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Abstract

This study aimed to assess the effect of drought stress on some morphological, physiological, and biochemical parameters
in soybeans. The study investigated the water exchange indicators of seven soybean (Glycine max L.) varieties - Arisoy,
Zara, Zamin, Chara, Olmos, Bars, and Optima - under different soil moisture conditions (70%, 50%, and 30% of total
field capacity) in the meadow-alluvial soils of the Bukhara region. Field experiments were conducted to evaluate diurnal
leaf water deficit using physiological measurements at various growth stages (budding, flowering, and pod formation).
The results showed significant varietal differences in leaf water deficit depending on soil moisture and phenological
phases. The highest deficit was recorded in Bars, Optima, and Zara varieties under 30% moisture, while Arisoy and Zamin
maintained lower values, indicating better drought tolerance. Overall, decreased soil moisture increased water deficit
across all varieties.
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[4]. Soybean is a major source of plant protein and
essential amino acids, providing valuable nutrition for
both humans and animals. Soybean oil also contains
beneficial unsaturated fatty acids, vitamins, minerals,
and other bioactive compounds essential for health [5].

1. Introduction

In recent years, the changing climatic conditions have
brought many uncertain risks to the growth of soybeans,
thereby affecting its production [1]. Drought is one of the
major abiotic stresses that affect crop production all over

the world [2]. Drought stress causes water deficiency in
plants, leading to cellular dehydration and disruptions in
normal cellular functions. This can result in serious
consequences such as reduced growth, reduced leaf area,
water potential, photosyn thetic rate, material transport
speed, and even death [3]. This figure is expected to
increase as a result of population growth, rising demand,
and changes in food consumption patterns. Globally,
demand for soybean is growing steadily, and production
is projected to double by 2050 compared to 2020 levels
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Moreover, similar to other leguminous crops, soybeans
possess the ability to fix atmospheric nitrogen, making
them a valuable source of nitrogen for the soil and
subsequent crops. This process depends on symbiotic
relationships with nitrogen-fixing bacteria, which
convert atmospheric nitrogen into a form usable by
plants [6]. Considering the potential role of soybean
cultivation in alleviating protein-energy malnutrition -
and with global cases of malnutrition projected to exceed
160 million by 2044 [7] - enhancing soybean adaptability
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and yield stability under drought conditions becomes a
key priority. The more drought-tolerant a variety is, the
greater its potential for cultivation in arid regions and for
contributing to the fight against malnutrition. In recent
years, changing climatic conditions have introduced
many unpredictable risks to soybean growth, adversely
affecting production [8]. Drought is one of the main
abiotic stresses that influences global crop productivity
[9]. Drought stress causes water deficiency in plants,
leading to cellular dehydration and disruption of normal
physiological functions. It reduces growth rate, leaf area,
water potential, and photosynthetic activity [10].

Drought also triggers the production of reactive oxygen
species (ROS), which can cause oxidative damage and,
under extreme conditions, plant death. Plants have
developed tolerance  mechanisms that include
reallocating resources to root systems, resulting in
increased root number and length [11,12]. They also
synthesise complex antioxidant systems to counteract
ROS generation. Antioxidant enzymes such as catalase,
peroxidase, superoxide dismutase, and ascorbate
peroxidase play crucial roles in scavenging these reactive
oxygen species. Another adaptive mechanism involves
the accumulation of osmolytes such as soluble proteins,
sugars, and proline. These compounds help maintain
intracellular water balance during drought stress, reduce
membrane permeability, scavenge free radicals, buffer
redox potential, stabilise cell structures, and activate
cellular pathways [13]. The accumulation of hydrogen
peroxide (H,O;) has been identified as a predictive
marker of oxidative stress responses in plants [14].

Hence, data derived from this research can be useful in
assessing the feasibility of cultivating soybean in specific
regional conditions and in understanding physiological
mechanisms that may be applied in breeding climate-
resilient crops. The higher the drought tolerance, the
greater the opportunity to cultivate the crop successfully
in arid zones and to contribute to nutritional security.
Drought is one of the major causes of reduced
agricultural production and yield decline [15]. Drought
stress can lead to an increase in the production of reactive
oxygen species, changes in enzyme activity,
accumulation of osmoregulatory substances, and
alterations in pigment composition [16]. These responses
can cause damage to biological molecules and cellular
organelles. However, plants possess natural mechanisms
to limit ROS accumulation, maintaining membrane
stability and reducing drought induced damage.
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Drought stress affects the rates of photosynthesis,
respiration, and other physiological processes, which in
turn influence plant energy reserves and growth. Limited
water availability leads to plant dehydration, reduced leaf
water content, and loss of leaf turgor, eventually causing
stomatal closure [17].

Soybean crops are exposed to numerous unfavourable
environmental conditions, among which drought stress
causes the greatest yield losses. Increasing crop
productivity may be limited by stress-related factors,
with theoretical yield potential stabilising around 80% in
recent years. These stress factors, especially abiotic ones
such as drought, affect all stages of plant growth and
development and lead to significant yield reduction.
Under field conditions, such stresses often occur
simultaneously, restricting plant growth and endangering
sustainable agriculture. Field studies assessing varietal
performance under different drought conditions are
crucial for identifying genotype-specific response
mechanisms. As drought events continue to intensify and
become more frequent worldwide, the identification and
development of drought-tolerant soybean varieties are of
increasing importance.

2. Methods

The objects of the study were seven soybean (Glycine
max L.) varieties: Arisoy, Zara, Zamin, Chara, Olmos,
Bars, and Optima. These varieties are currently
cultivated across several regions of the Republic. The
experiments were conducted under the conditions of
meadow-alluvial soils, which are widespread and
represent the main soil type of the Bukhara region.

The experiments were carried out under three different
soil moisture regimes - 70%, 50%, and 30% of total field
capacity (TFC). All research activities were performed
under field experimental conditions. During the
experiments, diurnal leaf water deficit was measured and
analysed under varying moisture conditions using the
thermostatic method.

Observations and biometric measurements were
performed on model plants within odd replications. In all
experiments, the variants were arranged sequentially in
tiers and replicated three times. For agrochemical
analysis, soil samples were taken from the experimental
plots at a depth of 1.2 metres, in layers, and repeated
three times. The samples were analysed in laboratory
conditions according to standard methods.
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All physiological and phenological observations were
conducted during the budding, flowering, and pod
formation stages of soybean development. To determine
all parameters, the 3rd-4th fully developed leaves from
the upper part of the stem were collected. For each
variety, ten plants were sampled to assess individual
indicators. Each experiment was carried out with four
biological replications and three analytical replications,
ensuring statistical reliability of the results.

3. Results And Discussion

Leaf water deficit occurs when the rate of transpiration
from the leaves exceeds the rate of water absorption by
the roots. Under varying moisture conditions, the degree
of water deficit depends on environmental parameters.
Under the soil and climatic conditions of the Bukhara
region, significant differences were observed among
soybean varieties in the average daily leaf water deficit
during the growing season.

According to the obtained data, the diurnal water deficit
in soybean leaves varied depending on the growth and
development phases of the plants as well as the soil
moisture levels. In all varieties, from the budding to the
pod formation stages, the values of this indicator
increased to different degrees depending on the variety.
It was also determined that the degree of leaf water
deficit changed in accordance with the level of soil
moisture. Among all varieties, the highest leaf water
deficit occurred during the pod formation stage, while the
lowest values were recorded at the budding stage. As soil
moisture levels decreased below the optimum, the degree
of leaf water deficit increased in all varieties, although to
varying extents. Under optimal soil moisture conditions,
the deficit remained low, whereas under 30% soil
moisture, the maximum leaf water deficit was recorded
for all varieties, with distinct variations among them.

In particular, the leaf water deficit in the Arisoy variety
during the flowering stage was 11.3% under 70% soil
moisture, 12.0% under 50%, and 12.9% under 30%. In
the Zara variety, these values were 14.9%, 15.7%, and
16.4%, respectively. In Zamin, the values were 11.8%,
12.5%, and 13.0%; in Chara - 12.6%, 13.4%, and 13.9%;
in Olmos-13.5%, 14.6%, and 15.1%; in Bars - 13.9%,
14.8%, and 15.6%; and in Optima - 14.5%, 15.2%, and
15.9%. Similar relationships were also found during the
budding and pod formation stages in all studied varieties.

Overall, under different soil moisture conditions, the
degree of leaf water deficit in all studied soybean
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varieties was found to vary depending on their biological
characteristics. Under water deficit conditions, the level
of leaf water shortage was highest in the Bars, Optima,
and Zara varieties, while the Arisoy and Zamin varieties
exhibited comparatively lower values. These findings
indicate that Arisoy and Zamin are more tolerant to water
scarcity and therefore suitable for cultivation in relatively
arid environments, where they can maintain higher
productivity levels.

4. Conclusions

The presented data clearly demonstrate the response of
soybean leaves to diurnal water deficit under varying
moisture conditions. A general trend was observed across
all varieties: as soil moisture decreased, the degree of leaf
water deficit increased. However, the rate of this increase
differed among varieties, which can be attributed to their
genetic characteristics, physiological activity, and ability
to conserve water. These differences indicate the
potential for selecting and cultivating soybean varieties
with higher drought tolerance and improved water-use
efficiency for sustainable production in arid and semi-
arid regions.
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