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ABSTRACT. The activity of peroxidase (EC 1.11.1.21) and superoxide dismutase (EC 1.15.1.1) 
was studied in barley and bean seedlings with contrasting salt tolerance grown under extreme 
salinity conditions. According to our results, the change of peroxidase activity is adequate as the 
concentration of isolation sodium salts increases in the above-ground parts of barley and bean 
seedlings grown in water culture. It was found that the activity of SOD in the root system of both 
barley and bean seedlings was lower than in the shoot part. The activity of SOD in the root system of 
7-day-old barley seedlings cultivated in water culture increased with the increasing concentration 
of chloride and sulfate salts (25-50mM). The subsequent increase in the concentration (75-100mM) 
resulted in reduced enzyme activity although exceeding the activity in control plants. The enzyme 
activity in barley seedlings grown in soil culture was weakened by the influence of salts. It should 
be noted that the linear nature of the increase in SOD activity in the root system of bean seedlings 
cultivated in water culture when the concentration of salts increases indicates a decrease in the 
amount of substrate in the root system. The study of enzyme activity in the root and shoot parts 
of barley and bean seedlings with contrasting salt tolerance grown in soil and water culture under 
extreme salinity, which allows determining the adequate or specific nature of peroxidase and 
superoxide dismutase reactions.
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INTRODUCTION 
At present, one of the serious problems fac-

ing agriculture is the salinization of agricultural 
lands due to both natural and anthropogenic 
causes [Gasimov, 2012; Abdiyev, 2017; Veli-
janova, 2022].

According to modern calculations, 15-23% 
of the dry area of ​​the Earth, including the lands 
used in agriculture, are saline soils. Soil salinity, 
which is one of the main factors of the environ-
ment, has a strong effect on the development 
and productivity of agricultural plants [Sun et 
al., 2016]. There are over 1.3 million hectares 
of saline soils in Azerbaijan [Mammadov, 2007], 
and the tendency of this process to progress is 
observed [Abdiyev, 2017]. The composition of 

salts in the lands of Azerbaijan is quite diverse. 
Chloride-sulfate or sulfate-chloride types of sa-
linization are more widespread. Besides, car-
bonate salinity is not uncommon (Mammadov, 
2007; Wang Su-Ping et al., 2007).

It should be noted that extreme salinity con-
ditions have a negative impact on the develop-
ment of cultivated plants, significantly reducing 
productivity and sometimes leading to their 
complete destruction [Aliyeva, 2018; Valijano-
va, 2022].

Currently, the most dangerous salinity in the 
soil is considered to be sodium-chloride salinity 
because chemically active ions such as Na+ and 
Cl- accumulate in plant cells in excess, negative-
ly affect a number of physiological-biochemical 



22www.botanic.az

Acta Botanica Caucasica Volume 3, No 2, 2024

processes, and ultimately reduce productivity 
sharply [Wang Su-Ping et al., 2007; Flowers, 
2008; Ibrahimova, 2015].

Besides, most of the Earth’s flora are ex-
posed to salts during their growth cycle. Thus, 
the study of the mechanism of action of salts on 
the plant organism is not only theoretical but 
also of great practical importance. Researchers 
associate the toxic effect of salts in the plant 
body with the disruption of the activity of cell 
enzymes [Shevyakova, 2010; Gasimov, 2012; 
Abdiyev, 2017]. This is not accidental. If living 
organisms are self-regulating systems, then en-
zymes are considered a regulatory component 
for all physiological-biochemical processes.

Several defence  systems are known in the 
plant body. One of these defense systems is 
the enzyme system in the cell. From this point 
of view, the study of the activity of peroxidase 
and superoxide dismutase, which are widely 
distributed defense system enzymes in the an-
imal and especially the plant body, is of great 
importance.  

Under salinity conditions, the accumulation 
of hydrogen peroxide, having a harmful effect 
on plants [Garifzyanov, 2012] and superoxide 
anion radicals, which are the source of the for-
mation of reactive oxygen species [Baranenko, 
2006] and have toxic effects on cells, occurs.

Peroxidase breaks down hydrogen perox-
ide into water and atomic oxygen. Superoxide 
dismutase (SOD) catalyzes the conversion of su-
peroxide anion radicals into molecular oxygen 
and hydrogen peroxide.

Peroxidase increases the resistance of the 
plant organism to diseases. Besides, perox-
idase plays an important role in the synthesis 
of polyphenols, as well as in the process of hy-
droxylation of the benzene ring. On the other 
hand, peroxidase is very important in the use of 
the oxygen reserve of the cell [Gasimov, 2008]. 
Peroxidase is also involved in the regulation of 
growth and development processes in plants.

Superoxide dismutase (SOD) is also widely 
distributed in plant tissues and cells. Super-
oxide anion radicals are the first product of 
one-electron reduction of molecular oxygen 
and are the source of the formation of reactive 
oxygen species that have a more toxic effect on 

cells [Baranenko, 2006]. In addition to partici-
pating in the formation of other reactive oxy-
gen species, superoxide anion radicals directly 
oxidize intracellular macromolecules, including 
proteins, and inactivate enzymes. Therefore, 
SOD is one of the important enzymes that form 
the first line of defence protecting intracellular 
macromolecules from oxidative damage. It also 
ensures a low concentration of superoxide an-
ion radicals in the cell and reduces the activity 
of the formation of ROS (reactive oxygen spe-
cies) [Volikhina, 2009].

 The negative effect of salts on plants is more 
pronounced in the early stages of ontogenesis, 
and in this period, plants are more sensitive to 
salinity. Therefore, to clarify the mechanism of 
the effect of salts on the plant body, the study 
of physiological-biochemical processes in the 
first stages of the development of seedlings is 
of great importance, because the first physio-
logical-biochemical processes occurring in plant 
cells have a strong impact on the subsequent 
changes in intracellular metabolism in the plant 
body. Thus, it is clear from the above that per-
oxidase and superoxide dismutase enzymes are 
very actively involved in cell metabolism.

MATERIAL AND METHODS
7-day-old seedlings of barley (Karabagh 22) 

and bean (Local pedestrian) varieties, which are 
widely used in agriculture, served as research 
objects. The biological characteristics of barley 
(Hordeum vulgare L), belonging to the class of 
monocotyledons allow the cultivation under dif-
ferent climatic conditions. Therefore, this plant 
is widely distributed in the world. On a global 
scale, the cultivated area of ​​barley is close to 
100 million hectares. Barley, being an import-
ant cereal crop, is cultivated for food, fodder, 
and technical purposes. Bean belonging to the 
legume family (Phaseolus vulgaris) is a dicot-
yledonous plant rich in protein. Bean holds a 
leading place among vegetable crops, both in 
terms of use scope and nutritional value. Seed 
germination was carried out in a special cham-
ber with 420 lux lighting, 200C and normal aer-
ation (0.04 mg O2/min) in Knop’s solution and 
soil (dark mountain grey-brown) culture. In 
experimental variants, the Knop solution with 
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salt (NaCl and Na2SO4) concentrations of 10, 20, 
and 30 mM for beans, and 25, 50, 75, and 100 
mM for barley was used in water culture. In soil 
culture, artificial medium with 0.2%, 0.4%, 0.6% 
0.8%, and 1% concentrations of salts was creat-
ed under laboratory conditions.

The activity of peroxidase in plant roots 
and shoots is based on the rate of oxidation 
reactions in which a blue oxidation solution is 
formed. The concentration of the blue oxida-
tion solution was determined with a photoelec-
tric colourimeter  (UXL-42) [Yermakov, 1987]. 
The formation of the superoxide anion radical 
is based on the formation of the purple colour 
of nitroblue-tetrazolium. Enzyme activity was 
measured by the spectrophotometric method 
[Beauchamp & Fridovich, 1971]. Experiments 
were performed in 3-4 replicates, the obtained 
results were processed statically [Kerdyashov, 
2018]. In the studies, the accuracy rate was 
lower than 5%, the obtained results are mathe-
matically reliable.

RESULTS 
Although many scientific studies have been 

conducted on the effects of salts on enzymes, 
most of these data are contradictory. On the 
other hand, the mechanism of the effect of salts 
on the activity of enzymes in plant seedlings at 
the first stages of ontogenesis has not yet been 
fully clarified. The study of the nature of chang-
es in the activity of peroxidase and superoxide 
dismutase in the roots and shoots under the in-
fluence of salt is of great scientific-theoretical 
and practical importance.

The activity of peroxidase was found to be 
higher in the roots than in the above-ground 
parts of 7-day-old barley and bean seedlings 
grown in water and soil culture (Fig. 1). It was 
found that the activity of peroxidase in the 
roots and shoots of seedlings in water culture 
was higher than in soil culture. It should be not-
ed that a similar result was obtained for the su-
peroxide dismutase enzyme. In general, phys-
iological-biochemical processes occur faster in 
plants grown in water culture than in plants 
grown in soil culture. Besides, the activity of 
peroxidase in bean seedlings was higher than 
that of barley seedlings. Physiological and bio-
chemical processes are faster in plants grown in 

Figure 1. Peroxidase activity in roots and shoots of 7-day-old barley seedlings grown in water (a) and soil 
cultures (b) under different concentrations of NaCl and Na2SO4.

a) 

b) 
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water culture due to better aeration and water 
supply.

In addition, peroxidase activity was deter-
mined under the influence of different concen-
trations of Na2SO4 and NaCl. A linear growth in 
peroxidase activity occurred with the increasing 
salt concentrations (25-100 mM) in roots and 
shoots of 7-day-old barley seedlings grown in 
water culture. In the roots of barley seedlings, a 
different picture was obtained due to the effect 
of salts. As seen in the figure, the activity of per-
oxidase increased when the concentrations of 
salts in the roots of barley seedlings were rel-
atively low (25-50 mM), and then the activity 
of peroxidase decreased with the increasing 
concentrations of salts (75-100 mM) (Fig. 1). It 
should be noted that a different picture was ob-
served in both roots and shoots of barley seed-
lings cultivated in the soil under the effect of 

salts. Thus, the activity of peroxidase increased 
when the concentrations of salts were relative-
ly low (0.2%) in the root system of 7-day-old 
barley seedlings cultivated in soil culture. Then, 
with the increase in salt concentrations (0.4-
1.0%), the activity of peroxidase decreased.

In the above-ground part, at relatively low 
concentrations of salts (0.2-0.4%), the activity 
of peroxidase increased and the subsequent in-
crease in salt concentrations (0.6-1.0%) led to 
a decrease in the activity of the enzyme (Fig. 
1). It should be noted that when the concentra-
tion of isocation sodium salts increased in the 
roots and shoots of 7-day-old bean seedlings 
grown in both water and soil cultures, the activ-
ity of peroxidase increased linearly (Fig. 2). It is 
known that superoxide dismutase is one of the 
enzymes of the antioxidant defense system that 
plays the most important role in protecting cells 

a) 

b) 

Figure 2. Peroxidase activity in the roots and shoots of 7-day-old bean seedlings cultivated in water (a) and 
soil cultures (b) under different concentrations of NaCl and Na2SO4.
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and tissues from oxidative damage under con-
ditions of salt stress [Baranenko, 2006; Amra-
hov et al., 2022; Mammadov, 2023]. The activ-
ity of superoxide dismutase (SOD) was studied 

in barley and bean seedlings cultivated under 
isocation sodium salinity conditions.

Based on the results, the activity of SOD sim-
ilar to peroxidase was higher in the 7-day-old 

Figure 3.  Superoxide dismutase activity in roots and shoots of 7-day-old barley seedlings cultivated in 
water (a) and soil cultures (b) under various concentrations of NaCl and Na2SO4.

a) 

b) 

barley and bean seedlings cultivated in the wa-
ter environment compared to the plants culti-
vated in the soil. It was found that the activity of 
SOD in seedlings depends on the concentration 
of isocation sodium salts in the environment. 
Besides, the activity of SOD in the roots of both 
barley and bean seedlings is lower than in the 
shoots. The higher activity of SOD in the aerial 
part compared to the root can be explained by 
the activity of different isoforms of the enzyme 
in chloroplasts. The higher activity of SOD in the 
shoots compared to the roots can be explained 
by the presence of different isoforms of the en-
zyme in chloroplasts.

The research revealed that the activity 
of SOD in the root system of 7-day-old barley 
seedlings grown in water culture increased as 
the concentration of chloride and sulfate salt 
increased (25-50 mM), and the activity of the 
enzyme was reduced during the subsequent in-
crease in concentration (75-100 mM), but it was 
lower than in the control. In the above-ground 
part, the activity of SOD decreased with the 
increase of NaCl concentration (25-100 mM) 
compared to the control. In the case of sulfate 
salinity, the activity of the enzyme increased 
with the enhancing salt concentrations (25-50 
mM), and the activity of the enzyme decreased 
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during the subsequent increase in concentra-
tion (75-100 mM) although remained higher 
than in the control (Fig. 3).

It should be noted that a different picture 
was obtained from the effect of salts on both 
the roots and the shoots of barley seedlings cul-
tivated in soil culture. Thus, as the concentration 
of NaCl increased (0.2-1.0%) in the root system 
of barley seedlings cultivated in soil culture, the 
activity of SOD decreased sharply. In the case 
of sulfate salinity, the activity of the enzyme 
weakened at relatively low concentrations (0.2-
0.4%) of the salt, and although the subsequent 
increase in concentrations (0.6-1.0%) led to the 
enhanced activity of the enzyme, it was lower 
than in the control. In the above-ground parts, 
the activity of the enzyme decreased sharply 
when the concentration of salts increased (Fig. 
3).

We believe the linear nature of the in-
crease in the activity of SOD due to increased 

concentration of salts (10-30 mM) in the root 
system of bean seedlings cultivated in water 
culture indicates a decrease in the amount of 
substrate in the root system. As the concentra-
tion of salts (10-30 mM) in the shoots increased, 
the activity of SOD decreased. Under sulfate 
salinity, the decrease was sharper (Fig. 4). A 
similar result was also obtained for the above-
ground parts of 7-day-old bean seedlings grown 
in soil under different concentrations of salts. 
Thus, as the concentration of salts increased 
(0.2-0.6%), the activity of SOD in the shoots de-
creased sharply (Fig. 4). In the root system of 
bean seedlings, when the concentration of salts 
was relatively low (0.2%), the activity of SOD 
weakened, and during the subsequent increase 
in concentrations (0.4-0.6%) of salts, the activ-
ity of SOD increased. However, the activity of 
SOD was lower than in the control.

During long-term exposure to high-con
centration salts, SOD activity may decline due 

a) 

b) 

Figure 4. The activity of superoxide dismutase in roots and shoots of 7-day-old bean seedlings 
cultivated in water (a) and soil cultures (b) under various concentrations of NaCl and Na2SO4.
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to a decrease in the amount of superoxide 
radicals because of their quenching. Besides, 
H2O2 and hydroxyl radical (OH-) can cause en-
zyme inactivation or degradation. The increase 
in enzyme activity under stress conditions can 
be attributed to the increase in the synthesis of 
new enzyme molecules. The obtained results 
agree with the literature data. Thus, several 
scientists have noted the declining SOD activity 
during the protection of cells and tissues from 
oxidative damage under stress  [Santos et al., 
2011; Wultal, 2013]. The linear nature of en-
zyme activity under extreme salinity conditions 
can be attributed to the fact that the amount 
of hydrogen peroxide and superoxide anion 
radicals, which are used as enzyme substrates 
in tissues, does not reach saturation. Because 
any enzymatic reactions, including those car-
ried out with the involvement of peroxidase 
and superoxide dismutase, are the first-order 
reactions until saturation with the substrate. 
However, after saturation, the enzymatic reac-
tion becomes zero-order and does not depend 
on the amount of substrate. 

It is important to note that H2O2 formed as a 
result of the effect of SOD is an inhibitor of the 
enzyme. Thus, the effective functioning of SOD 
also depends on catalase, and ascorbate-gluta-
thione cycle enzymes, which belong to other 
defence system enzymes that break down H2O2. 

CONCLUSION
The activity of peroxidase and superoxide 

dismutase, which play a most important role in 
protecting cells and tissues from oxidative dam-
age, was determined in barley (tolerant) and 
bean (sensitive) seedlings with contrasting salt 
tolerance, grown under isocation sodium salin-
ity conditions. The study revealed that as the 
concentration of salt increased (25-100mM), 
the activity of peroxidase increased linearly 

in the above-ground parts of 7-day-old barley 
seedlings grown in water culture. In the roots 
of barley seedlings, when the concentration of 
salts was relatively low (25-50mM), the activi-
ty of peroxidase increased. The subsequent in-
crease in the salt concentrations (75-100mM) 
resulted in a decrease in enzyme activity, which 
is characterized by a two-phase curve. Similar 
results were obtained in seedlings grown in soil 
culture.

Comparable results were detected for SOD 
activity in the roots of barley seedlings. It is 
worth mentioning that the activity of perox-
idase increased linearly with the increasing 
concentrations of isocation sodium salts in the 
roots and the shoots of 7-day-old bean seed-
lings grown in both water and soil cultures. The 
activity of SOD decreased as the concentration 
of salts increased in both the root and shoots 
of barley seedlings grown in soil culture. The 
linear nature of the increase in SOD activity 
in the root system of bean seedlings grown in 
water culture with increasing concentrations 
of salts can be explained by the fact that the 
amount of hydrogen peroxide and superoxide 
anion radicals, which are used as substrates for 
the enzyme in the root system, does not reach 
saturation. Therefore, any enzymatic reaction, 
including those that involve peroxidase and su-
peroxide dismutase, is the first-order reaction 
until saturation with the substrate. However, 
after saturation, the enzymatic reaction be-
comes zero-order and does not depend on the 
substrate amount. 

The research revealed that the change in 
the activity of peroxidase in the aboveground 
part of the 7-day-old monocot and dicot plant 
seedlings cultivated in a water environment is 
adequate, and the change in the activity of SOD 
is specific. 
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