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The tolerance of plants to unfavorable environmental factors is one of the most important characteristics that 

characterize their adaptation to environmental conditions. This feature allows plants to survive in extreme condi-
tions, including drought, and reveals their adaptive properties. The plants are exposed to a number of natural factors 
that limit their growth and productivity, which is manifested in a number of changes that occur at the cellular, physi-
ological and biochemical levels. Evaluation of the photosynthetic properties of plants is of great importance in the 
study of their tolerance to environmental stresses. Since photosynthetic pigments are directly related to photosyn-
thetic potential and initial productivity, the physiological state of plants can be assessed by determining the amount 
of pigments. So it is of great practical importance to determine them based on physiological indicators. The aim 
of the investigation is to study the adaptation of new genetic resources of peas (Cicer arietinum L.), introduced to 
enrich the national gene pool, to the negative consequences of drought from abiotic stresses and to assess the degree 
of resistance to drought. 20 pea (Cicer arietinum L.) samples of ICARDA origin were evaluated based on physi-
ological parameters associated with drought tolerance. The genetic resources of the pea tolerant to abiotic stresses 
were selected for use in various breeding programs.
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Environmental degradation have led to 
increased stress, reducing of plant genetic re-
sources, destruction of many valuable plants 
and the emergence of harmful combinations 
of genes and mutant forms. Currently, one of 
the most pressing issues in agriculture is the 
conservation and effective use of plant genetic 
resources, including legume biodiversity. One 
of the ways to solve the problems of food secu-
rity of the population is to increase and develop 
grain and leguminous crops, which are consid-
ered the main food of humanity and an im-
portant source of vegetable protein. From this 
point of view, it is very important to expand 
the collection of leguminous crops, including 
peas, and create new varieties and forms that 
meet the requirements of intensive farming and 
are tolerant to changing environmental factors. 
The selected best genetic sources should be 
used in this process as valuable donors for en-
vironmental traits and indicators.

During their life cycle, plants are exposed 
to almost all natural factors, which negatively 
affects their growth and development, produc-
tivity and distribution of species. Complex 
responses to abiotic stresses are manifested 
by changes at the cellular, physiological and 
biochemical levels. The answer depends on the 
intensity and duration of stress, plant genotype, 
developmental stage, and environmental fac-
tors. In order to better understand the mecha-
nism of plant adaptation to various stresses, 
it is necessary to develop new strategies for 
the breeding of tolerant genotypes, in order to 
ensure the growth and development of plants, 
their productivity under environmental stress.

It is necessary to develop new strategies for 
the selection of tolerant genotypes in order to 

ensure the growth and development of plants, 
their productivity under environmental stress 
conditions, and to better understand the mecha-
nism of plant adaptation to various stresses.

Environmental problems associated with 
pollution are at the center of attention of the 
modern world. The consequences of any pollu-
tion seriously affect vegetation; therefore, crop 
production is multifaceted and subject to various 
studies. The majority of research focuses on the 
development and physiology of plants, their ad-
aptation, reproductive ability, genetic variation, 
and so on. Taking into account the constantly 
increasing negative impact of abiotic stresses on 
the environment, conducting eco physiological 
studies is of great interest for agriculture.

The tolerance of plants to unfavorable 
environmental factors is one of the most im-
portant characteristics that characterize their 
adaptation to external environmental condi-
tions. This feature allows plants to survive in 
extreme conditions, including drought, and 
reveals their adaptive properties. Throughout 
their life, plants are exposed to a number of 
natural factors that limit their growth and pro-
ductivity, which is manifested in a number of 
changes that occur at the cellular, physiologi-
cal and biochemical levels. The response of 
plants to abiotic stresses depends on the inten-
sity and duration of stress, plant genotype, and 
developmental stage. Stress tolerance of plants 
characterizes the ability of plant organisms to 
perform their basic life functions in extreme 
environmental conditions, and the criterion of 
tolerance reflects the quantitative aspect of this 
ability. While every species, cultivar, or even 
individual plant has stress tolerance, it is a ge-
netically controlled and inherited trait.
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Under optimal conditions, this remains 
hidden and is only detected when the plant is 
exposed to extreme stress. The study of plant 
adaptation to various stresses is very important 
for the development of new strategies for the 
breeding of tolerant genotypes.

Tolerance of agricultural crops to drought, 
high or low temperatures, excessive humidity, 
salinization, etc. to adverse environmental fac-
tors such as climate change means that plants 
are tolerant to these extreme factors. The de-
gree of tolerance inherent in each plant is deter-
mined by exposure to extreme environmental 
factors. As a result of exposure to such stress 
factors, a number of physiological parameters 
deviate from the norm, which leads to the loss 
of many agricultural products. Therefore, the 
use of plant varieties that are tolerant to envi-
ronmental stress is of great economic impor-
tance. The complexity of breeding work on re-
sistance to abiotic stress consists of control of 
complex genes with a complex structure to the 
response of plants to the effect of abiotic stress.

Drought is one of the main abiotic stress-
ors in the environment. The negative effect of 
this factor slows down the growth of plants, 
weakens their physiological functions and 
even destroys the plants. Drought disrupts 
the normal course of many processes and has 
various physiological effects on plants. First 
of all, it causes water loss in plants. In the ab-
sence of water, leaf transpiration accelerates 
the flow of water into tissues, which creates a 
water deficit. A decrease in the amount of wa-
ter leads to an increase in osmotic pressure in 
plants, a weakening of turgor and a closure of 
the stomata. Decreased transpiration leads to 
overheating of plants. All these changes make 
changes the chemical-colloidal composition of 
the cell cytoplasm (their viscosity and elastic-
ity) and the permeability of the cell membrane. 
During drought, the amount of phytohormones 
regulating the growth  – auxins, gibberellins 
and cytokines – decreases, the amount of ab-
scisic acid increases.

These changes adversely affect the pro-
cess of plant growth, causing the failure of the 
photosynthetic apparatus. Under conditions of 
water shortage and high temperatures, chloro-
plasts are destroyed and the synthesis of chlo-
rophyll a and chlorophyll b is disrupted [1, 2]. 
Thus, drought has a strong and complex nega-
tive impact on many physiological processes. 
Since the parameters of photosynthesis, espe-
cially total chlorophyll, are directly related to 
photosynthetic potential and initial productiv-
ity, it is important to assess the degree of resist-
ance based on the quantitative determination of 

chlorophyll when studying plant resistance to 
abiotic stresses.

One of the ways to use arid lands for agri-
cultural production is the creation and cultiva-
tion of drought and salt tolerant plants.

Materials and research methods
The study was carried out on 20 samples 

of peas (Cicer arietinum L.) of ICARDA ori-
gin. To assess the drought tolerance of these 
samples planted in the field, leaf samples were 
taken from them during the flowering phase 
and the changes in the amount of chlorophyll 
a, chlorophyll b, chlorophyll a + b, and carot-
enoids were identified, which are indicators of 
photosynthesis associated with drought stress 
in the laboratory [3], and stress-resistant sam-
ples were taken. 

Evaluation of photosynthetic traits is of 
great importance in the study of plant stress 
tolerance. Since photosynthetic pigments are 
directly related to photosynthetic potential 
and initial productivity, the physiological state 
of plants can be assessed by determining the 
amount of pigments. Photosynthetic pigments 
determine the activity of plants and are impact-
ed by a number of environmental factors. So 
it is of great practical importance to determine 
them on the basis of physiological indicators. 
The pigment complex of a plant organism is 
characterized by sensitivity to changing envi-
ronmental conditions. Under conditions of wa-
ter shortage and high temperatures, the destruc-
tion of chloroplasts occurs and the synthesis of 
chlorophyll a and chlorophyll b is disrupted, 
the ratio of chlorophyll-protein-lipid complex 
of plastids changes.

Research results and discussion
Stressed plants show signs of adaptation, 

which increases the plant’s tolerance to stress. 
It is known that the amount of photosynthetic 
pigments depends on the level of the impact of 
stress. Since an increase in the stress resistance 
of plant tissues is closely related to the state of 
the plastid apparatus, an increase in the total 
amount of chlorophyll can be considered as a 
plant response to stress caused by drought. It is 
also known from the literature that the leaves 
of stressed plants contain a large amount of 
tightly bound chlorophyll and are less suscepti-
ble to changes during stress [4]. Thus, in com-
parison with plants, sustainable to stress, the 
pigment system of drought-resistant plants is 
characterized by smaller changes in the effect 
of stress. This variability is mainly associated 
with the labile combined chlorophyll a, while 
chlorophyll b is stronger and less susceptible 
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to change. This correlates with the very strong 
energy bond of the water molecule in chlo-
rophyll b compared to chlorophyll a. All this 
proves that the pigment system of plants plays 
an important role in stress.

The obtained results are presented in the 
table (Table). According to the technique used, 
the ratio of the concentration of green pigments 
in the circles of leaves stored in experimental 
solutions to the control is considered an indi-
cator of the resistance of the compared sam-
ples. This ratio is considered a criterion for 
evaluating drought and salt tolerant samples 
among the studied forms. As shown in the ta-
ble, the studied pea samples – 13297 Flip 13-
154C, 6800 F.93-93C, 13296 Flip 13-153C, 
13298 Flip 13-194C, 13313 Flip 13-320C, 
13299 Flip 13-227C, 13302 Flip 13-247C were 
considered high drought tolerant, in these sam-
ples the change in chlorophyll content due to 
drought was 105.6 %  – 126.9 %, i.e. the rate 
of chlorophyll depression was not observed. 

13295 Flip 13-151C, 13314 Flip 13-330C, 
6785 ILS 482, 13301 Flip 13-240C, 13300 Flip 
13-234C, 6814 F.82-150 were considered 
as tolerant, 13294 Flip13-70C, 13321 Flip 
13- 358C, 13322 Flip 13-364C, 13324 Flip 
13-376C, 13312 Flip 13-314C, 13306 Flip 
13-258C were selected as moderate tolerant. 
13323 Flip 13-369C – was rated as a suscepti-
ble sample (Table). The resistance of this sam-
ple to drought stress was 65 %.

There was a positive correlation between 
the drought tolerance of pea samples and the 
change in the content of carotenoids in percent-
age (Table). In these samples, the percentage 
change for carotenoids was high (120.2 %  – 
98.2 %). As we know, carotenoids are an im-
portant companion of chlorophyll in the pro-
cess of photosynthesis. They absorb shortwave 
radiation and transfer its energy to chloro-
phyll, increasing the efficiency of light. Carot-
enoids also have a protective function during 
photosynthesis [5].

Assessment of drought tolerance of pea (Cicer arietinum L.)  
samples by physiological parameters

№ Sample name
(by sowing number)

The amount of chlorophyll in one leaf,
mkg

The amount  
of carotenoids, 

mg in liter Change in 
carot-

enoid con-
tent,  %

Chlorophyll 
a + b

Changes  
in the amount  
of chlorophyll 
due to drought, 

 %

The degree  
of stress  

depression  
of chlorophyll, 

 %

Control Sucrose 
Control Sucrose 

1 13297 Flip 13-154C 5,33 6,77 126,9 0 0.317 0.381 120.2
2 6800 F.93-93C 7,76 9,6 123,7 0 0.468 0.541 115,6
1 13296 Flip 13-153C 5,71 6,7 117,0 0 0.581 0.603 103.8
4 13298 Flip 13-194C 5,37 6,1 113,0 0 0,460 0,460 100,0
5 13313 Flip 13-320C 7,36 8,29 112,6 0 0,802 0,883 110,0
6 13299 Flip 13-227C 8,25 9,39 111,4 0 0.460 0.502 109,1
7  13302 Flip 13-247C 5,68 6,0 105,6 0 0.506 0.559 110,5
8 13295 Flip 13-151C 6,09 6,24 102,5 0 0,471 0,550 116,8
9 13314 Flip 13-330C 7,36 7,45 101,2 0 0.380 0.390 94.7
10 6785 ILS 482 4,94 4,94 100,0 0 0.306 0.259 84.6
11 13301 Flip 13-240C 10,8 10,65 98,6 1,4 0.340 0.334 98,2
12 13300 Flip 13-234C 7,19 7,04 97,9 2,1 0.353 0.355 100.6
13 6814 F.82-150C 5,41 5,23 97,0 3,0 0,670 0,690 103,0
14 13294 Flip13-70C 7,34 6,86 93,4 6,6 0.474 0.480 101.2
15 13321 Flip 13-358C 9,5 8,47 89,1 10,9 0.325 0.290 89.2
16 13322 Flip 13-364C 9,51 8,31 87,4 12,6 0,432 0,360 83,3
17 13324 Flip 13-376C 10,8 9,44 87,1 12,9 0.347 0.262 75.5
18 13312 Flip 13-314C 8,0 6,8 85,0 15 0.406 0.359 88.4
19 13306 Flip 13-258C 9,38 7,75 82,6 17,4 0,786 0,557 75,4
20 13323 Flip 13-369C 7,03 4,56 65.0 35,0 0.320 0.215 67.2
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During the research, the following results 
were obtained:

7 out of 20 samples of the studied pea 
plant (Cicer arietinum L.)  – 13297 Flip 13-
154C, 6800 F.93-93C, 13296 Flip 13-153C, 
13298 Flip 13-194C, 13313 Flip 13-320C, 
13299 Flip 13-227C , 13302 Flip 13-247C 
were considered high drought tolerant, 6 sam-
ples -13295 Flip 13-151C, 13314 Flip 13-
330C, 6785 ILS 482, 13301 Flip 13-240C, 
13300 Flip 13-234C, 6814 F.82-150 – drought 
tolerant, 13294 Flip13-70C, 13321 Flip 
13-358C, 13322 Flip 13-364C, 13324 Flip 
13-376C, 13312 Flip 13-314C, 13306 Flip 
13-258C  – samples were rated as moderate 
tolerant. A  positive correlation was observed 
between abiotic stresses of the environment – 
the degree of resistance of photosynthetic pig-
ments, that is, the total amount of chlorophyll, 
and the degree of resistance of carotenoids to 
the studied pea samples. In our opinion, this 
can be considered as an adaptation of the pig-

ment apparatus to the effects of drought and 
salinity of the studied plants.

The evaluated samples can be recommend-
ed for use as a genetic source of drought resist-
ance in future breeding work.
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