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Abstract. Soybean is one of the most in-demand crops, with its production increasing; however, climate 
change affects yield, necessitating the application of biopreparations to enhance plant resilience 
to stress conditions. This study aimed to investigate the effects of pre-sowing seed treatment with 
an inoculant and a phytohormonal preparation on the physiological and biochemical parameters of 
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Introduction
The study of the physiological and biochemical 
aspects of pre-sowing seed treatment is impor-
tant for understanding the processes that occur 
in seeds during preparation for sowing, as it al-
lows for the determination of optimal treatment 
methods to improve their germination energy, re-
sistance to stress conditions, and increase yields. 
Such treatments can affect the biochemical pro-
cesses that occur in seed cells, including enzyme 
activity, protein synthesis, and processes related 
to the energy supply of germination. Studying the 
physiological responses of seeds to treatment 
helps to develop effective technologies that 
stimulate plant growth and development, and 
improve their adaptation to adverse conditions 
such as droughts or low temperatures, which is 
particularly relevant in the context of climate 
change. This knowledge also makes it possible to 
reduce the use of chemical fertilisers and pesti-
cides, which is important for sustainable agricul-
ture and environmental conservation.

According to J. Bosanquet (n.d.), soybean (Gly-
cine max (L.) Merr.) is one of the most soughtafter 
legume crops in the global market, which ranks it 

sixth among the most widespread crops in terms 
of production volume and fourth in terms of eco-
nomic value and production area. This growth is 
accompanied by a 5% increase in global soybean 
consumption due to demand in the feed, food, 
and industrial sectors (IGS: Global soybean pro-
duction in 2024/25 MY to break record, 2024).

In Ukraine, despite abnormal heat and 
drought in 2024, soybean production reached a 
record 6.0 million tonnes, an increase of 15.4% 
compared to 2023. Soybean production in the EU 
increased by only 0.3% compared to the previous 
year due to the negative impact of weather con-
ditions in Central European countries (Ukraine 
soybean area, yield and production, n.d.). V. Voo-
ra et al. (2022) stated that in Europe, ongoing cli-
mate change and the high demand for genetical-
ly unmodified soybeans in domestic markets are 
contributing to the idea of introducing soybeans 
into typical organic farming systems. Considering 
the research of JJ.L. Rotundo et al. (2024), the EU 
market is the largest sales market for domestic 
soybeans (47% of total exports), so Ukrainian 
producers seek to adhere to the European Green 

soybean plants and their yield under organic farming conditions. A field study conducted in 2022-
2024 examined the impact of pre-sowing seed treatment with the inoculant Legume Fix and the 
phytohormonal preparation Violar on leaf area, proline content, malondialdehyde levels, photosynthetic 
pigments, and yield under various weather conditions in an organic farming system. It was established 
that pre-sowing seed treatment increased leaf area by an average of 13.4% with Legume Fix and by 
19.3% with Violar. It was established that the highest increase in proline content (as a protective 
response) was observed in the hot conditions of 2024, with seed treatment using Violar (41.2%) and 
Legume Fix (26.5%). Over the study period, the lowest MDA concentrations in soybean plants were 
recorded following seed treatment with Violar and Legume Fix, averaging 7.57 and 9.33 µg/g fresh 
weight, respectively, which was 37.4% and 22.9% lower than in the control plants. Treatment with Violar 
resulted in an increase in Chl a, Chl b, and total Chl (a + b) content by an average of 18.9%, 13.3%, and 
17.2%, respectively, compared to the control, while inoculation with Legume Fix led to increases of 7.4%, 
3.4%, and 6.2%, respectively. Pre-sowing seed treatment with Legume Fix and Violar resulted in a higher 
yield than the control plants, with average increases of 13.2% and 20.6%, respectively. The obtained 
results may be recommended for organic farming to enhance crop yield

Keywords: leaf area; proline; malondialdehyde; photosynthetic pigments; organic farming; weather 
conditions



Scientific Reports of the National University of Life and Environmental Sciences of Ukraine. 2025. Vol. 21, No. 2

108 Physiological and biochemical aspects...

Deal, one of the important directions of which is 
the introduction of organic production.

According to research by M.B. Hrabovskyi et 
al. (n.d.), the profitability of growing organic soy-
beans in Ukraine is high, and although its yield is 
lower compared to traditional technology, lower 
production costs and a higher selling price make 
such production more profitable. At the same 
time, the presence of climatic risk, especially the 
uneven impact of precipitation and high temper-
atures, requires the introduction of technological 
innovations to increase its yield. However, it is 
difficult to obtain high yields and quality soybean 
seeds, despite the proper soil properties, even in 
organic farming conditions, due to water scarcity 
and prevailing high temperatures.

Scientists M.S.  Hossain  et al.  (2024) noted 
that despite its adaptability, soybeans also face 
challenges from climate variability, including un-
predictable precipitation patterns that threaten 
growth and yield. The degree of effect depends 
on when the period of high temperatures occurs 
and how intense the water deficit is. Such chang-
es in weather conditions can cause a decrease 
in soybean yields of up to 40%. Research by 
A.C.S. Nakagawa et al. (2020) showed that when 
soybeans are exposed to high temperatures dur-
ing the seed-filling stage, their yield decreases 
and the seed composition changes. Studies by 
L.  Ogunkanmi  et al.  (2022) indicated that the 
most detrimental effect on soybean yield (a de-
crease of 42-64%) is the combined effect of high 
temperature and drought compared to their indi-
vidual effects.

According to M.N. Khan et al.  (2019), one of 
the promising directions for managing the pro-
cess of forming stable agroecosystems of leg-
umes, primarily soybeans, is the use of prepa-
rations that allow protecting the physiological 
state of plants from excessive temperature effects 
and precipitation deficits. According to research 
by I. Korotkova et al.  (2023), the most commonly 
used technological measures at present are the 
priming of seeds with various biostimulants, hor-
monal preparations and osmoprotectants, which 

have already been tested on crops such as wheat, 
corn and chickpeas.

While there is plenty of research on the indi-
vidual benefits of microbial and phytohormonal 
treatments for soybean seeds, there is less focus 
on comparing their effectiveness, especially in or-
ganic farming. Pre-sowing inoculation with bac-
terial preparations is a vital part of organic grow-
ing. According to S. Brambilla et al. (2022), various 
symbiotic and non-symbiotic rhizobacteria are 
used as bioinoculants to boost plant growth and 
development through mechanisms like nitrogen 
fixation, siderophore production, and phytohor-
mone synthesis.

This study aimed to assess the role of 
pre-sowing inoculation and phytohormonal seed 
treatment in organic farming systems in mitigat-
ing the effects of extreme temperatures during 
the growing season by evaluating their impact on 
the physiological and biochemical parameters of 
plants and overall yield.

Materials and Methods
The field studies were conducted at the exper-
imental field of Poltava State Agrarian Univer-
sity (Khudoliivka Village, Kremenchuk District, 
Poltava Region) during 2022-2024. The region is 
known for its ecological purity due to the nearby 
forest massifs and Sudebske Lake. The soil of the 
experimental plots is residual-saline chernozem 
on loess deposits with a moderate level of ni-
trogen and phosphorus availability and high po-
tassium. For soil analysis, 5 samples were taken 
from a depth of 0-20 cm of the experimental plot. 
A composite soil sample was prepared by mixing 
the collected samples. The sample was air-dried, 
crushed, and passed through a 2 mm sieve. The 
content of nitrogen, phosphorus, potassium, and 
pH in the soil samples (0-20 cm) was determined 
using a Palintes SK500 multiparameter photom-
eter: pHKCl – 6.3; humus – 5.2%; total nitrogen – 
58.6  mg/kg; phosphorus (P2O5)  – 78.3  mg/kg; 
potassium (K2O) – 138.4 mg/kg. The total area of 
the land plot was 0.3 ha, and the accounting area 
was 0.1 ha.
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The experiments employed standard ag-
ricultural practices for the cultivation zone. Its 
predecessor was spring barley. Soybean sowing 
was carried out at optimal times according to the 
climatic conditions of the year of research to a 
depth of 5 cm, with a row spacing of 38 cm and 
a seeding rate of 700  thousand seeds/ha. The 
technological soil cultivation, taking into account 
the peculiarities of growing plant crops using 
organic technology, included autumn ploughing, 
spring harrowing with a heavy harrow to retain 
moisture, cultivation with a stubble implement, 
pre-emergence and post-emergence harrowing 
with a Striegel mesh harrow (Hatzenbichler, Aus-
tria), and two inter-row cultivations to control 
weeds. To protect crops from pests, trichogramma 
(100-200  thousand individuals/ha) was manual-
ly applied three times at 50 points per hectare: 
before sowing, one month later, and as needed, 
depending on the level of crop infestation.

The object of the study was the early-rip-
ening soybean variety Khorol of Ukrainian se-
lection, originator – Soybean Research Institute 
LLC. The experiment was repeated three times. 
The placement of variants was randomised. For 
soybean seed inoculation, the bacterial prepara-
tion Legume Fix (Legume Technology Ltd, United 
Kingdom) and the preparation with a complex of 
phytohormones Violar (Ukraine) were used. Seeds 
were inoculated using the dry method 30 minutes 
before sowing at a rate of 1.25 kg of inoculant per 
500  kg of seeds. The biopreparation Violar was 
used for pre-sowing seed treatment (0.5 L/t) and 
for spraying during the budding-early flowering 
stage (10 mL/ha). In the control variant, soybean 
seeds and plants were treated with an equivalent 
amount of water. The content of proline and malon-
dialdehyde (MDA) in soybean leaves was deter-
mined by the method of M.K. Fatema et al. (2017).

Optical density measurements were per-
formed using a ULAB 108 UV spectrophotometer. 
The leaf area was calculated using the Easy Leaf 
Area software (Easlon & Bloom, 2023). Knowing 
the leaf area per plant and multiplying this by 
the plant density per hectare, the leaf appara-

tus area of plants per specific area was obtained, 
expressed in m2/ha. The research was conducted 
following the Convention on Biological Diversi-
ty (1992) and the Convention on the Trade in En-
dangered Species of Wild Fauna and Flora (1973).

Material for the determination of photosyn-
thetic pigments was processed fresh immediately 
after collection. Pigments were extracted with 
96% ethanol. Spectrophotometric measurement 
of the optical density of ethanol extracts for the 
determination of chlorophyll a (Chl a) and chlo-
rophyll b (Chl b) content was carried out without 
prior separation at the absorption maxima of Chl 
a – 665 nm, Chl b – 649 nm using a ULAB 108 UV 
spectrophotometer (ULAB, China). The calcula-
tion of pigment content in the obtained extracts 
was carried out using the method of A.R.  Well-
burn (1994) according to formulas (1-2):

Сchl а
 = [(13.95D665

 − 6.88D649)
 · V]/m,        (1)

Сchl b
 = [(24.96D649

 − 7.32D665)
 · V]/m,        (2)

where Сchl а, Сchl b are the concentration of Chl a and 
Chl b in mg/g of fresh weight; D665 and D649 are 
the optical density of the alcohol extract of pig-
ments at wavelengths λ = 665 nm and λ = 649 nm, 
respectively; m is the sample weight, mg; V is the 
volume of ethanol, cm3. MS Excel was used for the 
graphical display of the research results. The sig-
nificance of the experimental data was assessed 
using analysis of variance (ANOVA) to calculate 
the least significant difference (LSD05).

Results and Discussion
An analysis of the dynamics of soybean leaf area 
formation during 2022-2024 allowed for an as-
sessment of the impact of weather conditions 
during the crop’s growing season (Fig. 1).

The provided data shows that in 2022 and 
2023, temperature and moisture levels were more 
favourable for soybean growth and development. 
However, in 2024, excessively high temperatures 
and low relative air humidity were observed due 
to insufficient atmospheric precipitation and une-
ven distribution throughout the growing season, 
which limited the leaf area formation of the crop. 
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In the hot year of 2024, the leaf area of soybean 
plants was lower than in the previous years, 2022 
and 2023, for all experimental variants (Fig. 2): 
16.5-22.1% lower in the control; 13.6-21.3% low-
er with Legume Fix inoculation; and 16.1-21.2% 

lower with Violar phytohormonal treatment. In the 
current studies, the proline and MDA content were 
used as stress biomarkers, the overcoming of which 
was facilitated by the use of Legume Fix inoculant 
and Violar phytohormonal preparation (Fig. 3).

Figure 2. Dynamics of leaf area formation of soybean plants of the Khorol  
variety under different pre-sowing treatment technologies, thousand m2/ha

Note: average for 2022-2024
Source: compiled by the authors

Figure 1. Average monthly air temperature and precipitation during the soybean growing season
Source: compiled by the authors

Figure 3. Proline and MDA content in soybean plants of the Khorol variety  
under different presowing treatment technologies, µg/g of fresh weight

Source: compiled by the authors
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The proline content in plants in the control 
was the lowest for all years of research. Indica-
tors of high temperature in 2024 correlated with 
the maximum proline content (9.6 µg/g of fresh 
weight); when seeds were treated with the phy-
tohormone Violar, the proline content increased 
by 41.2% and 26.5% when inoculated with Leg-
ume Fix compared to the control. Soybean plants 
grown in more favourable weather conditions in 
2022-2023 also had increased proline content, 
but the excess over the control when treated 
with Violar averaged ~22.6% and with Legume 
Fix  ~18.7%. Control plants showed the highest 
MDA content, indicating the level of response to 
oxidative stress compared to other treatments 
(Fig. 3). Soybean plants grown from treated seeds 
were more resistant to adverse temperature con-
ditions due to a decrease in MDA levels. The MDA 
content in plants treated with the phytohormone 
Violar was lower than the content in control plants 
by ~36% and with Legume Fix inoculation by 
~22% in 2024, which differed from previous years 
with extremely indicators of high temperature 
with moisture deficit during the growing season.

In 2022-2023, the lowest concentration of 
MDA in soybean plants was observed when seeds 
were treated with Violar, with the MDA concen-
tration averaging ~5.65  µg/g of fresh weight, 

which is 38.9% less than the MDA content in con-
trol plants. Legume Fix inoculation also showed 
an effective action in overcoming temperature 
stress; the MDA content in plants decreased to 
an average of ~7.05 µg/g of fresh weight, which 
is ~23.8% less than in control plants. Therefore, 
priming soybean seeds with Violar demonstrates 
better results compared to the effect of Legume 
Fix. The level of MDA in plants from seeds treated 
with Violar was almost 20% lower relative to the 
MDA level with Legume Fix treatment in 2022-
2023 and 18% in 2024. A significant increase in 
proline levels in plants was observed as a result 
of treating soybean seeds with Violar and Legume 
Fix. This protective response was absent when 
seeds were treated with water (control), where 
the lowest proline levels were recorded for all 
years of research.

To determine the effect of pre-sowing seed 
treatment with Legume Fix and Violar on the 
functioning of the photosynthetic apparatus of 
soybean plants under different weather condi-
tions, an analysis of the dynamics of chlorophyll 
Chl a and Chl b content was performed, and the 
sum of their forms was calculated since the ef-
ficiency of the pigment system affects the yield 
of soybean crops and depends on environmental 
conditions (Table 1).

Table 1. Chlorophyll a and b content in leaves of the Khorol soybean variety  
at the flowering stage depending on pre-sowing treatment technology

Note: average for 2022-2024
Source: compiled by the authors

Technology 
Chl а Chl b Chl (a + b)

2022 2023 2024 2022 2023 2024 2022 2023 2024
Control (water) 1.12 1.17 0.78 0.46 0.48 0.34 1.58 1.66 1.12

Legume Fix 1.17 1.23 0.88 0.47 0.49 0.36 1.64 1.73 1.24
Violar 1.29 1.44 0.93 0.51 0.56 0.38 1.80 2.00 1.30
LSD05 0.098 0.034 0.134

In the current study, pre-sowing treatment 
of soybean seeds with the experimental prepa-
rations improved the physiological parameters 
of plants and promoted an increase in chloro-
phyll content, which activated the photochemical 

functions of chloroplasts, increasing the efficien-
cy of photosynthesis. The data in Table 1 shows 
an increase in the total Chl (a + b) content using 
Legume Fix and Violar, depending on the years 
of research, compared to the control by 3.510.7 
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and 14.1-21.0%, respectively. The total Chl (a + b) 
content in soybean plants using Legume Fix and 
Violar compared to control plants in 2024 in-
creased by 10.7 and 16.1%, respectively, while in 
2022-2023, it increased by an average of 4.0 and 
17.5%, respectively. A comparison of the concen-
tration of Chl a and Chl b in plants grown from 
seeds treated with Violar showed their maximum 
level in all years of research. The content of Chl a 
and Chl b exceeded the control by an average of 
18.9 and 13.3%, respectively, and by 7.4 and 3.4%, 
the content of chlorophylls in plants from seeds 
inoculated with Legume Fix.

It should be noted that the content of photo-
synthetic pigments in the leaves of soybean crops 
in the more favourable year of 2023 increased, 
which may be due to the treatment of seeds with 
biological preparations. Thus, in 2023, compared 
to 2022, when using Legume Fix and Violar, an 
increase in Chl a content was observed by 5.1% 
and 11.6%, respectively, and the excess over the 
control was 5.1-23.1% under the action of both 
preparations. The increase in Chl b content in 
2023 compared to 2022 correlated with an in-
crease in Chl a levels. The concentration of Chl b 
in soybean leaves when using Violar was higher 
than its concentration in 2022 by 9.8%; the con-
centration of Chl b when using Legume Fix ex-
ceeded this indicator and the control by 4.3%. De-
spite a decrease in Chl a and Chl b content in all 

research variants in 2024, when plant growth was 
inhibited by high temperature. Compared with the 
content in plants grown in previous years, when 
using Violar, the Chl a content increased relative 
to the control by 19.2%, which confirms the ef-
fectiveness of its action in overcoming the tem-
perature factor. However, the Chl b content when 
using Violar exceeded control plants in 2024 by 
11.8%, and in the more favourable years of 2022-
2023 – by 10.9-16.7%. When soybean seeds were 
inoculated with Legume Fix in 2024, the Chl a 
content in plants increased most significantly – 
by 12.8%, and Chl b – by 5.9% relative to con-
trol plants. A similar correlation was observed in 
2022-2023 – the increase in Chl a was 4.5-5.1%, 
and Chl b only 2.1%.

Soybean yield in the control variant was de-
termined at the level of 1.9-2.4 t/ha depending 
on the year (Fig. 4), while using Legume Fix and 
Violar – 2.1-2.8 and 2.3-3.0 t/ha, respectively. The 
experimentally determined increase in Chl (a + b) 
content relative to the control by 5.5% with Legume 
Fix inoculation and by 17.2% with the use of Violar 
phytohormonal preparation led to an increase in 
soybean yield by an average of 13.2-20.6%. At 
the same time, a direct correlation with a strong 
relationship was determined between the Chl 
(a + b) content and yield for all research variants: 
control – r = 0.986, when using Legume Fix inoc-
ulant – r = 0.983, Violar biopreparation – r = 0.988.

Figure 4. Dynamics of soybean yield of the Khorol variety  
with pre-sowing seed treatment using different technologies, t/ha

Note: average for 2022-2024
Source: compiled by the authors
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increase in grain yield by 20.3%. According to the 
results of the present research, the use of Violar 
led to an increase in Chl a, Chl b and Chl (a + b) 
content relative to the control by an average of 
18.9, 13.3 and 17.2%, and yield – by 20.6%.

The effectiveness of the Legume Fix applica-
tion is reflected in the study by H.L. Hadzovskyi et 
al. (2020), where inoculated soybean seeds were 
supplemented with foliar feeding of complex 
chelated micronutrients. As a result, the increase 
in Chl a, Chl b and Chl (a + b) content in the leaves 
of plants of two soybean varieties was 5.8-8.2, 
1.1-16.8 and 6.8-7.8%, respectively, and yield – by 
6.0-8.0%. According to research by Т.О. Chaika et 
al. (2023), the use of Legume Fix in organic farm-
ing contributed to an increase in soybean seed 
yield by 12.4-16.1%, and according to S.S. Nimen-
ko & M.B. Grabovskyi (2023), by 14.8-22.2%. The 
authors D.B. Lobell & G.P. Asner (2003) proved that 
with each 1°C increase in temperature, soybean 
yield decreases by an average of 17%. А. Puteh et 
al. (2013) and K. Jumrani & V.S. Bhatia (2018) note 
that high-temperature stress during mid-repro-
ductive growth is more detrimental to crop and 
seed size than that occurring at early or late stag-
es of reproductive development.

Bacterial preparations play a strategic role in 
mitigating the harmful effects of reactive oxygen 
species (ROS) through the production of various 
phytohormones that provide plant resistance. 
The result of inoculation depends primarily on 
the strains of bacteria included in the prepara-
tions and weather conditions. According to a 
study by M.S. Sheteiwy et al.  (2021), inoculation 
of soybean seeds with Bradyrhizobium led to a 
decrease in ROS levels by an average of ~15% 
and an increase in proline content by ~20% com-
pared to the control.

Oxidative damage caused by adverse temper-
ature conditions can be reduced by inoculation 
with phyllosphere bacteria, strains of Bacillus am-
yloliquefaciens, Azospirillum brasilense, Rhizobium 
leguminosarum, Mesorhizobium cicero, Trichoderma 
sp., which form colonies in root zones and en-
hance plant growth under various circumstances, 

as was shown in rice plants (Seleiman et al., 2021; 
Mokrienko et al., 2024).

However, there are suggestions that bacterial 
preparations might be less effective under high 
temperatures. However, microorganisms do not 
necessarily die under the influence of high tem-
peratures; they can enter a dormant state. Rehy-
drating dry soil promotes the stimulation of bac-
terial growth and the activation of respiration, as 
reflected in studies by P. Iovieno & T. Baath (2008) 
and A. Meisner et al. (2015).

Articles by Х. Zhang et al. (2013) and М. Card-
arelli et al. (2022) have shown that bacterial inoc-
ulation can positively affect the maintenance of 
photosynthetic pigments in plants under condi-
tions of insufficient moisture. Seed bacterization 
contributes to an increase in Chl (a + b) content, 
which is explained by a direct relationship be-
tween chlorophyll concentration in leaves and 
nitrogen fixation intensity, which significantly de-
pends on the symbiotic properties of nodule bac-
teria that determine plant nitrogen nutrition. Ac-
cording to research by О. Lastochkina et al. (2020), 
the use of B. subtilis induced an increase in Chl a 
and Chl b levels up to 1.52 and 1.46 times, re-
spectively, compared to non-inoculated seeds due 
to an increase in proline levels, which provides 
neutralisation of ROS production in plants under 
drought conditions. At the same time, C. Pagano & 
M. Miransari (2016) and E. Yusnawan et al. (2019) 
proved that depending on the strain used, differ-
ent results can be obtained regarding soybean 
development and yield.

According to research by S.G.  Jaybhaye  et 
al. (2024) and A. Koziuchko et al. (2024), presow-
ing treatment of seeds with biologically active 
substances (phytohormones, vitamins, amino 
acids, etc.) plays an important role in increasing 
soybean productivity. Biologically active sub-
stances create a favourable microbiological and 
biochemical environment around germinating 
seeds, which stimulates growth, increases the 
resistance of seedlings to adverse weather con-
ditions, and also activates beneficial soil micro-
flora W.F. Abobatta & D.K.A. Al-taey (2023). When  
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growing common beans (Phaseolus vulgaris L.) 
under drought conditions, seed inoculation with 
Bacillus velezensis and foliar treatment with ace-
tylsalicylic acid significantly increased Chl a lev-
els by 25.5% and Chl b by 37%, which increased 
yield by ~30% compared to plants without inocu-
lation (Zamani et al., 2024).

Thus, the highest levels of Chl a and Chl b 
can be achieved under conditions of combined 
use of bacterial preparations in pre-sowing seed 
treatment and phytohormonal preparations, 
which indicates the possibility, within certain 
limits, of managing the photosynthetic process 
in legume crops. Thus, the experimental results 
and subsequent analysis highlight the phytohor-
monal preparation Violar as an effective means 
for inducing soybean plants to overcome adverse 
climatic conditions and form high yields under or-
ganic farming technologies.

Conclusions
In organic farming, inoculating seeds with bac-
terial preparations and priming them with phy-
tohormone-containing substances significantly 
impacts soybean development and yield under 
harsh growing conditions (high temperatures 
and lack of precipitation). Quantifying param-
eters like leaf area and chlorophyll content, 
based on growing conditions and pre-sowing 
seed treatment, provides valuable insight into 
yield-boosting factors. Also, measuring MDA 
and proline levels when using these treatments 
helps assess their role in enhancing plant resil-
ience to adverse weather.

The results showed that all methods of soy-
bean seed treatment led to an increase in leaf 
area, photosynthetic pigment content, and their 
total while reducing MDA levels and increasing 
proline content. However, pre-sowing treatment 
with the Violar phytohormonal preparation was 
more effective than the Legume Fix bacterial  

inoculant. The MDA content in plants grown from 
Violartreated seeds was almost 20% lower in 
2022-2023 and 18% lower in 2024 than after us-
ing Legume Fix. A significant increase in proline 
levels was observed both with Violar treatment 
(averaging ~40% relative to the control) and with 
Legume Fix inoculant use (~22%). The content 
of chlorophylls Chl a and Chl b in plants whose 
seeds were treated with Violar exceeded the con-
trol by an average of 18.9% and 13.3%, respec-
tively, while with Legume Fix inoculation, these 
indicators increased by 7.4% and 3.4%. The exper-
imentally established increase in the total chloro-
phyll content Chl (a + b) relative to the control by 
5.5% when using Legume Fix and by 17.2% with 
Violar treatment, which contributed to an increase 
in soybean yield by an average of 13.220.6%.

A statistically confirmed strong direct re-
lationship between these indicators and yield, 
which on average increased relative to the con-
trol by 13.2% (2.47 t/ha) when using Legume Fix 
and 20.5% (2.63  t/ha) when using Violar. This 
study demonstrates the possibilities of various 
approaches to soybean seed preparation (using 
bacterial and phytohormonal preparations) for 
cultivation using organic farming technologies, 
comparing their effectiveness. Future research 
is planned to be devoted to assessing the effect 
of their combined use in overcoming inevitable 
climate changes that pose a serious threat to soy-
bean production and the development of effec-
tive adaptation measures.

Acknowledgements
None.

Funding
None.

Conflict of Interest
None.



Scientific Reports of the National University of Life and Environmental Sciences of Ukraine. 2025. Vol. 21, No. 2

115Chaika et al.

References
[1]	 Abobatta, W.F., & Al-Taey, D.K.A. (2023). Organic compounds as antistress stimulants in plants: 

Responses and mechanisms. In M. Ghorbanpour & M.A. Shahid (Eds.), Plant stress mitigators. Types, 
techniques and functions (pp. 415-424). London: Academic Press. doi: 10.1016/B978-0-323-89871-
3.00025-2.

[2]	 Bosanquet, J. (n.d.). Summary series: Soy. Retrieved from https://tabledebates.org/building-blocks/
table-summary-series-soy.

[3]	 Brambilla, S., Stritzler, M., Soto, G., & Ayub, N. (2022). A synthesis of functional contributions of 
rhizobacteria to growth promotion in diverse crops. Rhizosphere, 24, article number 100611. 
doi: 10.1016/j.rhisph.2022.100611.

[4]	 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 (Basel), 
11(3), 259. doi: 10.3390/plants11030259.

[5]	 Chaika, T.O., Liashenko, V.V., & Khomenko, B.S. (2023). The impact of seed inoculation on soybean 
yield under organic cultivation technology. Taurida Scientific Herald. Series: Rural Sciences, 133, 180-
187. doi: 10.32782/2226-0099.2023.133.24.

[6]	 Convention on Biological Diversity. (1992, June). Retrieved from https://zakon.rada.gov.ua/laws/
show/995_030#Text.

[7]	 Convention on the Trade in Endangered Species of Wild Fauna and Flora. (1973, June). Retrieved 
from https://zakon.rada.gov.ua/laws/show/995_129#Text.

[8]	 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), article number 1400033. 
doi: 10.3732/apps.1400033.

[9]	 Fatema, M.K., Mamun, M.A.A., Sarker, U., Hossain, M.S., Mia, M.A.B., Roychyowdhury, R., Ercisli, S., 
Marc, R.A., Babalola, O.O., & Karim, M.A. (2023). Assessing morpho-physiological and biochemical 
markers of soybean for drought tolerance potential. Sustainability, 15, article number 1427. 
doi: 10.3390/su15021427.

[10]	 Hadzovskyi, H.L., Novytska, N.V., & Martynov, O.M. (2019). Chlorophyll content in the leaves of 
plants and the yield of soybeans with the introduction of chelated micronutrients. Taurida Scientific 
Herald. Series: Rural Sciences, 105, 34-38. 

[11]	 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), article number 2765. doi:  10.3390/
plants13192765.

[12]	 Hrabovskyi, M.B., Fedoruk, Yu.V., Hrabovska, T.O., Lozinskyi, M.V., & Kozak, L.A. (n.d.). Yield of soybean 
varieties under conventional and organic cultivation technologies. Retrieved from https://surl.li/
nigogl.

[13]	 IGS: Global soybean production in 2024/25 MY to break record. (2024). Retrieved from https://
www.tridge.com/news/igs-global-soybean-production-in-202425-my-t-ndaksl

[14]	 Iovieno, P., & Baath, E. (2008). Effect of drying and rewetting on bacterial growth rates in soil. FEMS 
Microbiology Ecology, 26(3), 400-407. doi: 10.1111/j.1574-6941.2008.00524.x

https://doi.org/10.1016/B978-0-323-89871-3.00025-2
https://doi.org/10.1016/B978-0-323-89871-3.00025-2
https://tabledebates.org/building-blocks/table-summary-series-soy
https://tabledebates.org/building-blocks/table-summary-series-soy
https://doi.org/10.1016/j.rhisph.2022.100611
https://doi.org/10.3390/plants11030259
https://doi.org/10.32782/2226-0099.2023.133.24
https://doi.org/10.3732/apps.1400033
https://doi.org/10.3390/su15021427
https://www.tnv-agro.ksauniv.ks.ua/archives/105_2019/8.pdf
https://www.tnv-agro.ksauniv.ks.ua/archives/105_2019/8.pdf
https://doi.org/10.3390/plants13192765
https://doi.org/10.3390/plants13192765
https://www.agronom.com.ua/urozhajnist-sortiv-soyi-za-tradytsijnoyi-ta-organichnoyi-tehnologij-vyroshhuvannya/?utm_source=chatgpt.com
https://www.agronom.com.ua/urozhajnist-sortiv-soyi-za-tradytsijnoyi-ta-organichnoyi-tehnologij-vyroshhuvannya/?utm_source=chatgpt.com
https://www.tridge.com/news/igs-global-soybean-production-in-202425-my-t-ndaksl
https://www.tridge.com/news/igs-global-soybean-production-in-202425-my-t-ndaksl
https://doi.org/10.1111/j.1574-6941.2008.00524.x


Scientific Reports of the National University of Life and Environmental Sciences of Ukraine. 2025. Vol. 21, No. 2

116 Physiological and biochemical aspects...

[15]	 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, article number 105870. 
doi: 10.1016/j.envexpbot.2024.105870

[16]	 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

[17]	 Khan, M.N., Zhang, J., Luo, T., Liu, J., Rizwan, M., Fahad, S., Xu, J., & 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, 140, article number 111597. doi:  10.1016/j.
indcrop.2019.111597

[18]	 Korotkova, I.V., Chaika, Т.O., Romashko, Т.P., Chetveryk, О.O., Rybalchenko, А.M., & Barabolia, O.V. 
(2023). Emmer wheat productivity formation as depending on pre-sowing seed treatment method 
in organic and traditional technology cultivation. Regulatory Mechanisms in Biosystems, 14(1), 41-
47. doi: 10.15421/022307

[19]	 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 of metabolically 
active compounds on biochemical composition of soybean grain. Modern Phytomorphology, 18, 1-4. 

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

[21]	 Lobell, D.B., & Asner, G.P. (2003). Climate and management contributions to recent trends in U.S. 
agricultural yields. Science, 299(5609), article number 1032. doi: 10.1126/science.1077838

[22]	 Meisner, A., Rousk, J., & Baath, E. (2015). Prolonged drought changes the bacterial growth response 
to rewetting. Soil Biology and Biochemistry, 88, 314–322. doi: 10.1016/j.soilbio.2015.06.002

[23]	 Mokrienko, V., Kalenska, S., & Andriec, D. (2024). The effectiveness of intercropping in the Forest-
Steppe zone of Ukraine. Plant and Soil Science, 15(3), 68-80. doi: 10.31548/plant3.2024.68.

[24]	 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. doi: 10.1080/1343943X.2020.1742581

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

[26]	 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 (Glycine max (L.) Merrill). Agriculture, 12(1), article 
number 43. doi: 10.3390/agriculture12010043.

[27]	 Pagano, C., & Miransari, M. (2016). The importance of soybean production worldwide. In 
M. Miransari (Ed.), Abiotic and biotic stresses in soybean production. soybean production (Vol. 1, pp. 
1-26). Cambridge: Academic Press. doi: 10.1016/B978-0-12-801536-0.00001-3.

[28]	 Puteh, A., ThuZar, M., Mondal, M.M.A, Abdullah, N.A.P.B., & Halim, M.R.A. (2013). Soybean (Glycine 
max (L.) Merrill) seed yield response to high temperature stress during reproductive growth stages. 
Australian Journal of Crop Science, 7(10), 1472-1479. doi: 10.3316/informit.618691.

https://doi.org/10.1016/j.envexpbot.2024.105870
https://doi.org/10.1007/s12298-017-0480-5
https://doi.org/10.1016/j.indcrop.2019.111597
https://doi.org/10.1016/j.indcrop.2019.111597
https://doi.org/10.15421/022307
https://www.phytomorphology.com/articles/effectiveness-of-influence-of-presowing-seeds-treatment-with-combinations-metabolically-active-compounds-on-biochemical-.pdf
https://www.phytomorphology.com/articles/effectiveness-of-influence-of-presowing-seeds-treatment-with-combinations-metabolically-active-compounds-on-biochemical-.pdf
https://doi.org/10.3390/plants9121810
https://doi.org/10.1126/science.1077838
https://doi.org/10.1016/j.soilbio.2015.06.002
https://doi.org/10.31548/plant3.2024.68
https://doi.org/10.1080/1343943X.2020.1742581
https://doi.org/10.32848/0135-2369.2023.79.7
https://doi.org/10.3390/agriculture12010043
https://doi.org/10.1016/B978-0-12-801536-0.00001-3
https://www.researchgate.net/publication/286322209_Soybean_Glycine_max_L_Merrill_seed_yield_response_to_high_temperature_stress_during_reproductive_growth_stages


Scientific Reports of the National University of Life and Environmental Sciences of Ukraine. 2025. Vol. 21, No. 2

117Chaika et al.

[29]	 Rotundo, J.L., et al. (2024). European soybean to benefit people and the environment. Scientific 
Reports, 14, article number 7612. doi: 10.1038/s41598-024-57522-z.

[30]	 Seleiman, M.F., Al-Suhaibani, N., Ali, N., Akmal, M., Alotaibi, M., Refay, Y., Dindaroglu, T., Abdul-
Wajid, H.H., & Battaglia, M.L. (2021). Drought stress impacts on plants and different approaches to 
alleviate its adverse effects. Plants, 10(2), article number 259. doi: 10.3390/plants10020259.

[31]	 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 mycorrhizal fungi and Bradyrhizobium 
under drought stress. BMC Plant Biology, 21(1), article number 195. doi:  10.1186/s12870-021-
02949-z.

[32]	 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 the Mechanics and Physics of Solids, 5(3), 155-164. 

[33]	 Ukraine soybean area, yield and production. (n.d.). Retrieved from https://ipad.fas.usda.gov/
countrysummary/Default.aspx?id=UP&crop=Soybean.

[34]	 Voora, V., Larrea, C., Huppe, G., & Nugnes, F. (2022). IISD’s State of Sustainability Initiatives Review: 
Standards and investments in sustainable agriculture. Canada: International Institute for Sustainable 
Development. 

[35]	 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. doi: 10.1016/S0176-1617(11)81192-2.

[36]	 Yusnawan, E., Inayati, A., & Baliadi, Y. (2019). Effect of soybean seed treatment with Trichoderma 
virens on its growth and total phenolic content. AIP Conference Proceedings, 2120, article number 
020003. doi: 10.1063/1.5115604.

[37]	 Zamani, F., Hosseini, N.M., Oveisi, M., Arvin, K., Rabieyan, E., Torkaman, Z., & Rodriguez, D. (2024). 
Rhizobacteria and phytohormonal interactions increase drought tolerance in Phaseolus vulgaris 
through enhanced physiological and biochemical efficiency. Scientific Reports, 14, article number 
30761. doi: 10.1038/s41598-024-79422-y.

[38]	 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. 
doi: 10.17221/613/2012-PSE.

https://doi.org/10.1038/s41598-024-57522-z
https://doi.org/10.3390/plants10020259
https://doi.org/10.1186/s12870-021-02949-z
https://doi.org/10.1186/s12870-021-02949-z
https://www.researchgate.net/publication/317041975_Impact_of_microbial_biostimulants_on_induction_of_callusogenesis_and_organogenesis_in_the_isolated_tissue_culture_of_wheat_in_vitro
https://www.researchgate.net/publication/317041975_Impact_of_microbial_biostimulants_on_induction_of_callusogenesis_and_organogenesis_in_the_isolated_tissue_culture_of_wheat_in_vitro
https://www.researchgate.net/publication/317041975_Impact_of_microbial_biostimulants_on_induction_of_callusogenesis_and_organogenesis_in_the_isolated_tissue_culture_of_wheat_in_vitro
https://ipad.fas.usda.gov/countrysummary/Default.aspx?id=UP&crop=Soybean
https://ipad.fas.usda.gov/countrysummary/Default.aspx?id=UP&crop=Soybean
https://www.researchgate.net/publication/378140518_State_of_Sustainability_Initiatives-Review-Standards_and_Investments_in_Sustainable_Agriculture
https://www.researchgate.net/publication/378140518_State_of_Sustainability_Initiatives-Review-Standards_and_Investments_in_Sustainable_Agriculture
https://doi.org/10.1016/S0176-1617(11)81192-2
https://doi.org/10.1063/1.5115604
https://doi.org/10.1038/s41598-024-79422-y
https://doi.org/10.17221/613/2012-PSE


Scientific Reports of the National University of Life and Environmental Sciences of Ukraine. 2025. Vol. 21, No. 2

118 Physiological and biochemical aspects...

Фізіолого-біохімічні аспекти передпосівної обробки  
насіння сої (Glycine max L. Merr.)

Тетяна Чайка
Кандидат економічних наук
Полтавське відділення Академії наук технологічної кібернетики України
36003, вул. Івана Банка, 5, м. Полтава, Україна
https://orcid.org/0000-0002-5980-7517
Ірина Короткова
Кандидат хімічних наук, професор
Полтавський державний аграрний університет
36003, вул. Сковороди, 1/3, м. Полтава, Україна
https://orcid.org/0000-0003-0577-9634
Микола Шевніков
Доктор сільськогосподарських наук, професор
Полтавський державний аграрний університет
36003, вул. Сковороди, 1/3, м. Полтава, Україна
https://orcid.org/0000-0003-0810-523X
Віктор Ляшенко
Кандидат сільськогосподарських наук, доцент
Полтавський державний аграрний університет
36003, вул. Сковороди, 1/3, м. Полтава, Україна
https://orcid.org/0000-0003-0577-9634
Олександр Горбенко
Кандидат технічних наук, доцент
Полтавський державний аграрний університет
36003, вул. Сковороди, 1/3, м. Полтава, Україна
https://orcid.org/0000-0003-2473-0801

Анотація. Соя є однією з найбільш затребуваних культур, і її виробництво зростає, але зміни 
клімату впливають на врожайність, що вимагає впровадження біопрепаратів для підвищення 
стійкості рослин до стресових умов. Мета роботи полягала у дослідженні впливу передпосівної 
обробки насіння сої інокулянтом і фітогормональним препаратом на фізіолого-біохімічні 
показники рослин і їх врожайність в умовах органічного землеробства. У польовому дослідженні, 
проведеному в 2022-2024 роках, проаналізовано вплив передпосівної обробки насіння сої 
інокулянтом Legume Fix та фітогормональним препаратом Віолар на площу листкової поверхні, 
вміст проліну, малонового діальдегіду та фотосинтетичних пігментів і врожайність в умовах 
органічного землеробства за різних погодних умов. Встановлено, що за передпосівної обробки 
насіння збільшується площа листкової поверхні в середньому на 13,4 % за використання Legume 
Fix і на 19,3 % – за обробки Віолар. З’ясовано, що найбільше підвищення проліну в рослинах (як 
захисна функція) спостерігалось у спекотному 2024 році за обробки насіння сої Віолар (41,2 %) та 
Legume Fix (26,5 %). За роки досліджень у рослинах сої спостерігали найменшу концентрацію MDA 
за обробки насіння Віолар і Legume Fix - в середньому 7,57 і 9,33 мкг/г сирої маси, відповідно, що 
на 37,4 і 22,9% менше, ніж в контрольних рослинах. За обробки Віолар вміст Chl а, Chl b і Chl (a + b) 
перевищував контроль у середньому на 18,9; 13,3 і 17,2  %, відповідно, а за інокуляції Legume 
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Fix – на 7,4; 3,4 і 6,2 % відповідно. Визначено, що за передпосівної обробки насіння сої Legume 
Fix і Віолар отримано більшу врожайність відносно контрольних рослин в середньому на 13,2 і 
20,6 % відповідно. Отримані результати можуть бути рекомендовані для органічного землеробства 
з метою підвищення врожайності культури

Ключові слова: площа листкової поверхні; пролін; малоновий діальдегід; фотосинтетичні пігменти; 
органічне землеробство; погодні умови


