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Abstract. In connection with the influence of salt stress on winter wheat 
varieties in the soil and climatic conditions of the Bukhara oasis, it is of 
practical importance to determine the physiological foundations of the 
level of resistance and adaptation, as well as to determine resistance to 
stress and develop methods for increasing resistance. In studies to assess 
the effect of salt stress on wheat, physiological, biochemical, plasmolytic, 
morphological, biometric, statistical, comparative-analytical, phenological, 
and gasometric methods were used. In the ontogeny of winter wheat 
varieties, physiological methods have been developed for determining the 
degree of resistance to salt stress by determining the amount of bound 
water in the leaves (BWC), the level of cell turgor (TC), physiological 
methods for increasing resistance to salt stress by treating seeds before 
sowing. Key words: salt stress, soil salinity, winter wheat varieties, 
physiological parameters, adaptation, resistance, cell turgor, productivity. 

1 Introduction

Studying the problem of soil salinity is important, since the need of the world's population 
for food is increasing every year. The main anthropogenic factors causing soil salinization 
are the intensification of agriculture, improper agrotechnical measures, including the use of 
high rates of artificial fertilizers, improper irrigation, and deforestation. About 20% of 
agricultural land is at risk of soil salinization. Rapid climate change causes long-term 
droughts affecting more and more regions of Europe [1-2]. 

Soil salinization has become one of the major environmental issues worldwide and is 
expected to worsen due to projected climate change. Arid and semi-arid agricultural areas 
are particularly sensitive to the impact of climate change on increased soil salinity [3-4]. 

More than 954 million hectares of the total land area in the world (more than 20% of 
agricultural land) are subject to salinization, especially in arid and semi-arid regions [5]. 

An increased content of sodium in the soil is one of the most common causes of abiotic 
stress in plants [6]. 

Globally observed stress factors have a serious negative impact on living organisms, 
including plants. As a result, indicators of plant productivity and yield, as well as its 
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quality, are reduced. The most important tasks are considered to be the intensification of 
scientific research aimed at reducing the negative impact of such stress factors and the 
development of measures to preserve the lost crop, the assessment and justification of the 
physiological aspects of the action of adverse stress factors [7]. 

Studying the mechanisms of resistance of plants to salt stress and revealing it is one of 
the urgent theoretical and scientific problems in the world, by deepening scientific research 
in this field, creating methods of using exogenous and endogenous substances to increase 
the resistance of wheat to stress factors, wide use of the existing gene pool of crops in 
genetic-selection research and great attention is paid to wide application to agricultural 
production. 

The need for such studies is explained by the fact that to overcome the stress caused by 
plant salinity, activation of various physiological and biochemical mechanisms is required 
[8]. 

Grain crops are one of the important industrial crops that provide raw materials for 
various industries. Optimal factors aimed at preserving the crop are necessary when 
growing products at the level of demand. Improving the agro-ameliorative state of irrigated 
lands of our republic, improving ecological, physiological and agrotechnical measures to 
prevent soil salinization, identifying, creating and putting into practice crop varieties 
adapted to stress factors, physiological and biochemical characteristics of wheat varieties 
that express the level of resistance and productivity in stressful conditions, and adaptation 
of varieties, certain results have been achieved in the evaluation and scientific 
substantiation of reactions [9-12]. 

2 Materials and Methods

The aim of the study is to assess the physiological features of the influence of salt stress on 
the physiological and productive indicators of winter wheat varieties under conditions of 
Bukhara region, and to develop physiological methods to determine the resistance of wheat 
to this factor and to improve it. 

The varieties Grom, Pervitsa, Starshina, Alexeyevich, Krasnodarskaya-99, Vassa, Asr 
and Antonina belonging to the group of winter wheat varieties were used as an object of 
research. 

Laboratory experiments were conducted at the Laboratory of Ecological Physiology of 
Bukhara State University, and all field experiments were conducted at Mashhura-Munojot, 
Boboeva Munavvar land, and Islohat-98 farms, Jondor district. 

The intensity of transpiration was determined by weighing on a VT-500 torsion balance 
(Russia). The total moisture content of leaves was determined by the thermostatic method, 
and the density of cell sap was determined at noon on a digital refractometer RUO Shui 
2GHS-L (Japan). The daily and residual water deficit in the leaves was determined by the 
Shmatko method with some modifications. The amount of total chlorophylls in leaves was 
determined using a Minolta SPAD-502 chlorophyllometer (SPAD-Soil Plant Analysis 
Development) (Japan). The intensity of half-leaf photosynthesis and the intensity of 
respiration by calculating the amount of released SO2, the level of turgorescence of leaf 
cells were determined using the Turgoromer device (TN-10-60TS) (Moldova). Leaf area 
expansion was measured by cross sections, and net photosynthetic efficiency was 
calculated using the thermostat method. 

All observations, measurements and studies of plant growth and development were 
carried out in accordance with the method of surveying crop varieties. Each experiment was 
performed in three repetitions at the biological and three repetitions at the analytical level. 
Statistical data processing was carried out using MS Excel 2003 and Sigma Stat software 
applications. 
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3 Results and Discussion

During the research, the data were obtained on the rate of transpiration, total leaf moisture, 
water deficiency of leaves, the content of bound water in leaves, the level of water retention 
in leaves, and the level of leaf turgor of the cells, cell sap density, the amount of 
chlorophyll pigments, the rate of photosynthesis and respiration in the studied varieties 
under salt stress. 

3.1 The rate of transpiration

Due to transpiration, not only the evaporation of water through the leaf, but also the 
adsorption of water and the movement of water and substances dissolved in it throughout 
the plant are provided. In the course of the research, the transpiration of released winter 
wheat varieties Grom, Pervitsa, Starshina, Alekseevich, Krasnodarskaya-99, Vassa, Asr and 
Antonina at the stages of tuberization, flowering and milk maturation was studied. 

High transpiration was noted in wheat varieties Grom, Starshina, Krasnodarskaya-99. In 
the control variants, compared with the experimental ones, activation of water consumption 
by plant leaves was found. Compared with the stage of tuberization and flowering, the 
acceleration of water evaporation by plants was noted in all studied varieties in the phase of 
milky ripeness. It was also established that there are differences between varieties in terms 
of transpiration levels. It was noted that in varieties Starshina, Grom and Krasnodar-99 the 
intensity of transpiration was significantly higher than in varieties Antonina, Alekseevich 
and Vassa. The lowest results for this indicator were noted in the varieties Pervitsa and Asr. 
It was noted that the Starshina, Grom and Krasnodar-99 varieties evaporate more water 
than other varieties and activate their metabolic processes compared to other varieties. 

3.2 Total water content in leaves

Determining the amount of water in plants, one can observe changes in the water balance of 
plants under the influence of unfavorable factors. Under the influence of soil salinity, an 
increase in total moisture content was revealed in all varieties. The amount of bound water 
is not the same in plants grown in saline environments. In particular, it was noted that the 
amount of bound water is maximum under conditions of medium-high salinity of the soil. 

During the experiments, the amount of water in the leaves of the studied varieties varied 
depending on salinity. High values of total moisture content were noted in Grom, Starshina, 
Krasnodarskaya-99 varieties. According to these indicators, varieties Alekseevich, Vassa, 
Antonina took an intermediate place. Salt-tolerant varieties store a large amount of water in 
leaf cells, and under conditions of water deficit, this was manifested in all experiments. 

3.3 The amount of bound water in the leaves

The amount of bound water in the leaves was determined at the stages of tuberization, 
flowering, and milk maturation in wheat varieties. According to the numerical data 
determined during the experiments and presented in the table, it was found that the amount 
of bound water in the leaves varies to varying degrees depending on the stage of growth 
and development of varieties and the concentration of salts in the soil. 

It is noted that the value of this indicator increases from the tuber stage to the milking 
stage in all varieties. Differences between tubulation and flowering stages were minimal. In 
all varieties, soil salinity increased the value of bound water content. At the same time, the 
rate of such growth was high in varieties Krasnodar-99, Grom and Starshina. 
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Similar correlations were observed at other stages of cultivar development. The change 
in the value of this indicator in the context of varieties, stages of growth and development, 
and in the range of salt concentrations can be determined by the ratio of varieties to 
unfavorable abiotic factors, i.e. soil salinity. 

3.4 Intensity of Photosynthesis

The study of the effect of soil salinity on the physiological and biochemical parameters of 
winter wheat varieties reveals the ability of these wheat varieties to adapt to salt stress. The 
intensity of photosynthesis of all wheat varieties was studied at the stages of tuberization, 
flowering, and milk maturation under two different conditions: non-saline and moderately 
saline soils. 

According to the data obtained on the rate of photosynthesis of wheat varieties, it was 
noted that the value of this indicator varies depending on the concentration of salts in the 
soil, as well as the level of growth and development of wheat varieties. 

In the course of our experiments, it was found that the rate of photosynthesis increased 
in all varieties of wheat grown in the control variant, and the rate of photosynthesis 
decreased in all varieties in the experimental variants. Differences between varieties and in 
the value of this indicator were revealed. A high rate of photosynthesis was noted in the 
varieties Starshina, Grom and Krasnodar-99 in the cut of varieties with medium-high 
salinity. The intensity of photosynthesis was significantly lower in varieties Asr and 
Pervitsa. 

3.5 Respiration Intensity

In the course of our studies, along with indicators characterizing the salt-tolerant properties 
of wheat, we also studied the respiration rate. Because the activity of metabolic processes in 
plants is directly related to the intensity of this indicator. 

In the experiments, we studied the intensity of respiration of wheat varieties in the 
phases of tuberization, flowering, and milky ripeness. The intensity of respiration in the 
control variants was low, and in the experimental variants of all varieties, its increase was 
noted. The intensity of respiration was the highest in the experimental variant of variety Asr 
and increased in all varieties from the phase of tuber maturation to milk. In all studied 
wheat varieties, it was found that the magnitude of the respiration intensity increases in the 
tuber phase compared to the control. 

Based on the data obtained, it was noticed that the value of the respiratory rate directly 
depends on the level of soil salinity. The intensity of respiration was the highest in the 
phase of milky ripeness of wheat varieties, and its rate was relatively low in the phase of 
tuberization and flowering. If we compare the differences in the context of varieties, then 
the varieties Pervitsa and Asr were distinguished by a high rate of respiration. 

3.6 Impact of salinity on crops

Salinization of irrigated lands sharply reduces their productivity, which leads to a decrease 
in the gross harvest of agricultural crops and, first of all, wheat. 

In field experiments, we studied the effect of medium-high soil salinity on the 
productivity of wheat varieties. 

Based on the data obtained, it was found that the productivity of the studied wheat 
varieties depends on the level of soil salinity. Especially as a result of moderate salinization 
of the soil, a decrease in the mass of the crop was noted in all variants of the experiment. 
The level of yield of the studied wheat varieties was the highest in the control variants 
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compared to other variants of the experiment; a decrease in the yield weight was observed 
under conditions of soil salinity. In all variants of the experiment, a decrease in the mass of 
the crop was noted in all varieties compared to the control. 

In the control variant, the wheat yield of Starshina was 64.2; 52.3 in the variety 
Pervitsa; variety Antonina 56.0; 62.5 in Grom variety; 50.7 for variety Vek and 57.8 for 
variety Alekseevich; 60.6 in Krasnodar-99 variety; Variety Vassa amounted to 56.5 
centners. It was noted that the yield level of all studied wheat varieties in the medium-high 
saline variant was reduced compared to the control variant. In particular, the yield weight of 
the experimental variant of Starshina wheat is 62.3; 48.1 in the variety Pervitsa; 53.1 in 
variety Antonina; Thunder grade 60.3; 46.2 for variety Vek and 54.6 for variety 
Alekseevich; 58.2 in the variety Krasnodar-99; Variety Vassa amounted to 53.8 centners. 

It was noted that the yield of varieties Starshina, Grom and Krasnodar-99 was the 
highest in conditions of moderately saline soils compared to other studied varieties. Under 
these conditions, the lowest results in terms of yield weight were noted in wheat varieties 
Pervitsa and Asr. According to these indicators, varieties Antonina, Alekseevich and Vassa 
took an intermediate place. 

During the experiments, it was noted that the values of physiological and productivity 
indicators determined in winter wheat varieties differ depending on soil salinity and 
biological characteristics of the varieties, and also the physiological aspects of the 
mechanism of the influence of salt stress on winter wheat varieties were analyzed. 
According to the above data, the first negative effect of salinity was manifested in the level 
of water exchange of plants. 

Changes in the process of water exchange in winter wheat led to an increase in some 
physiological processes and a decrease or slowdown in others. At the same time, the water 
deficiency of the leaves, the amount of bound water in the leaves, the degree of water-
retaining capacity of the leaves, the degree of cell turgor, the degree of cell sap density and 
the intensity of respiration are due to the increase. At the same time, there was a decrease in 
the rate of transpiration, total water in the leaves, the amount of chlorophyll pigments, and 
the rate of photosynthesis. Such changes in physiological processes led to a decrease in the 
overall productivity of the plant. 

It has been established that the growth rate, leaf area, net productivity of photosynthesis 
and crop weight of varieties under salt stress conditions are the main factors determining 
productivity and are interconnected. The decrease in indicators that determine productivity, 
first of all, reduced the weight of the biological, and at the next stage, the economic crop. 

During the study period, practical recommendations were developed based on the 
resistance characteristics of varieties to areas of the Bukhara oasis with different levels of 
salinity and areas with high salt stress. In the ontogeny of winter wheat varieties, 
physiological methods have been developed to determine the degree of resistance of 
varieties to salt stress by determining the amount of bound water in leaves (BWC), the level 
of cell turgor (TC), and increasing resistance. to salt stress by treating seeds before sowing. 

The scientific significance of the research results is explained by the fact that the 
protective responses and adaptability of wheat varieties to salt stress depend on the level of 
stress, and the development of physiological methods for determining resistance to salt 
stress and its increase. The practical significance of the research results is determined by the 
possibility of planting varieties Starshina, Krasnodarskaya-99 and Grom resistant to salt 
stress in areas with medium-high salinity, as well as varieties Antonina, Alekseevich, 
Vassa, which have medium resistance, in areas where the effect of stress factors is 
relatively weak, and the possibility of obtaining a quality crop. The implementation of the 
recommendations will improve the agricultural practices of growing winter wheat in areas 
with salinity. 
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4 Conclusion

The effect of soil salinity on the activity of physiological processes in wheat varieties was 
different depending on varietal characteristics. Compared to the control, the amount of total 
chlorophylls and the rate of photosynthesis decreased. At the same time, it was found that 
the intensity of respiration, the amount of bound water were higher under the influence of 
soil salinity compared to the control in all variants of the experiment. The yield of wheat 
varieties depends on the effect of salinity, and medium-high soil salinity adversely affected 
the morphological and physiological characteristics of varieties. In a saline environment, 
the growth of all varieties slows down and leaf surfaces become smaller. The rate of 
accumulation of dry matter in wheat was lower with soil salinity compared to the control. 
The net productivity of photosynthesis was estimated depending on soil salinity and 
biological characteristics of varieties. In salt-tolerant varieties Starshina, Grom and 
Krasnodar-99, the net productivity of photosynthesis and the decrease in crop weight under 
the influence of salinity were lower than in other studied varieties. The impact of soil 
salinity also caused a decrease in the biological and economic productivity of all studied 
wheat varieties. It is proved that the characteristics of resistance of varieties to soil salinity 
are different depending on their biological and individual characteristics. As a result of 
exposure to salt stress, the yield level of all varieties decreased. At the moment, varieties 
Starshina, Grom and Krasnodar-99 resistant to this factor did not show sharp changes in 
indicators characterizing salt tolerance and crop weight. In all experiments higher 
productivity of wheat varieties Starshina, Grom and Krasnodar-99 in comparison with other 
varieties in soil salinity conditions was revealed. Sharp decrease of productivity of varieties 
Pervitsa and Asr is connected with conditions of moderate and strong soil salinization. In 
variants treated before sowing wheat seeds with 3.5 % solutions of table salt, yield weight 
averaged 64.4 cwt. At the same time, compared to the control, the weight gain increased by 
5.05%. The values of such indicators as bound water content in leaves (BWC), residual 
water deficit in leaves (RWD) and net photosynthetic productivity (NPP) were evaluated as 
higher compared with the control variant. 

Physiological methods for determining the salt tolerance of wheat and increasing salt 
tolerance have been developed, and the positive effect of these methods on the productivity 
of wheat plants has been identified and proposed for production. 

Based on the results obtained during the research, the following varieties of winter 
wheat can be recommended for sowing in medium and highly saline areas of the Bukhara 
region in terms of salinity resistance: -In moderately saline areas of the Bukhara region, it is 
recommended to plant varieties Starshina, Grom and Krasnodar-99 resistant to stress 
factors and salt, and in moderately saline areas - varieties Antonina, Alekseevich, Vassa. 

Due to the low level of resistance to stress factors and soil salinity, winter wheat 
varieties Pervitsa and Asr are recommended to be planted on non-saline or slightly saline 
soil areas. use physiological methods to quickly determine the level of salt tolerance and 
increase resistance to salt stress. 
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