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Abstract

Soil salinity constrains the vital activities of plants, thereby diminishing their growth and 
productivity. Consequently, the study of the physiological characteristics and productivity of salt 
tolerance in plants is of significant importance. In the field trial area, normal soils (the experimental field 
of the “Chloroplast Photochemistry” laboratory of the Institute of Molecular Biology and Biotechnology 
of the Republic of Azerbaijan) and saline soils (where the salinity in the soil is mainly sulfates (1.5% 
H2SO4), at the experimental field of the Institute of Soil Science of the Republic of Azerbaijan in 
the Agsu-Kurdamir region) were selected. Physiological processes occurring in the leaves during 
the vegetative growth phase were examined. Salt decreased the levels of photosynthetic pigments, 
photosystem II activity, and productivity in the leaves of the genotypes in different ways. In addition 
to the general responses to species-specific salinity, the unique characteristics of each genotype also 
played an important role. As a result, the total chl a + chl b pigment content, carotenoid content, PSII 
activity, and productivity of the Azamatli-95, Gobustan, Kiymatli-2/17, and Nurlu-99 genotypes were 
more pronounced than the other varieties, and these varieties showed greater tolerance to salt stress.
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Introduction

Every year, about 40,000 hectares of land around 
the world become unfit for use due to salinization [1]. 
Since more than 50% of Azerbaijan's territory consists 
of arid and saline lands, this problem is also relevant 
for our republic [2]. Soil salinization is one of the 
main environmental factors limiting plant productivity. 
Salt stress reduces the amount of chlorophyll and total 

protein in plant cells, causes stomatal closure, and 
induces oxidative stress due to the generation of reactive 
oxygen species in the cell, which leads to a decrease 
in the intensity of photosynthesis and, ultimately, a 
reduction in productivity. Plants grown in saline areas 
are unable to absorb water and minerals such as K+ and 
Ca2+, which slows down cell development [3]. Excessive 
accumulation of harmful ions, such as Na+ and Cl–, in the 
cell disrupts ion homeostasis, exerting toxic, osmotic, 
and oxidative effects on the plant. Therefore, maintaining 
the K+/Na+ ratio in the cell is essential for plant growth 
and development under salt stress conditions [4]. The 
effect of NaCl on plant metabolism and resistance to 
high salinity has not yet been sufficiently studied [5, *e-mail: azizovibrahim898@gmail.com
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6]. High concentrations of NaCl cause osmotic stress, 
alter the light phase of photosynthesis, and damage 
the photosynthetic apparatus. Many plants adapt to 
extreme conditions by changing the composition of 
photosynthetic membranes. Such plants respond to 
stress with qualitative and quantitative changes in the 
composition of thylakoid membrane proteins. Since the 
photosystem II (PSII) complex is the most sensitive part 
of the photosynthetic apparatus, it suffers more from 
abiotic stresses than the photosystem I (PSI) complex [7]. 
Currently, both globally and in our republic, a number 
of agrotechnical measures are being implemented to 
restore saline soils to a condition suitable for cultivation. 
However, even after these measures have been carried 
out, it is necessary to plant relatively salt-tolerant plants 
on reclaimed land. Therefore, obtaining new, salt-
tolerant plants, including wheat varieties, is one of the 
main tasks facing modern breeders. To achieve this goal, 
it is necessary to study the mechanisms of salt tolerance 
formation in plants at the molecular-genetic, cellular, 
and organism levels. Numerous studies conducted in 
this area have extensively investigated the effect of salt 
on various processes occurring in plant organisms and 
have elucidated its osmotic and toxic mechanisms for 
plant organisms [8]. Studies conducted to investigate the 
expression of genes that synthesize proteins providing 
resistance to salt stress have shown that the expression 
of these genes increases at high salt concentrations 
[9]. Currently, under the leadership of J.A. Aliyev, 
the mechanisms of salt tolerance in wheat species and 
varieties imported from abroad and cultivated in our 
republic are being studied at the molecular-genetic, 
organelle, cellular, and organism levels [10]. One of the 
important issues is the study of salt tolerance in new 
varieties imported into our republic, as well as in wheat 
species and varieties widely distributed in Azerbaijan, 
and the selection and use of resistant forms in breeding. 
As is well known, salt tolerance depends on the structure 
and activity of the genetic apparatus of plants. Therefore, 
the study of plant genotypes with different levels of salt 
tolerance, the identification of sources of resistance 
genes, and their use as donors in breeding are among 
the pressing issues of today. Experiments with various 
agricultural crops have shown that the application of 
mineral fertilisers increases the salt tolerance of plants 
and allows for higher yields when grown on relatively 
saline soils [11]. The ability of plants to withstand the 
effects of salt depends on environmental factors: soil, 
water, and climate. For example, many crops are less 
salt-tolerant when grown in hot and dry climates than 
when grown in cool and humid climates. In hot and dry 
climates, crop yield and quality decline more sharply 
than in cool and humid climates. To accurately assess 
salt tolerance, it is necessary to carefully study the 
relationship between environmental factors and salt 
tolerance. Salt exposure reduces plant productivity, but 
this reduction and the concentrations that cause it vary 
among plant species [12]. Researchers have shown that 
wild species of the same genus are more salt-tolerant 

than cultivated ones. This indicates the advisability of 
using wild species to create new salt-tolerant forms.

Materials and Methods

The objects of the study were 12 varieties of 
soft wheat of the species T. aestivum L. (Akinci-84, 
Gobustan, Nurlu-99, Kiymatli-2/17, Pirshakhin, 
Gyrmyzy Gul 1, Azamatli-95, Ruzi-84, Tale-38, 
Saratovskaya-29 (Saratov), Dagdash (Turkey), 4th 
FEFWSN-No.16 (imported variety), taken from the seed 
base of the Azerbaijan Agricultural Research Institute, 
cultivated on normal and saline soils of the Republic of 
Azerbaijan, and studied in detail (Table 1).

Determination of Photosynthetic Pigments

To determine the amount of pigments,  
0.3-0.5 g of fresh plant material was dissolved in 2-3 
mL of 100% acetone in a porcelain flask, and a small 
amount of CaCO3 and MgCO3 was added to prevent 
pigment decomposition. The pigments were extracted 
sequentially with several portions of solvent. Each time, 
the pigment solution was filtered through a glass filter. 
The obtained extract was diluted to 10 mL with acetone 
and centrifuged at 200 g. The amount of pigments 
was determined using an SF-26 spectrophotometer at 
wavelengths of 662 nm, 644 nm, and 440.5 nm and 
calculated using the following formulas [13].

Chl a (mg/L) = 9.784 × D662 ‒ 0.990 × D644
Chl b (mg/L) = 21.426 × D644 ‒ 4.650 × D662

Chl a+b (mg/L) = 5.134 × D662 ‒ 20.436 × D644
CCar (mg/L) = 4.695 × D440.5 ‒ 0.268 × C(chl a+b)

We did the measurements three times. We also 
calculated the mean error and the root mean square 
deviation. All procedures related to pigment separation 
were done in a dark room at a temperature of 0-40°C.

Determination of the Photochemical 
Activity of Chloroplasts

Determination of the Photochemical Activity of 
the Processes Occurring in PSI and PSII

Photochemical activity of chloroplasts was measured 
using a polarographic device with a Clark-type platinum 
electrode. The chloroplast solution was placed in a small 
beaker containing 3 mL of water, illuminated with 
a lamp providing 30,000 lux, and the oxygen release 
rate was recorded using a polarograph. The reaction 
medium used to measure PSII activity contained 0.05 
M sucrose, 0.05 M Tris-HCl (pH 7.8), 0.05 M EDTA, 
0.01 M Tris-NaCl, 0.01 M MgCl, and 0.01 M Fe₃(FeCN). 
The reaction medium used to measure photosystem I 
activity was composed of 0.05 M sucrose, 0.05 M Tris-
HCl (pH 7.8), 0.01 M NaCl, 0.01 M MgCl₂, 0.01 M Na 
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ascorbate, and 0.01 M methylviologen. For this purpose, 
5 g of large leaves are cleaned, washed, dried, and cut 
into small pieces with scissors; then 50 mL of separation 
medium is added and mixed in a homogeniser for 1 min 
until a homogeneous mass is obtained. The homogenate 
is filtered four times and centrifuged to separate large 
particles. It is centrifuged at 200 g for 5 min, and the 
sediment is discarded (Sediment usually consists of 
large particles (capsules, nuclei, and impurities) that may 
interfere with chloroplast function). The supernatant 
is again spun at 1000 g for 10 min. At this point, the 
supernatant no longer contains chloroplasts. Therefore, 
the supernatant is discarded, and 1 mL of separation 
medium is added to the pellet and homogenized. The 
chloroplasts obtained are placed in a refrigerator, and 
then their activity is measured [14]. 

The composition of the isolation medium for 
chloroplast separation is as follows:

1.	 0.4 M Sucrose
2.	 0.05 M Tris-HCl (pH 7.8)
3.	 0.01 M MgCl₂
4.	 0.01 M NaCl
5.	 0.05 M EDTA (Ethylenediaminetetraacetic acid)

Tolerance İndex

To assess the salt tolerance of soft wheat (T. aestivum 
L.) varieties under field conditions, plants were grown 
under two contrasting environments: normal conditions 
at the Apsheron experimental base (control) and saline 
soils from the Agsu-Kurdamir region of Azerbaijan. 
Irrigation was applied according to schedule, 
phenological observations were recorded, and harvests 
were collected following standard procedures. Structural 
analyses were conducted on four yield components: 
spike weight, grain weight per spike, number of grains 
per spike, and 1000-grain weight.

The Tolerance Index (TOL) was calculated for each 
genotype according to Rosielle and Hamblin (1981) as 
follows [15]:

TOL = Yp − Ys

Where, Yp is the yield of a genotype under non-
stress (control) conditions, Ys is the yield of the same 
genotype under saline stress.

A lower TOL value indicates higher salt tolerance, 
while a higher TOL value indicates greater sensitivity 
[16]. 

Statistical Analysis Methods

Cluster analysis and the results obtained with its 
help were performed using modern computer programs. 
Cluster analysis is a multidimensional non-parametric 
statistical method used to group genotypes belonging to 
both the same and different points [17]. The effects of 
salinity on the yield of wheat grown under normal and 
saline soil conditions, as well as the resulting changes, 
have been studied extensively. Plant observations 
were conducted in accordance with the established 
methodology for the structural elements of the crop [18].

The salinity of the experimental soil is presented in 
Table 1. As can be seen from Table 1, soil salinity was 
mainly due to chlorides, sulfates, and HCO₃⁻. However, 
sulfates predominated (1.5% H2SO4). The soils are 
classified as moderately saline.

Results and Discussion

Chlorophyll Pigments: We began by investigating 
the changes in the quantities of chlorophyll a, 
chlorophyll b, chlorophyll a+b, and carotenoids. These 
are physiological indicators, and we were looking at 
their response to salinity. As shown in Table 2, the 
activity of chlorophyll pigments was studied under both 
normal and saline conditions. The degree of chlorophyll 
depression was calculated as a percentage relative to the 
control, based on the formula for chlorophyll depression.

100
X
Y100Z ×−=

Where Z = degree of depression; Y = experimental 
variant; X = control variant. 

Table 1. Results of a complete analysis of irrigation water.

No. CO3
HCO3
meq/%

Cl
meq/%

SO4
meq/%

Total 
anions

Ca+Mg
meq/%

Ca
meq/%

Mg
meq/%

Na+K
meq/%

Total 
salts

Dry 
residue

1 ND 1,0
0,061

2,8
0,098

11,49
0,552 15,29 3,75 2,0

0,04
1,75
0,021

11,54
0,265 1,037 1,12

2 ND 0,6
0,021

2,3
0,081

21,23
1,02 24,13 20,5 10,5

0,021
10,0
0,012

3,63
0,083 1,535 1,50

3 ND 0,8
0,048

2,8
0,098

13,49
0,648 17,09 7,25 4,25

0,085
3,0

0,036
9,84
0,226 1,141 1,44

4 ND 1,0
0,061

2,0
0,07

7,9
0,38 10,90 4,25 1,75

0,035
2,5
0,03

6,65
0,153 0,729 0,68

Note: *ND = not detected; meq/% = milliequivalents percent.
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As shown in Table 2, salinity stress caused changes 
in the chlorophyll a+b content of the varieties. During 
the tillering phase, the chlorophyll a+b content 
significantly decreased in the Red Rose-1 and Dagdash 
samples. These varieties are categorized as sensitive 
due to their inadequate resistance to salinity during 
this phase. Akinci-84, Gyrmyzy Gul 1, Saratov-29, 
Nurlu-99, Azamatli-95, Gobustan, and Kiymatli-2/17 
exhibited only slight fluctuations in chlorophyll a+b 
content under the influence of salinity stress during 
the tillering phase, showing moderate tolerance. The 
varieties of Azamatli-95, Gobustan, and Kiymatli-2/17 
are definitely salt-tolerant. The carotenoid content in the 
Dagdash, Pirshahin, Azamatli-95, Gobustan, Akinci-84, 
and Tale-38 samples decreased slightly under salt 
stress, while in the Kiymatli-2/17, Saratov-29, and 4th 
FEFWSN-No.16 genotypes, the decrease was relatively 
mild. However, in the Nurlu-99, Ruzi-84, and Gyrmyzy 
Gul 1 genotypes, the reduction in carotenoid content 
was more pronounced.

The following analysis focuses on the activity 
of photosystems II and I. The impact of salinity on 
photosynthesis is multifaceted, with effects that are both 
indirect, characterized by stomatal closure, and direct, 
manifesting as interference with the photosynthetic 
apparatus. Concurrently, the impact of salinity on 
photosynthesis in salt-tolerant plants is also evidenced 
by a reduction in leaf surface area. The following 
table illustrates the effect of salinity on the activity of 
the photosystems in the chloroplasts of different wheat 
genotypes.

As demonstrated in Table 3, the PSI and PSII 
of the Pirshahin and Dagdash genotypes exhibited 
heightened sensitivity to the effects of salinity, while the 

photosystems of the Kiymatli-2/17, Nurlu-99, Gobustan, 
Saratov-29, Akinci-84, and Azamatli-95 genotypes 
demonstrated enhanced resilience. This finding suggests 
that the photosynthetic apparatus of these genotypes 
exhibits enhanced tolerance to salinity.

A comparative study of soft wheat (Triticum 
aestivum L.) varieties was conducted concerning yield 
components under both normal and saline conditions. 
The samples were cultivated under standard conditions, 
and phenological observations were meticulously 
recorded. The harvest was conducted similarly, and a 
structural analysis was performed based on ear weight, 
number of spikelets, grain weight per ear, number 
of grains, and weight of 1,000 grains. The results 
underwent statistical processing in comparison with 
normal conditions, with the objective of selecting traits 
that demonstrated significant changes. The results of the 
study are presented in Table 4.

Table 5 shows the main elements of the yield of 
soft wheat genotypes cultivated on saline soils. As 
demonstrated in Table 6, the impact of salinity on the 
yield components of all soft wheat varieties resulted 
in a modest decline in some, while in the majority, a 
substantial reduction was observed. The spike weight 
plays a crucial role in productivity, forming the 
foundation of overall yield. Changes in spike weight 
have also had an impact on the weight and number of 
grains per spike, as well as the 1000-grain weight. 

Table 6 clearly shows the salt tolerance indices of 
the wheat varieties. Differences among the varieties are 
evident based on changes in the structural elements of 
the spike (spike weight, grain weight, number of grains, 
and 1000-grain weight).

No.  Genotypes
Control | Salinity % Change 

Compared to 
Control

Control | Salinity % Change 
Compared to 

ControlChl a+b Chl a+b Carotenoids Carotenoids

1 Akinci-84 3.53±0.062 2.66 ±0.058 24 0.41±0.010 0.34 ±0.012 17

2 Gobustan 2.43±0.011 1.98 ±0.042 19 0.69±0.017 0.50 ±0.016 18

3 Nurlu-99 2.72±0.041 2.18 ±0.059 20 0.62±0.002 0.17 ±0.008 73

4 Kiymatli-2/17 2.94±0.084 2.44 ±0.105 17 0.56±0.018 0.41 ±0.020 27

5 Pirshahin 3.40±0.089 2.26 ±0.109 34 0.65±0.016 0.56 ±0.019 14

6 Gyrmyzy Gul 1 3.67±.0.066 2.25 ±0.074 39 0.67±0.011 0.31 ±0.017 54

7 Azamatli-95 3.23±0.095 2.58 ±0.137 20 0.82±0.024 0.70 ±0.032 15

8 Ruzi-84 3.40±0.078 2.22 ±0.100 35 0.81±0.001 0.19 ±0.006 77

9 Tale 38 3.77±0.046 2.47 ±0.079 34 0.38±0.006 0.36 ±0.011 5

10 Saratov-29 2.99±0.049 2.27 ±0.052 24 0.43±0.003 0.30 ±0.008 30

11 Dagdash 3.62±0.035 2.02 ±0.055 44 0.42±0.010 0.38 ±0.013 10

12 4th FEFWSN-No.16 3.61±0.063 2.32 ±0.079 36 0.54±0.008 0.34 ±0.012 37

Note: For each hybrid, the average value of 3 replicates (n = 3) was calculated, with p=0.05, and ±SD represents the standard deviation 
of the mean.	

Table 2. The present study examined the effect of salinity (1.5% H2SO4) on pigment content in wheat genotypes at the tillering stage.
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Examining the tolerance indices shows that 
differences were evident among the varieties based on 
changes in spike weight. There was a reduction in the 
grain weight per spike. The number of grains per spike 
in Nurlu-99, Kiymatli-2/17, and Pirshahin varieties 
remained unchanged or showed minimal variation. 
These varieties exhibited differences in 1000-grain 
weight. This is in line with the other yield components.

As shown in Fig. 1, based on tolerance indices, the 
varieties were grouped into three main clusters. Group 
I comprised Gyrmyzy Gul 1, Dagdash, Kiymatli-2/17, 
Azamatli-95, Ruzi-84, Saratovskaya-29, and 4th 
FEFWSN-No.16, further divided into two subgroups. 

The first subgroup, including Gyrmyzy Gul 1, Dagdash, 
Kiymatli-2/17, Azamatli-95, and Ruzi-84, was classified 
as salt-tolerant. Group II included Akinci-84, Tale-38, 
and Nurlu-99, which exhibited moderate tolerance. In 
these varieties, salinity caused reductions of 0.4-1.2% in 
spike weight, 0.4–0.96% in grain weight per spike, and 
0.6-14.3% in 1000-grain weight. Group III, consisting of 
Gobustan and Pirshahin, was classified as salt-sensitive, 
showing decreases of 1.5-1.8% in spike weight and 1.3-
1.7% in grain weight per spike.

The use of statistical methods plays a crucial role 
in validating the accuracy of the results obtained 
in scientific research. Therefore, in our study, these 

No. Genotypes
PSII PSI

Control | Salinity Control | Salinity

1 Akinci-84 85±2,1 79±1,2 125±5,4 119±3,2

2 Gobustan 91±3,3 85±2,1 130±5,8 125±5,4

3 Nurlu-99 94±4,4 83±1,9 129±4,6 120±4,3

4 Kiymatli-2/17 99±5,6 85±1,7 133±3,5 126±6,2

5 Pirshahin 87±2,7 60±2,1 109±2,9 90±3.4

6 Gyrmyzy Gul 1 81±1,2 59±1,8 95±3,4 70±5,6

7 Azamatli-95 105±3,9 95±1,5 150±5,5 130±6,4

8 Ruzi-84 93±2,2 70±2,2 110±4,2 95±3,2

9 Tale-38 87±1,5 60±0,8 95±4,3 70±2,1

10 Saratov-29 96±4,1 90±1,6 121±3,5 109±6,1

11 Dagdash 87±2,4 60±1,9 98±2,8 71±2,3

12 4th FEFWSN-No.16 98±4,3 70±2,5 116±4,4 100±4,2

Table 3. Effect of salinity on the activity of Photosystems II and I (mk mol O2/mg chl. s.)

No. Genotypes Spike Weight (g) Grain Weight (g) Number of Grains 1000 Grain Weight 
(g)

1 Akinci-84 2.65±0.58 2.42±0.14 42±1.76 43.2±0.92

2 Gobustan 3.94±0.37 3.34±0.34 40±2.68 45.1±0.11

3 Nurlu-99 3.45±0.21 3.23±0.16 5±0.42 53.7±0.42

4 Kiymatli-2/17 3.97±0.32 2.93±0.24 50±1.63 45.1±0.32

5 Pirshahin 3.48±0.17 3.25±0.21 36±0.78 45.2±0.16

6 Gyrmyzy Gul 1 3.68±0.31 3.11±0.66 47±0.15 42.1±0.45

7 Azamatli-95 4.02±0.25 3.80±0.42 41±2.12 42.4±0.84

8 Ruzi-84 3.64±0.23 3.21±0.33 34±0.71 49.2±0.93

9 Tale-38 3.00±0.28 2.10±0.01 40±2.82 48.1±0.17

10 Saratov-29 3.60±0.10 2.72±0.11 45±0.62 45.4±0.42

11 Dagdash 3.60±0.14 2.03±0.10 36±0.56 39. 2±0.96

12 4th FEFWSN-No.16 3.78±0.31 3.02±0.54 47±0.44 46.3±0.33

Table 4. Characteristics of the structural elements of soft wheat varieties grown under optimal conditions on the Absheron Peninsula.
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methods were prioritized. By applying these methods, 
the similarities and differences between the studied 
varieties based on yield traits were determined.

The dendrogram clearly shows the varieties that are 
closely related in terms of their salinity tolerance. The 
samples in the first group are divided into subgroups. 
The varieties grouped in the subgroups are more similar 
to each other in terms of their salinity tolerance. For 
instance, three subgroups were formed within the first 
group. The Gyrmyzy Gul 1, Dagdash, Kiymatli-2/17, 
Azamatli-95, and Ruzi-84 varieties are grouped in the 
first subgroup of the first group. Examining the tolerance 
indices clearly shows that the varieties are almost 
identical in terms of changes in spike weight and grain 

weight. The subsequent varieties are arranged according 
to the principle of proximity. The first subgroup is more 
tolerant than the second, and the second is more tolerant 
than the third. This principle is also observed in the 
second main group.

During periods of salinity stress, a series of 
deleterious changes occur within the chloroplasts 
of plants, thereby impeding the normal process of 
photosynthesis. It is also observed that in salt-sensitive 
plants, there is a greater breakdown of chloroplasts 
and a reduction in photosynthesis intensity [19]. This 
mechanism is chiefly linked to the build-up of reactive 
oxygen species (ROS). ROS are produced at high 
levels during stress. This causes damage to chloroplast 

No. Genotypes Spike Weight (g) Grain Weight (g) Number of Grains 1000 Grain Weight 
(g)

1 Akinci-84 2.35±0.58 2.17±084 26±1.76 43.7±0.78

2 Gobustan 2.14±0.37 1.98±0.46 34±2.68 40.1±0.98

3 Nurlu-99 3.35±0.21 3.13±0.32 45±0.42 39.4+0.45

4 Kiymatli-2/17 2.67±0.32 2.27±0.16 46±1.63 32.5±0.70

5 Pirshahin 1.98±0.17 1.55±0.84 32±0.78 29.4±0.14

6 Gyrmyzy Gul 1 2.98±0.31 2.44±0.16 31±0.15 34.1±0.44

7 Azamatli-95 3.42±0.25 3.14±0.43 33±2.12 38.5±0.23

8 Ruzi-84 3.24±0.23 2.72±0.89 29±0.71 36.5±0.18

9 Tale-38 2.12±0.28 1.79±0.23 30±2.82 40.0±0.43

10 Saratov-29 1.89±0.10 1.76±0.43 28±0.62 37.7±0.17

11 Dagdash 1.96±0.14 1.43±1.06 26±0.56 37.2±0.78

12 4th FEFWSN No.16 2.58±0.31 2.12±0.12 27±0.44 33.8±0.98

Table 5. Characteristics of the structural elements of soft wheat varieties on saline soils in the Agsu district.

No. Sample Names Spike Weight (g) Grain Weight (g) Number of Grains 1000 Grain 
Weight (g

1 Akinci-84 0.30 0.25 16 0.6

2 Gobustan 1.8 1.3 6 5

3 Nurlu-99 0.5 0.1 0 14.3

4 Kiymatli-2/17 1.3 0.66 4 12.6

5 Pirshahin 1.5 1.7 4 15.8

6 Gyrmyzy Gul 1 0.7 0.6 16 7.1

7 Azamatli-95 0.6 0.66 8 3.6

8 Ruzi-84 0.4 0.49 5 12.7

9 Tale-38 0.8 0.3 10 8.1

10 Saratov-29 0.7 0.96 17 7.7

11 Dagdash 0.63 0.6 10 2

12 4th FEFWSN No.16 1.2 0.9 20 12.5

Table 6. Tolerance indices of yield components for soft wheat samples.
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membranes, particularly thylakoid structures, and limits 
the activity of photosystems [20, 21]. Experiments on 
three wheat varieties and one local variety have proven 
that 200 mM NaCl significantly reduces the maximum 
photochemical efficiency (Fv/Fm) of PSII [22]. 

The decrease in the amount of photosynthetic 
pigments in various barley genotypes under the effect of 
salinity has been recorded in the experiments of several 
authors [23, 24]. In these experiments, barley seedlings 
were initially grown in Hoagland’s nutrient medium. 
After one week, they were transferred to NaCl solutions 
of 50, 100, 200, 300, and 400 mM concentrations. 
Three days later, changes in the growth of both aerial 
organs and roots were recorded. At the same time, the 
amounts of chlorophyll a, chlorophyll b, and carotenoids 
were determined. The amount of carotenoids increased 
with the increasing salinity concentration, while the 
chlorophyll content decreased. Carotenoids have been 
shown to dissipate excess light energy by deactivating 
triplet chlorophyll and singlet oxygen. This process 
serves to protect the photosynthetic apparatus in 
photosystem II from photodamage. Genotypes with 
fewer changes in growth processes and pigment content 
were recommended for selection [23, 24].

One of the internal factors that can affect the 
photosynthetic activity of plants is the change in the 
water content of the leaves. The increase or decrease 
in water primarily regulates the function of the 
stomata. It has been observed that certain species of 
plants are characterized by the presence of trichomes, 
which are light grey in colour, on the surface of their 
leaves. It has been demonstrated that these leaves 
maintain a lower temperature by reflecting a substantial 
proportion of light. However, given that the light 
wavelengths necessary for the photosynthesis process 
are also reflected, there is a concomitant decrease in 
the absorption of carbon dioxide. These adaptations 
increase water use efficiency in salty and arid conditions 
by regulating transpiration rates [25]. 

The objective of efforts to enhance the hairiness of 
plants is to improve their capacity for water utilization. 
One way to prevent dehydration is to have a thick layer 

of cuticle in the epidermis, which reduces water loss. 
When crops are under water stress, the spike and other 
assimilatory organs must be actively photosynthesizing. 
The cuticle also makes it harder for carbon dioxide to 
get in, but it does not significantly inhibit photosynthesis 
in the leaves. Most studies have found that when plants 
are under stress, this is largely due to osmolytes keeping 
the water potential of their leaves close to normal levels 
[26, 27]. 

Academic researcher C.A. Aliyev [28] has stated that 
in plants under stress, the root system and stress proteins 
that are controlled by certain genes, as well as the plant's 
architecture and its different photosynthetic properties, 
are really important. Recent studies have confirmed 
this idea at the molecular level, demonstrating that the 
expression levels of the SOS1, NHX1, and HKT1; 5 genes 
are significantly higher in salt-tolerant genotypes than in 
salt-sensitive varieties. Photosynthesis is an important 
process for food and feed production and for making 
protein in grains [28, 29]. 

The water potential of the leaves of various plant 
species and varieties under salinity conditions, along 
with the changes in other physiological indicators, has 
been identified in the work of several researchers [30]. 
High concentrations of Na+-K+ and total salts interrupt 
enzyme activity and hinder protein synthesis [31]. This 
situation is also a direct consequence of ionic toxicity: 
an increase in intracellular Na+ ions blocks the activity 
of K+ channels, leading to an imbalance in enzyme 
systems [32]. 

In a multitude of experiments conducted under 
conditions of salinity, a decline in electron transfer 
between PSII and PSI has been observed [33]. In 
experiments where NaCl salt was gradually introduced 
into the plant nutrient medium, a reduction in the 
photochemical activity of chloroplasts and electron 
transfer between photosystems was observed [34]. The 
main reason for this is the disruption of the oxidation-
reduction balance of the plastoquinone pool and the 
degradation of the D1 protein, a core component of the 
photosystem II reaction center responsible for electron 
transport [35]. 

Fig. 1. The following dendrogram has been constructed based on the tolerance indices.
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The impact of salt stress on plants varies depending 
on the developmental stage. In particular, during the 
growth stages of wheat, especially in the tillering phase, 
there is a more significant impact on the amount of 
chlorophyll pigments. In later stages, the effect varies 
as the root system develops, leading to an increase in 
prolamins and carbohydrate content in the roots. This, 
in turn, results in the formation of a protective system 
and helps plants alleviate stress [36].

Salinity stress exerts a multifaceted influence on 
the yield components of the spike during its maturation 
stage. A plethora of experiments conducted by numerous 
researchers has determined that, while salinity stress 
does not affect the length of the spike, the number of 
spikelets, or the number of grains, it has a detrimental 
effect on the size of the grains and their weight. This has 
been demonstrated to result in a decline in productivity 
indicators due to the associated stress [37, 38].

Conclusions

In our research on the evaluation of salt tolerance, 
the studied genotypes were grouped, revealing more 
tolerant forms that can be cultivated in relatively saline 
soils in farm enterprises for crop production. For the 
first time, the physiological and yield characteristics 
of 8 wheat varieties in the saline soils of Azerbaijan 
have been studied in a comparative manner. It has been 
determined that Akinci-84, Nurlu-99, Azamatli-95, 
Gobustan, and Kiymatli-2/17 varieties are more tolerant 
than others based on the changes in chlorophyll and 
carotenoid content under the influence of salinity.

During the study of the photochemical activity 
of chloroplasts, it became clear that under salinity 
conditions, Kiymatli-2/17, Nurlu-99, Gobustan, 
Saratov-29, Akinci-84, and Azamatli-95 varieties 
exhibited higher activity compared to other genotypes. 
Under salinity stress, Saratovskaya-29, Kiymatli-2/17, 
Gobustan, and Azamatli-95 varieties were distinguished 
from others by having a higher relative water content and 
lower water deficiency in their leaves. Among the tested 
varieties of soft wheat (T. aestivum L.), the following 
varieties — Valuable 2/17, Majestic-95, Nurlu-99, and 
Akinci-84 — are recommended as genetic sources for 
selection in the development of salt-tolerant varieties.
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