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under controlled conditions that helped to accurately model the effect of water stress.The study used comprehensive
evaluation methods, including physiological parameters (photosynthetic activity, transpiration), biochemical
markers (antioxidant enzyme activity, proline level), and morphological parameters (length and weight of the root
system). The findings confirmed that treatment with biostimulants significantly increased the adaptive potential
of plants. Photosynthetic activity in the treated plants was 82%, which was substantially higher than in the control
group, where this level reached only 60%. Transpiration in the treated plants stayed stable, ensuring optimised
water balance even under stress. Biochemical analysis showed that the activity of superoxide dismutase and
catalase in plants treated with biostimulants increased by 145% compared to control plants, which contributed to
a major reduction in oxidative stress. The level of proline, as a key osmotic regulator, was also significantly higher
in the treated plants, which maintained the stability of the cellular water balance. Morphological studies revealed
that the plants treated with biostimulants had a more developed root system: the length of the roots was 10 cm
longer, while the weight was greater than in the control. This helped the plants to use moisture from deeper soil
layers, which improved their resistance to drought. As a result, the yield loss in the treated plants was half that of
the control group. These findings highlighted the effectiveness of using biostimulants to increase pea resistance
to water deficit and maintain productivity. This makes the proposed approach promising for implementation in

agricultural technology, especially in arid regions where water deficit is the primary limiting factor for crops

Keywords: plant adaptation; abiotic factors; stress resistance; transpiration; water balance

INTRODUCTION

In the context of global climate change, accompa-
nied by more frequent droughts and unstable water
supplies, there is a growing need to develop effective
methods for adapting crops to stressful conditions.
Pea is a valuable crop for food security due to its rich
protein content and ability to fix atmospheric nitrogen,
which helps improve soil fertility. However, this crop is
quite sensitive to water shortages, which greatly limits
its productivity in arid regions. The relevance of this
study is driven by the need to optimise pea production
under drought conditions, which is a major challenge
for the agricultural sector in Ukraine and other coun-
tries with comparable climatic conditions. Currently,
there are a limited number of studies that comprehen-
sively investigate the effect of biostimulants on the
physiological, biochemical, and morphological adapta-
tion mechanisms of pea.

The principal problem is that conventional pea cul-
tivation technologies are not effective enough to re-
duce the effects of abiotic stresses, specifically water
deficit (Drobitko et al., 2024). Existing approaches, such
as optimising irrigation or fertilisation regimes, have a
limited impact on maintaining the physiological sta-
bility of plants under stressful conditions. At the same
time, the mechanisms underlying plant adaptation to
water stress, such as regulation of transpiration, acti-
vation of antioxidant defences, and improvement of os-
motic balance, are still understudied in the context of
practical applications (Krychkovska et al., 2024).

E. Szpunar-Krok (2022) investigated the effect of
foliar application of biostimulants on the physiologi-
cal response of peas. The researcher found that such
preparations help maintain photosynthetic activity, re-
duce water loss through leaves, and improve yields un-
der conditions of limited water supply. This emphasised
the significance of the effects of biostimulants on basic
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physiological processes. S.A. Ismaiel et al. (2022) fo-
cused on the relationship between biostimulants, soil
characteristics, and pea yield in the field. In their study,
the researchers showed that biostimulants not only
increase plant resistance to stress factors but also im-
prove the physical and chemical properties of the soil,
creating optimised conditions for growth. A.M. Cas-
tiglione et al. (2021) highlighted the role of microbial
biostimulants in modern agriculture. The researchers
noted that such preparations can improve plant resist-
ance to abiotic stresses by stimulating the synthesis
of metabolites involved in the regulation of the stress
response. A. Kocira et al. (2020) analysed changes in
biochemical parameters and yield of beans after the
application of biostimulants. The researchers demon-
strated the positive effects of the preparations on pro-
tein content, regulation of nitrogen metabolism, and
overall plant yield.

A.F. EL Sheikha et al. (2022) focused on the effects
of biostimulants on the growth and nutritional quality
of legumes. The findings indicated an increase in yield
and improvement in the nutritional value of beans due
to the use of biostimulants, which makes these products
a valuable tool for sustainable agriculture. W. Biel et
al. (2023) investigated the effects of amino acid bi-
ostimulants in combination with nitrogen fertilisation
and irrigation on the composition of pea seeds. The re-
searchers’ findings confirmed the considerable effects
of these factors on the energy value of seeds and over-
all plant productivity. S. Naz et al. (2023) investigated
the use of seaweed extracts to stimulate pea growth.
The researchers showed that such biostimulants in-
crease plant productivity by improving physiological
indices such as photosynthetic efficiency and biomass
accumulation. F.A. Youssef et al. (2024) analysed the ef-
fects of combined use of organic and mineral fertilisers




in pea cultivation. The researchers noted that organic
biostimulants can compensate for the negative effects
of water deficit, ensuring stable growth and yield.

R.Johnson et al. (2024) considered biostimulants as
a promising tool for increasing crop productivity and
resistance to abiotic stress. The researchers focused on
the possibilities of integrating biostimulants into sus-
tainable agriculture strategies. L. Nephali et al. (2020)
applied a metabolomic approach to analysing the ef-
fects of biostimulants in their study. The study demon-
strated that these preparations activate metabolic
pathways that contribute to plant adaptation to stress-
ful conditions such as drought. Despite considerable
progress in the study of the effects of biostimulants,
there are important aspects that are still understudied.
The molecular mechanisms of action require deeper
analysis, including the role of signalling pathways and
genetic regulation of stress adaptation. The effects of
biostimulants under conditions of multi-stress factors,
such as a combination of drought and hot tempera-
tures, are also poorly understood.

There is a lack of data on the long-term impact of
biostimulants on the productivity and health of agroe-
cosystems. The impact on soil microbiota and the en-
vironment requires further investigation, especially in
the context of sustainable development. The compara-
tive effectiveness of assorted types of biostimulants, as
well as their interaction with other agronomic practic-
es, are still understudied. The purpose of this study was
to comprehensively assess the effects of biostimulants
on the resistance and productivity of peas under water
deficit conditions.

MATERIALS AND METHODS

The study was conducted in 2023 at the Podillia Re-
search Centre of the Podillia State University. For the
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experiment, the pea variety “Gambit” was chosen, which
is a Pisum sativum L. variety with a growing season of
75-85 days (from May to July). This variety is character-
ised by stable yields and adaptation to moderate arid
conditions, which makes it suitable for assessing the
effects of biostimulants. Plants were grown in a con-
trolled greenhouse environment, where the tempera-
ture was kept constant at 22-24°C during the day and
18-20°C at night, which corresponds to suitable con-
ditions for pea growth. Three main groups were cre-
ated for the study, differing in terms of water supply
and treatment with biostimulants. The control group
included plants that were grown without biostimulant
treatment at optimised soil moisture, which was main-
tained at 70% of the field moisture capacity.

Experimental group 1 involved growing plants un-
der the same conditions of optimised moisture (70%
field moisture capacity), but with additional treatment
with biostimulants. Experimental group 2 included
plants under water deficit conditions with reduced soil
moisture to 30% of the field moisture capacity. This
group was divided into two subgroups: experimental
Subgroup 2.1, where plants were treated with a bi-
ostimulant, and experimental Subgroup 2.2, where no
biostimulants were used. Such a division helped to an-
alyse the effects of both water deficit and biostimulants
on plants under differing moisture content conditions,
as well as to compare the results with the control val-
ues. The Aminovit biostimulant was used in combina-
tion with the Algafit preparation, which contains a com-
plex of amino acids that stimulate metabolic processes
in plants, with the ability to improve physiological pro-
cesses and increase plant resistance to stressful condi-
tions (Table 1). The preparation was applied by spraying
the leaves in the phase of active plant growth, starting
from the third week after sowing.

Table 1. Effect of biostimulants on plants in different conditions

Group/subgroup Growing conditions

Preparations

Dosage (ml/l) Treatment frequency

Optimum moisture
content
(70% MWQC)**

Control (Group 1)

Not applied - -

Optimum moisture
content
(70% MWC)**

Optimised with
biostimulants (Group 2)

Aminovit + Algafit

Spraying of leaves,
every 10 days, starting
from the 3 week after

sowing

Aminovit (2 ml) + Algafit
(3 ml) per 1 litre of
water

Water deficit
(30% MWC)*™

No treatment (Group 2,
Subgroup 2.2)

Aminovit + Algafit

Spraying of leaves, every
7-10 days, starting
from the 3 week after
sowing

Aminovit (2.5 ml) +
Algafit (3.5 ml) per 1
litre of water

With treatment with
biostimulants (Group 2,
Subgroup 2.1)

Water deficit
(30% MWQC)**

Not applied -

Note: MWC - maximum water capacity
Source: developed by the authors

Containers filled with soil substrate with the ad-
dition of perlite were used to grow the plants, which

provided homogeneous conditions for the develop-
ment of the root system. The soil moisture level was
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maintained using an Irritrol Junior Max automated ir-
rigation system (manufacturer: Irritrol Systems), which
enabled precise control of the field soil moisture capac-
ity. The temperature in the greenhouse was regulated
using a ThermoGrow TG-100 thermostat (manufacturer:
ThermoTech). Modern instruments were used to meas-
ure physiological parameters. Photosynthetic activity
was determined using a LI-6400XT portable gas ex-
change analyser (manufacturer: LI-COR Biosciences),
which measured the intensity of carbon dioxide assim-
ilation. The level of transpiration was determined using
a LeafPorometer SC-1 moisture sensor (manufacturer:
Decagon Devices), which enabled an accurate assess-
ment of water evaporation through the leaves.
Biochemical parameters were determined by ana-
lysing leaf samples. To measure the level of proline, the
study employed the method of spectrophotometry with
a ninhydrin reaction on a UV-1800 spectrophotometer
(manufacturer: Shimadzu). The activity of antioxidant
enzymes, such as superoxide dismutase (SOD) and cat-
alase (CAT), was analysed using specific substrates on
the same device. These indicators helped to assess how
effectively the plants neutralise oxidative stress caused
by water deficit. Morphological parameters were as-
sessed at the end of the experiment. The length of the
roots, the weight of the root system, and the general
condition of the plants were measured. For this, GX-200
digital scales (manufacturer: A&D Company) and Verni-
er Caliper IP54 calipers (manufacturer: Mitutoyo) were
used. The general condition of the plants was deter-
mined on a scale from 1 to 10 points, considering visual
signs of stress, such as wilting, discolouration of leaves,
or stunting. All the data obtained were processed sta-
tistically using Statistica 12 software (manufacturer:
StatSoft), which helped to analyse the reliability of the
findings. This approach helped to draw conclusions
about the effectiveness of biostimulants in increasing
pea stress resistance and its ability to adapt to ad-
verse water deficit conditions. The authors adhered to
the standards of the Convention on Biological Diver-
sity (1992) and the Convention on International Trade
in Endangered Species of Wild Fauna and Flora (1979).

RESULTS

The results showed that the use of biostimulants pos-
itively affected the ability of plants to adapt to stress-
ful conditions and maintain productivity. In Group 1
(control), where moisture conditions stayed optimum,

the plants showed stable indicators of the number and
weight of beans. However, in Subgroup 2.2 (water defi-
cit without biostimulants), which was experiencing a
water deficit, a significant decrease in these indicators
was observed. In Subgroup 2.2 (water deficit without
biostimulants), a sharp decline in productivity was ob-
served: the number of beans decreased by 46% and the
average weight of one bean by 40% compared to con-
trol plants. This indicated that plant adaptation mecha-
nisms were insufficient to overcome water stress with-
out additional support. In Subgroup 2.1 (water deficit
with biostimulants), the number of beans decreased by
only 23% compared to optimum moisture conditions,
while the average weight of one bean decreased by
16%. This demonstrates the effectiveness of biostimu-
lants in mitigating the adverse impact of stressful con-
ditions, enabling plants to maintain productivity even
under adverse conditions. These findings are explained
by the activation of adaptive mechanisms that were en-
hanced by the biostimulant treatment.

Physiological analyses confirmed the positive ef-
fects of biostimulants on plant resistance to stressful
conditions (Khalid et al.,2024). In plants of Subgroup 2.1
treated with biostimulants, an increase in the activity of
antioxidant enzymes such as SOD and CAT, which play
a significant role in reducing oxidative stress, was ob-
served. There was also a 1.5-fold increase in the level of
proline compared to Subgroup 2.2, which provided bet-
ter osmoprotection of cells under stressful conditions.
Plants treated with biostimulants maintained stable
photosynthetic activity even under water deficit condi-
tions. Unlike plants in Subgroup 2.2 with water deficit,
which showed a significant decrease in photosynthetic
activity, plants in Subgroup 2.1 treated with biostimu-
lants maintained a more efficient gas exchange, which
contributed to the maintenance of growth and develop-
ment. In the control group, under optimum water condi-
tions, photosynthesis rates stayed stable.

Morphological changes also confirmed the effec-
tiveness of the biostimulants. Plants in Subgroup 2.1
treated with biostimulants had a more developed root
system, which contributed to better absorption of mois-
ture from deep soil layers. In contrast, the root system
of the control plants from Subgroup 2.2 with water
deficit was less developed, which limited their ability
to withstand droughts. These findings confirmed the ef-
fectiveness of biostimulants in increasing plant stress
resistance (Table 2).

Table 2. Comparison of plant productivity in control and biostimulant-treated conditions

Experiment conditions Plant group

Beans, pcs Average mass of 1 bean,g Productivity reduction, %

Optimum moisture Control (Group 1) 50 0.35 -
content Optimum with biostimulants (Group 2) 52 0.37 -
No treatment (Group 2, Subgroup 2.2) 27 0.21 46/40
fci R
Water deficit With biostimulant treatment 40 031 23/16

(Group 2, Subgroup 2.1)

Source: developed by the authors
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Quantitative data also show the benefits of using
biostimulants. Water deficit conditions significantly af-
fected the yield of Subgroup 2.2 (water deficit without
biostimulant treatment), which was not treated with bi-
ostimulants, while the control group (Group 1), which
was grown under optimum moisture conditions, showed
stable yields. In Group 2, a slight improvement in pro-
ductivity was recorded compared to the control group:
the number of beans increased to 52, while the average
weight of one bean increased to 0.37 g. This is evidence
of the stimulating effects of biostimulants even under
optimum moisture conditions.The data analysis revealed
that in Subgroup 2.2 (water deficit without biostimulant
treatment), under water deficit conditions, the average
yield of control plants was only 60% of the level record-
ed under optimum moisture conditions. In contrast, in
Subgroup 2.1, which received biostimulant treatment,
the yield was about 82%, suggesting a significant re-
duction in productivity losses due to the use of biostim-
ulants. The use of biostimulants reduced yield losses by
25% compared to control plants under stressful condi-
tions, demonstrating the effectiveness of these products
in maintaining productivity even under water shortages.

The next stage of the study was to investigate the
effects of biostimulants on the physiological parameters
of peas. The analysis included measurements of pho-
tosynthetic activity, transpiration, antioxidant enzyme
activity (SOD and CAT), proline levels, and chlorophyll
content. The findings revealed that in Subgroup 2.2,
the photosynthetic activity under stressful conditions
decreased to 60% of the control level under optimum
moisture content conditions, while in Subgroup 2.1, this
indicator stayed at 82%. The data indicate that the bi-
ostimulants helped the plants to maintain the efficien-
cy of photosynthetic processes necessary to support
growth and development (Baltazar et al, 2021). The
level of transpiration also showed marked differences
between the groups. In the control group (Group 1),
the level of transpiration was 100%, while in Group 2
(treated) it increased slightly to 102% due to increased
water exchange. In the control Subgroup 2.2, transpira-
tion decreased to 50%, indicating a sharp restriction of
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the water balance of plants under stress. At the same
time, in Subgroup 2.1, where biostimulants were used,
transpiration was maintained at 75%, ensuring better
water exchange and efficient use of moisture.

The activity of antioxidant enzymes SOD and CAT
confirmed the protective effect of biostimulants under
stressful conditions. In the control (Group 1), the en-
zyme activity was taken as 100%, while in Group 2 it
increased to 110%, indicating stimulation of the antiox-
idant system. In Subgroup 2.2, the activity of SOD and
CAT decreased to 70%, suggesting increased oxidative
stress due to moisture deficiency. At the same time, in
Subgroup 2.1,the enzyme activity reached 145%, which
provided considerable protection of cells from oxida-
tive damage. This information is based on data confirm-
ing that enzymes play a vital role in reducing oxidative
stress in response to moisture deficit. The level of pro-
line, a significant amino acid for osmoprotection, also
revealed substantial changes. In the control (Group 1),
this indicator was 1 unit, while in Group 2 - 1.1 units,
which confirmed the insignificant effects of biostimu-
lants at optimum moisture content. In Subgroup 2.2,
the level of proline increased to 1.5 units, which was
the response of plants to water stress. However, in Sub-
group 2.1, the proline level reached 2.5 units, which
confirmed the activation of adaptive mechanisms due
to the use of biostimulants.

Chlorophyll content is a vital indicator of plant re-
sistance to stressful conditions (Cherven et al., 2024).
In the control (Group 1), this indicator was 100%, while
in Group 2 it increased to 104%, which demonstrated
the stimulating effects of biostimulants on the photo-
synthetic apparatus. In Subgroup 2.2, the chlorophyll
content decreased to 58%, suggesting the inhibition
of photosynthetic processes under stressful conditions.
In Subgroup 2.1, where biostimulants were used, the
chlorophyll content was maintained at 80%, which con-
firmed the effectiveness of the preparations in preserv-
ing the physiological activity of plants (Ostrowski et
al.,2020). Maintaining a strong level of chlorophyll was
a crucial indicator of plant resistance to drought, as this
pigment is a key component of photosynthesis (Table 3).

65

Table 3. Physiological parameters of control and biostimulant-treated plants under different soil moisture conditions
Control group (group Treated group (Group

Control Subgroup 2.2 Treated Subgroup 2.1

Indicator 1, optimum moisture 2, optimum moisture (water deficit) (water deficit)
content) content)
Photosynthetic activity, % 100 105 60 82
Transpiration level, % 100 102 50 75
SOD and CAT activity, % 100 110 70 145
Proline level, relative units 1.0 11 1.5 2.5
Chlorophyll content, % 100 104 58 80

Source: developed by the authors

The results of this stage confirmed that biostim-
ulants considerably improve the physiological param-
eters of plants under water deficit conditions. Plants

treated with biostimulants (Subgroup 2.1) maintained
greater levels of photosynthesis and transpiration, sup-
ported antioxidant protection, and accumulated more

Scientific Horizons, 2025, Vol. 28, No. 1
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osmoprotectors such as proline. This enabled them to
withstand stress more effectively and maintain phys-
iological stability. The next stage of the study was to
investigate the changes in pea adaptation mechanisms
that occurred under the influence of biostimulants in
conditions of water deficit. This stage was aimed at un-
derstanding how these products affect the internal pro-
cesses of plants that ensure their resistance to drought,
and what physiological and biochemical changes con-
tribute to improved adaptation.

To start with, the study analysed osmotic regula-
tion in plants. This process is one of the key mecha-
nisms that enables plants to maintain water balance
even under conditions of limited access to moisture.
In control plants that were not treated with biostim-
ulants, a considerable disturbance of osmotic balance
was observed, which was manifested in a decrease in
cell turgor and wilting of leaves. At the same time, Sub-
group 2.1 showed significantly better osmotic regula-
tion. This was achieved due to an increase in the accu-
mulation of osmoprotectants, specifically proline and
soluble sugars, which act as osmoregulators, stabilis-
ing the water balance in cells. After analysing osmotic
regulation, the next step was to study morphological
changes in plants. The focus was on the development
of the root system, as the roots are the key organ that
provides plants with access to water from deep soil
layers. Under conditions of water deficit, Subgroup 2.2,
which was not treated with biostimulants, experienced
a decrease in root length and weight. This limited the
ability of plants to effectively absorb moisture from the
soil, which substantially affected adaptation to stress-
ful conditions. In the control group with optimum mois-
ture conditions, no such changes were observed. At the
same time, in Subgroup 2.1, the root system developed
more actively. It was longer and had a greater total
weight, which indicated a stimulating effect of biostim-
ulants on root growth even under stressful conditions.
These data confirmed that the improvement in water
uptake due to biostimulant treatment provided plants
with sufficient water to support the basic physiolog-
ical processes necessary for growth and development
(Franzoni et al., 2022).

Additionally, changes in leaf structure were an-
alysed. Plants in Subgroup 2.2, which were exposed
to water deficit conditions, showed a decrease in leaf
area and density, which is a typical adaptive response
to drought. In Subgroup 2.1, which was grown under
optimum moisture conditions, no such changes were
recorded. The leaves retained a larger area and density,
which ensured more efficient absorption of sunlight for
photosynthesis. This enabled the plants to maintain a
greater level of metabolic activity even in conditions of
water deficit, based on the data (Chaski & Petropou-
los, 2022). One of the key aspects of the study was to
examine changes in the antioxidant defence of plants.
During drought, reactive oxygen species accumulate
in plant cells, which can cause damage to cell mem-
branes, proteins, and DNA. To neutralise these harmful
compounds, plants activate antioxidant mechanisms. In
plants, the activity of antioxidant enzymes such as SOD
and CAT was insufficient to effectively protect against
oxidative stress. This led to extensive damage to cellu-
lar structures. In plants treated with biostimulants 2.1,
the activity of SOD and CAT increased by 1.5-2 times
compared to control plants. This reduced the level of
oxidative stress and preserved the integrity of cell
membranes.

The next step was to study changes in the content
of stress hormones, specifically abscisic acid. In the
control plants, the concentration of abscisic acid was
considerably higher, indicating a strong response to
drought. At the same time, in plants treated with bi-
ostimulants, the level of abscisic acid was lower, indi-
cating the ability to better adapt to stress without ex-
cessive activation of stress mechanisms. This confirmed
the regulatory role of biostimulants in mitigating the
adverse effects of drought (Ma et al., 2022). The study
ended with an assessment of the general condition of
the plants. The Subgroup 2.2 showed signs of severe
stress, such as wilting, stunting, and reduced productiv-
ity. At the same time, in Subgroup 2.1, these signs were
less pronounced, and the general condition stayed sta-
ble. This indicated that biostimulants considerably in-
creased plant resistance to drought by activating adap-
tive mechanisms (Table 4).

Table 4. Changes in pea adaptation mechanisms under the influence of biostimulants

Control Subgroup 2.2

Treated Subgroup 2.1

Parameter (water deficit) (water deficit) Changes in the treated group, %
Level of osmoprotectants 100 170 +70
Root length, cm 15 25 +67
SOD and CAT activity, % 100 200 +100
Abscisic acid level 150 100 -33
General condition of plants (score) 3 8 +166

Source: developed by the authors
The findings of this stage revealed that biostim-

ulants activate various adaptive mechanisms of peas,
such as improving osmotic regulation, stimulating the

Scientific Horizons, 2025, Vol. 28, No. 1

development of the root system, increasing antioxidant
protection, and reducing the level of stress hormones.
As a result, the plants adapted more effectively to




water shortages, maintaining the stability of physiolog-
ical processes and general condition. This confirmed the
high effectiveness of biostimulants in improving plant
resistance to drought conditions. The study demonstrat-
ed that the use of biostimulants has a comprehensive
positive effect on peas under water deficit conditions.
The effect of the preparations was manifested in the
improvement of physiological, biochemical, and mor-
phological parameters of plants, which played a key
role in adaptation to stressful conditions. The findings
showed that the biostimulants activated natural plant
defence mechanisms, reducing the effects of stress and
maintaining productivity.

One of the key mechanisms activated by biostim-
ulants was the regulation of photosynthetic activity. In
plants that did not receive biostimulants, water deficit
led to a substantial reduction in photosynthesis due to
gas exchange restrictions and chloroplast dysfunction.
At the same time, in the treated plants, this process
stayed stable, with a decrease in activity of only 18%
compared to optimum conditions. This helped to save
energy for growth and development even under stress-
ful conditions. Transpiration played a significant role
in maintaining the water balance. In the control group,
plants reduced transpiration by 50% in an attempt to
minimise water loss, but this also negatively affected
the photosynthesis. In the plants treated with biostim-
ulants, the level of transpiration decreased by only 25%,
which enabled them to maintain the water balance and
ensure efficient gas exchange.

One of the key findings of the study was an increase
in the antioxidant defence of plants under the influ-
ence of biostimulants. During drought, reactive oxygen
species accumulate in plants, causing damage to cell
membranes, proteins, and DNA. In control plants, the
activity of antioxidant enzymes such as SOD and CAT
was insufficient to protect cells from oxidative stress.
In plants treated with biostimulants, the activity of
these enzymes doubled, which ensured the protection
of cellular structures and reduced the level of oxidative
stress. Osmoregulation, which is a vital component of
adaptation to water deficit, was also greatly improved
in plants treated with biostimulants. These plants sig-
nificantly increased the level of proline, an osmopro-
tectant that helps cells store water and maintain the
stability of enzymatic processes. In the control group,
the level of proline increased by only 50% compared
to optimum conditions, while in the treated plants, this
indicator increased by 70%.

Morphological changes were also significant. In
the control plants, the development of the root system
was limited, which reduced their ability to obtain wa-
ter from deep soil layers. In contrast, in plants treat-
ed with the biostimulants, the length of the roots in-
creased by 67%, which ensured access to water even
in drought conditions. The leaves of the treated plants
also retained a larger area and density, which contrib-
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uted to more efficient photosynthesis. These changes
resulted in maintaining pea productivity even under
stressful conditions. In the control group, the number
of beans decreased by 46%, while in the treated plants
this figure decreased by only 23%. The average weight
of beans in the control plants decreased by 40%, while
in the treated plants - only by 16%. This showed that
biostimulants not only improved plant adaptation to
drought but also ensured stable productivity.

\

Figure 1. Distribution of key physiological and
biochemical parameters that influenced the adaptation of
peas to stressful conditions after the use of biostimulants
Source: developed by the authors of this study

M Proline level

W SOD and SAT activity
Transpiration

B Photosynthetic activity

m Bean weight loss

M Loss of bean quantity

M Root length

The largest contribution belonged to the activity of
antioxidant enzymes (SOD and CAT) and proline levels,
which are considerably greater than those of the con-
trol group. This indicates the significance of these pa-
rameters in reducing oxidative stress and maintaining
plant water balance (Sattar et al., 2024). Photosynthetic
activity and transpiration also account for a considera-
ble share, ensuring the stability of basic physiological
processes even under stressful conditions. Root length,
although accounting for a smaller share, reflects im-
provements in morphological characteristics that en-
able plants to obtain water more efficiently. Losses in
the number and weight of beans were the least pro-
nounced, suggesting that the plants treated with bi-
ostimulants retain their productivity. This highlights
the effectiveness in maintaining vital functions and
yields even under water deficit conditions (Jacomassi et
al., 2022). The figure demonstrated that biostimulants
provide a complex effect by activating interrelated
plant adaptive mechanisms.

DISCUSSION

The findings of the study confirmed that the use of bi-
ostimulants considerably increases the resistance of
peas to water deficit by activating physiological, bio-
chemical, and morphological adaptation mechanisms.
Photosynthetic activity, which underlies plant produc-
tivity, was substantially reduced in the control group
due to gas exchange restrictions. In plants treated with
biostimulants, this indicator stayed stable, suggesting
the ability to maintain chloroplast function and support
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the synthesis of organic matter even under stressful
conditions. The biostimulants also provided optimum
regulation of transpiration, enabling plants to main-
tain water balance without substantially limiting gas
exchange. Control plants that had a sharp decrease in
transpiration showed major difficulties in maintaining
the required level of photosynthesis, which adversely
affected their growth and development.

Biochemical parameters also confirmed the effec-
tiveness of the biostimulants. The high proline levels
in the treated plants protected cells from dehydration,
maintaining the stability of physiological processes.
The activity of antioxidant enzymes such as SOD and
CAT was significantly greater in the treated plants,
which reduced oxidative stress and prevented damage
to cell membranes. Morphological changes, specifically
the development of the root system, suggest that the
biostimulants stimulated the formation of longer and
more massive roots (Burdina & Priss, 2016; Myronyche-
vaetal.,2017).This helped the plants to obtain moisture
from deeper soil layers, ensuring a stable water balance
(Yeraliyeva et al., 2017). The findings of the study on the
impact of biostimulants on pea adaptation mechanisms
under water deficit conditions are consistent with and
complement the findings of other researchers. However,
in many respects, this study has a deeper level of detail,
especially in the assessment of physiological, biochem-
ical, and morphological changes. V. Mazur et al. (2022)
focused on the technological methods of growing
peas in the Right-Bank Forest-Steppe of Ukraine. The
researchers confirmed the value of maintaining photo-
synthetic activity to ensure pea yields. They concluded
that optimisation of agronomic conditions, specifically
soil moisture, is crucial for plant adaptation. The pres-
ent study complemented these findings by demon-
strating that the use of biostimulants further increases
photosynthetic activity even under water deficit condi-
tions, which was not detailed in V. Mazur et al. was not
considered in detail. M.V. Peresunko (2021) studied the
influence of technological methods on the grain pro-
ductivity of peas. The researcher’s experiment revealed
that the level of productivity substantially depends on
the methods of growing and processing crops. At the
same time, the study did not analyse biochemical pa-
rameters such as proline levels or antioxidant enzyme
activity. This study showed that biostimulants affect
not only productivity, but also key internal mechanisms
that contribute to stress adaptation. M.P. Saltan (2020)
analysed the effects of microfertilisers on maize pro-
ductivity, which is analogous to the present study in the
context of the effects of agrotechnology on plant adap-
tation. The researcher found that fertiliser application
reduces yield losses, but the study did not address the
mechanisms underlying this adaptation. The present
study took a deeper look at the impact of biostimulants,
demonstrating that the effectiveness is conditioned by
improved antioxidant defence and osmotic regulation.
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In their review of unmanned agricultural machin-
ery, B. Khokhlov et al. (2023) focused on innovative
methods of increasing the productivity of the agri-
cultural sector. The researchers noted that modern
technologies, including automated monitoring sys-
tems, helped to optimise crop cultivation by precise-
ly controlling environmental parameters such as soil
moisture and plant health. This approach is consistent
with the current use of automated soil moisture mon-
itoring systems. However, B. Khokhlov et al. focused
mainly on technical aspects, while the present study
complemented this by analysing the biological mech-
anisms of pea adaptation to water deficit. Specifically,
they demonstrated how biostimulants contribute to
the preservation of photosynthetic activity, root devel-
opment, and antioxidant enzyme activity, which was
not considered in the researchers’ review. S.0. Buten-
ko (2022) analysed the influence of growth regulators
with anti-stress effect on the productivity of white mus-
tard in the northeastern Forest-Steppe of Ukraine. The
researcher emphasised that the use of such products
can substantially reduce yield losses under stressful
conditions. The similarity between the present study
and S. Butenko’s research lies in the investigation of
the effects of biological products on plant adaptation
to stressful conditions. However, the present study had
a wider range of analysis. It not only assessed plant
productivity, but also examined internal mechanisms
of adaptation, such as increased proline levels, anti-
oxidant enzyme activity, and transpiration regulation.
This helped to better understand how biostimulants
affect plant resistance to water deficit. S.V. Didichenko
and N.V. Telekalo (2020) considered the technological
aspects of increasing crop productivity. The research-
ers emphasised that optimisation of agronomic prac-
tices, including the choice of fertilisers and cultivation
methods, is crucial for the adaptation of crops to ad-
verse conditions. The findings of these researchers are
useful in the context of managing external factors. The
present study went beyond general agronomic aspects
by detailing the physiological and biochemical mecha-
nisms underlying adaptation. For example, the present
study revealed that biostimulants activate plant anti-
oxidant defences by increasing SOD and CAT activity,
which was not covered in the researchers’ study.

0.0. Tsokalo (2022) focused on the significance
of improving cultivation technologies to maintain
plant productivity in the face of climate change. The
researcher emphasised that adaptation of crop pro-
duction requires both optimisation of agricultural
technologies and introduction of innovative meth-
ods. The present findings confirmed the conclusions
of 0.0. Tsokalo and considerably supplemented them
by the analysis of the effects of biostimulants on os-
moregulation and antioxidant protection of plants.
The data revealed that by increasing the level of pro-
line and CAT and SOD activity, plants can counteract




stress more effectively. A.Y. Romanko (2021) investi-
gated the development of soybean productivity de-
pending on the technological methods of cultivation.
The researchers emphasised the significance of apply-
ing microfertilisers and growth regulators to maintain
yields under adverse conditions. The present study is
consistent with these findings but extended them by
evaluating concrete physiological and biochemical
processes that affect plant adaptation to water deficit.
For instance, this study demonstrated that biostim-
ulants promote the development of the root system,
which is critical for maintaining water balance under
stressful conditions.

The study confirmed that the use of biostimulants
provides a comprehensive effect on the resistance of
peas to water deficit. The uniqueness of the findings
lies in the identification of the relationship between
the increase in photosynthetic activity, activation of
antioxidant defence, optimisation of transpiration and
development of the root system. Comparison with other
studies demonstrated that the present study expands
the existing knowledge by supplementing it with an
analysis of physiological and biochemical mechanisms
of adaptation. This emphasised the value of biostimu-
lants as an innovative tool for increasing crop produc-
tivity under stressful conditions.

CONCLUSIONS

The study conducted a comprehensive analysis of the
effects of biostimulants on the physiological, biochem-
ical, and morphological adaptation mechanisms of pea
(Pisum sativum L.) under water deficit conditions. Par-
ticular attention was paid to the assessment of pho-
tosynthetic activity, transpiration, antioxidant enzyme
activity, osmotic regulators,and morphological changes
in plants. The findings provided a comprehensive un-
derstanding of how biostimulant treatment contributes
to increased crop resistance and productivity under
stressful conditions. The present study also confirmed
that biostimulants positively affect the plant physio-
logical processes. Specifically, the photosynthetic activ-
ity of the treated plants stayed at 82% of optimum con-
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transpiration in plants treated with biostimulants was
75%, indicating effective regulation of water evapora-
tion to maintain water balance.

Biochemical parameters revealed that biostimu-
lants activate adaptive mechanisms at the molecular
level. The activity of antioxidant enzymes (SOD and
CAT) was greater in the treated plants, which helped
to reduce the level of oxidative stress caused by the
accumulation of reactive oxygen species. The increased
level of proline, which increased to 2.5 relative units,
contributed to osmoprotection of cells, reducing their
dehydration and maintaining turgor. Morphological
studies showed that biostimulants considerably im-
prove the development of the root system. The length
and weight of the roots of plants treated with biostimu-
lants were greater, which allowed for better absorption
of moisture from deep soil layers. This ensured a sta-
ble water supply even in conditions of water shortage,
which was not achieved in the control subgroup.

Productivity was also significantly greater in plants
treated with biostimulants. Losses in the number and
weight of beans under stressful conditions were con-
siderably lower than in the control subgroup. The treat-
ment with biostimulants reduced the yield decline,
while maintaining stability even under unfavourable
conditions. This confirmed that biostimulants not only
preserve the vital activity of the crop but also contrib-
uted to the stable formation of the yield. The study
emphasised the value of an integrated approach that
factors in the physiological, biochemical, and morpho-
logical aspects of biostimulants. The findings demon-
strated that the use of biostimulants has great poten-
tial to increase crop resilience to climate change and
ensure stable productivity.

At the same time, the experiments were conducted
under controlled conditions, which limited the extrap-
olation of the findings to field conditions with multi-
ple stressors. Further research should focus on long-
term field experiments, considering the interaction of
biostimulants with other agricultural technologies to
create integrated solutions in arid regions.
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AHoTauisa. MeToto focnifKeHHs 6yno BUBYEHHS BMNAMBY BiOCTUMYNATOPIB Ha NiABULLEHHS afanTaliMHUX MEXaHi3MiB
ropoxy (Pisum sativum L.) B ymoBax pnediuMTy BOAM, 3 aKLEHTOM Ha ONTuMi3auito @i3ionoriyHux QyHKUin,
6ioxiMiuHMX NpoLecie Ta MOPhONOriYHOIro PO3BUTKY POC/IMH. EKCnepMMeHT MpoBOAMBCA Y KOHTPOIbOBAaHUX YMOBAX,
SKi 4O3BOMSIM TOYHO MOAENIOBATH BMNIMB BOAHOIO CTpecy. Y paMKax AOCNiAXKEHHS BUKOPUCTOBYBANNUCS KOMMIEKCHI
MeTOAM OLiHKM, WO BKA4Yanu di3ionorivyHi NokasHUkM (HOTOCMHTETMYHA aKTMBHICTb, TpaHCMipauis), 6ioxiMiyHi
MapKepu (aKTUBHICTb aHTMOKCMAAHTHUX hepMeHTIB, piBeHb NposiHy) Ta MopdoNorivyHi napamMeTpu (LOBXMHA | Maca
KOopeHeBoi cucTeMu).Pe3ynbTaTi NiaTBEpAMAU, WO 06pobKa 6ioCcTUMYNaToOpamMm 3HAYHO NiABMLLYBANA aganTaLiiHUA
noteHuian pocavH. OOTOCUHTETUYHA aKTUBHICTb Y POC/IMH, SIKi OTpMMyBanu obpobky, ctaHoBuna 82 %, Wo CyTTEBO
nepeBMLLYBaAN0 MOKA3HMK KOHTPOJbHOI rpynu, fe uei piBeHb gocaraB nuwe 60 %. TpaHcnipauia B 06pobneHnx
POC/MH 3anuwwanacs ctabinbHoto, 3abe3neyyoym oNTUManbHWiA BOGHUI BanaHc HaBiTb 3a yMOB cTpecy. bioxiMiuHui
aHani3 NoKasas., Lo aKTMBHICTb CyNepoKCMAAMCMYTA3M | KaTanasuy pocinH,0bpobneHmx 6ioctTumMynatopamm,3pocna
Ha 145 % NOpiBHAHO 3 KOHTPOJbHUMM, O CMIPUSAI0 3HAYHOMY 3HUXKEHHI0 OKCMOATUBHOIO cTpecy. PiBeHb nponiHy,
SK K/IHO4OBOrO OCMOTWMYHOTO perynsatopa, Takox OyB 3HAYHO BULWMM Yy 0OpobneHWX pPOCaMH, WO NiATPUMYBao
CTabiNbHICTb KNITMHHOTO BOAHOrO 6anaHcy. MopdonoriyHi [OCNiAXKEHHS BUSBMAW, WO POCIMHKU, 0OpobneHi
6ioCcTMMyNSaTOpaMu, Maan po3BMHEHILLY KOPEHEBY CUCTEMY: AOBXMHA KopeHiB 6yna 6inbwoto Ha 10 cm, a Maca
nepeBuLLyBana KOHTPO/bHI NOKa3HWKM. Lle 403BONSN0 pOCIMHaM BUKOPUCTOBYBATU BONOTY 3 IMOLWMX LWApiB IPYHTY,
O MOKPALLyBano iXHI CTiMKICTb 4O NOCYXK. Y NiACYMKY BTPAaTU BPOXAMHOCTI Y POC/IMH, SKi OTpUMyBanu obpobky,
6ynu BABIYI MEHLIMMM, HIXK Y KOHTPObHIN rpyni. OTpMMaHi pe3ynsTati NiAKpecooTb ePeKTUBHICTb BUKOPUCTAHHS
6iocTMMyngTopiB A9 NiABWLLEHHS CTIMKOCTi ropoxy A0 BOAHOro aediunty Ta 36epexeHHs NpoayKTMBHOCTI. Lle
pobuTb 3aMpoMNOHOBAHMI NiAXif NepcnekTUBHUM A/ BNPOBAAXKEHHS B arpoTeXHONOrii, 0CO6MBO Y NOCYLLIMBUX
perioHax, Ae AediLnT BONOMM € OCHOBHUM 0OMeXyBanbHUM GaKTOPOM A4S CiNbCbKOrOCNOAAPCHKUX KYNbTYp
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