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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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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 pg/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

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 Jl.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
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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: pH,, - 6.3; humus - 5.2%; total nitrogen -
58.6 mg/kg; phosphorus (P,0,) - 78.3 mg/kg;
potassium (K,0) - 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-
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tus area of plants per specific area was obtained,
expressed in m?/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):

C..,=[(13.95D,,. -6.88D,,)-V)/m, (1)

chla 665

C,.,=124.96D,,,-732D,)-V/m,  (2)

chlb

where C, . C ,arethe concentration of Chl a and
Chl b in mg/g of fresh weight; D, and D,,, are
the optical density of the alcohol extract of pig-
ments at wavelengths A=665 nm and A=649 nm,
respectively; m is the sample weight, mg; V is the
volume of ethanol, cm? 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 (LSD).

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  lower with Violar phytohormonal treatment. In the
plants was lower than in the previous years, 2022 current studies, the proline and MDA content were
and 2023, for all experimental variants (Fig. 2):  used as stress biomarkers,the overcoming of which
16.5-22.1% lower in the control; 13.6-21.3% low-  was facilitated by the use of Legume Fix inoculant
er with Legume Fix inoculation; and 16.1-21.2%  and Violar phytohormonal preparation (Fig. 3).
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Figure 1. Average monthly air temperature and precipitation during the soybean growing season
Source: compiled by the authors
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Figure 2. Dynamics of leaf area formation of soybean plants of the Khorol

variety under different pre-sowing treatment technologies, thousand m?/ha
Note: average for 2022-2024
Source: compiled by the authors
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Figure 3. Proline and MDA content in soybean plants of the Khorol variety
under different presowing treatment technologies, 1g/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 ug/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 pg/g of fresh weight,
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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 ug/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 Lequme
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

Chla Chlb Chl (a+b)
Technology
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
LSD 0.098 0.034 0.134

05

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

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

3

I
1 I

N

Yield, t/ha

_

o

2022 year 2023 year

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)
contentrelative tothe controlby5.5%with Lequme
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.

I Control
1 Legume Fix
m Violar
2024 year

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

The yield increase obtained in the current
study correlates with the results of V. Tsyganko-
vaetal.(2017) - the use of Violar in the cultivation

of spring wheat contributed to an increase in
Chl g, Chl b and Chl (a+ b) content by 20.0, 40.0
and 19.2%, respectively, which contributed to an
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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 g, 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 g, 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 T.0. 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%.A. 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,

Chaika et al.

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. lovieno & T.Baath (2008)
and A. Meisner et al. (2015).

Articles by X.Zhang et al. (2013) and M. 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 O. 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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13



14

Physiological and biochemical aspects...

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.
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AHoTauif. Cos € ogHielo 3 Haibinblw 3aTpebyBaHUX KynbTyp, i ii BUPOBHULTBO 3pOCTaE, ane 3MiHu
KniMaTy BMAMBAKOTb Ha BPOXaMHICTb, WO BMMAarae BNpoBamXeHHs GionpenapaTtiB Ang NiABWLLEHHSA
CTIAKOCTi POCAMH A0 CTpecoBux yMoB. MeTa poboTu mongrana y [OCHIAXKEHHI BNIMBY nepeAnociBHOI
00p0obKM HaciHHS COi iHOKYNSHTOM | iToropMoHanbHMM npenapatoM Ha @isionoro-6ioximiyHi
MOKA3HWKM POC/IMH i X BPOXaMHICTb B YMOBaX OpraHiyHoro 3emnepobcTea. Y nonboBOMY AOCHIIKEHHI,
nposegeHomy B 2022-2024 pokax, NpoaHani3oBaHoO BMAMB NepefnociBHOi 0OpOOKM HaCiHHA coi
iHokynsHToM Legume Fix Ta diToropmoHanbHuM npenapatoM Bionap Ha nmnouy fMCTKOBOI NOBEPXHI,
BMICT NpoOniHy, MafoOHOBOro fianbgerigy Ta (QOTOCMHTETUMYHMX MIFMEHTIB | BPOXAMHICTb B YMOBAX
opraHiyHoro 3emnepo6cTBa 3a pi3HMX NorogHuMx ymMoB. BctaHoBneHo, Wwo 3a nepepnociBHoi 06pobku
HaCiHHA 36iNbWYETHCS NAOLWA TMCTKOBOI MOBEPXHi B cepeAHboMy Ha 13,4 % 3a BuKopucTaHHg Legume
Fix i Ha 19,3 % - 3a 06pobku Bionap. 3'acoBaHo, Wo Haibinblie NiABULLEHHS NPONiIHY B POCIMHAX (SK
3axMCHa PYHKLig) cnocTepiranocb y cnekoTHoMy 2024 poui 33 06pobku HaciHHg coi Bionap (41,2 %) Ta
Legume Fix (26,5 %). 3a poku pocnifxeHb y pociiMHaX COi CNOCTepirany HaMMeHLWy KoHueHTpauito MDA
3a 06pobku HaciHHS Bionap i Legume Fix - B cepegHboMy 7,57 i 9,33 MKr/r cupoi Macu, BiANOBiAHO, WO
Ha 37,41 22,9% MeHLwwe, HiXX B KOHTPONbHUX poc/MHax. 3a 06pobku Bionap Bmict Chla, Chl b i Chl (a+b)
nepeBuLLyBaB KOHTPONb y cepefHboMy Ha 18,9; 13,3 i 17,2 %, BianoBigHo, a 3a iHokynduii Legume
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Fix - Ha 7,4; 3,4 i 6,2 % BignoBsigHo. Bu3HayeHo, Wwo 3a nepeanociBHoi 06pobKM HaciHHA coi Legume
Fix i Bionap oTpuMaHo 6ifblly BpOXaWHICTb BiHOCHO KOHTPONbHWX POCIAMH B CepefHboMy Ha 13,2 i
20,6 % BinnoBigHo. OTpMMaHi pe3ynbTaTi MOXyTb OyTM peKOMeHA0BaHi Ang opraHiyHoro 3emnepobcTea

3 MeTOH NiABUILEHHS BPOXANUHOCTI KyNbTypU

Kniouosi cnoBa: nnota NMCTKoBOi NOBEPXHI; NPOJiH; MaNOHOBUI Aianbaerif; GOTOCUHTETUYHI NirMEHTU;

opraHiyHe 3eMnepo6CTBO; NOroAHi YMOBU
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