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Abstract

Soybean (Ghyine max L.) is one of the most sought-after legumes on the global market due to its high demand in
the feed, food, and industrial sectors. Climate change necessitates the implementation of technological
innovations to enhance plant resistance to adverse growing conditions. The aim of this study was to investigate
the effect of pre-sowing seed treatment of soybean with the bacterial preparation Profix, the phytohormone-
based preparation Violar, as well as their combined application through seed inoculation and crop spraying during
the bud formation—bloom phase, on the development and productivity of soybeans under an organic farming,
To examine the dynamics of leaf surface area, photosynthetic pigments, malondialdehyde and proline levels, and
their relationship with yield, the ANOVA-Tukey test and principal component analysis were employed. The field
experimental results showed that pre-sowing seeds treatment with the Profix inoculant, the phytohormonal
preparation Violar, and their combined application contributes to an increase in leaf surface area, an enhancement
in the content of photosynthetic pigments, a reduction in malondialdehyde levels, and an increase in proline
content in soybean plant. These physiological improvements ultimately led to average soybean yield increases of
12.3%, 19.6%, and 29.2%, respectively, despite adverse weather conditions 2024. These results demonstrate the
effectiveness of integrating bacterial and phytohormonal seed treatments as a sustainable and innovative
approach to enhancing soybean productivity under organic farming conditions.
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INTRODUCTION

Soybean (Glyine max 1.) is one of the most highly
demanded legumes on the global market due to its
grain’s chemical composition, which consists of 30—
45% high quality protein with essential amino acids
and 15-22% oil (Galben et al., 2022). This means that
soybean crops contain more than 60% of various
nutrients; therefore, the plant can be used in the food
industry and other sectors (Kim et al., 2021). Soybean
is a leader in vegetable oil production due to the
highest lecithin content (2-3%) among vegetable oils.
About 60% of the soybean harvest is processed into
oil (Guo et al, 2022). Soybean has a significant
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agrotechnical effect. It fixes atmospheric nitrogen and
leaves 60-90 kg/ha of biologically fixed nitrogen in
the soil, which enables producers to reduce the use of
nitrogen fertilizers and lowers the risk of water and
environmental pollution. In addition, soybean
suppresses weed growth and serves as an excellent
preceding crop for many agricultural species (Peoples
et al., 2021; Chen et al., 2022). Due to its strong root
system, soybean absorbs hard-to-reach minerals even
from deep soil layers (Kalra et al., 2024).

The demand for soybean in many industries has
contributed to a significant growth in its global
production, making it the sixth most widespread crop
by production volume and the fourth by economic
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value and production area (Martignone et al., 2024).
This growth follows a 5% increase in global soybean
consumption, driven by feed, food and industrial
demand (IGS, 2024). In Ukraine, soybean production
in 2024 reached a record 6.0 million tonnes, compared
to 5.2 million tonnes in 2023, despite abnormal heat
and drought conditions. Soybean production in the
EU increased by only 0.3% compared to the previous
year. However, weather conditions, particularly in
Central Europe, had a negative impact on the soybean
harvest. Thus, Ukraine, one of the world’s top ten
soybean producers, has become a key factor in
European soybean production this season (USDA:
IPAD, 2025). In Europe, ongoing climate change and
strong demand for genetically unmodified soybeans
in domestic markets are driving the integration of
soybean (Ghyeine max (L.) Merr.) into traditional
organic farming systems. Since the EU market is the
largest market for domestic production of soybeans
(47% of total exports), domestic producers tend to
follow the European Green Deal, which includes
introducing organic production as one of its
important areas (Rotundo et al., 2024).

Organic farming technology prohibits the use of
pesticides and genetically modified organisms. It is
based on biological approaches to improving natural
soil fertility, agroecological cultivation methods, and
biological tools for pest and disease control, which
together  promote  biodiversity — conservation
(Benbrook et al., 2021; Kukol et al.,, 2024). The
profitability of organic soybean in Ukraine is high
despite the climatic risks, especially the uneven
influence of rainfall and high temperatures, which
requires technological innovations to increase its
yield. Today, plants in_40% of the world’s temperate
climate zones are exposed to elevated stressful
temperatures. A one-degree rise in temperature leads
to a 3-8% reduction in yields of major crops. When
high temperatures are combined with drought, more
than half of the world's major crops can be lost
(Zhao et al., 2017).

Considering the importance of soybean
production under the changing climatic conditions,
the study aim was to assess the role of pre-sowing
seed treatment with bacterial and phytohormonal
preparations, as well as their combined use by
inoculating seeds with a bacterial preparation and
spraying crops with a phytohormonal preparation in
overcoming extremely high temperatures during the
growing season and their impact on physiological and
biochemical parameters of plants and yield.
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MATERIALS AND METHODS

Field experiment
Field experiments were conducted in the
experimental field of Poltava State Agrarian

University (Kremenchuk district, Poltava region) in
2022-2024. The region is environmentally clean due
to the nearby forests and Lake Sudebske which is a
part of the nature reserve. The soil of the
experimental plots is residual-saline black soil on loess
rocks with moderate nitrogen, phosphorus and high
potassium content. The total area of the land plot was
0.3 ha. The accounting area was 0.1 ha. The common
agricultural technique for the growing zone was used
in field experiment. The experiment was based on a
randomized complete block design with four
replications.

Technological solil tillage, taking into account the
specifics of growing crops under the organic
technology, included autumn ploughing with a
plough, spring harrowing with a heavy harrow to
preserve moisture, cultivation with a stubble
cultivator, pre- and post-emergence harrowing with a
Striegel mesh harrow, and two inter-row cultivations
for weed control.

The study object was an early-ripening soybean
variety of domestic selection Khorol, the originator
of which is LLC Soybean Research Institute
(Ukraine). Soybean was sown after spring barley at the
optimal terms according to the climatic conditions of
the research year to a depth of 5 cm, with row spacing
of 38 cm and a seeding rate of 700 thousand seeds
per hectare. To protect the crops from pests, the
trichogram was manually applied three times (100-200
thousand individuals per ha) at 50 points per hectare:
pre-sowing, one month later and as required,
depending on the crop infestation level.

Climatic conditions in 2022 and 2023 were
considerably more conducive to soybean growth and
development, with average summer temperatures
around 21°C and monthly precipitation levels ranging
between 48 and 58 mm. In contrast, the 2024 growing
season was characterized by episodes of extreme heat
with temperatures reaching up to 24°C in July and
periodically peaking at 30-32°C accompanied by
critically low and unevenly distributed precipitation
(ranging from 3 to 53 mm). These environmental
stressors  adversely impacted soybean  plant
development.
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Soil analysis

Five soil samples were collected from the
experimental plot with a 0-20 cm depth for analysis.
A composite soil sample was made by mixing the
collected samples. The sample was air-dried, crushed
and passed through a 2 mm sieve. The main nutrients
content in the soil and pH was determined using a
Palintes  SK500  multiparametric ~ photometer
(Palintest House, United Kingdom, 2020). Analyses
were performed in 4 replicates. The humus content
was 5.2%, P,Os — 78.3 mg/kg, KO — 138.4 mg/kg,
total nitrogen — 58.6 mg/kg of soil; pHka = 6.3.

Experimental design and treatments

Four pre-sowing soybean seed treatment variants
relevant to organic farming technology were
investigated: (i) inoculation with the bacterial
preparation Profix; (i) seed treatment with a
preparation containing a complex of phytohormones
(Violar) and spraying of the leaf-stem mass during the
bud formation—bloom phase; (iii) inoculation with the
bacterial preparation Profix combined with spraying
of the leaf-stem mass with Violar during the bud
formation—bloom phase; (iv) no inoculation (control
variant), where soybean seeds were treated with an
equivalent amount of water. The Profix (Certis
Belchim, Belchim) composition includes pure
cultures of nitrogen-fixing bacteria Bradyrbizobinm
Diazoefficiens strain SEIMA 5079 and SEIMA 5080 +
Bradyrhizobinm  japonicum  strain  USDA442  (532C),
5X%10? CFU/g. Seeds were inoculated by dry method
48 hours before sowing at a rate of 1.25 kg of
inoculant per 500 kg of seeds.

Biological preparation Violar (Bioinvest-Agro,
LLC, Ukraine) is a multifunctional metabolic
biological preparation based on soil streptomycetes
containing a complex of natural phytohormones:
auxins (3.6 mg/l), cytokinins (1.9 mg/1), gibberellins
(1.6 mg/1), free amino acids (2.2 mg/l), lipids (5.5
mg/1), abscisic acid (0.02 mg/1), sterols (1.71 mg/1),
including unsaturated fatty acids. Seeds were treated
before sowing at a rate of 0.5 1/t, and foliar
application was carried out at 10 ml/ha during the
bud formation—bloom phase. In the combined
treatment, seeds were inoculated with Profix as
described above, while Violar was applied at 10 ml per
200 litres of water per hectare. All application rates
of Profix and Violar followed the manufacturer’s
recommended concentrations, which represent the
optimal doses for effective inoculation and
phytohormonal stimulation under field conditions.

Laporatory methods

Proline and malondialdehyde content (MDA) in
soybean plants was determined according to the
method Fatema et al. (2023). The leaf surface area
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was calculated using the Easy Leaf Area software
(Easlon and Bloom, 2014). Leaf area per hectare
(m?/ha) was calculated as the product of the leaf area
of asingle plant and the plant density per hectare. The
material for determining photosynthetic pigments
was treated in a fresh state immediately after
collection. The pigments were extracted with 96%
ethanol. The spectrophotometric measurement of
the optical density of ethanol extracts to determine
the chlorophyll @ (Chl @) and chlorophyll 4 (Chl )
content was carried out without prior separation at
the absorption maxima of Chl @ — 665 nm, Chl 4 —
649 nm on a ULAB 108 UV spectrophotometer
(Ulab, China, 2021). The pigment content in the
obtained extracts was measured according to the
method Wellburn (1994).

Data analysis

Statistical data processing was performed using
Statistica 12.0 (StatSoft Inc., USA, 2013) software.
The results are expressed as the arithmetic mean *
standard error (SE) based on a sample size of n = 10.
The least-square means differences between the
values in the experimental variants were determined
by the ANOVA-Tukey test multiple comparison
method and considered significant at P < 0.05. A
principal component analysis (PCA) biplots were
constructed to visualize the impact of different
inoculation technologies on plant physiological
parameters using R statistical software (R Core Team,
New Zealand, ver. 4.4.3, 2025-02-28).

RESULTS

Leaf area formation

The analysis of the dynamics of soybean leaf area
formation allowed us to assess the impact of weather
conditions during the growing season 2022-2024 on
the plant morphological and photosynthetic
parameters. The temperature and humidity conditions
2022 and 2023 were more favorable for the growth
and development of soybean plants. Extremely high
temperatures and low relative humidity were observed
in 2024 due to insufficient precipitation and its
uneven distribution during the growing season, which
limited the formation of plant leaf area.

The leaf surface area of soybean plants in the hot
year of 2024 was less in all experimental variants than
in the previous years of 2022 and 2023: in the control
by 17.1 and 23.3%; with Profix inoculation by 16.0
and 27.0%; with Violar treating by 18.8 and 27.0%;
with Profix inoculation and spraying of plants with
Violar preparation by 15.5 and 24.7%, respectively
(Table 1).



Korotkova ez al. (2025), AsPac J. Mol. Biol. Biotechnol 33 (4): 330-341

Proline and malondialdehyde content

In response to water deficit, plants develop adaptive
strategies to minimise water loss and increase its use
efficiency and accumulate organic compounds, such
as proline, to maintain osmotic balance under water
deficit conditions. Besides, under high temperatures
conditions, plants produce MDA, a marker of
oxidative stress and lipid peroxidation. Our research
used the proline and MDA content as stress
biomatkers. The levels of these indicators
accumulated by soybean plants in all experimental
variants are shown in Table 2. Proline content in
plants from non-inoculated seeds (control) was the
lowest at every study year. Hot temperatures in 2024
correlated with the high proline content in plants (9.5
ug/g of fresh weight) due to Violar seed treatment.
However, the proline content in plants growing from
seeds inoculated by Profix with followed crop
spraying by Violar in the bud formation-bloom phase
was maximum —10.4 mg/g (Table 2).

Proline content in plants of 2024, as a result of
Violar seed treatment, increased by 38.6% compared
to the control and by 10.7% compared to the Profix
seed treatment. Profix seed inoculation combined
with Violar crop treatment resulted in a 50.6%
increase in plant proline content compared to the
control, and an 8.7% increase compared to plants
treated Violar only. Soybean plants grown under more
favorable weather conditions in 2022-2023 also had
increased proline content but exceeding the control
with the Violar seed treatment was an average of
35.0%, with the Profix treatment by 19.8% and under
together used Profix and Violar — 44.0% (Table 2).

The highest MDA content was obtained in
control plants, indicating the level of response to
oxidative stress compared to other treatments.
Soybean plants grown from inoculated seeds

Table 1. Dynamics of leaf area formation and soybean yield

appeared to be more resistant to adverse temperature
conditions, as evidenced by a decrease in MDA levels.
MDA content in plants in 2024, which was
characterized by extremely high temperatures during
the growing season, decreased by ~37% and ~23%
compared to control plants due to the use of Violar
and Profix, respectively. The pre-sowing seed
treatment with Profix and foliar fertilization with
Violar in the bud formation-bloom phase proved to
be the most effective measure in ensuring plant
resistance to high temperatures. MDA content in
plants decreased by 39% compared to control plants.

In 2022-2023, soybean plants had the lowest
MDA content averaging 5.7 pg/g of fresh weight,
which was 38.9% lower than the MDA content in
control plants due to seed inoculation with Profix and
foliar spraying by Violar. Soybean seeds treatment
with Profix and Violar also showed an effective result
in overcoming temperature stress, the MDA content
in plants decreased by an average of 23.5 and 37.0%,
respectively, compared to control plants. It can be
assumed that seed inoculation with experimental
preparations contributed to induction of soybean
plant resistance to precipitation deficit and high-
temperature effects.

Photosynthetic pigments content

To determine the influence of pre-sowing seed
treatment with bacterial and  phytohormonal
preparations on the functioning of  the
photosynthetic apparatus of soybean plants under
different weather conditions, the dynamics of the Chl
a and Chl & content was analysed, since the efficiency
of the pigment system affects the soybean crops yield
and depends on environmental conditions. The study
results are shown in Table 3.

Variant

Leaf surface area, thousand m2/ha

Yield, t/ha

2022 2023 2024 2022 2023 2024
Control (water) 23.41£0.1¢ 25.310.4b 19.420.2¢ 2.2140.0¢ 2.5+0.04 1.9£0.04
Profix 26.1£0.2b 28.6+0.3» 22.5+0.2b 2.5%0.0r 2.810.0v 2.1+0.0v
Violar 27.8%0.22 29.7£0.42 23.4%0.120 2.7+0.0b 2.9%0.0° 2.310.0°
Profix + Violar 27.6£0.7» 29.8£0.62 23.9%0.52 2.9%0.1» 3.1£0.12 2.5%0.12

Letters a, b, ¢ and d indicate values which reliably differed one from another within one line of table according to

the results of comparison using Tukey test at p < 0.05.
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Table 2. Proline and Malondialdehyde content in soybean plants

Variant Proline, pg/g MDA, pg/g

2022 2023 2024 2022 2023 2024
Control (water) 5.1%0.14 5.4%0.0¢ 6.9%0.14 9.41+0.12 9.240.0¢ 17.940.2
Profix 6.2%0.1¢ 6.4%0.1° 8.6%0.1¢ 7.2%0.1° 6.9%0.0 13.940.1b
Violar 6.8%0.0 7.5%0.12 9.5%0.1> 5.9%0.1¢ 5.4£0.14 11.3+0.0¢
Profix + Violar 7.4%0.22 7.840.1¢ 10.4%0.02 6.1£0.1¢ 5.6£0.1¢ 10.9+0.2¢

Letters a, b, ¢ and d indicate values which reliably differed one from another within one line of table according to

the results of comparison using Tukey test at p < 0.05.

Table 3. Chlorophyll # and 4 content in soybean plants in the bloom phase

Variant Chl a, pg/g Chl b, pg/g Chl (a+b), pg/g
2022 2023 2024 2022 2023 2024 2022 2023 2024

Control 2.2%0.0c  24%0.1c  1.8%£0.0c  0.9£0.0c 1.1x£0.0c  0.7£0.0c  3.1x0.0c 3.5x0.1c  2.5%0.0c
(water)

Profix 2.5+0.0p  2.8+0.0> 2.1£0.0> 1.0+£0.0= 1.1£0.0> 0.8+0.0: 3.4+0.0> 3.9+0.0> 2.940.0b
Violar 2.6£0.0p  2.8+0.0> 2.24+0.0s> 1.0+£0.0: 1.2£0.0> 0.8+£0.00 3.6x£0.0> 4.0£0.0> 3.1£0.02
Profix +  2.9%0.12 3.1%£0.00 2.3%£0.1=  1.0£0.00 1.3£0.00 0.9+0.022 3.9+0.1a 4.4+0.1= 3.1%0.12
Violar

Letters a, b and c indicate values which reliably differed one from another within one line of table according to the

results of comparison using Tukey test at p < 0.05.

In our study, the photosynthetic pigments
content in soybean plants was significantly affected by
seed treatment with biological preparations and
weather conditions during the growing season.
Adaptation to the insolation regime affected the
photosynthetic pigments content. Comparison of
Chl z and Chl 4 content in plants grown from seeds
treated with Violar showed their high level in all study
years. Chlorophyll Chl @ and Chl 4 content in plants
with Violar seed treatment exceeded the control by an
average of 183 and 18.6%, respectively, and
chlorophyll Chl z and Chl 4 content in plants from
seeds inoculated with Profix — by 14.5 and 12.8%.

Soybean plants when using Profix in pre-sowing
seed treatment followed by foliar fertilizer with Violar
in the bud formation-bloom phase showed most
photosynthetic  system activity, Chla content
increased by 30% compared to the control and Chl 4
by 19.8% (Table 3). Photosynthetic pigments content
in soybean plants increased in the more favorable year
of 2023, which may be due to the seed treatment with
biopreparations. Thus, Chl z content in plants from
seeds inoculated with Profix increased by 11.7%, and
in plants from seeds treated with the biological
product Violar it increased by 10.2% compared to
2022. Chlorophyll « content in control plants almost
did not change.

The increase of Chl 4 content in 2023 plants
compared to 2022 correlated with the increase of Chl
a. Chlorophyll 4 content in soybean plants with Violar
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using was 16.7% higher than the concentration of this
pigment in plants of the 2022. Chlorophyll &
concentration with Profix using exceeded this
indicator by 17.5%. Chlorophyll 4 content in plants
grown with the use of biological preparations in pre-
sowing seed treatment and foliar fertilizer (Profix +
Violar) compared to plants in 2022 increased the most
significant by 22.5%. 2024, which was characterised
by high temperatures and almost complete absence of
precipitation, Chl z and Chl 4 content decreased in all
experimental variants. However, the highest
chlorophylls level was observed with the use of
biological preparations Profix + Violar, and the
lowest — in the control plants (Table 3). The total Chl
(a+b) content in soybean plants with Profix seeds
inoculation increased compared to the control by
11.7% in 2022 and by 13.3% in 2024. As a result of
pre-sowing seed treatment with the Violar, the total
Chl (a+b) content in 2022-2023 increased by ~ 16%
relative to the control. As can be seen from the Table
3, the highest increase in Chl (a+5) occurred in plants
when using the Profix (pre-sowing seed treatment) +
Violar (spraying of crops) in the cultivation
technology.

Soybean yield

Yield is the primary indicator of assessing the
effectiveness of all agrotechnical practices applied in
crop cultivation technology, taking into account
weather conditions. Table 1 presents the average
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soybean seed yields for the studied agrotechnical
variants over the years of the experiment. The yield
variation correlated with weather conditions during
the experiment. The higher yields were obtained
under more favorable conditions in 2023. In contrast,
the plots with non-inoculated seeds were found to
yield significantly lower. Out of the all experimental
variants, the most significant yield (3.1 t/ha) was
obtained in 2023 with Profix seed inoculation and
foliar application of the Violar preparation in the bud
formation-bloom phase. The soybean yield in the
control variant was at the level of 1.9-2.4 t/ha
depending on the year, while the yield with the use of
Profix inoculant and Violar biological preparation
was 2.1-2.8 and 2.3-3.0 t/ha, respectively.

Considering the relationship between average
yields and chlorophyll level in plants depending on the
biological preparations application method, we can
point to a certain trend in yield, which varies
depending on the Chl 4, Chl 4 content and the total
Chl (a+b) content. Thus, the use of the inoculant
Profix led to an increase in Chl (¢+5) content by
14.7%, resulting in a 12.3% increase in average
soybean yield. When using the bacterial preparation
Violar, Chl (a+5) content increased by 18.4%, which
caused a 19.6% yield increase compared to the
control. The highest yields were obtained with
application in growing technology of the Profix in
pre-sowing seed treatment and Violar for the soybean
crops spraying (Table 1). Under this cultivation
variant, the yield increased by 29.2% compared to the
control at the increase of the total chlorophyll by
27%.

Yield analysis

To explore in more detail the impact of different
inoculation technologies (Control, Profix, Violar, and
their combination) on plant physiological parameters,
principal component analysis (PCA) was conducted
with results presented in the biplot. The visualization
demonstrates the relationships between Chl (a+h)
content, leaf surface area, proline and MDA content,
and soybean yield over the three-year observation
period (2022-2024), allowing for a comprehensive
assessment of the effectiveness of the studied
preparations.

The PCA biplot (Figure 1) clearly demonstrates a
complex picture of interactions between the studied
plant physiological parameters and treatment variants
with biologicals over a three-year period. The first
dimension (Dim 1) explains 77.3% of variation, while
the second dimension (Dim 2) accounts for 20.1%,
together covering 97.4% of the total variation in the
dataset, indicating the high informativeness of the
analysis. The biplot distinctly displays four clusters
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corresponding to the applied technologies (control,
Profix, Violar, Profix + Violar), with the position of
each variant changing depending on the year of study,
reflecting the influence of weather conditions on the
effectiveness of the biologicals. Particularly revealing
is the arrangement of physiological parameter
vectors: the proline vector points toward variants with
Profix + Violar treatment in 2024, confirming the
activation of protective mechanisms under drought
conditions, while the vectors of leaf area and
chlorophyll a content are oriented toward high-
productivity variants.

The control variant (without treatment) Iis
consistently located in the lower part of the biplot
throughout all years of the study, indicating the low
plant's ability from untreated seed to maintain optimal
physiological parameters. Variants with Profix
treatment alone demonstrate an intermediate
position, while the most productive combinations
(Profix + Violar) are located in the zone of positive
values for both components. Notably, the MDA
vector (an indicator of oxidative stress) shows a
negative correlation with yield and positively
correlates with control variants, especially in 2024,
indicating an increased level of oxidative stress in
plants without pre-sowing treatment. Simultaneously,
the yield vector points toward the zone of variants
with complex Profix + Violar treatment, confirming
its effectiveness in ensuring high productivity.

Biplot on Figure 1 not only illustrates the
synergistic effect of the combined application of
rhizobia and phytohormones but also allows for
predicting the effectiveness of different technologies
depending on the weather conditions of the year,
which has significant practical importance for
developing adaptive technologies for organic soybean
cultivation.

Figure 2 better illustrates the final productivity
indicators. The first principal component (Dim 1)
explains an exceptionally high percentage of variation
— 98.4%, indicating a dominant factor influencing all
studied parameters.

The second component (Dim 2) accounts for
only 1% of variability. According to this biplot, the
combined Profix + Violar treatment demonstrates
stability of effect in 2022-2023, with some deviation
in 2024. The Violar treatments exhibit the greatest
variability across years, with a particularly noticeable
difference between 2022-2023 and 2024. Profix
inoculation demonstrates relative stability, with a
tendency to converge with the control in 2024. Thus,
this biplot confirms that the combined application of
biopreparations with different mechanisms of action
(nitrogen-fixing bacteria and a phytohormonal
complex) creates a synergistic effect, which is most
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evident under environmental stress conditions, technologies offer significant advantages, particularly
ensuring the stability of organic soybean cultivation in the high stability of the combined Profix + Violar
technology. treatment for improving productivity and stress

A comparison of both biplots allows for a deeper tolerance in the Khorol soybean variety under the
understanding of the causal relationships between conditions of a changing climate and drought, which
physiological ~changes and productivity. The have become characteristic of many temperate
comparative analysis of point placement on both regions in recent years.

biplots leads to the conclusion that inoculation

PCA Biplot of Application Method Effects

Proline

2
1
=
o
o
N - -
= Application Method
ot e T Tl < (TR
Control
Profix
Profix+Vio
[#] viotar
-1
-2

-5.0 -25 0.0 25
Dim1 (77.3%)

Figure 1. Principal component analysis the relationship between inoculation technologies and plant physiological
parameters (full variable set) across three study years (2022-2024): Chl_ab— Chl (a+b), ug/g; Leaf_area—leaf surface
area, thousand m?/ha; Proline — proline content, ug/g; MDA — malondialdehyde content, pg/g; Yield — yield, t/ha.
Labels correspond to treatment-year combinations (C — Control, PF — Profix, V — Violar, PFV — Profix + Violar).
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PCA Biplot of Application Method Effects

Dim1 (98.4%)

Profix

Profix+Vio

Figure 2. Principal component analysis the relationship between inoculation technologies and plant physiological
parameters (reduced variable set) across three study years (2022—2024): Chl_ab — Chl (a+b), pg/g; Leaf_area — leaf
sutface area, thousand m?/ha; Yield — yield, t/ha. Labels correspond to treatment-year combinations (C — Control,

PF — Profix, V — Violar, PFV — Profix + Violar).

DISCUSSION

It is difficult to obtain high yields and quality soybean
seeds despite good soil properties, even in organic
farming, due to a lack of water and prevailing high
temperatures. One of the most promising areas of
managing the process of forming sustainable
agrocenoses of legumes, especially soybeans, is the
of preparations that would protect the
physiological state of plants from excessive

use
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temperature and rainfall deficits. Today, the most
common technological measures are seed treatments
with  various  biostimulants, hormones and
osmoprotectants, which have already been tested on
crops such as wheat, corn and chickpeas (Khan et al,,
2019).

Despite its adaptability, soybeans also face the
challenges of  climate variability, including
unpredictable rainfall regime, which threatens growth
and yields. The degree of impact depends on the
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timing of high temperatures and the intensity of
water shortages. The loss of water from the soil
through evaporation caused by high temperatures,
high light intensity and dry winds can further intensify
this effect (Cohen et al, 2021). Such changes in
weather conditions can lead to a reduction in soybean
yields of up to 40% (Hossain et al., 2014).

Siebers et al. (2015) and Nakagawa et al. (2020)
reported that soybean vyield decreases and seed
composition changes when plants exposed to high
temperatures during the seed filling phase. The
combined effects of high temperature and drought
were shown to have the most detrimental effect on
soybean yield (42—-64% reduction) compared to their
individual effects (Dreesen et al., 2012; Ogunkanmi et
al.,, 2022).

To determine a potential strategy to reduce the
influence of abnormal climatic conditions on the
soybean growing process with organic farming, the
effect of a bacterial preparation Profix and a
preparation with natural phytohormones Violar,
which using in pre-sowing seed treatment was
investigated in present work. Numerous studies have
confirmed the significant role of pre-sowing seed
treatment with natural preparations in organic
farming technologies to increase yields of emmer
wheat (Korotkova et al., 2022), soybean (Novytska et
al., 2020) and enhanced plant resistance to adverse
weather conditions (such as drought and sharp
fluctuations in air temperature).

However, not many studies are devoted to
compare the effectiveness of soybean seed treatment
with  microorganisms  and  phytohormones.
Meanwhile, pre-sowing seed inoculation with
bacterial preparations is an integral element of
cultivation technology, which is important for organic
farming. Preparations based on a variety of symbiotic
and non-symbiotic rhizobacteria are wused as
bioinoculants to stimulate plant growth and
development through various mechanisms, including
nitrogen fixation, production of siderophores,
synthesis of phytohormones, etc. (Marinkovic et al.,
2018).

Effect of Profix, Violar and its combination on
the photosynthetic pigments' content

Many studies supported that seed inoculation can
positively affect photosynthetic pigments' content in
plants under insufficient moisture supply. Zhang et al.
(2013) and Cardarelli et al. (2022) showed that seed
inoculation led to an increase in Chl (z+4) content.
This effect can be explained by the direct relationship
between chlorophyll concentration in plants and the
intensity of nitrogen fixation, which significantly
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depends on the symbiotic properties of nodule
bacteria that determine plant nitrogen nutrition. Seed
inoculation with B. su#btilis contributed to increased
Chl 2 and Chl 4 levels by 1.52 and 1.46 times,
respectively, compared to non-inoculated seeds due to
an increase in proline levels, which ensures the
neutralisation of reactive oxygen species (ROS)
production in plants under drought conditions
(Lastochkina et al., 2020). At the same time, there is
scientific evidence that different results can be
obtained with respect to soybean development and
yvield depending on the strain used (Marchio et al.,
2025).

Pre-sowing seed treatment with biologically
active substances such as phytohormones (Jaybhaye
et al., 2024), vitamins (KKoziuchko et al., 2024), amino
acids (Doérr et al, 2018), etc. plays an equally
important role in increasing soybean productivity.
Biologically active substances create a favorable
microbiological and biochemical environment around
germinating seeds, stimulating growth, increasing
seedling resistance to adverse weather conditions, and
activating beneficial soil microflora (Chakraborti et
al., 2022). According to research Furman et al. (2023),
pre-sowing seed treatment with growth regulators
significantly increased the Chl (4+5) content in
soybean leaves.

The purpose of various preparations used for
pre-sowing seed treatment is to enhance natural plant
resistance mechanisms. Phytohormonal preparations
help to reduce the adverse effects of growing
conditions by enhancing photosynthesis,
strengthening antioxidant defense, reducing ROS and
lipid peroxidation (Chen et al., 2018), and modulating
osmolytes level and redox potential (Fahad et al,
2017; Razzak et al., 2022). Bacterial preparations also
play a strategic role in mitigating the harmful effects
of ROS by producing various phytohormones that
ensure plant resistance (Sheteiwy et al., 2021).

Our results well correlate with other authors.
Zimmer et al. (2016), Leggett et al. (2017), Serafin-
Andrzejewska et al. (2024) have confirmed the
relationship between pre-sowing seed treatment and
the growth of biological soybean yields. Tsygankova
et al. (2017) showed that the use of Violar in the
spring wheat cultivation contributed to an increase in
the Chl 4, Chl 4 and Chl (a+b) content by 20.0, 40.0
and 19.2%, respectively, which increased grain yield
by 20.3%. These findings are consistent with our
results. On average across all study years, an increase
Chl (a+b) content by 14.3% with Profix seed
inoculation and by 18% with the use of the Violar
biological preparation led to an increase in soybean
yvield by 12.3% and 19.6%, respectively.
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Effect of Profix, Violar and its combination on
proline and MDA levels

Jaybhaye et al. (2024), Almakas et al. (2025) have
proposed to combine the bacterial and
phytohormonal preparations in pre-sowing seed
treatment. The ability of these treatments to maintain
higher antioxidant enzyme activity and chlorophyll
content while reducing MDA levels and increasing
proline levels demonstrates their effectiveness in
protecting cellular structures and maintaining
photosynthetic efficiency under drought and high-
temperature conditions (Sheteiwy et al., 2021). The
observed reduction in MDA levels and the increase in
proline levels support the hypothesis that these
treatments reduce membrane damage associated with
oxidative stress and promote osmotic regulation,
thereby maintaining plant photosynthetic activity
under drought conditions.

CONCLUSION

Pre-sowing treatment of soybean seeds with
biological products in organic farming positively
affected plant development and productivity under
stressful conditions such as high temperatures and
low rainfall. Quantitative evaluation of leaf area,
chlorophyll content, MDA, and proline levels proved
to be reliable indicators of stress tolerance and yield
potential. All treatment methods contributed to
increased photosynthetic pigment content and leaf
surface area, while reducing MDA and increasing
proline levels. PCA analysis identified the combined
application of Profix (1.25 kg per 500 kg seeds) and
Violar (10 ml/ha) as the most effective strategy for
enhancing stress resistance and yield. Under projected
drought conditions, optimal results may be achieved
by increasing the Profix rate to 1.5 kg per 500 kg of
seeds, applying Violar at 5 ml/ha during the three-leaf
stage, and reducing seeding density to 650.000
seeds/ha. These findings highlight the potential of
bacterial and phytohormonal treatments for
improving soybean resilience in organic systems.
Future research should focus on integrating these
treatments with arbuscular mycorrhizal fungi (AMF)
to strengthen adaptation to ongoing climate change.

CONFLICT OF INTEREST

The authors have declared that no conflict of interest
exists.

339

REFERENCES

Almakas, A., Elrys, A. S., Desoky, E-S. M., Al-Shuraym, L. A.,
Alhag, S. K., Alshaharni, M. O., Alnadari, F,, NanNan, Z.,
Farooq, Z., El-Tarabily, K. A., & Zhao, T. (2025).
Enhancing soybean germination and vigor under water
stress: the efficacy of bio-priming with sodium
carboxymethyl cellulose and gum arabic. Frontiers in Plant
Science, 15, 1475148. https://doi.org/10.3389/1pls.2024.
1475148

Benbrook, C., Kegley, S., & Baker, B. (2021). Organic farming
lessens reliance on pesticides and promotes public health
by lowering dietary risks. _Agronomy, 11(7), 1266.
https://doi.org/10.3390/agronomy11071266

Chen, Z., Zhang, C., Du, H., Chen, C., Xue, Q., & Hu, Y. (2022).
Effect of starter cultures on dynamics succession of
microbial communities, physicochemical parameters,
enzyme activities, tastes and volatile flavor compounds
during sufu fermentation. Food Chemistry Advances, 1,
100057. https://doi.org/10.1016/j.focha.2022.100057

Cohen, 1., Zandalinas, S. 1., Huck, C., Fritschi, F. B., & Mittler, R.
(2021). Meta-analysis of drought and heat
combination impact on crop yield and yield components.
Physiologia  Plantarum, 171(1), 66-76. https://doi.org
/10.1111/ppl.13203

Cardarelli, M., Woo, S. L., Rouphael, Y., & Colla, G. (2022). Seed
Treatments with Microorganisms Can Have a Biostimulant
Effect by Influencing Germination and Seedling Growth
of  Crops. Plants  (Base), 11(3), 259. https://
doi.org/10.3390/plants11030259

Chakraborti, S., Bera, K., Sadhukhan, S., & Dutta, P. (2022). Bio-
priming of seeds: Plant stress management and its
underlying  cellular,  biochemical and  molecular
mechanisms. Plant Stress, 3, 100052. https://doi.org/
10.1016/j.stress.2021.100052

Chen, D, Chai, S, Mclntyre, C. L., & Xue, G. P. (2018).
Opverexpression of a predominantly root-expressed NAC
transcription factor in wheat roots enhances root length,
biomass and drought tolerance. Plant Cell Reports, 37, 225—
237. https://doi.otg/10.1007/500299-017-2224-y

Dreesen, P. E., De Boeck, H. J., Janssens, I. A., & Nijs, I. (2012).
Summer heat and drought extremes trigger unexpected
changes in productivity of a temperate annual/biannual
plant community. Ewnvironmental and Experimental Botany, 79,
21-30. https://doi.org/10.1016/j.envexpbot.2012.01.005

Dorr, C. S., de Almeida, T. L., Panozzo, L. E., & Schuch, L. O. B.
(2018). Treatment of soybean seeds of different levels of
physiological quality with amino acids. Journal of Seed
Science, 40(4): 407-414. https://doi.org/10.1590/2317-
1545v40n4199311

Easlon, H. M., & Bloom, A. J. (2014). Easy Leaf Area: Automated
digital image analysis for rapid and accurate measurement
of leaf area. Applications in Plant Sciences, 2(7), 1400033.
https://doi.org/10.3732/apps.1400033

Fatema, M. K., Mamun, M. A. A,, Sarker, U., Hossain, M. S., Mia,
M. A. B, Roychowdhury, R., Ercisli, S., Marc, R.A.,
Babalola, O. O., & Karim, M. A. (2023). Assessing
morphophysiological and biochemical markers of soybean
for drought tolerance potential. Sustainability, 15, 1427.
https://doi.org/10.3390/sul15021427

Fahad, S., Bajwa, A.A., Nazir, U, Anjum, S.A., Farooq, A., Zohaib,
A., Sadia, S., Nasim, W., Adkins, S., Saud, S., Thsan, M.Z.,
Alharby, H., Wu, C., Wang, D., & Huang, J. (2017). Crop
production under drought and heat stress: plant responses
and management options. Frontiers in Plant Science, 8, 1147.
https://doi.org/10.3389/fpls.2017.01147

Guo, B, Sun, L., Jiang, S., Ren, H., Sun, R., Wei, Z., Hong, H.,
Luan, X., Wang, J., Wang, X., Xu, D,, Li, W, Guo, C., &

stress



Korotkova ez al. (2025), AsPac J. Mol. Biol. Biotechnol 33 (4): 330-341

Qiu, L. J. (2022). Soybean genetic resources contributing
to sustainable protein production. Theoretical and Applied
Genetics, 135(11), 4095-4121. https://doi.org/10.1007/
$00122-022-04222-9

Galben, R. D, Urda, C., Rezi, R., Gheorghies, V., Negrea, A.,
Russu, F, Balas S., Varga A. S., & Duda, M. M. (2022). Seed
composition of Soybean and its significance for human
health. Hop and Medicinal Plants, 29(1-2), 157-163.
https://doi.org/10.15835/hpm.v29i1-2.14236.

Huang, D., Wu, L., Chen, JR., & Dong, L. (2011). Morphological
plasticity, photosynthesis and chlorophyll fluorescence of
Athyrium  pachyphlebium at different shade levels.
Photosynthetica, 49(4), 611-618. https://doi.org/10.1007
/s11099-011-0076-1

Hossain, M. S., Khan, M. A. R., Mahmud, A., Ghosh, U. K., Anik,
T. R., Mayer, D., Das, A. K., & Mostofa, M. G. (2024).
Differential Drought Responses of Soybean Genotypes in
Relation to Photosynthesis and Growth-Yield Attributes.
Plants,  13(19), 2765. https://doi.org/10.3390/ plants
13192765

Jaybhaye, S. G., Deshmukh, A. S., Chavhan, R. L., Patade, V. Y., &
Hinge, V. R. (2024). GA3; and BAP phytohormone seed
priming enhances germination and PEG induced drought
stress tolerance in soybean by triggering the expression of
osmolytes, antioxidant enzymes and related genes at the
early seedling growth stages. Environmental and Experimental
Botany, 226, 105870. https://doi.org/10.1016/j.envexpbot
.2024.105870

Kim, I. S., Kim, C. H., & Yang, W. S. (2021). Physiologically active
molecules and functional properties of soybeans in human
health-A  current petspective. International  Journal of
Molecular Sciences, 22, 4054. https://doi.org/10.3390/ijms
22084054

Kalra, A., Goel, S., & Elias, A. A. (2024). Understanding role of
roots in plant response to drought: Way forward to
climate-resilient crops. Plant  Genome, 17(1), €20395.
https://doi.org/10.1002/ tpg2.20395

Khan, M. N., Zhang, J., Luo, T., Liu, J., Rizwan, M., Fahad, S., Xu,
Z., & Hu, L. (2019). Seed priming with melatonin coping
drought stress in rapeseed by regulating reactive oxygen
species  detoxification: Antioxidant defense system,
osmotic adjustment, stomatal traits and chloroplast
ultrastructure perseveration. Industrial Crops and Products,
740, 111597. https://doi.org/10.1016/j.indcrop.2019.
111597

Korotkova 1., Chaika T., Romashko T., & Rybalchenko A. (2022).
Photosynthetic pigments content in emmer wheat plants
as criteria of productivity in traditional and organic
farming technology. Innovative Biosystems and Bioengineering,
6(1), 31-39. https://doi.org/10.20535/ibb.2022.6.1.255
277

Koziuchko, A., Havii, V., Kuchmenko, O., Sheiko, V., Machulskyi,
H., Novikova, A., & Hotvianska, A. (2024). Effectiveness
of influence of pre-sowing seeds treatment with
combinations metabolically active compounds on
biochemical composition of soybean grain. Modern
Phytomorphology, 18, 001-004. https://doi.org/10.5281/
zenodo.000000

Kukol, K., Pukhtaievych, P, Vorobey, N., & Kots, T. (2024).
Impact of biological fungicides on the formation and
functioning of symbiotic system soybean—Bradyrhizobinm
Japonicum. Studia Biologica, 18(2), 97-110. https://doi.otg/
10.30970/sbi.1802.769

Lobell, D. B., & Asner, G. P. (2003). Climate and management
contributions to recent trends in US. agricultural yields.
Science, 299(5609), 1032. https://doi.org/10.1126/science.
1077838

Lastochkina, O., Garshina, D., Ivanov, S. Yuldashev, R.,
Khafizova, R., Allagulova, C., Fedorova, K., Avalbaev, A.,
Maslennikova, D., & Bosacchi, M. (2020). Seed priming
with endophytic Bacillus subtilis modulates physiological
responses of two different Triticum aestivum 1. cultivars
under drought stress. Plants  (Basel), 9(12), 1810.
https://doi.org/10.3390/plants9121810

Leggett, M., Diaz-Zorita, M., Koivunen, M., Bowman, R., Resek,
R., Stevenson, C., & Leister, T. (2017). Soybean response
to inoculation with Bradyrhizobinm japonicum in the United
States and Argentina. Agronomy Journal, 109(3), 1031-1038.
https://doi.org/10.2134/agronj2016.04.0214

Marchio, R. L., Silva, G. C. d., Andrade, S. R. M. d., Junior, E B.
d. R, Janior, M. P. d. B., Haphonsso, R. H., & Carvalho, A.
M. d. (2025). Improving Soybean Development and Grain
Yield by Complementary Inoculation with Growth-
Promoting Bacteria Azospirillum, Psendomonas, Priestia, and
Bacillus. Plants, 14(3), 402. https:/ /doi.org/10.3390/plants
14030402

Martignone, G. M. B., Ghosh, B., Papadas, D., & Behrendt, K.
(2024). The rise of Soybean in international commodity
markets: A quantile investigation. He/iyon, 10(15), e34669.
https://doi.org/10.1016/.heliyon.2024.e34669

Marinkovic, ., Bjelic, D., Tintor, B., Miladinovic, J., Dukic, V., &
Dordevic, V. (2018). Effects of soybean co-inoculation
with plant growth promoting rhizobacteria in field trial.
Romanian Biotechnological 1 etters, 23(2), 13401-13408

Nakagawa, A. C. S., Ario, N., Tomita, Y., Tanaka, S., Murayama,
N., Mizuta, C., Iwaya-Inoue, M., & Ishibashi, Y. (2020).
High temperature during soybean seed development
differentially alters lipid and protein metabolism. Plant
Production Science, 23(4), 504-512. https:/ /doi.org/10.1080
/1343943X.2020.1742581

Novytska, N., Gadzovskiy, G., Mazurenko, B., Kalenska, S.,
Svistunova, 1., & Martynov, O. (2020). Effect of seed
inoculation and foliar fertilizing on structure of soybean
yield and yield structure in Western Polissya of Ukraine.
Agronomy Research, 18(4), 2512-2519. https://doi.org/10.
15159/AR.20.203

Ogunkanmi, L., MacCarthy, D.S., & Adiku, S. G. K. (2022).
Impact of extreme temperature and soil water stress on
the growth and yield of soybean (Ghyine max (L..) Merrill).
Agriculture, 12(1), 43. https://doi.org/10.3390/agticulture
12010043

Peoples, M. B., Giller, K. E., Jensen, E. S., & Herridge, D. F.
(2021). Quantifying country-to-global scale nitrogen
fixation for grain legumes: 1. Reliance on nitrogen fixation
of soybean, groundnut and pulses. Plant and Soil, 469, 1—
14. https://doi.org/10.1007/s11104-021-05167-6

Rotundo, J. L., Marshall, R., McCormick, R., Truong, S. K., Styles,
D, Gerde, J. A., Gonzalez-Escobar, E., Carmo-Silva E.,
Janes-Bassett, V., Logue J., Annicchiarico, P, de Visser, C.,
Dind A., Dodd 1. C,, Dye, L., Long, S. P,, Lopes, M. S,,
Pannecoucque, J., Reckling, M., Rushton, J., Schmid, N.,
Shield, I., Signor, M., Messina C. D., & Rufino M. C.
(2024). European soybean to benefit people and the
environment. Scentific Reports, 31(14), 7612. https://
doi.org/10.1038/541598-024-57522-z

Rhaman, M. S., Imran, S., Rauf, E, Khatun, M., Baskin, C. C.,
Murata, Y., & Hasanuzzaman, M. (2020). Seed priming
with phytohormones: An effective approach for the
mitigation of abiotic stress. Plants (Basel), 10(1), 37.
https://doi.org/10.3390/plants10010037

Razzak, M. A., Rahman, M. H., Hossain, M. M., & Hoque, M. N.
(2022). Effect of gibberellic acid (GA3) pretreatment on
the growth and yield of tuberose (Polianthes tuberosa 1..) cv.
Single Double Cut Flower. Current Research in Agriculture and

340



Korotkova ez al. (2025), AsPac J. Mol. Biol. Biotechnol 33 (4): 330-341

Farming, 3(2), 7-14. https://doi.org/10.18782/2582-7146
162

Siebers, M. H., Yendrek, C. R., Drag, D., Locke, A. M., Acosta, L.
R., Leakey, A. D., Ainsworth, E. A., Bernacchi, C. J., & Ort,
D. R. (2015). Heat waves imposed during early pod
development in soybean (Glhine max) cause significant
yield loss despite a rapid recovery from oxidative stress.
Global ~ Change  Biology, 21(8), 3114-3125. https://
doi.org/10.1111/gcb.12935

Sheteiwy, M. S., Ali, D. F. I, Xiong, Y. C., Brestic, M., Skalicky, M.,
Hamoud, Y. A., Ulhassan, Z., Shaghaleh, H., AbdElgawad,
H., Farooq, M., Sharma, A., & El-Sawah, A. M. (2021).
Physiological and biochemical responses of soybean plants
inoculated with Arbuscular mycorthizal fungi and
Bradyrbizobinm under drought stress. BMC Plant Biology, 21,
195. https://doi.org/10.1186/512870-021-02949-z

Serafin-Andrzejewska, M., Jama-Rodzenska, A., Helios, W,
Kozak, M., Lewandowska, S., Zalewski, D., & Kotecki, A.
(2024). Influence of nitrogen fertilization, seed inoculation
and the synergistic effect of these treatments on soybean
yields under conditions in south-western Poland. Scientific,
14, 6672. https://doi.org/10.1038/s41598-024-57008-y

Tsygankova, V., Shysha, E., Galkin, A., Biliavska, L., Iutynska, G.,
Yemets, A., & Blume, Y. (2017). Impact of microbial
biostimulants on induction of callusogenesis and
organogenesis in the isolated tissue culture of wheat in
vitro. Journal of Medicinal Plants Studies, 5(3), 155—164.

Ukraine soybean area, yield and production. (2025, June 12).
USDA: Foreign Agticultural Service. IPAD. https://
ipad.fas.usda.gov/countrysummary/Default.aspx?id=UP
&crop=Soybean

Wellburn, A. R. (1994). The spectral determination of
chlorophylls a, and b, as well as total carotenoids, using
various solvents with spectrophotometers of different
resolution. Journal of Plant Physiology, 144(3), 307-313.

Zhao, C., Liu, B, Piao, S., Wang, X., Lobell, D. B, Huang, Y.,
Huang, M., Yao, Y., Bassu, S., Ciais, P, Durand, J. L., Elliott,
J., Ewert, E, Janssens, I. A, Li, T., Lin, E., Liu, Q., Martre,
P, Miiller, C., Peng, S., Pefiuelas, J., Ruane, A. C., Wallach,
D, Wang, T., Wu, D, Liu, Z., Zhu, Y., Zhu, Z., & Asseng,
S. (2017). Temperature increase reduces global yields of
major crops in four independent estimates. Proceedings of the
National ~ Academy of  Sciences,  114(35), 9326-9331.
https://doi.org/10.1073/pnas. 1701762114

Zhang, X., Huang, G., Bian, X., & Zhao, Q. (2013). Effects of
root interaction and nitrogen fertilization on the
chlorophyll  content, root activity, photosynthetic
characteristics of intercropped soybean and microbial
quantity in the rhizosphere. Plant Soil and Environment,
59(2), 80-88. https://doi.org/10.17221/613/2012-PSE

Zimmer, S., Messmer, M., Haase, T., Piepho, H.-P.,, Mindermann,
A., Schulz, H., HabekuB3, A., Ordonf, E, Wilbois, K.-P.,, &
HeB, J. (2016). Effects of soybean variety and
Bradyrhizobium strains on yield, protein content and
biological nitrogen fixation under cool growing conditions
in Germany. Eurgpean Journal of Agronomy, 72, 38-46.
https://doi.org/10.1016/j.¢ja.2015.09.008

341



