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Study of the adaptive reaction to salt stress of Cicer arietinum L.,
grown from seeds exposed to presowing y — irradiation

Abstract. It was found that y-irradiation under certain conditions accelerates the growth and development
of plants, improves their productivity and quality characteristics. Based on this, in the presented article, we
tried to determine the range of the seed irradiation dose, which helps to reduce the negative effect of salt.
For this, a fairly wide range of both the radiation dose and the salt concentration was used. The response
of the plant to salt stress was determined on the basis of changes both in a biometric parameters, and in the
content of malondialdehyde (MDA), proline, and total protein. According to the results, the main biometric
indices increased markedly in chickpea upon pre-sowing irradiation at doses of 1-5 Gy and germination
under normal conditions. The maximum increase in individual indices was found at a dose of 5 Gy. In the
case of non-irradiated seeds grown under salt conditions, even a low concentration (1 mmol) of salt led to
inhibition of the plant development. Seedlings, germinated from seeds irradiated in the dose range from 5
to 100 Gy, were shown to grow normally even at high salt concentrations. At a stimulating dose of 5 Gy,
an increase in salt concentration from 1 to 50 mmol led to a gradual increase in MDA levels in the leaves.
An increase in salt concentrations in the range of 1-200 mmol also led to a marked increase in the proline
content. Under high concentrations (from 10 to 200 mmol) of salt, seed irradiation led to a sharp decrease
in the total protein content. Irradiation of seeds at doses of 5- 100 Gy is assumed to reduce the effects of
salt stress to some extent. At high salt concentrations, proline plays a significant role in protecting the plant
from salt stress.
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proline, total protein.

Introduction

It is generally known that seeds during their ger-
mination are quite susceptible to the action of various
environmental factors [1-3]. This attribute facilitated
the use of various physical or chemical agents prior
to sowing, primarily focused on increase in produc-
tivity of agricultural plants [4].

At the present time, due to its relative simplicity
and cheapness, pre-sowing y-irradiation of seeds has
become the most used seed treatment method. The re-
sults of previous studies have shown that pre-sowing
y-irradiation of seeds allows increasing the economic
efficiency of crop cultivation, which is reflected in
acceleration of plant productivity, reduction of the
vegetation period and cost price of production.

For example, in their studies, Singh et al. [5]
showed that an irradiation treatment, in general,
causes an improvement in plant growth and yield
characteristics, such as shoot and root mass, root
length and surface area, leaf area and chlorophyll
Soil Plant Analysis Development (SPAD) index,
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tiller number and grain yield. The study concludes
that y-irradiation at a low dose (25 Gy or lower)
stimulates, while a high dose (100 Gy and above)
inhibits plant growth and development of wheat.
The adverse effect at 100 Gy and more are ex-
plained by the author by the low efficiency of car-
bon and nitrogen assimilation and plant assimila-
tion of mineral nutrients, which are a determining
factor in plant health.

Jae-Sung Kim et al. investigated the effect of
small doses of y-rays on the germination rate and the
germination physiology of the seeds of Welsh onion
(Allicm fistulosum L.) and spinach (Spinacia olera-
cea L.). The authors showed that the germination rate
of the irradiated group was significantly higher than
that of control; most notably in the irradiation groups
of 1 or 2 Gy prior to sowing of spinach seeds. On the
Welsh bulb, the germination rate of the 1 Gy irradia-
tion group increased by 17% as compared to control
[6].

Subhan et al. investigated the effect of y- radia-
tion at the rate of 10, 20 and 30 krads on growth and
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yield of barley. Irradiation had positive effects on
grain yield with maximum production at the rate of
10 krads of y- rays [7].

The influence of y- radiation in doses of 100, 200,
300 and 400 Gy on the germination and physiologi-
cal characteristics of wheat seedlings was studied by
Borzouei et al. [8]. The authors showed that the mean
germination time, the length of the roots and shoots,
as well as the dry weight of the seedling decreased
with increasing radiation dose. However, the proline
content in a dose of 100 Gy increased approximately
2 times in comparison with the control. According to
the authors, the positive regulation of some physio-
logical characteristics and the growth of wheat seed-
lings after treatment with y- radiation can be used to
combat diseases such as drought and salt stress.

Brazilian scientists Ramabulana et al. have found
that ionizing radiation causes metabolites, glucomo-
rin and its derivatives in Moringa oleifera with vari-
ous biological activities in plants. In their opinion,
these molecules can be considered as components of
the inducible defense mechanism of a plant from oxi-
dative stress [9].

Another study examined the effect of low dose
y- radiation on improving the drought resistance of
a local Iranian rice variety. The results showed that
under stressful conditions, preliminary treatment of
seeds with y-irradiation cause a significant increase
in callus growth compared to those of controls [10].

Pre-sowing irradiation of seeds is not only an
agricultural method for increasing yield, but it is also
used to improve the quality characteristics of agricul-
tural plants [11]. For example, there was an increased
sugar content in sugar beet, protein in cereal plants,
starch in potato, useful alkaloids in medicinal plants,
and vitamins in fruit and vegetable crops [12,13].
There was also an increase in the content of pro-
line and chlorophyll in wheat seedlings grown from
v-irradiated seeds at a dose of 100 Gy [4], an increase
in the concentration of soluble sugars, proteins and
proline in soybeans, grown from seeds subjected to
pre-sowing y-irradiation at a dose of 20 Gy [14].

Ionizing radiation is suggested to activate intra-
cellular defense systems, thereby leading to stimu-
lation of physiological processes through a complex
chain of signaling pathways [15].

There is another opinion, according to which the
stimulating effect of y-irradiation of seeds at small
doses is the result of a phytohormonal balance change
[16].

It was established that pre-sowing treatment of
seeds with y- irradiation was not inferior in results
(sometimes are even superior) to the chemical treat-
ment of seeds [17] and human lymphocytes exposed
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to low doses of ionizing radiation become insensitive
to both high doses of radiation and chemical muta-
gens that cause double-stranded DNA break [18].

Another interesting fact is that it was found that
high concentrations of NaCl cause a decrease in plant
growth, the content of photosynthetic pigments, the
total content of soluble protein, the content of nucleic
acids, and yield characteristics. At the same time,
lipid peroxidation and the content of non-enzymatic
antioxidants such as anthocyanin, ascorbic acid and
a-tocopherol are also increased [19-21]. However, ir-
radiation of seeds with y- rays mitigates the adverse
effect of salt stress compared to non-irradiated seeds
[19].

It should be noted that, despite the complete sup-
pression of metabolism, the genetic program of plant
development is preserved in the seed [22]. There-
fore, when seeds are in the aquatic environment, it
contributes to the proceeding of metabolic reactions.
However, energy is consumed in the course of these
reactions. The energy of ionizing radiation absorbed
by seeds was shown to be able to accelerate the tran-
sition of the deeply repressed genome of embryonic
cells to active state and, thereby, reduce the harmful
effects of the stressor [23-25].

The radiation energy in stimulating doses may be
sufficient to accelerate the implementation of the ge-
netic program of plant development without chang-
ing it, which will result in the reduction of the matu-
ration time, an increase in yield and an improvement
in its qualitative characteristics.

Hanafy Ahmed et al. [26] show an increase in the
resistance of Ambrosia maritima L. to salt stress, the
seeds of which were subjected to pre-sowing y- ir-
radiation. The authors found that irradiation of plant
seeds with 40 or 80 Gy increased plant tolerance
to salinity comparing to control, concerning plant
height, fresh and dry weights, photosynthetic pig-
ments. [t was noticed that radiation alleviates the ad-
verse effect of salinity by increasing total sugar and
total soluble phenols in shoots of damsissa plants.

Kumar et al. [27] carried out a more detailed
study of the effect of pre-sowing y- radiation of seeds
on salt tolerance. The authors tried to establish the
role of pre-sowing y- radiation of seeds at 2.5, 5, 10,
20, 50, and 100 Gy on the growth of pigeon peas,
seed yield and seed quality under salt stress at 0, 80
and 100 mM NaCl. Irradiated plants showed better
results than non-irradiated plants, even with increas-
ing salinity. Seed yield and protein and iron content
were also positively influenced by low-dose y- radia-
tion under NaCl stress.

Kumar et al. [28] also showed that a low dose of
y-radiation leads to accelerated growth and a number
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of other physiological signs in non-leguminous and
leguminous crops. As a result, plants become more
salt tolerant. The relationship between y- radiation of
seeds and the response to salinization stress may be
associated with the favorable maintenance of gas ex-
change characteristics, antioxidant enzyme activity,
membrane stability, and proline and glycine betaine
contents. According to the authors, one or more of
these mechanisms can simultaneously contribute to
the salt tolerance of agricultural plants.

In the present work, by studying the defense re-
actions, namely, we tried to find out the role of pre-
sowing y-irradiation of seeds in the development of
chickpea under high salinity conditions. The reaction
of the plant was assessed by estimating changes in
both biometric indices and in the content of MDA,
proline and total protein.

A quite wide range of irradiation doses (from 1
to 200 Gy) and salt concentrations (from 1 to 200
mmol) was used. The effects of irradiation and salt
were studied both individually and in combination.

Materials and methods

Object of the study. Chickpea (Cicer arietinum
L.) is an annual plant, which belongs to Fabaceae
family. The variety of chickpea Uqu nene was cho-
sen. The choice of peas as an object of research is be-
cause the local variety of peas “Uqu nene” has been
released in Azerbaijan. The variety is patented by the
Ministry of Agriculture of the Republic of Azerbai-
jan (number and time of patent filing — No. 00278,
02/14/2019), and the patent holder of the variety is
the Azerbaijan Scientific Research Institute of Agri-
culture [29]. A characteristic feature of this variety is
that it grows normally in the soil and climatic condi-
tions of the Republic. In addition, peas are one of the
main elements of the human diet. The increase in the
size of saline lands all over the world (including in
Azerbaijan) prompted the study of the influence of
salt on the development and quality indicators of this
variety.

Equipment — RUXUND installation with a ®Co
y-radiation source, spectrophotometer JENWEY — 6,
Series (UK), centrifuge HIMAC-CT 15 RE (UK),
dielectric separator SDL-1 (Kropotkin Plant MiSSP-
SOVPLAST, Inc., Russia), grain moisture meter Fau-
na-M (LLC firm Lepta, Russia), thermostat (Lasers
and Equipment Co., Russia), chamber — phytotron
— FED 53 (Binder, Germany) for growing seedlings.

Plant growth conditions. Considering that the
development of plants significantly depends on seed
moisture, seeds with the moisture content of 16-17%
were selected for experiments. Seed samples were
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separated by an electric separator SDL-1 (Kropot-
kin Plant MiSSP-SOVPLAST, Inc., Russia) and the
moisture content was measured by the dielcometer
Fauna-M (LLC firm Lepta, Russia). Using a “Co ir-
radiation source (Rosenergoatom Concern, Russia),
seeds were exposed to pre-sowing y-irradiation (the
irradiation dose in all cases was 0.048 Gy/s). For this,
the seeds were placed in paper packets (30 seeds into
each packet) with a surface area of 20 cm?. To study
the dose-response relationship, doses of 1, 5, 10, 50,
100 and 200 Gy were applied.

Both irradiated at doses of 1, 5, 10, 50, 100 and
200 Gy, and non-irradiated seeds were grown in the
dark (thermostat, 300 K) in a 9 cm-diameter plastic
Petri dishes (15 seeds per Petri dish). 4 days later,
seedlings, both test and control, were placed in dishes
filled with tap water and placed in a growth chamber
(temperature, humidity presented below) in condi-
tions of hydroponics. In order to create salt stress,
NaCl in concentrations of 1, 5, 10, 50, 100, and 200
mM was added to dishes with water before planting
seedlings.

The experiments were carried out in three differ-
ent variants:

1 —seeds irradiated at different doses were grown
in an aqueous medium without salt;

2 —non-irradiated seeds were grown in saline so-
lutions with different concentrations of NaCl;

3 —seeds irradiated at different doses were grown
in different concentrations of salts.

In all cases, conditions were created that were
similar to the natural ones. While grown in the ther-
mostat, seeds were exposed to 12/12 day-night pe-
riod (by wrapping the Petri dishes in dark paper).
The temperature and humidity in the growth cham-
ber where seedlings were grown during the day was
23 £ 1°C and 55 %, and at night 15 &+ 1°C and 70 %,
respectively. To provide the necessary lighting con-
ditions, a fluorescent lamp (37.6 W/m?) was used.

Estimation of malondialdehyde content. The
malondialdehyde (MDA) content, as a product of
lipid peroxidation, was determined by thiobarbituric
acid reaction [30]. After recentrifugation at 12,000
g for 10 min, the absorbance of supernatant was re-
corded at 532 and 600 nm. The value for non-specific
absorption at 600 nm was subtracted. The concentra-
tion of MDA was calculated using the formula:

Copa =D, -D) V, /e 1 V,

where: 1 and P2 - optical densities at 532 and 600
nm, respectively; — coefficient of absorbance (155
mM™" ecm™); V| — the total and V, — the final volume
of the ditch in cm?; I — the length of the ditch in cm.
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MDA concentration was estimated in mmol/L per 1
g of dry weight.

Estimation of proline content. The content of free
proline in fresh plant material was determined using
the method of Bates et al. [31]. The plant material was
homogenized in 3% sulfosalicylic acid. The homog-
enate was filtered and centrifuged for 15 min at 1,000
g. The ninhydrin reagent prepared without heating
(1.25 g of ninhydrin, 30 mL of glacial acetic acid,
20 mL of 6 M H,PO, solution) and 2.0 mL of gla-
cial acetic acid were added to the filtrate. The reac-
tion mixture was incubated for 1 h on a water bath
at 100°C and then it was quickly cooled to the room
temperature. After cooling, 4 mL of toluene was add-
ed to each tube, shaken for 30 s and settled. After 15
min, the upper toluene layer, into which all the dye
passed, was separated from the aqueous phase. The
color intensity was measured using a spectrophotom-
eter JENWEY — 6, Series (UK), at a wavelength of
520 nm against toluene.

The proline content was determined from a cali-
bration curve constructed using a set of standard so-
lutions in 3% sulfosalicylic acid. The data obtained
were expressed in pmol of proline per 1 g of fresh
weight.

Estimation of the total protein content. The
method developed by Sedmak and Grossberg [32]
was used to determine the protein content in leaf
samples. For this purpose, a 0.12% Sedmak solution
(0.6 g of Coomassie brilliant blue G-250 + 500 mL
of HCIO,) and a diluted leaf extract solution (10 mL
of leaf extract diluted with 90 pL of dH,0O) were pre-
pared. The Sedmak solution (750 uL), glycerol-water
solution (1:1) (750 pL) and homogenization buffer
(40 pL) were added to the leaf extract solution (10
pL). The optical density of the resulting mixture was
determined at 610 nm, and the protein concentration
was established using a calibration curve constructed
on the basis of known optical densities. To build the
calibration curve, bovine serum albumin (Reanal,
Hungary) was used as a standard.

The total protein content was determined by the
formula:

m=A-E/H,

where: A — the protein concentration determined by
the calibration curve; E — the dilution coefficient; H —
the plant material mass.

Study of biometric parameters and germination.
For 4-day-old seedlings the number of seeds germi-
nated at a certain time was determined by conven-
tional method (manual counting). For 2-week-old
seedlings some biometric parameters (sprout length,
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main root length, the number of rootlets, number and
size of leaves, number, and average length of inter-
nodes) along with MDA level, proline and total pro-
tein content in the leaves were estimated.

The experiments on biometric parameters were
carried out in three biological replicates. In all cases,
the results were almost the same (results of one of
them are presented in Table 1 and shown on Figure
1). The experiments were also carried out in three
analytical replicates. To evaluate the experimental
data, parametric statistical methods were used, and to
assess the reliability of the difference between the ex-
perimental data and the control, the Student’s crite-
rion was used [33]. In this case, the average statistical
error of analytical replication was approximately 15
—20%, and the differences between the experimental
data and the control became significant at | t| > 2 (p
<0.05).

Results and discussion

Biometric indices of chickpea seedlings germi-
nated from seeds subjected to pre-sowing y — irradia-
tion. It should be noted that the method of pre-sow-
ing irradiation of seeds, leading to radiation-induced
stimulation of plant growth and development, was
actively developed at the end of the last century [12].
However, researchers continue to obtain guaranteed
improvement in product quality. This is attributed to
the fact that over the past years the set of regionalized
varieties and crops has almost completely changed.
A need arises to determine the optimal dose range
for each crop and regionalized variety, since the eco-
nomic effect of pre-sowing irradiation depends on it
[34]. Considering this, we compared biometric pa-
rameters of the plant, such as the length of the sprout,
length of the main root, number of rootlets, number
and size of leaves, number, and average length of in-
ternodes for assessment of the reaction of chickpea
seeds to irradiation in the dose range of 1-200 Gy.

The general view of chickpea seedlings grown
from irradiated seeds under normal conditions is
shown in Figure la and the data determined for its
biometric indices is presented in Table 1.

Biometric observations have shown that plants
grown from irradiated seeds in the dose range of
5-10 Gy significantly exceeded control in growth
intensity. In this case, there was an increase in both
length of stems and root. In this dose range, the num-
ber and average length of internodes also increased.
The maximum increase in individual indices (about
20%, compared to control) was observed at a dose of
10 Gy, while relatively larger doses inhibited plant
growth and development.
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Figure 1 — Visibility of chickpea seedlings growing from:
a — irradiated seeds under normal conditions; b — non-irradiated under salt conditions.

Table 1 — Dependence of the biometric indices of chickpea on the irradiation doses of seeds

Irradiation Sprout length, | Number of Number of Avgrage length Main root Number of Leaf surface
doses, Gy cM leaves internodes ofmt:ﬁodes, length rootlets area, cm?
C 18-19 13 8 22-23 7-8 10 48
1 19-20 14 9 22-23 7-8 12 46
5 20-21 15 9 23-24 9-10 10 50
10 20-21 15 8 22-23 8-9 11 46
50 17-18 10 6 2.1-22 5-6 10 44
100 13-14 8 6 2.1-22 3-4 10 42
200 13-14 7 6 2.0-2.1 3-4 9 42

Approximately same results were obtained for
wheat. It was shown that low doses (25 Gy and low-
er) of y- radiation contribute to the development of
the plant, which manifests itself in an increase in the
basic biometric parameters [5]. Moreover, high doses
inhibit the growth and development of wheat [8].

The irradiated seeds of Welsh onion (Allicm
fistulosum L.) and spinach (Spinacia oleracea L.)
at low doses (1-2 Gy) also showed high germina-
tion rate compared to control [6]. Kumar et al. [28]
also showed that a low dose of y-radiation leads to
increased growth and several other physiological at-
tributes in non-legume and legume crops.

The studied seeds of the chickpea were charac-
terized by high germination (87-92%). Interestingly,
the studied range of this parameter was practically
independent of the irradiation dose.

The number of rootlets was also practically inde-
pendent of the irradiation dose.

A different picture was observed for the length of
the roots. Irradiation in the dose range of 1 to 10 Gy
stimulated root development.

Int. j. biol. chem. (Online)

Based on the results of studying the growth and
development of the chickpea plant, we can conclude
that the stimulating dose for seeds was in the range
of 5— 10 Gy. Wherein, irradiation doses of more than
10 Gy were found to negatively affect the growth and
development of this plant.

Biometric indices of chickpea seedlings grown
in salt solutions at various concentrations of NaCl.
High salinity is known to be one of the main abiotic
factors in some places leading to the destruction of
the ionic balance of the soil. In this case, plants are
exposed to even greater salt concentrations, which
inevitably leads to violation of the metabolism of
plant cells. In particular, it was found that salt stress
leads to the destruction of the biological structure of
membranes, chloroplasts, and mitochondria [35]. As
a result, their biological functions are disrupted, and
the electron transfer rate decreases leading to the de-
creased productivity of cultivated plants and reduced
biodiversity of wild plants [35].

According to the results of our experiments,
germination of chickpea seeds strongly depends
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on salt concentration (Figure 1b). Its significant
decrease was noted with increasing NaCl concen-
trations. For instance, about 90 % germination rate
was observed for the control variant, whereas at 1
mmol, 5 mmol, 10 mmol and 50 mmol concentra-
tions of NaCl the approximate germination was,
respectively, 80%, 70%, 50%, and 20%. The seeds
did not grow at higher concentrations of NaCl,
namely 100 and 200 mmol. Biometric indices of

chickpea grown at various concentrations of NaCl
are presented in Table 2.

According to the results, salt stress has a more
dramatic effect on the plant development. Even low
salt concentration (1 mmol) leads to the inhibition of
the plant development. Further increase in the con-
centration of salt from 1 mmol to 10 mmol has more
inhibitory effects: plant growth practically stopped at
10 mmol concentration.

Table 2 — Dependence of the biometric indices of chickpea on the concentration of NaCl

.Concentra- Sprout length, Number Number of Avctrage length Main root Number of Leaf surface
tions of NaCl, . of internodes,
™M of leaves internodes length rootlets area, cm?
mmol cm
C 18 13 8 22-23 7-8 11 47
1 15 9 6 1.8-1.9 7-8 12 26
5 11 5 5 13-14 5-6 11 11
10 5 2 2 04-0.5 3-4 10 0,7
50 2 - - 2-3 8 -
100 - - - - 1-2 8 -
200 - - - - - - -

At 1-10 mmol concentrations of NaCl, biometric
indices, such as the leaf size, the length of the main
root, the number and the average length of internodes
also decrease in addition to the plant growth. The
number of rootlets remains practically unchanged.

It is known that salt stress is one of the main en-
vironmental factors that reduce plant productivity.
Plants under stress survive due to the functioning of
protective mechanisms [36]. Zhani et al. [37], using
five Tunisian varieties of chili peppers (Capsicum
frutescens L.) as an example, showed that increased
salt stress for all varieties negatively affects basic
biometric parameters, such as length, fresh and dry
root mass, amount, and surface area of leaves. The
authors note that in response to salt stress in the
leaves of the studied plants, proline biosynthesis is
activated.

A significant slowdown in growth and develop-
ment with an increase in the concentration of NaCl
was also demonstrated for seedlings of Jatropha
curcas L. [21].

Salt stress resulted in the decrease of total fresh and
dry weight by 41.75% and 53.62%, respectively [38].

NaCl induced significant differences in quanti-
ties of proteins and enhanced activities of superox-
ide dismutase (SOD), catalase (CAT) and peroxidase
(POX) [39]. The authors suggest that an increase in
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antioxidant enzyme activity may be a response to cel-
lular damage caused by NaCl. According to them, an
increase in the activity of these enzymes could not
stop the harmful effect of NaCl, but it reduced the
severity of stress and, thus, allowed Excoecaria agal-
locha to grow in the salty habitat of mangroves.

Change in biometric indices of chickpea seed-
lings grown from irradiated seeds at various concen-
trations of NaCl. The effects of salt stress on the de-
velopment of chickpea grown from seeds subjected
to pre-sowing y-irradiation are presented on Figure 2.

According to the results, when 1 Gy dose pre-
irradiated seeds germinated under salinity, the nor-
mal development of the seedlings was delayed. This
was more pronounced at NaCl concentrations of 50
mmol or more.

It is interesting that when seeds were irradiated in
doses of 5-100 Gy, seedlings grew normally even at
high concentrations of salt.

These results attract the most attention. Phenom-
enon called cross-adaptation has been confirmed by
some researchers [40-42]. According to this phenom-
enon, the adaptation of a plant to the effects of any
environmental factor increases its tolerance to the
effects of another environmental factor. We assume
that our results are completely consistent with these
conclusions.
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Considering that in real conditions, plants are si-
multaneously exposed to the combined effects of sev-
eral environmental factors, and these actions can be

antagonistic, additive, or synergistic, our results on
the combined effects of irradiation and salt stress on
plants are explainable from this point of view.

Figure 2 — Biometric indices for chickpea grown from seeds exposed to pre-sowing
y —irradiation under salt stress

Increasing the resistance of plants to salt stress,
the seeds of which were subjected to pre-sowing -
radiation, is shown in many works. For example, in
the case of damssisa plants (Ambrosia maritima L.) it
was shown that irradiation of seeds at doses of 40 (or
80 Gy) significantly increases the resistance of plants
to salinization compared to control [26].

Int. j. biol. chem. (Online)

It is interesting to note that pre-sowing seed ir-
radiation positively affects the biometric parameters
in drought conditions [43]. This suggests the identity
of the role of pre-sowing irradiation of seeds under
stressful conditions of various kinds.

Kumar et al. [27] showed that irradiation of pea
seeds at relatively low doses leads to an increase in
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the salt tolerance of the plant. At the same time, irra-
diated plants show better results than non-irradiated
ones, even with an increase in salinity.

Wang et al. [44] showed that y-irradiation with
a dose of 50 Gy has a beneficial effect on seedlings
of highland barley under stress conditions with lead/
cadmium. Moreover, seedlings irradiated at a dose
of 50 Gy have a lower content of hydrogen perox-
ide and MDA under stress compared with seedlings
without prior irradiation. Moreover, proline levels
in y-irradiated seedlings at 50 Gy were significantly
higher than in non-irradiated seedlings under stress
conditions with lead/ cadmium. The authors suggest
that y- radiation, to some extent, reduces the toxic ef-
fects of heavy metals on crops.

From the large amount of data available on tran-
script-profiling studies in plants subjected to drought
and salt it is becoming apparent that plants perceive
and respond to these stresses by quickly altering gene
expression in parallel with physiological and bio-
chemical alterations [35]

Brazilian scientists Ramabulana et al. have
found that ionizing radiation causes production of
glucomoringin and its derivatives in Moringa oleif-
era. These molecules can in turn be regarded as com-
ponents of the inducible defense mechanism of the
plant against the effects of oxidative stress [9].

g 5 Gy
g
3 08
B 06
5
e 0.4
g o2

0

C 1 5

Effect of salt stress on the content of MDA in
chickpea grown from the seeds exposed to pre-sow-
ing y-irradiation. The mechanisms of the effects of
irradiation on biological objects are known to be as-
sociated either with chemical transformations in the
cells (indirect effect) [45], or with direct effects on
DNA (target theory) [46]. The mechanism of indirect
action is based on the interaction of ionizing radia-
tion with water molecules and the reactions caused
by various ions and free radicals, which are formed
as a result of such effects. Mechanisms of direct ex-
posure are associated with the direct effect of ion-
izing radiation on DNA and RNA, which play the
role of a target in the cell [46]. It should be noted
that the interaction of free radicals with lipids of the
cell membranes takes place. As a result of this in-
teraction, the oxidation of lipids by the radical chain
mechanism occurs [47]. The oxidation and damage
of membranes were shown to cause the formation of
several final products including MDA [47,48] and
the degree of structural damage was determined by
the level of this product.

The results of our studies regarding the effect of
salt stress (at various NaCl concentrations) on the
dynamics of changes in the MDA content in leaves
of chickpea, grown from the seeds exposed to pre-
sowing y — irradiation are presented in Figure 3.

10 50 100 200

NaCl concentration, mmol

Figure 3 — The dynamics of changes in the MDA content under the combined
conditions of radiation and salt stresses.

In this case, the dose of seed irradiation was 5
Gy. This dose was selected for the following reason:
firstly, it is a stimulating dose for chickpea growing
under normal conditions, and secondly, the biometric
indices at irradiation doses of 10, 50, and 100 Gy un-
der all concentrations of salt are almost identical to
those obtained at 5 Gy (Figure 2).

According to the results, with increasing salt
concentrations from 1 to 50 mmol, the MDA content

Int. j. biol. chem. (Online)

gradually increased in chickpea seedlings, germinat-
ed from the seeds exposed to pre-sowing irradiation
at a dose of 5 Gy. However, a further increase in the
salt concentration from 50 to 200 mM did not lead to
a noticeable increase in the MDA content.

Salt stress can be assumed to manifest itself at 1
mmol concentration of NaCl. A further increase in
salt concentration, i.e., an increase in the intensity of
salt stress, causes an increase in the structural dis-
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mantling of membrane lipids, which is accompanied
by a noticeable increase in the content of MDA. The
increase in the content of MDA, i.e., structural dis-
mantling of membrane lipids continued till 50 mmol
concentration of salt (MDA content in the 50 mmol
NaCl solution is approximately 1.5 times higher
compared to control). However, at higher concentra-
tions of NaCl (greater than 50 mmol), further oxida-
tion and damage to lipid membranes did not occur.

At salt concentrations of 1 to 10 mM, the MDA
content does not increase significantly. A marked in-
crease occurs at concentrations from 10 to 50 mM
NaCl.

Similar results were obtained for barley under the
action of heavy metals [44], where y- irradiation with
a dose of 50 Gy demonstrated a beneficial effect on
seedlings of highland barley under stress conditions
with lead/ cadmium. Moreover, seedlings irradiated
at a dose of 50 Gy have a lower content of H,O, and
MDA under stress compared with seedlings without
irradiation.

Our previous research showed that for non-irra-
diated chickpea grown at 50 mmol NaCl, the MDA
content exceeded the control level by about 2.1 times
[49].

Based on these data, it can be assumed that irra-
diation of seeds in stimulating doses to some extent
prevents the lipid peroxidation of cell membranes of
chickpea, grown at low concentrations of NaCl (1-50
mmol NaCl). Therefore, salt stress does not signifi-
cantly damage the membranes, and as a result, a large
amount of MDA does not form.
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However, at higher concentrations of NaCl, the
nature of the action of salt stress, i.e., the dynamics
of changes in the content of MDA changes. In this
case, pre-sowing irradiation of seeds does not allow
the further development of the reaction of lipid oxi-
dation, and the content of MDA remains almost con-
stant.

Effect of salt stress on the proline content in
leaves of chickpea, grown from the seeds exposed
to pre-sowing y-irradiation. The response of plants
to the damaging effects of the stressor is known to
lead mainly to increased development of reactive
oxygen species, which is usually accompanied by
an increase in the activity of antioxidant enzymes.
Low molecular weight antioxidants, including pro-
line, have protective effect on the plant [50]. An un-
derstanding of the molecular mechanisms of plant
responses to various abiotic stresses gives hope that
genetically modified crops will cope better with
these stresses.

Kadhimi et al. [43] showed that pre-sowing
y-irradiation, having a positive effect on the growth
and development of rice under drought conditions,
contributes to an increase in proline content. Zhani
et al. [37] also demonstrated the activation of proline
biosynthesis for Capsicum frutescens L. under con-
ditions of salt stress. Borzouei et al. [8] showed that
with y-irradiation the proline content for wheat can
increase up to two times.

Concentration-dependent changes in the proline
content in freshly picked chickpea leaves are present-
ed in Figure 4.

10 50 100 200

NaCl concentration, mmol

Figure 4 — The dynamics of changes in the proline content
under the combined conditions of radiation and salt stresses

According to the results of our studies, there is a
concentration-dependent dynamic of changes in the
content of proline. In other words, an increase in the

Int. j. biol. chem. (Online)

salt concentration in the studied range (1-200 mmol)
leads to a marked increase in the proline content.
However, the levels of these changes at various con-
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centrations are not the same. More precisely, while at
low concentrations (1-10 mmol) of salt, the dynam-
ics of changes is more monotonous and the scale of
changes is not large, then at high concentrations (50-
200 mmol), changes in the proline content are larger.

A significant increase in proline content under
stressful conditions (including salt stress) is indicated
for many plants. An increased proline content under
stress conditions was reported previously by Kishor
et al. [51] and Kolupaev et al. [52]. Proline accumu-
lation under abiotic stress, depending on the type and
degree of stress amounts to several millimolar con-
centrations [53]. Proline accumulation is believed to
be caused by de novo synthesis or a decrease in its
degradation, or both [54].

It has been established that for many plants under
conditions of salt stress and drought, due to an in-
crease in synthesis and/ or a decrease in degradation,
the proline content reaches up to 80% of the amino
acid pool (under normal conditions, it is 5%) [55,56].

It should be noted that genes encoding the major-
ity of enzymes associated with proline synthesis and
degradation were cloned and partially characterized.
However, factors regulating the expression of these
enzymes have not been identified [51].

Several attempts have been made to increase the
level of proline accumulation in plants by transfer-
ring genes that activate its biosynthesis pathways.
For example, tolerance to abiotic (in particular, salt)
stress, as well as improved growth and development
were observed in various transgenic plants, which
were characterized by an increased content of proline
[51].

A significant increase in proline content under
stressful conditions (including salt stress) is indicated
for many plants. Proline accumulation is associated
with both an increase in synthesis and a decrease in
its degradation [37,51]. Similarly, a decrease in the
level of accumulated proline in the rehydrated plants
is due to both down regulation of proline biosyn-
thetic pathway enzymes and upregulation of proline
degrading enzymes [51].

Effect of salt stress on the total protein content
in leaves of chickpea, grown from the seeds exposed
to pre-sowing y — irradiation. The main goal of culti-
vating cereals and leguminous crops is, first of all, to
increase the content of proteins, carbohydrates, lip-
ids, vitamins, etc. [57]. Therefore, researches on the
effect of various factors on the qualitative and quanti-
tative composition of agricultural plants are still rel-
evant. lonizing radiation has a special place among
these factors. Although the chemical composition of
plants, which determines their quality, is formed in

Int. j. biol. chem. (Online)

the process of evolution, variability is also inherent
in it. Under the influence of external factors, both
quantitative and qualitative changes in the chemi-
cal composition of plants can occur. The creation of
new, more tolerant to environmental conditions and
more productive plant genotypes is conditioned by
this circumstance. Moreover, the ability of plant cells
to respond to adverse effects ensures their existence
also in severe environmental conditions [58].

There are facts according to which the nature of
protein biosynthesis also changes, metabolic pro-
cesses and physiological functions of the organism
as a whole are disrupted [59,60].

In the leaves of seedlings germinated from seeds
exposed to pre-sowing irradiation and grown at 1-10
mmol NaCl concentrations, the total protein content
was approximately the same as in the control sample
(Figure 5). However, under high salt concentrations
(10-200 mmol), seed irradiation led to a sharp de-
crease in the total protein content.

It should be noted that different dependence is
characteristic of non-irradiated chickpea seeds grown
under salinity. At low NaCl concentrations (up to
1 mmol NaCl), changes in the protein content were
not observed. A significant change in the protein
content occurred at NaCl concentrations higher than
Immol. At these concentrations, salt stress was ac-
companied by a significant decrease in the total pro-
tein content [61].

The comparison of the results of our current and
previous researches shows that the irradiation of
seeds in stimulating doses relative to the total pro-
tein content, to some extent expands the field of plant
tolerance to salt stress. In other words, irradiation of
seeds at a dose of 5 Gy prevents the destruction of
proteins in the range of NaCl concentrations from 1
to 10 mmol. Because, under such severe conditions,
the total protein content remains almost constant and
does not differ from the content of the control sam-
ple. It is seen that pre-sowing irradiation of seeds at
a dose of 5 Gy, to some extent, facilitates the effect
of salt at its low concentrations. Since, in contrast
to high concentrations, in this case, the total protein
content does not undergo a large-scale decrease.

It should be noted that our results on the total
protein content for chickpeas do not differ from the
results obtained for pigeon peas. For two genetical-
ly diverse varieties of pigeon peas (Pusa-991 and
Pusa-992), pre-sowing y- radiation at low radiation
doses (<0.01 kGy) gave a positive effect. In other
words, low-dose y- radiation in this case also had a
positive effect on protein content under stress NaCl
[27].
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Figure 5 — The dynamics of changes in the total protein content under
the combined conditions of radiation and salt stresses.

Conclusion

The results of our research have shown that:

- a significant increase in the main biometric in-
dices is observed in chickpea seeds irradiated at dos-
es of 5-10 Gy and grown in normal conditions. The
maximum increase in individual indices (about 20%
compared to control) is detected at a dose of 10 Gy.
Negatively affecting, irradiation doses higher than 10
Gy, inhibit plant growth and development;

- for non-irradiated chickpea seeds grown under
salinity conditions, even a small concentration (1
mmol) of salt leads to an inhibition of the develop-
ment of this plant (salt stress is manifested at 1 mmol
NaCl). A further increase in the concentration from
1 to 10 mmol impedes the development even more,
and at concentrations above 10 mmol, plant develop-
ment practically stops. At salt concentrations in the
range of 1-10 mmol, in addition to growth, biometric
indices of plants, such as number and size of leaves,
length of the main root, number and average length
of internodes also decrease;

- seedlings germinated from seeds irradiated in
doses of 5-10 Gy grow normally even at high con-
centrations of NaCl,;

- at stimulating doses increase in salt concentra-
tion from 1 to 50 mmol leads to a gradual increase
in the MDA content in the leaves. However, further
increase in salt stress does not lead to a marked in-
crease in the content of the product of membrane
lipid peroxidation;

- an increase in the NaCl concentration in the
range of 1-200 mmol, at stimulating doses leads to a
noticeable increase in the proline content. The scale
of the changes at different salt concentrations is not
the same. More precisely, while at low salt concen-
trations (1-10 mmol) the dynamics of changes is

Int. j. biol. chem. (Online)

more monotonous and the changes are not large, at
high concentrations (50-200 mmol), changes in the
proline content are more significant, which proves its
positive role in protecting plants from salt stress;

- irradiation of seeds at stimulating doses
relative to the total protein content, to some extent
expands the degree of plant tolerance to salt stress. In
other words, when NaCl concentrations range from 1
to 10 mmol, irradiation of seeds at a stimulating dose
prevents the destruction of proteins, the total protein
content remains almost constant and does not differ
from its content in control. However, at high salt con-
centrations (from 10 to 200 mmol), seed irradiation
leads to a sharp decrease in the total protein content.

In general, the results showed that irradiation of
seeds in doses from 5 to 10 Gy, to some extent, re-
ducing the effects of salt stress, can partially balance
the destructive consequences of excess salt.

We suggest that pre-sowing treatment of seeds
with low doses of y- irradiation (from 5 to 10 Gy) can
be used to increase tolerance to salt stress and mini-
mize yield loss caused by excess salt. This perspec-
tive method can serve as a useful tool for promotion
of agriculture in areas with low salinity.

References

1 Shanko D., Jateni G., Debela A. (2017). Ef-
fects of Salinity on Chickpea (Cicer arietinum L.)
Landraces During Germination Stage. J. Biochem.
Mol. Biol. vol..3, n0.2:9, pp.1-5. doi:10.21767/2471-
8084.100037.

2 Liu R, Wang L., Tanveer M., & Song J.
(2018). Seed Heteromorphism: An Important Ad-
aptation of Halophytes for Habitat Heterogeneity.
Frontiers in plant science. vol.9:1515, pp.1-10. doi.
org/10.3389/fpls.2018.01515.

International Journal of Biology and Chemistry 13, Ne 2, 96 (2020)



E.S. Jafarov, M.Z. Velijanova 107

3 Footitt S., Walley P. G., Lynn J. R., Ham-
bidge A. J., Penfield S., & Finch-Savage W. E. (2020).
Trait analysis reveals DOG1 determines initial depth
of seed dormancy, but not changes during dormancy
cycling that result in seedling emergence timing. The
New phytologist. vol. 225(5), pp. 2035-2047. doi.
org/10.1111/nph.16081.

4 Bozhkov A. 1., Kovalova M. K., AzeezZ. A.,
Goltvjansky A. V. (2020). The effect of pre-sowing
seed treatment on seedlings growth rate and their ex-
cretory activity. Regulatory Mechanisms in Biosys-
tems. vol. 11(1), pp. 60-66. doi:10.15421/022008.

5 Singh B., Ahuja S., Singhal R.K., Venu
Babu P. (2013). Effect of y- radiation on wheat plant
growth due to impact on gas exchange characteristics
and mineral nutrient uptake and utilization. J Radio-
anal Nucl Chem. vol. 298, no.1, pp. 249-257, doi:
10.1007/s10967-012-2342-5.

6 Jae-SungK., Eun-Kyung L., Myung H.B.K,,
Dong_Hee K., Young_B. L. (2000). Influence of low
dose y — radiation on the physiology of germinative
seed of vegetable crops. Korean J. of Environmental
Agriculture. vol.19, no.1, pp. 58-61.

7 Subhan F., Anwar M., Ahmad N., Gulzar
A., Siddig A. M., Rahman S., Ahmad I. and Rauf A.
(2004). Effect of I'- Radiation on Growth and Yield
of Barley under Different Nitrogen Levels. Pakistan
Journal of Biological Sciences. vol.7, no.6, pp. 981-
983, doi: 10.3923/pjbs.2004.981.983.

8 Borzouei A., Kafi M., Khazaei H. (2010). Ef-
fects of y- radiation of germination and physiological
aspects of wheat (Triticum aestivum L.) seedlings.
Pakistan Journal of Botany,

vol. 42, no.4, pp. 2281-2290.

9 Ramabulana T., Mavunda R. D., Steenkamp
P. A, Piater L. A., Dubery 1. A., Ndhlala A. R., Ma-
dala N. E. (2017). y- radiation treatment activates
glucomoringin synthesis in Moringa oleifera. Bra-
zilian J. of Pharmacognocy (Revista Brasileira de
Farmacognosia). vol. 27, no.5, pp. 569-575. doi.
org/10.1016/j.bjp.2017.05.012

10 Falahati A., Kazemitabar S.K., Bahrami
A.R., Lahouti M., Rahimi M.F. (2007). The study
of y- irradiation effects on drought tolerance in rice
(Oryza sativa L.). Indian Journal of Crop Science.
vol. 2, no.1, pp. 155 —158.

11 Ahuja S., Kumar M., Kumar P., Gupta V.
K., Singhal R. K., Yadav A., Singh B. (2014). Meta-
bolic and biochemical changes caused by y- irradia-
tion in plants. Journal of Radioanalytical and Nuclear
Chemistry. vol. 300, no.1, pp. 199-212.

12 Kuzin A.M. (1997). The stimulating effect of
ionizing radiation on biological processes. M.: Atom-
izdat, 132 p.

Int. j. biol. chem. (Online)

13 Levin V.I. (2000a). Agro ecological effects
of exposure to plant seeds of electromagnetic fields
of various modalities: Ph.D. Thesis. Moscow. 36 p.

14 Moussa H.R. (2011). Low Dose of I'- irra-
diation enhanced drought tolerance in soybean. Acta
Agronomica Hungarica. vol. 59, no.1, pp. 1-12. doi.
org/10.1556/AAgr.59.2011.1.1.

15 Stark M. (2008). Hormesis. Adapta-
tion, and the Sandlipe Model. Critical Re-
views in Toxicology. vol. 38, pp. 641-644. doi.
org/10.1080/10408440802026422.

16 Wi S.G. (2007). Effects of y- irradiation on
morphological changes and biological responses
in plants. Micron. vol. 38, no.6, pp. 553-564. doi:
10.1016/j.micron.2006.11.002.

17 Levin V.I. (2000b). Agroecological aspects
of presowing treatment of seeds of agricultural crops
with y- rays (ed. by N.P. Kuznetsov). Moscow: VNII
“Agroecoinform”. 221 p.

18 Wolff S., Afzal V., Wiencke J.K., Olivieri G.,
Michaeli A. (1988). Human lymphocytes exposed to
low doses of ionizing radiations become refractory to
high doses of radiation as well as to chemical mutagens
that induce double-strand breaks in DNA. Int. J. Radiat.
Biol. Phys. Chem. Med. vol. 53, no.1, pp. 39-48.

19 Mohammed Abdel Haleem M.A., Mohamed
Heba 1., Zaki Laila M., Mogazy Asmaa M. (2012).
Pre-exposure to y- rays alleviates the harmful effect
of salinity on cowpea plants. J. of Stress Physiology
and Biochemistry. vol.8, no.4, pp. 199-217.

20 Hassanein R. A., Hashem H. A. and Khalil
R. R. (2012). Stigmasterol treatment increases salt
stress tolerance of faba bean plants by enhancing an-
tioxidant systems. Plant Omics Journal. vol. 5, no.5,
pp. 476-485.

21 Gao S., Ouyang C., Wang S., Xu Y., Tang L.,
Chen F.. (2008). Effects of salt stress on growth, an-
tioxidant enzyme and phenylalanine ammonia-lyase
activities in Jatropha curcas L. seedlings. Plant Soil
and Environment., vol. 54, no. 9, pp. 374-381. doi.
org/10.17221/410.

22 Penfield S., King J. (2009). Towards a sys-
tems biology approach to understanding seed dor-
mancy and germination. Proc.R. Soc. B. vol.276, pp.
3561-3569, doi.org/10.1098/rspb.2009.0592.

23 Kuzin A.M., Kaushansky D.A. (1981). Ap-
plied Radiobiology. M.: Energoizdat. 224 p.

24 Rania S. H., Samia A. A. (2018). Physiologi-
cal and molecular studies on the effect of y- radiation
in fenugreek (Trigonella foenum-graecum L.) plants.
J. of genetic engineering and biothechnology. vol.16,
pp. 683-692.

25 Dar, T. A., Uddin M., Khan M. Masroor A.,
Ali A., Mir S. R., Varshney L. (2015). Effect of Co-

International Journal of Biology and Chemistry 13, Ne 2, 96 (2020)



108 Study of the adaptive reaction to salt stress of Cicer arietinum L., grown from seeds exposed ...

60 y- irradiated chitosan and phosphorus fertilizer
on growth, yield and trigonelline content of Trigo-
nella foenum-graecum L., Journal of Radiation Re-
search and Applied Sciences. vol.8, pp. 446-458. doi.
org/10.1016/j.jrras.2015.03.008.

26 Hanafy Ahmed A. H., Ghalab A. R. M., Hus-
sein O. S. and El-Hefny A. M. (2011). Effect of y-
Rays and Salinity on Growth and Chemical Compo-
sition of Ambrosia maritima L. Plants. J. Rad. Res.
Appl. Sci., vol.4, no. 4A, pp.1139 — 1162.

27 Kumar P., Sharma V., Atmaram C. K., Singh
B. (2017a). Regulated partitioning of fixed carbon
(14C), sodium (Na+), potassium (K+) and glycine
betaine determined salinity stress tolerance of y- ir-
radiated pigeonpea [Cajanus cajan (L.) Millsp]. En-
viron. Sci. Pollut. Res. vol.24, no.8, pp. 7285-7297.

28 Kumar P., Sharma V., Yadav P. and Singh
B. (2017b). y- Ray Irradiation for Crop Protection
Against Salt Stress. Defence Life Science Journal.
vol.2, no.3, pp. 292-300.

29 STATE REGISTER of selection achieve-
ments which are protected and given permission to
use for the production of agricultural product in Re-
public of Azerbaijan. Baku, 2020.

30 Ohkawa H., Ohishi N., Yagi K.Ohkawa.
(1979). Assay for lipid peroxides in animal tis-
sues by thiobarbituric acid reaction. Anal Biochem.
vol. 95, no.2, pp. 351-358, doi.org/10.1016/0003-
2697(79)90738-3.

31 Bates L. S., Waldren R.P., Teare 1.D. (1973).
Rapid determination of free proline for water — stress
studies. Plant and Soil. vol.39, no.1, pp. 205-207. doi.
org/10.1007/BF00018060.

32 Sedmak J.J., Grossberg S.E. (1977). A rapid,
sensitive, and versatile assay for protein using Coo-
massie Brilliant Blue G-250. Analytical Biochemis-
try. vol. 79, no.1-2, pp. 544-552, doi: 10.1016/0003-
2697(77)90428-6.

33 Lakin G.F. (1990). Biometrics [Biometriya].
Moskow, Vysshaya shkola, 352 p.

34 Churyukin R.S., Geraskin S.A. (2013). The
effect of irradiation (60Co) of barley seeds on the de-
velopment of plants in the early stages of ontogen-
esis. Radiation and risk. vol. 22, no.3, pp. 80-92.

35 Chaves M.M., Flexas J., Pinheiro C. (2009).
Photosynthesis under drought and salt stress: regula-
tion mechanisms from whole plant to cell. Ann. Bot.
vol.103, pp. 551-560. doi.org/10.1093/aob/men125.

36 Becana M., Moran J. F., Iturbe-Ormaetxe,
1. (1998): Iron dependent oxygen free radical gen-
eration in plants subjected to environmental stresses:
toxicity and antioxidants. Plant Soil. vol. 201, pp.
137-147. doi.org/10.1023/A:1004375732137.

Int. j. biol. chem. (Online)

37 Zhani K., Mariem B.F., Fardaous M., Cherif
H. (2012). Impact of salt stress (NaCl) on growth,
chlorophyll content and fluorescence of Tunisian
cultivars of chili pepper (Capsicum frutescens L.). J.
Stress Physiol Biochem. vol.8, no.4, pp. 236-252.

38 Yarsi G., Altuntas O., Sivaci A. and Das-
gan H. Y. (2017). Effects of Salinity Stress on Plant
Growth and Mineral Composition of Grafted and Un-
grafted Galia C8 Melon Cultivar. Pak. J. Bot., vol.49,
no.3, pp. 819-822.

39 Umesh R. P., Panneerselvam R. (2012).
Changes of Protein Content, Activity and Active Iso-
forms of Antioxidative Enzymes in Excoecaria agal-
locha under Salt Stress. Inter. J. of Research in Plant
Science. vol.2, no.4, pp. 62-66.

40 Kuznetsov V1.V., Khydyrov B.T., Roshupkin
B.V., Borisova N.N. (1990). General systems of cot-
ton resistance to salinization and high temperature.
Plant Physiology. vol.37, pp. 987-996.

41 ZhuY., Qian W., Hua J. (2010). Temperature
Modulates Plant Defense Responses through NB—
LRR-Proteins. PLOS Pathogens. vol.6, pp. 1-12. doi.
org/10.1371/journal.ppat.1000844.

42 Wang Y., Bao Z., Zhu Y., Hua J. (2009).
Analysis of Temperature Modulation of Plant De-
fense against Biotrophic Microbes. Mol, Plant Mi-
crobe. Interact. vol.22(5), pp. 498-506. doi:10.1094/
MPMI-22-5-0498.

43 Kadhimi A. A., Zain C. R. C. M., Alhasnawi
A. N, Isahak A., Ashraf M. F., Mohamad A., Doni F.
and Wan Yusoff W. M. (2016). Effect of Irradiation
and Polyethylene Glycol on Drought Tolerance of
MR269 Genotype Rice (Oryza sativa L.). Asian J. of
Crop Science. pp. 1-8. doi: 10.3923/ajcs.2016.52.59.

44 Wang X., Ma R., Cui D., Cao Q. (2017).
Physio-biochemical and molecular mechanism un-
derlying the enhanced heavy metal tolerance in high-
land barley seedlings pre-treated with low-dose -
irradiation. Scientific Reports. vol.7, p. 14233. doi:
10.1038/541598-017-14601-8.

45 Margulis M.A., Margulis .M. (2005). On the
mechanism of the biological effect of ionizing radia-
tion. Journal of Physical Chemistry. vol.79, no. 6, pp.
1142-1151.

46 Tsytsugina V.G., Floru H., Polikarpov G.G.
(2005). Multi-aberrant cells and pycnosis of nuclei in
aquatic organisms from an area with a high content
of radionuclides. Marine Ecological Journal. vol.4,
no.1, pp. 84-90.

47 Montiller J.L., Cacas J.L. (2004). The up-
stream oxylipin profile of Arabidopsis thaliana: A
tool to scan for oxidative stresses. Plant J., vol.40,
pp. 439-450.

International Journal of Biology and Chemistry 13, Ne 2, 96 (2020)



E.S. Jafarov, M.Z. Velijanova 109

48 Miller R., Suzuki N., Cifici-Yilmaz S., Mit-
tler R. (2010). Reaktive oxygen species homeostasis
and signaling during drought and salinity stress-
es. Plant Cell Environ., vol.33, pp. 453-467. doi:
10.1111/5.1365-3040.2009.02041.x. Epub.

49 Velijanova M.Z., Orujeva J.R., Jafarov E.S.
(2018). Effect of salt stress on the content of malond-
ialdehyde in chickpea leaves (Cicer arietinum L.), the
seeds of which were exposed to y-radiation at differ-
ent doses before sowing. Proceedings of Inter. Conf.
“Radiation technologies in agriculture and food in-
dustry: current state and prospects”. Obninsk, 2018.
pp-65-68.

50 Ozden M., Demirel U., Kahraman A.
(2009). Effects of proline on antioxidant system in
leaves of grapevine (Vitis vinifera L.) exposed to
oxidative stress by H202. Scientia Horticulturae.
vol. 119 (2), pp. 163-168. doi.org/10.1016/j.scien-
ta.2008.07.031.

51 Kavi Kishor P. B., Sangam S., Amrutha R.
N., Sri Laxmi P., Naidu K. R., Rao K. R. S. S., Rao
S., Reddy K. J., Theriappan P. and Sreenivasulu N.
(2005). Regulation of proline biosynthesis, degrada-
tion, uptake and transport in higher plants: Its impli-
cations in plant growth and abiotic stress tolerance.
Current science, vol.88, no.3, pp. 424-438.

52 Kolupaev Yu.E., Wayner A.A., Yastreb T.O.
(2014). Proline: physiological functions and regula-
tion of the content in plants under stressful condi-
tions. Bulletin of the Kharkov National Agrarian
University. Biology Series. vol. 2, no.32, pp. 6-22.

53 Delauney A.J. and Verma D.P.S. (1993).
Proline biosynthesis and osmoregulation in plants.
Plant J. vol.4, pp. 215-223. doi.org/10.1046/j.1365-
313X.1993.04020215.x.

Int. j. biol. chem. (Online)

54 Hare P. D., Cress W. A. and Van Staden J.
(1998). Dissecting the roles of osmolyte accumu-
lation during stress in plants. Plant Cell Environ.
vol. 21, no.6, pp. 535-553. doi.org/10.1046/j.1365-
3040.1998.00309.x.

55 Kavi Kishor P.B. (1988). Effect of salt stress
on callus cultures of Oryza sativa L. J.Exp. Bot.
vol.39, pp. 235- 240. doi.org/10.1093/jxb/39.2.235.

56 Kohl D. H., Kennelly E. J., Zhu Y., Schubert
K. R. and Shearer G. (1991). Proline Accumulation,
Nitrogenase (C2 H2 reducing) Activity and Activi-
ties of Enzymes related to Proline Metabolism in
Drought-Stressed Soybean Nodules. J. Exp. Bot.
vol.42, n0.240, pp. 831-837.

57 Bukharina I.L., Lyubimova O.V. (2009).
Plant biochemistry (Educational-methodical manu-
al). Izhevsk, 51 p.

58 Plant life under Changing Environment. Re-
sponses and management (Ed.-s: D. Tripathi, V. Sigh,
D. Chauhan et al.). 1 st Edition. Academic Press.
2020, 1012 p.

59 Grodzinsky D.M., Kolomiyets K.D., Kut-
lakhmedov Yu.A. (1991). Anthropogenic radionu-
clide anomaly and plants (Ed. D. M. Grodzinsky)
Kiev: Lybid. 160 p.

60 Kosakivska 1.V. (2003). Physiological and
biochemical bases of plant adaptation to stress. K.:
Stal. 191 p.

61 Velijjanova M.Z., Orujeva J.R., Jafarov E.S.
(2019). Influence of pre-seeding y — irradiation of seeds
on the content of the total protein in Cicer arietinum L.,
growing in the conditions of salt stress. Proceedings
of Inter. Conf. Nuclear and Radiation Technologies in
Medicine, Industry and Agriculture. Almaty — 2019,
Republic of Kazakhstan, pp. 227-228.

International Journal of Biology and Chemistry 13, Ne 2, 96 (2020)



