.1016/j.ecolmodel.2023.110376
https://www.semanticscholar.org/paper/Chapter-5%3A-Impact-of-pesticides-on-soil-microbial-Hussain-Siddique/69e1bf975cb8f9ae546b159cfa756c6538ae6fea
https://www.semanticscholar.org/paper/Chapter-5%3A-Impact-of-pesticides-on-soil-microbial-Hussain-Siddique/69e1bf975cb8f9ae546b159cfa756c6538ae6fea
https://doi.org/10.31545/intagr/147422
https://link.springer.com/article/10.1007/s12298-017-0480-5
https://link.springer.com/article/10.1007/s12298-017-0480-5
https://fri-journal.com/index.php/journal/article/view/1579
https://www.jeeng.net/Nitrogen-Fixing-Capacity-of-Soybean-Varieties-Depending-on-Seed-Inoculation-and-Foliar,183497,0,2.html
https://journals.pdu.khmelnitskiy.ua/index.php/podilian_bulletin/article/view/455
https://www.ecoeet.com/The-effect-of-seed-inoculation-and-fertilization-on-the-nitrogen-fixing-capacity,202888,0,2.html

64

Formation of soybean yield depending...

[29] Melnyk,A.,Romanko,Y.,Dudka,A.,Brunov, M., Sorokolit, E., & Ruijie,L.(2022). Symbiotic activity and productivity
of soybean plants for treatments with growth regulators with anti-stress actio. In Modern challenges of agrarian
transformations in Ukraine: Agriculture, forestry and horticulture (pp. 68-75). Warsaw: RS Global.

[30] Melnyk, A.V., Romanko, Yu.O., Romanko, A.Yu., & Dudka, A.A. (2019). Influence of weather and climate
parameters on the grain yield of modern soybean varieties in the conditions of the North-Eastern Forest-
Steppe of Ukraine. Taurida Scientific Bulletin, 109(1), 76-83. doi: 10.32851/2226-0099.2019.109-1.12.

[31] Milenko, O., Solomon, Yu., & Veherenko, V. (2022). Impact of agrotechnical factors on soybean yields. Bulletin of
Poltava State Agrarian Academy, 2,119-126.doi: 10.31210/visnyk2022.02.14.

[32] Moreira, A., Bonini Neto, A., Bonini, C.D.S.B., Moraes, L.A., & Heinrichs, R. (2023). Prediction of soybean yield
cultivated under subtropical conditions using artificial neural networks. Agronomy Journal, 115(4), 1981-1991.
doi: 10.1002/agj2.21360.

[33] Nadeem, M., Li, J., Yahya, M., Sher, A., Ma, C., Wang, X., & Qiu, L. (2019). Research progress and perspective on
drought stress in legumes: A review. International Journal of Molecular Sciences, 20(10), article number 2541.
doi: 10.3390/ijms20102541.

[34] Nimenko, S.S., & Grabovskyi, M.B. (2023). Grain yield of soybean varieties depending on elements of organic
farming technology. Irrigated Agriculture, 79, 52-59. doi: 10.32848/0135-2369.2023.79.7.

[35] Nyzhnyk, T., Kots, S., & Pukhtaievych, P. (2024). Rhizobium inoculant and seed-applied fungicide effects
improve the drought tolerance of soybean plants as an effective agroecological solution under climate change
conditions. Frontiers in Bioscience-Elite, 16(3), article number 23. doi: 10.31083/j.fbe1603023.

[36] Panda, H. (2017). Manufacture of biofertilizer and organic farming. New Delhi: Asia Pacific Business Press Inc.

[37] Petrychenko, V., Korniychuk, O., Lykhochvor, V., Kobak, S., & Pantsyrey, O. (2024). Study of sowing quality of
soybean seeds depending on pre-sowing treatment of seed. Journal of Ecological Engineering, 25(7), 332-339.
doi: 10.12911/22998993/188932.

[38] Petrychenko, V., Lykhochvor, VV., & lvaniuk, S.V. (2016). Soia. Vinnytsia: Dilo.

[39] Prayogo, Y., Bayu, M.S.Y.I,, Indiati, S.W., Sumartini-Mejaya, MJ., Harnowo, D., Susanto, GW.A., & Baliadi, Y. (2023).
Innovation of main pest and disease control technology using biopesticides on soybean (Glycine max L.).
Applied Ecology & Environmental Research, 21(1), 589-608. doi: 10.15666/aeer/2101_589608.

[40] Prymak, I., Grabovskyi, M., Fedoruk, Yu., Prysiazhniuk, N., Lozinskyi, M., Voitovyk, M., Karaulna, V., Yezerkovska, L.,
& Pokotylo, I. (2025). Microbiological and enzymatic activity of typical chernozem under different tillage and
fertilization systems. Scientific Papers Series A. Agronomy, 68(2), 188-197.

[41] Pukhtaievych, P.P., Kukol, K.P., Vorobey, N.A., & Kots, S.Ya. (2023). The effect of bacterization and pre-sowing
seed treatment with benorad on the growth of soybean plants and the realization of the symbiotic potential
of pesticide resistant rhizobia. Studia Biologica, 17(1), 69-79. doi: 10.30970/sbi.1701.705.

[42] Ramteke, R., Gupta, G.K., & Singh, D.V. (2015). Growth and yield responses of soybean to climate change.
Agricultural Research, 4(3), 319-323. doi: 10.1007/s40003-015-0167-5.

[43] Rathjen,J.R.,Ryder,M.H.,Riley,|.T.,Lai, T.V., & Denton,M.D.(2020). Impact of seed-applied pesticides on rhizobial
survival and legume nodulation. Journal of Applied Microbiology, 129(2), 389-399.doi: 10.1111/jam.14602.

[44] Setiyono, T.D., Weiss, A., Specht, J., Bastidas, A.M., Cassman, K.G., & Dobermann, A. (2021). Understanding and
modeling the effect of temperature and daylength on soybean phenology under high-yield conditions. Field
Crops Research, 100(2-3),257-271. doi: 10.1016/j.fcr.2006.07.011.

[45] Shelke, D.B.,Chambhare, M.R., Nikalje, G.C., & Nikam, T.D. (2023). Improvement of soybean crop for yield, stress
tolerance, and value-added products using a transgenic approach. Advances in Agriculture, 2023(1), article
number 8166928.doi: 10.1155/2023/8166928.

[46] Singer, WM., et al. (2023). Soybean genetics, genomics, and breeding for improving nutritional value and
reducing antinutritional traits in food and feed. The Plant Genome, 16(4), article number e20415. doi: 10.1002/
tpg2.20415.

[47] Sobko, O., Stahl, A., Hahn, V., Zikeli, S., Claupein, W., & Gruber, S. (2020). Environmental effects on soybean
(Glycine max (L.) Merr) production in central and South Germany. Agronomy, 10(12), article number 1847.
doi: 10.3390/agronomy10121847.

[48] Strom, N., Hu, W., Haarith, D., Chen, S., & Bushley, K. (2020). Interactions between soil properties, fungal
communities, the soybean cyst nematode, and crop yield under continuous corn and soybean monoculture.
Applied Soil Ecology, 147, article number 103388. doi: 10.1016/j.aps0il.2019.103388.

[49] Tsekhmeistruk, M., Pankova, O., Kolomatska, V., Kobyzieva, L., Artiomov, M., & Sirovitskiy, K. (2021).
Influence of weather and climatic conditions on soybean yield. Ukrainian Journal of Ecology, 11(4), 11-17.
doi: 10.15421/2021 193.

[50] Vogel, E., Donat, M.G., Alexander, LV., Meinshausen, M., Ray, D.K., Karoly, D., Meinshausen, N., &
Frieler, K. (2019). The effects of climate extremes on global agricultural yields. Environmental Research Letters,
14, article number 054010. doi: 10.1088/1748-9326/ab154b.

Scientific Horizons, 2026, Vol. 29, No. 1



https://www.researchgate.net/publication/361715442_SYMBIOTIC_ACTIVITY_AND_PRODUCTIVITY_OF_SOYBEAN_PLANTS_FOR_TREATMENTS_WITH_GROWTH_REGULATORS_WITH_ANTI-STRESS_ACTION
https://www.researchgate.net/publication/361715442_SYMBIOTIC_ACTIVITY_AND_PRODUCTIVITY_OF_SOYBEAN_PLANTS_FOR_TREATMENTS_WITH_GROWTH_REGULATORS_WITH_ANTI-STRESS_ACTION
https://www.tnv-agro.ksauniv.ks.ua/archives/109_2019/part_1/14.pdf
https://journals.pdaa.edu.ua/visnyk/article/view/1646
https://doi.org/10.1002/agj2.21360
https://www.mdpi.com/1422-0067/20/10/2541
https://www.researchgate.net/publication/372045839_Grain_yield_of_soybean_varieties_depends_on_elements_of_organic_growing_technology
https://www.imrpress.com/journal/fbe/16/3/10.31083/j.fbe1603023
https://www.niir.org/books/book_pdf/101178/niir-manufacture-biofertilizer-organic-farming-2nd-edition.pdf
https://www.jeeng.net/Study-of-Sowing-Quality-of-Soybean-Seeds-Depending-on-Pre-Sowing-Treatment-of-Seed,188932,0,2.html
https://dspace.pdau.edu.ua/items/ee3fc19a-d100-4a72-b6f1-a72d7ca08878
https://aloki.hu/pdf/2101_589608.pdf
https://agronomyjournal.usamv.ro/index.php/scientific-papers/current?id=2051
https://agronomyjournal.usamv.ro/index.php/scientific-papers/current?id=2051
https://www.researchgate.net/publication/369405530_The_effect_of_bacterization_and_pre-sowing_seed_treatment_with_benorad_on_the_growth_of_soybean_plants_and_the_realization_of_the_symbiotic_potential_of_pesticide_resistant_rhizobia
https://link.springer.com/article/10.1007/s40003-015-0167-5
https://enviromicro-journals.onlinelibrary.wiley.com/doi/abs/10.1111/jam.14602
https://linkinghub.elsevier.com/retrieve/pii/S0378429006001560
https://onlinelibrary.wiley.com/doi/10.1155/2023/8166928
https://acsess.onlinelibrary.wiley.com/doi/full/10.1002/tpg2.20415
https://acsess.onlinelibrary.wiley.com/doi/full/10.1002/tpg2.20415
https://www.mdpi.com/2073-4395/10/12/1847
https://www.sciencedirect.com/science/article/pii/S0929139319304901
https://www.ujecology.com/articles/influence-of-weather-and-climatic-conditions-on-soybean-yield.pdf
https://iopscience.iop.org/article/10.1088/1748-9326/ab154b

Labunskyi & Grabovskyi

[51] Volkodav, V. (2001). Methods of state variety testing of agricultural crops. Issue 3 (oil, industrial, fiber and fodder
crops). Kyiv: Alefa.

[52] Ward, J.H. (1963). Hierarchical grouping to optimize an objective function. Journal of the American Statistical
Association, 58(301), 236-244. doi: 10.1080/01621459.1963.10500845.

[53] Yarovyi, Ya.0. (2024). Soybean productivity depending on fertilization and inoculation. Collection of Uman
National University, 105(1), 268-278. doi: 10.32848/2415-8240-2024-105-1-268-278.

[54] Zhang, H., Zhou, G, Li Liu, D., Wang, B., Xiao, D., & He, L. (2019). Climate-associated rice yield change in the
Northeast China Plain: A simulation analysis based on CMIP5 multi-model ensemble projection. Science of the
Total Environment, 666,126-138. doi: 10.1016/j.scitotenv.2019.01.415.

[55] Zhang,J).Q.,Zhang, L.X.,Zhang, M.H., & Watson, C.(2019). Prediction of soybean growth and development using
artificial neural network and statistical models. Acta Agronomica Sinica, 35(2), 341-347. doi: 10.1016/S1875-
2780(08)60064-4.

dopMyBaHHS1 BPOXXaMHOCTI COi 3a/1e)KHO Bif, COPTOBUX 0co6nMBoOCTEMU
i arpoTexHonoriyHMX NPMMOMiB Ha OCHOBI MPOrHOCTUYHOIO MoAeNIOBaHHSA

Irop JlTabyHcbkui

AcnipaHT
binouepkiBCbKMIM HaLiOHANbHUI arpapHUii yHiBEpCUTET
09117, nn. CobopHa, 8/1, M. bina Llepkea, YkpaiHa
https://orcid.org/0009-0009-3201-4064

Mukona lpa6oBcbkuit

[OKTOp CiNlbCbKOrocnoaapCbkmMx Hayk, npodecop
binouepkiBCbKMIM HaLiOHANbHWI arpapHMii yHiBepCUTET
09117, nn. CobopHa, 8/1, M. bina Llepkea, YkpaiHa
https://orcid.org/0000-0002-8494-7896

AHoTauif. Y cTaTTi BUCBITNEHO pe3ynbTaT ABOPIYHOro NOAbOBOrO AOCAIAY WOAO BUBYEHHS BMIMBY COPTOBMUX
0cobnMBOCTEN, arpoOTEXHONOTIYHUX MNPUIOMIB Ta MOrOAHMX YMOB Ha BPOXAMHICTb COi 3 BMKOPUCTAHHSAM
NPOrHOCTMYHOrO MOJAENOBaHHA. AKTyaNnbHiCTb AOCNILXEHHS 00yMoBAeHa HeoOXiAHICT NigBULLEHHS
CTabiNnbHOCTI BPOXKato COi B YMOBAX KIIMAaTUYHUX 3MiH i BaX/IMBICTIO 3aCTOCYBaHHS BionoriyHmnx 3acobis 3axmcry
pocauH (biodyHriumais). Metoo 6yno BcTaHOBNEHHS edeKTMBHOCTI pi3HMX CXxeM nepennociBHOi 06pobku
HaCiHHSA Ta MNO3aKOPEHEeBOro 3acTOCyBaHHA GYHriUMAIB i MikpoaobOpwMB, @ TaKOX PO3pO6NEHHS MaTeMATUYHUX
MoAenen NporHo3yBaHHSA BPOXAMHOCTI COT 3aneXHOo Big norogHMx ymoB. [1onboBi [OCAIAXKEHHS NPOBOAMAMUCS
B 2024-2025 pokax Ha 6a3i HaB4YanbHO-BMpOOHMYOro LeHTpy binouepkiBCcbkOro HaliOHaNbHOrO arpapHoro
yHiBepcuTeTy 3 copTamu coi ‘PXT Canbca’ i ‘PXT Caigiva. Jocnig Bkaoyas 50 BapiaHTiB. BcTaHoBeHo,
WO Haibinbwy BpoxarHicTb (2,71 1/ra) otpumano y copTy ‘PXT CaitgiHa’ 32 KOMBIHOBAHOTO BMKOPUCTAHHA
dyHriumais Makcim XL, AnpoH XL, iHokynaHTa bioMAI Cos i aBopa3soBoro BHeceHHs dyHriumay Konocanb lNpo
3 Mikpopobpuamu IHTepmar MonibaeH i KeaHtym bop AkTus y da3y byTtonisauii (BBCH 51-59) i da3y uBiTiHHS
(BBCH 60-69). 3a ui€i cxemu, BapiaHTh 3 BiodyHriumaom @itocnopunn-M Cos 3abe3neunnu BpoxarnHictb 2,65 1/
ra, Wwo nigTBepAXye BUCOKY eDeKTUBHICTb 6ioN0oriYHOro 3axmcTy. MateMaTMyHe MOLENOBaHHS BUSBMIO BUCOKUNA
piBEeHb BiANOBIAHOCTI MiXK PaKTUUYHMMMK | po3paxoBaHUMM JaHUMK (noxmnbka po 0,07 T/ra). KnactepHui aHanis
50 pocnigxeHux BapiaHTIB 32 BPOXXAWHICTIO 3epHa COi BUSIBMB TPM OCHOBHI rpynu 3a CTyneHeM npoayKTUBHOCTI.
[o nepworo knactepy yBiMWAM BapiaHTM 3 BPOXAMHICTIO MoHan 2,5 T/ra, BinbWwicTb 3 SKMX MNOEQHYBaNu
3acTocyBaHHs iHokynaHTa bioMAT Cos 3 dyHriumpamm Makcim XL (1,0 n/1) + Anpon XL (0,5 n/T) Ta dyHriumoom
Konocanb lMpo i Mmikpopo6pusamu IHTepmar MonibaoeH (1,0 n/ra) + KBaHTym bop AkTuB. [pakTUyHa LiHHICTb
pe3ynbTaTiB NOAATa€ y BUAINEHHI ONTUManbHMX KOMOIHALIM 3acTyBaHHA 6ioNoriyHMX i XiMiYHUX QYHriLMAIB,
iHOKYNSHTIB Ta MiKpoAo6puB ANS MNiABULEHHS NPOAYKTMBHOCTI COi, @ TaKOX Y MOX/IMBOCTI MPOrHO3yBaHHS
BPOXaMHOCTI Ha OCHOBI KNiMaTUYHMUX NOKA3HUKIB
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