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In modern agriculture, the interest is growing in biofertilizers and biologically active substances, to be more
precise in plant growth stimulants, as environmentally safe alternatives to traditional agrochemicals. Soybean, being a
leading food and feed crop, plays a key role in global food security. This study analyzes the effectiveness of various
growth stimulants on soybean productivity, focusing on field trials.

Studying the impact of growth stimulants on soybean yield, product quality, and adaptability to stress conditions
is extremely relevant, especially in the context of climate change in Ukraine. The review of scientific data published in
2021-2025 includes more than 30 studies from Ukraine, Brazil, Irag, and Southeast Asia. The biostimulants analyzed
include seaweed extracts, amino acids, vitamins (folic acid, nicotinamide, thiamine), microbial inoculants (BioMag,
Rhizogumin-Plus) and synthetic phytohormones. The results show that these substances activate physiological and
biochemical adaptation mechanisms, increase water use efficiency, strengthen antioxidant systems and improve nutrient
uptake. In particular, the combined use of growth stimulants and inoculants demonstrated a significant increase in leaf
surface area, plant height, number of beans, seed weight and total yield.

The use of biostimulants also improves grain quality, increasing protein and lysine content. The integration of
these biological substances into soybean cultivation technology is an effective and sustainable approach that contributes
to increased yield, improved product quality and reduced dependence on traditional agrochemicals, in line with the
principles of sustainable agriculture.
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Introduction

In recent years, the global agricultural sector has
been actively transitioning to more sustainable and
environmentally friendly practices. One of the key
aspects of this transformation is the growing interest in
biofertilizers and biostimulants, especially plant growth
promoters, which are seen as a viable alternative to
traditional agrochemicals.

Soybean (Glycine max L.) is an important food
and feed crop that plays a crucial role in ensuring
global food security and agricultural sustainability.
Improving its productivity, stress resistance and grain
quality through innovative and environmentally
friendly means is a priority, especially in the context of
climate change in Ukraine and other vulnerable
regions.

The physiological and biochemical mechanisms
by which growth promoters affect soybean
development have attracted considerable attention.
These compounds, which include algae extracts, amino
acids, vitamins and microbial inoculants, can activate
adaptive responses to abiotic stresses such as drought,
heat and soil salinity. They also contribute to
improving nutrient uptake, water use efficiency and
oxidative stress management in plants.

Scientific studies have shown that such
substances can significantly improve vegetative
growth, reproductive performance and ultimately yield
stability under different environmental conditions.

Given the growing body of evidence on the benefits of
biostimulants in soybean cultivation, it is critical to
evaluate their effectiveness in specific agro-ecological
zones and production systems. This study aims to
analyze the effects of different growth stimulants on
soybean productivity, focusing on field trials.

By evaluating physiological responses, yield
parameters and grain quality under different treatments,
the study aims to provide practical recommendations
for the integration of biostimulants into sustainable
soybean production technologies.

Materials and methods

This review article is based on a comprehensive
analysis of the scientific literature published between
2021 and 2025 investigating the effects of plant growth
promoters on soybean (Glycine max L.) under different
agroecological and climatic conditions. Sources were
selected using scientific databases such as Scopus,
Web of Science, PubMed and Google Scholar.

Key search terms included “soybean", "growth
promoters”, "biostimulants"”, "plant growth regulators”,
"abiotic stress" and "yield response”. Preference was
given to peer-reviewed scientific articles, field trial
reports and publications with statistically validated
results.

In total, more than 30 scientific studies were
analyzed, including international and regional studies,
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including from Ukraine, Brazil, Irag and Southeast
Asia. These studies covered different categories of
biostimulants, such as seaweed extracts (e.g. Ecklonia
maxima, Padina minor), amino acids, vitamins (e.g.
folic acid, nicotinamide, thiamine), microbial
inoculants (e.g. BioMag, Rhizogumin-Plus), and
synthetic plant hormones (e.g. gibberellic acid,
mepiquat chloride, chlormequat chloride).
Additionally,  studies  investigating  synergistic
applications, e.g. biostimulants combined with
inoculation, were carefully reviewed to evaluate
integrated approaches to enhance soybean resistance
and productivity.

The analysis focused on identifying common
physiological parameters (e.g., plant height, leaf area,
number of pods, seed weight), biochemical parameters
(e.g., protein content, antioxidant activity, nitrogen
metabolism), and agronomic outcomes (e.g., Yield,
drought tolerance, nutrient use efficiency).

A comparative assessment of treatment efficacy
under both optimal and stressed conditions was
conducted to summarize current knowledge and
identify consistent trends. The methodological rigor of
each  study, including experimental  design,
repeatability, and statistical processing, was also
considered to ensure the validity of the conclusions
drawn in this review.

Results and discussion

In modern agricultural production, the growing
demand for biofertilizers is accompanied by increased
interest in biologically active substances, especially
plant growth stimulants. They are increasingly
considered as an environmentally friendly alternative
to traditional agrochemicals. Soybean, as the
cornerstone of global agriculture, occupies a critically
important place among the leading food and feed crops.

Therefore, the study of the impact of growth
stimulants on soybean vyield, product quality and its
ability to adapt to stress conditions is very relevant,
especially given the challenges posed by climate
change in Ukraine. This section aims to review the
existing scientific data on the physiological
mechanisms by which various growth stimulants affect
soybean plants, their impact on key agronomic
indicators and promising ways of their integration into
modern crop production technologies.

To increase soybean resistance to abiotic factors
— such as drought, heat stress and soil salinity — the
strategic use of natural biostimulants is considered very
promising. This category includes substances such as
seaweed extracts, amino acids and microbial inoculants
(Shelest et al., 2023). These beneficial substances act
by activating key physiological and biochemical
adaptation processes in the plant, leading to optimized
water use efficiency, enhanced antioxidant systems and
improved absorption of essential mineral nutrients
(Sankhala et al., 2024).

For example, a study conducted by Shepilova et
al. (2025) in the Northern Steppe of Ukraine during

2022-2024 provided compelling evidence that the use
of stimulants such as Arise, Atonik Plus, Gumifield
and Mars EL in combination with seed inoculation
with BioMag Soya significantly increased the growth
and vyield of the soybean variety Azimuth under the
current drought conditions.

The most impressive results were achieved with
the combined use of Mars EL and BioMag, which
demonstrated an increase in leaf area, plant height,
number of pods and seed weight per plant. This
synergistic application resulted in a significant increase
in yield of 4.2 t/ha (20.6%) compared to the control
group.

A study by Al-Fahdawi and Mustafa (2023) in
Baghdad further illustrated these benefits, showing that
foliar spraying with folic acid (2 g/L) significantly
increased protein content, antioxidant activity, free
radical inhibition levels and flavonoid concentration in
soybean. Glutathione (100 mg/L) also showed positive
effects, and maximum results were achieved when they
were applied together.

The use of Corifol, a biostimulant developed
from pyrolysis acid derived from agricultural waste, at
a rate of 2 gal/acre effectively stimulated growth and
increased soybean yield (Noel et al., 2024). Further
analysis of the grain revealed higher protein and lysine
content, while saturated fatty acid levels decreased.

The phytostimulant Stimulat, which contains a
balanced blend of auxins, cytokinins, and gibberellins,
was found to have positive effects on critical
agronomic traits such as bean number, growth rate,
yield index, and total yield (Viana et al., 2023).

Noel et al. (2021) carefully evaluated the effects
of various liquid extracts of seaweeds (including
Padina minor, Sargassum crassifolium, Sargassum
cristaefolium, and Turbinaria decurrens) on the
vegetative growth of soybean. Their findings showed
that Padina minor extract was the most effective,
leading to a significant increase in plant height, leaf
number, and fresh biomass.

Experiments conducted in Brazil by Meyer et al.
(2021) demonstrated that the application of Ecklonia
maxima extract at doses ranging from 250-1000 mi/ha
at the V4, R1 and V4+R1 growth stages significantly
improved morphological traits and consistently
increased soybean yield.

De Lima et al. (2024) specifically investigated
the effects of foliar application of nicotinamide at
doses of 100-600 mg/l. Their results clearly indicated
an increase in plant height, number of branches, 1000-
seed weight and total yield, highlighting its potential as
a biostimulant.

Morais et al. (2022) investigated the efficacy of
biostimulants under different moisture conditions.
Although no significant effects were observed under
severe drought, biostimulants significantly improved
1000-seed weight and total yield under normal
moisture conditions.
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The optimal three-stage application strategy,
including seed treatment, V5 and R1 stages, was
identified as the most effective.

Burkitbaev et al. (2021) focused on the
effectiveness of sulfur-containing agrochemicals in
different formulations. Their study concluded that
powder and soluble forms gave the best results in terms
of growth, yield and protein composition, while the
paste form was ineffective.

Chen et al. (2023) investigated the complex
effects of gibberellic acid A3 and mepiquat chloride on
the symbiotic relationships between soybean and
Sinorhizobium fredii and Bradyrhizobium japonicum.
They found that gibberellic acid promoted nodule
formation but simultaneously suppressed the activity of
nitrogen-fixing enzymes, an inhibition that was
partially reduced by mepiquat. The combined use of
these substances led to improvements in yield, grain
nitrogen content, nitrate reductase activity and other
key biochemical parameters.

Alves et al. (2025) specifically investigated the
effects of thiamine and nicotinamide applied at the V3
growth stage. All treatments tested resulted in
increased plant height and yield, thereby confirming

Conclusions

The data presented here highlight the crucial
role of bioactive substances, particularly plant growth
promoters, as indispensable tools for achieving
sustainable soybean production in modern agriculture.
These environmentally friendly alternatives to
conventional agrochemicals offer a promising avenue
for enhancing crop resilience and productivity. The
global importance of soybean requires continued
attention to strategies that can improve its performance,
especially in the face of increasing abiotic stresses
caused by climate change.

This review of the scientific literature
consistently demonstrates that the application of
natural biostimulants—including seaweed extracts,
amino acids, and microbial inoculants—significantly
enhances the physiological and biochemical adaptive
mechanisms of soybean. These substances optimize
water use efficiency, strengthen antioxidant defense
systems, and improve the uptake of essential mineral
nutrients, ultimately resulting in more robust plants that
are able to withstand adverse conditions such as
drought, heat, and soil salinity.

Numerous studies from different agroclimatic
regions, including specific studies from Ukraine,
confirm the tangible benefits of these biostimulants.
Whether used alone or, more effectively, in
combination ~ with  microbial inoculants, they
consistently lead to significant improvements in key
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Y cydacHOMY CLIBCHKOTrOCIIONAPCHKOMY BHPOOHHIITBI 3pOCTAE iHTEpeC 10 0i000pUB Ta OIONOriYHO aKTUBHUX
PEUYOBHUH, 30KpEMa CTUMYJISITOPIB POCTY POCIIHH, SIK €KOJIOTIYHO Oe3MeYHHUX allbTePHATHB TPAIAMUIIHUM arpoXiMiKaTaM.
Cosi, Oymy4d TMPOBIMHOIO TIPOJOBOJBYOID Ta KOPMOBOKO KYJIbTYpOI, BIJirpae KIIOYOBY pOJb Yy TJI00ANbHIM
npooBoJbyiil O6e3mneni. [le mocmimkenHs anamizye eQeKTHBHICTh PI3HHX CTHMYJSTOPIB POCTY Ha MPOIYKTHBHICTH COI,
30CepeKYIOUNCh Ha TT0IbOBUX BHIIPOOYBaHHSX.

BuBueHHSs BIUIMBY CTHMYJISITOPIB POCTY Ha BPOXKAHHICTb, SIKICTh MPOAYKIIT Ta alaliTUBHICTH COi JI0 CTPECOBHX
YMOB € HaJI3BHYAMHO aKTyaJbHHUM, OCOOJMBO B KOHTEKCTI 3MiH Kiimary B Ykpaini. Ornsy HayKOBUX JaHHX,
omybikoBaaux y 2021-2025 poxkax, Bkimodae monaa 30 mocmimkens 3 Ykpainu, bpasunii, Ipaky ta IliBnerno-CxigHol
Agzii. IIpoanamizoBani OiOCTUMYIIATOPH BKJIIOYAIOTh EKCTPAKTH MOPCHKHUX BOIOPOCTEH, aMiHOKHCIOTH, BiTaMiHH
(pomiea xucmora, HIKOTMHAMIZ, TiamiH), MikpoOHi iHOKyastHTH (BioMag, Rhizogumin-Plus) Ta cunTeTHYHI
¢itoropmonu. Pe3ynbTaTH TOKa3ylOTh, IIO I[i PEYOBHHHM AaKTUBYIOTH (hi3ionoriuyHi Ta OlOXiIMiYHI ajamnTariiiHi
MEXaHi3MH, MiJBUIYIOTh e(EKTUBHICTh BUKOPUCTAHHS BOJIHM, 3MIIHIOIOTh aHTHOKCUIAHTHI CHCTEMH Ta MOKPAIIYIOTh
3aCBOEHHSI TIOXKMBHUX PEYOBHH. 30KpeMa, KOMOIHOBaHE 3aCTOCYBaHHS CTHUMYJSTOPIB POCTY Ta I1HOKYJISHTIB
MIPOIEMOHCTPYBAJIO 3HAYHE ITiABHUIICHHS IUTOMII JINCTKOBOI MOBEPXHi, BUCOTU POCIHH, KiTBKOCTI 000iB, Macu HaCiHHSI
Ta 3arajJbHOI BPOXKAHHOCTI.

BukopucranHs O0iOCTUMYISATOPIB TaKOX TIIOKpAIIye SKICTh 3€pHA, 30UTBIIYIOYM BMICT OUTKa Ta IN3HHY.
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CIITBCBKE TOCIIOAAPCTBO.
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