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Background. Drought is one of the most important factors affecting plant growth 
and productivity. The study addressed the perspectives of usage of salicylic acid,  
a stress protective compound, to increase the adaptive potential of Triticum aestivum L. 
plants under drought conditions. The effect of salicylic acid on the photosynthetic 
apparatus of wheat plants under the conditions of drought with a subsequent gradual 
resumption of watering was investigated. 

Materials and methods. Plants of the Podolyanka variety of wheat (Triticum aes-
tivum L.) were the objects of our study. Seeds were pre-soaked in a solution of salicylic 
acid (50 mM) for 3 h. First seeds germinated in an incubator, and on the 3rd day of 
growth were transplanted into plastic pots (d = 14 cm). Plants were grown on soil sub-
strate, whose humidity was maintained at 60 % of full moisture capacity – the optimal 
water supply. The model of drought was created by the simultaneous cessation of irriga-
tion (30 % of soil moisture capacity) for 12 days. Upon termination of the drought, soil 
moisture in the pots was adjusted to 60 % of its full capacity. The control plants were 
grown from the seeds not treated with salicylic acid under conditions of optimal water 
supply (60 %). Study samples were taken from the shoots of wheat on the 7th, 9th and 
12th days of the drought period and on the first day after the resumption of irrigation 
(14 days). The concentrations of TBA-active products, chlorophyll, carotenoids, glu-
cose, sucrose and chlorophyllase activity were determined.

Results. The influence of salicylic acid on the content of chlorophyll, carotenoids 
and TBA-active products along with chlorophyllase activity in shoots of wheat under the 
drought conditions on the early stages of ontogenesis was determined. It was found that 
both drought and salicylic acid modify the content of chlorophyll and carotenoids in the 
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shoots of Triticum aestivum L., apparently by altering their metabolism. Chlorophyllase 
plays an important role in the adaptation of photosynthetic apparatus to the drought 
conditions. Our results suggest that salicylic acid causes an increase in the content of 
photosynthetic pigments and a decrease in chlorophyllase activity in drought conditions. 
In addition, salicylate causes the accumulation of glucose and sucrose in the shoot tis-
sues of wheat plants under stressful conditions.

Conclusions. Our research suggests participation of salicylic acid in the plants’ 
adaptation processes under the conditions of moisture deficiency. It was also found 
that under the effect of salicylic acid the content of TBA-active products decreases in 
the plant shoots under the conditions of drought. Considering the fact that the con-
tent of TBA-active products is an important indicator of lipid peroxidation intensity, the 
decrease of this index reveals the reduced activity of free radical processes in plant 
tissues under the effect of salicylic acid. Thus, it can be assumed that SA has a positive 
effect on plant metabolism under drought conditions.

Keywords: adaptation, drought stress, Triticum aestivum L., TBA-active products, 
photosynthetic pigments, chlorophyllase, carbohydrates

INTRODUCTION 
Drought is a major abiotic factor that has a negative influence on the productivity 

of agricultural crops worldwide (Nxele et al., 2017). Photosynthesis is a crucial factor of 
plant productivity. Pigments play an important role in the functioning of the photosyn-
thetic apparatus; their content being a very sensitive indicator of plants’ physiological 
condition. Even a short-term drought can cause negative effects on the photosynthetic 
processes in plants. Adaptation to water stress in plants is a metabolically active pro-
cess (Moustakas et al., 2022). During the formation of stress response to the action of 
unfavorable factors the following processes take place in plants: alteration of genome 
expression, increase in the activity of antioxidant enzymes, accumulation of stress-pro-
tective compounds that have osmotic activity, and stress phytohormones production to 
begin with ethylene and ABA (Ulla et al., 2018). The launching inductor of these meta-
bolic chains is the altering cell environment which takes place under the effect of an 
adverse factor – an increase in lipid peroxidation (LPO) activity foremost in the biologi-
cal membranes (Nahar et al., 2022). 

Phytohormones are able to reduce the harmful influence of abiotic stress factors on 
plants. In particular, salicylic acid (SA) is known as a stress-protective compound due 
to its ability to control directly or mediately the main biochemical pathways in the plant 
organism (Khan et al., 2015). However, the impact of SA on the plant photosynthetic 
apparatus under the conditions of drought remains insufficiently explored. 

MATERIALS AND METHODS 
Рlant growing conditions. Plants of the Podolyanka variety of wheat (Triticum 

aestivum L.) were the objects of our study. Seeds were pre-soaked in in a solution of SA 
(50 mM) for 3 h. First seeds germinated in an incubator, and on the 3rd day of growth 
were transplanted into plastic pots (d = 14 cm). Plants were grown on soil substrate, 
whose humidity was maintained at 60 % of full moisture capacity – the optimal water 
supply. The model of drought was created by the simultaneous cessation of irrigation 
(30 % of soil moisture capacity) for 12 days. Upon termination of the drought, soil moisture 
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in the pots was adjusted to 60 % of its full capacity. The control plants were grown from 
the seeds not treated with salicylic acid under conditions of optimal water supply (60 %). 
Study samples were taken from the shoots of wheat on the 7th, 9th and 12th-days of the 
drought period and on the first day 1 h after the resumption of irrigation (14 days).

The activity of lipid peroxidation was determined spectrophotometrically by the 
content of TBA-active products (Voitsekhivska et al., 2010). The weighted sample of 
plant material (0.5 g) was cut with scissors and homogenized in the porcelain mortar 
with the addition of 3 mL of distilled water. Before continuing homogenization, 3 mL 
of 20% trichloroacetic acid (TCA) was added to the homogenate. Then 2 mL of the 
obtained homogenate was placed into the test tube with the addition of 2 mL of 0.5% 
dilution of tiobarbituric acid (TBA) in the TCA. The samples were incubated for 30 min 
on the boiling water bath, cooled and centrifuged at 3000 rpm for 10 min.

The optical density was measured spectrophotometrically at the wavelength of 
532 nm on the spectrophotometer ULAB101 (China). Analytical replication was fivefold. 
The content of MDA (nmol/g of fresh matter) was calculated using the formula:
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H
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where D – the optical density of the dilution; V – the volume of reactive compound, mL; 
А – the correlation of total volume of the extract to the sample volume; ε – the molar 
extinction coefficient (155000 l/cm∙mol); Н – the weighted sample of plant material, g.

The content of photosynthetic pigments was analyzed in the acetone extract 
(Voitsekhivska et al., 2010). To get the extract a sample of leaves weighted to 100 mg 
was grinded and homogenized in the porcelain mortar with 10 mL of acetone and with 
the addition of a little amount of calcium carbonate. The obtained extract was filtered 
and read on the spectrophotometer at wavelengths of 662, 644 and 440.5 nm on the 
spectrophotometer ULAB101 (China). Analytical replication was fivefold. The concen-
trations of chlorophyll a, b and carotenoids were calculated according to the formulas 
of Holm-Wettstein: 

Cchlorophyll а  = 9.784 ∙ D662 – 0.990 ∙ D644;
Cchlorophyll b = 21.426 ∙ D644 – 4.650 ∙ D662;
Cchlorophyll а+b = 5.134 ∙ D662 + 20.436 ∙ D644;
Ccarotenoids = 4.695 ∙ D440,5 – 0.268 ∙ (Cchlorophyll а+b).

The amounts of pigments were expressed in mg/g of fresh matter and calculated 
applying the formula:

,
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where С – the concentration of pigments, mg/L; V – the volume of extract, mL; Н – the 
weighted plant material, g. 

In order to determine the chlorophyllase activity we used two samples with the 
weight of 0.5 g. One sample was homogenized with 50 mL of 80% acetone (adding the 
calcium carbonate). Another sample was grinded with 25 mL of 60% acetone and incu-
bated for 1 hour in the dark for the chlorophyllase impact. In an hour, 25 mL of 100% 
acetone was added to the second sample to disable the chlorophyllase effect. Each 
sample was split up into two parts. In one part of the samples, the chlorophyll content 
was determined by spectrophotometric method and then its concentration was calcu-
lated using the equation of Vernon:

Cchlorophyll а+b = 6.45 ∙ D665 + 17.72 ∙ D649.
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The remaining samples were transferred to the separatory funnels adding 2.5 mL 
of 0.02 M NH4OH, 0.2 mL of saturated NaCl solution and 5 mL of light fracture of petro-
leum ether. The separatory funnels were shaken vigorously a few times, then the lower 
(water-acetone) fractures that contained phytol-free pigments were subtracted into 
separate test tubes. The extraction was performed several times. The obtained extract 
was spectrophotometrized. The content of chlorophyllide in the extract was calculated 
by Vernon’s formula using 0.69 coefficient. The chlorophyllase activity was calculated 
as a conversion rate of chlorophyll to chlorophyllide in the 60% acetone during 1-hour 
incubation (Voitsekhivska et al., 2010). 

The glucose content in plant tissues was determined by the enzymatic method. 
The plant material was homogenized with 5% HClO4 solution in a ratio of 1:5. The 
homogenate was centrifuged and the extract was neutralized with KHNO3. After that, 
0.5 mL of 0,3 M Tris-HCl (pH = 7.5), 0.15 mL of 0.1 M MgSO4, 0.3 mL of 0.01 M ATP, 
1 mL of supernatant, 0.03 mL of hexokinase and 0.02 mL of glucose-6-phosphate dehy-
drogenase were added to the spectrophotometric cuvette. The contents of the cuvette 
were mixed and the optical density was determined at 340 nm (E1) on the spectro-
photometer ULAB101 (China). Then, 0.03 mL of NADP+ was added and after 5 min-
utes (reaction time) the second value of E2 was determined. The glucose content was 
defined as a difference between E2 and E1 (Buysse & Merckx, 1993).

To determine the content of sucrose, it was extracted with distilled water and 
measured spectrophotometrically using the phenol-sulfuric acid method (Sadasivam 
& Manickam, 2007). Firtsly, 50 mg of plant material was homogenized with 2 mL of 
distilled water and subsequently extracted for 12 hours. Then it was centrifuged and 
sucrose content was determined in the supernatant; 0.1 mL of supernatant was col-
lected and adjusted to 1 mL with distilled water. To the obtained extract was added 1 mL 
of 5% phenol solution and 5 mL of 96% sulfuric acid, then mixed gently. The optical 
density was measured at a wavelength of 490 nm on the spectrophotometer ULAB101 
(China). The sucrose content was calculated using the calibration curve.

Statistical analysis. All experimental data reported are mean values ± standard 
deviation (SD). Since the design of the experiment provided for the study of the effects of 
two factors (SA and drought), data comparison was carried out using two-way ANOVA. 
The statistical significance (p <0.05) of the results was established by comparing the 
studied mean values of the sample and control mean values. 

RESULTS AND DISCUSSION
The effect of drought and SA on the content of TBA-active products. The 

investigation of drought influence on plants showed a significant increase of TBA-active 
products content in the organs of Triticum aestivum L. The dynamics of TBA-active 
products formation is an evidence of their accumulation with the increase in the time of 
drought exposure. Noteworthy, a higher content of these metabolites was detected in 
the shoots of the investigated plants than in their roots. (Fig. 1, 2). Affected by the exog-
enous growth regulator – SA, the content of TBA-active products did not change signifi-
cantly relative to the control under normal conditions. However, under the simultaneous 
action of moisture deficiency and salicylate, its significant decrease was observed with 
regard to the sample exposed to the stress factor alone. After resumption of watering 
on the first day of plants’ growth, the content of TBA-active products lowered rapidly.
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Fig. 1. The influence of salicylic acid (SA) and drought on the content of TBA-active products in the shoots 
of Triticum aestivum L. plants, nmol/g of dry weight: 1–3 – 7th, 9th and 12th days of drought action 
respectively, 4 – 1st day after watering resumption; a – significant difference compared to control; b – 
significant difference compared to the sample with drought effect at p≤0.05 

Fig. 2. The influence of salicylic acid (SA) and drought on the content of TBA-active products in the roots 
of Triticum aestivum L. plants, nmol/g of dry weight: 1–3 – 7th, 9th and 12th days of drought action 
respectively, 4 – 1st day after the resumption of watering. a, b – same as in Fig. 1
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Effect of drought and SA on the content of photosynthetic pigments and 
chlorophyllase activity. At the next stage of our study, we determined the content of 
photosynthetic pigments as well as the activity of chlorophyllase – the key enzyme of 
their metabolism in plants under the action of drought (Yang et al., 2021). Table 1 shows 
the changes in chlorophyll a and b content, their correlation and carotenoids content 
in shoots of the Triticum aestivum L. plants under the influence of drought and SA. 
Analysis of these parameters indicates that exposure to drought leads to a decrease in 
the content of plastid pigments, especially of chlorophyll a (Uarrota et al., 2018). 

Under the condition of a decreased chlorophyll content, a slight growth in the con-
tent of carotenoids was observed under drought action on the 7th day of plant growth. 
Meanwhile, such reaction was not detected on the 9th and 12th days. SA partially leve led 
the drought impact on the content of photosynthetic pigments in shoots of Triticum aesti-
vum L. at all stages of plants’ growth. The most visible influence of SA was noticed on the 
9th and 12th days of plants’ growth, when under the conditions of water deficiency, the 
content of carotenoids and chlorophyll decreased rapidly (see Table). The resumption 
of watering did not cause the growth of photosynthetic pigments on the 1st day, whilst 
under the effect of SA in the same conditions, their insignificant increase was observed.

The influence of drought and SA on the content of photosynthetic pigments in the 
shoots of Triticum aestivum L. plants, mg/g of dry weight

Sample Chlorophyll a Chlorophyll b Chl a/b ratio Carotenoids
7th day of drought 

Control 1.98 ± 0.03 0.71 ± 0.02 2.79 0.59 ± 0.02
SA 2.11 ±0.08 0.80 ± 0.06 2.64 0.76 ± 0.07a

Drought 1.34 ± 0.01a 0.65 ± 0.03 2.06 0.68± 0.05a

SA + drought 1.76 ± 0.12ab 0.89 ± 0.14ab 2.07 0.72 ± 0.08a

9th day of drought
Control 2.15 ± 0.06 0.76 ± 0.13 2.83 0.87 ± 0.06
SA 2.24 ± 0.06 0.84 ± 0.05 2.67 0.80 ±0.04
Drought 1.49 ± 0.08a 0.69 ± 0.04a 2.29 0.69 ± 0.03a

SA + drought 1.79 ± 0.15ab 0.80 ± 0.07b 2.24 0.77 ± 0.03b

12th day of drought
Control 2.40 ± 0.05 0.89 ± 0.10 2.70 0.93 ± 0.06
SA 2.45 ± 0.05 1.03 ± 0.04 2.38 0.86 ± 0.04
Drought 1.32 ± 0.13a 0.80 ± 0.01a 1.65 0.64 ± 0.03a

SA + drought 2.13 ± 0.10ab 0.92 ± 0.09b 2.32 0.88 ± 0.07b

1st day after resumption of watering
Control 2.76 ± 0.11 1.19 ± 0.06 2.32 0.97 ± 0.10
SA 2.68 ± 0.14 1.14 ± 0.08 2.35 0.94 ± 0.06
Drought 1.25 ± 0.06a 0.74 ± 0.03a 1.69 0.70 ± 0.04a

SA + drought 2.32 ± 0.08ab 1.09 ± 0.12b 2.13 0.92 ± 0.07b

Note: a, b – same as in Figure 1 
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As it is visible from the data shown in Figure 3, the chlorophyllase activity in shoots 
of the investigated plants was law enough, between 1–2 % of chlorophyll conversion 
into chlorophyllide, which can be explained by the young age of plants. Simultaneously, 
the chlorophyllase activity was growing with the increase of drought duration. The high 
enzyme activity in shoots of the plants under the drought conditions is caused by the 
significant intensity of chlorophyll catabolism. 

Fig. 3. The chlorophyllase activity under the influence of SA and drought in shoots of Triticum aestivum L. 
plants, % of chlorophyll conversion: 1–3 – 7th, 9th and 12th days of drought action respectively, 4 – 
1st day after resumption of watering. a, b – same as in Fig. 1

Comparing the content of chlorophyll a and b and enzyme activity that catalyzes 
the first stage of chlorophyll degradation (Yang et al., 2021), the correlation of these 
indicators is visible. It is obvious, that the increase in chlorophyllase activity induced 
the decrease in the content of photosynthetic pigments under drought conditions. The 
SA influence caused a significant decrease in chlorophyllase activity. Consequently, the 
chlorophyll content affected by salicylate was slightly higher under the stress conditions 
than under the influence of drought alone. At the same time, it should be noted that this 
dependency had a non-linear character. 

The influence of drought and SC on the content of glucose and sucrose. The 
preliminary role of glucose in plant metabolism is to serve as a main source of energy 
that is used in various chemical syntheses (Barnaby et al., 2013). Despite the fact that 
glucose, like fructose, is widely distributed in plants, they almost never occur in the free 
state and are involved in metabolism in the form of phosphoric acid ethers. Moreover, 
these sugars are required for the synthesis of nucleic acids, enzymes, coenzymes, gly-
cosides and polysaccharides. Due to the influence of moisture deficiency, the content of 
glucose in the aboveground part of the studied plants increased significantly. Figure 4 
illustrates the effect of SA on the glucose content in the shoots of Triticum aestivum L. 
under drought conditions.
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Fig. 4. The influence of salicylic acid (SA) and drought on the content of glucose in the shoots of Triticum 
aestivum L. plants, mg/g of dry weight: 1–3 – 7th, 9th and 12th days of drought action respectively, 
4 – 1st day after watering resumption; a, b – same as in Fig. 1

The results of our research showed that under the influence of drought there is  
a sharp increase in the content of glucose. At the same time, under the combined influ-
ence of SA and drought, the amount of this monosaccharide was almost the same as 
under the action of a stress factor solely.

Considering the fact that under the combined effect of SA and drought, the total 
soluble carbohydrate content, as well as fructose content, increased significantly, and 
the glucose content was almost the same as under the influence of the stress factor 
alone, it can be assumed that the osmotic potential of cell juice under the effect of 
salicylate increased as a consequence of the increase in the accumulation of fructose 
or other water-soluble carbohydrates, while glucose did not play an important role in 
this process.

Apart from fructose and glucose, sucrose is an important soluble metabolite that 
affects the osmotic potential of plants (Hatanaka & Sugavara, 2010). Therefore, the next 
step in our work was to determine the concentration of this disaccharide in the tissues of 
the studied plants. The obtained data showed that the sucrose content in plant tissues 
increased significantly under drought conditions (Fig. 5). 

Under the combined effect of stress factor and salicylate, the sucrose content was 
considerably higher than in plants grown from untreated seeds. After the resumption 
of watering, the concentration of sucrose in the studied plants sharply decreased and 
reached the level of control. At the same time, in the absence of stress factor, salicylate 
did not affect the content of sucrose, as well as the other studied components of carbo-
hydrate metabolism.
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Fig. 5. The influence of salicylic acid (SA) and drought on the content of sucrose in the shoots of Triticum 
aestivum L. plants, mg/g of dry weight: 1 – 3 – 7th, 9th and 12th days of drought action respectively, 
4 – 1st day after watering resumption; a, b – same as in Fig. 1

DISCUSSION
The investigation of drought influence on plants showed a significant increase in 

the content of TBA-active products in the organs of Triticum aestivum L. The reason for 
that is the growth in content of reactive oxygen species (ROS) under stress conditions. 
ROS perform the function of signalling molecules and launch a range of reactions that 
are involved in the formation of plant resistance to the stress factor (Gupta et al., 2015). 

It is known that ROS can potentially be formed in almost any cellular compartment. 
However, due to a high oxygen concentration, chloroplasts, that are localized in green 
parts of a plant, are a special place. Under the effect of unfavourable environmental fac-
tors such as drought, hypothermia, HM, salinization the decrease of СО2-fixation and 
use of NADPH in the dark phase of photosynthesis take place. 

Therefore, the highly active oxygen intermediates are mainly formed in chloroplasts 
owing to oxygen overproduction and high-energy reactions of electrons transport that 
are associated with thylakoid membranes. In particular, the production of superoxide 
anion occurs in both photosystem I (mostly with the participation of ferredoxin) and 
photosystem II (during the photolysis of water). The occurrence of superoxide radical 
in chloroplasts may be induced by the main enzyme of СО2-fixation – ribulose-1,5-bi-
sphosphate carboxylase. As a consequence of ROS overproduction, part of chloro-
phyll mole cules can be damaged by these components. The increased intensity of lipid 
peroxidation processes under the stress conditions causes changes in the protective 
antioxidant system, in particular the activity redistribution of antioxidant enzymes and 
components of low molecular antioxidants pool takes place (Li & Kim, 2022). 

The most sensitive to water stress plant processes are growth and photosynthesis. 
It was proven that the intensity of leaves photosynthesis drops with decreasing air or 
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soil humidity, sometimes even with slight or invisible shifts of water deficiency in leaf. 
The latest studies indicate that the decrease in photosynthesis intensity under these 
circumstances is conditioned by the decreased leaf conductance due to stomatal clo-
sure. This process is very fast and plays an important role in the resumption of normal 
functioning of photosynthetic apparatus after water withdrawal. Nevertheless, lasting 
and severe droughts cause the inhibition of photosynthetic apparatus activity, changes 
in metabolism, and as a consequence, a change in plant organism structure.  The reac-
tion of photosynthetic apparatus to water stress in different plants species is not the 
same (Wang et al., 2018).

Pigments play the key role in the functioning of photosynthetic apparatus. 
Photosynthetic pigments, in particular chlorophyll, are very sensitive indicators of plant 
leaves state. Even a short-term water stress can cause acceleration of chlorophyll deg-
radation, however this effect differs in deferent ecological groups (Guidi et al., 2019).

Research suggests that chlorophyll a/b correlation decreases significantly under 
these conditions. The reason is a considerable reduction of chlorophyll a content as  
a consequence of several processes. The most probable cause is the slowdown of pro-
tochlorophyll formation and the overall speed of chlorophyll synthesis, which is common 
under the conditions of moisture deficiency. On the other hand, the reduced amounts 
of pigments can be conditioned by chlorophyllase activation that results in chlorophyll 
degradation (Yang et al., 2021).

Obviously, the growth of total carotenoids content was caused by their protective 
function under the stress conditions. These pigments not only absorb and supply addi-
tional light energy to the reaction centers of photosystems I and II, but also protect them 
from the destructive action of light and ROS. Carotenoids are usually less sensitive to 
the influence of water stress than chlorophyll (Uarrota et al., 2018). However, the fol-
lowing durable growth of water deficiency (9 and 12 days) caused the reduction of the 
amounts of these pigments, most probably, as a consequence of their enzymatic or 
non-enzymatic (photochemical) oxidation (Nisar et al., 2015).

It is known that carotenoids can be situated in different parts of chloroplasts and 
depending on that perform different functions.  In particular, pigments that are loca-
lized in thylakoid membranes participate in light reactions of photosynthesis and provide 
the structure stability of pigment-protein light-harvesting complexes. At the same time, 
carotenoids found on the outer or inner membranes of plastids are important compo-
nents of ABA biosynthesis and in fact are its forerunner. Thus, the decrease in the 
amount of carotenoids in plant tissues under the effect of water deficiency that was 
observed in our study might be caused by the increased ABA content. At times, the con-
centration of this phytohormone can be increased under the influence of unfavorable 
factors of biotic or abiotic nature (Skubacz et al., 2016).

Chlorophyllase activity changes both depending on the plant’s ontogenetic stage 
and under the influence of various exogenous factors, in particular salinization, hyper-
thermia, moisture deficiency. At the same time, chlorophyllase activity grows with the 
increase in drought duration. The high enzyme activity in the shoots of plants under 
drought condition is caused by a significant intensity of chlorophyll catabolism. According 
to other authors, an increase in chlorophyllase activity occurs mainly due to transfor-
mation of the enzyme’s form from membrane-bound into weakly bound which is much 
more active (Jo et al., 2023). However, under the combined influence of drought and 
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SA, the activity of this enzyme was significantly lower than under the effect of drought 
alone. SA caused a certain decrease in chlorophyllase activity under stress conditions. 

Some authors admit that there is no direct correlation between chlorophyll content 
and chlorophyllase activity.  First of all, not all aspects of this enzyme’s functional activity 
have been explored. Another reason is the ability of different enzymes, except chlorophyl-
lase, to participate in the process of chlorophyll catabolism (Yilmaz & Gökmen, 2016).

Reducing sugars in the assimilation organs of the studied objects are represented 
by glucose and fructose. They are the main substrates of oxidation for the process of 
cellular respiration. These monosaccharides play a protective role against the effects of 
adverse environmental factors, such as droughts, high temperatures, X-rays, pollutants, 
etc. (Iusypiva & Borisova, 2015). Thus changes in the content and correlation of dif-
ferent forms of carbohydrates are important indicators of changes in plant metabolism 
under the conditions of adaptation to drought. Another important function of mono- and 
disaccharides that are accumulated under the stress conditions is their effect on the 
protein-lipid components of cells that undergo dehydration under the conditions of water 
deficiency (Kobyletska, 2020).

One of the mechanisms of plant adaptation to conditions of water deficiency is 
the regulation of osmotic pressure by increasing the number of soluble compounds 
capable of maintaining the osmotic balance between the cytoplasm and vacuoles. 
Therefore, the ability to accumulate osmotically active substances, such as proline, 
sucrose, mono saccharides, raffinose, or stachyose indirectly indicates the formation of 
plant resistance to stress.

Sucrose is the most common oligosaccharide, which can be accumulated in large 
quantities in the vacuoles of plant cells. In addition to being the main transport carbo-
hydrate of plants, it plays a special role in shaping the plants’ resistance to stress fac-
tors. Under these conditions, the function of sucrose is not limited to osmoprotective 
properties. It is known that sucrose can replace water in formation of the phospholipid 
structure under conditions of moisture deficiency. In particular, in the resistant moss 
Syntrichia ruralis (Hedw.) F. Weber & D. Mohr, the content of sucrose, which is an 
important component of the biological „glass” formed by drying due to vitrification, can 
reach 10% of dry weight of plants (Hatanaka & Sugavara, 2010). Oligosaccharides, 
in particular sucrose, are known to have the ability to stabilize phospholipid bilayers 
thanks to the hydrogen bonds to polar groups. Thuswise, the distance between the 
phospholipid bilayers of the membranes is maintained and damage to the phase transi-
tions can be minimized. 

The accumulation of soluble sugars, in particular glucose and fructose, in the 
assimilation part of the shoots of the studied plants is caused by their high metabolic 
and transport activity, which affects their growth and development. Besides, they are 
osmotically active compounds that play an important role in the cell’s structural and 
functional stability under conditions of water deficit.

An important element of plant adaptation to drought is the alteration in carbohydrate 
metabolism that is directly connected to the process of photosynthesis and transport of 
assimilates. As it can be seen from the results of our research, this process is very sen-
sitive to changes in water status. The increased concentration of soluble carbohydrates 
at the initial stages of drought is one of the rounds of plants’ physiological response and 
plays an essential role in the osmotic adaptation. Glucose is an important metabolite 
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of plants as it is the main precursor in the biosynthetic reactions of carotenoids, ascor-
bate and amino acids which are required for the glutathione formation (Barnaby et al., 
2013). All these compounds are important components of the stress-adaptive response 
of plants, so the growth of their content under the influence of SA can be considered  
a positive effect.

It is known, that under the conditions of moisture deficiency, the protective functions 
in plants are performed by a range of compounds: soluble carbohydrates, free amino 
acids, antioxidant systems that minimize the negative effects of dehydration, and proteins, 
in particular LEA-proteins (late embryogenesis abundant proteins), which are formed and 
accumulated in plant cells as a response to moisture loss by the plant organism due to the 
action of water, osmotic and low temperature stresses (Magwanga et al., 2018). 

The accumulation of carbohydrates might be caused by starch catabolism. This 
might be one of the reasons for glucose and fructose accumulation in the tissues of the 
studied plants under the conditions of moisture deficiency, which was determined in our 
studies. The increase in sugars content contributes to membrane and protein stabiliza-
tion, maintenance of cell water status. Stress-activated accumulation of amino acids 
such as glycine, serine and glutamate regulates and integrates metabolism in photo-
synthetic tissues. The vast majority of these osmolytes are localized in chloroplasts 
and cytoplasmic compartments of the plant cell and occupy about 20% of its volume. 
The natural concentration of osmolytes reaches more than 200 mM; such concentra-
tions support cell turgor and create a gradient of water potential for water absorption in 
drought conditions (Anesheh et al., 2012).

Therefore, an increase in the content of soluble carbohydrates, as well as glucose 
and sucrose in plant shoots at the prior treatment with SA in drought conditions should 
be considered as a manifestation of adaptive reactions and the basis for the formation 
of plant resistance to stress factor.

Our research results showed that under the influence of moisture deficiency, there 
was an increase in the content of soluble carbohydrates, as well as glucose and sucrose 
in Triticum aestivum L. (C3-plants), which was enhanced by salicylate. 

Conclusion. Drought and SA affect the content of chlorophyll and carotenoids in the 
shoots of Triticum aestivum L., apparently by changing their metabolism. Chlorophyllase 
plays an important role in the process of adaptation of photosynthetic apparatus to the 
conditions of drought. Participating in the plants’ adaptive processes under the condi-
tions of moisture deficiency, SA causes an increase in photosynthetic pigments content 
and a decrease in enzyme activity. Under the influence of SА combined with moisture 
deficiency, an increase in the content of soluble carbohydrates glucose and sucrose in 
the shoots of wheat plants was observed. The reason for the increase in the content 
of soluble carbohydrates is their important function in plants to overcome the osmotic 
stress under drought conditions. So, the obtained data on the adaptive reactions of 
wheat plants under drought conditions prove the prospects of using salicylic acid for 
increasing the drought resistance of plants.
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АДАПТИВНІ РЕАКЦІЇ РОСЛИН ПШЕНИЦІ ДО УМОВ ПОСУХИ ЗА ВПЛИВУ 
САЛІЦИЛОВОЇ КИСЛОТИ

Мирослава Кобилецька, Оксана Величко, Оксана Мамчур
Львівський національний університет імені Івана Франка

вул. Грушевського, 4, Львів 79005, Україна

Обґрунтування. Посуха є одним із найважливіших факторів впливу на ріст  
і продуктивність рослин. Досліджено перспективи використання стреспротектор-
ної сполуки – саліцилової кислоти (СК) – з метою підвищення адаптивного потен-
ціалу рослин Triticum aestivum L. за умов посухи. Встановлено вплив саліцилової 
кислоти на фотосинтетичний апарат рослин пшениці в умовах посухи з подальшим 
поступовим відновленням поливу.

Матеріали та методи. Об’єктами дослідження були рослини пшениці (Triticum 
aestivum L.) сорту Подолянка. Попередньо насіння замочували у розчині саліци-
лової кислоти (50 мМ) на 3 год. Насіння спочатку пророщували в інкубаторі, а на 
3-й день пересаджували у пластикові горщики (d = 14 см). Рослини вирощували 
на ґрунтовому субстраті, вологість якого підтримували на рівні 60 % від повної 
вологоємності – оптимальне водопостачання. Модель посухи створювали одно-
часним припиненням зрошення (30 % вологоємності ґрунту) упродовж 12 днів. 
Опісля вологість ґрунту в горщиках доводили до 60 % від повної вологоємності 
ґрунту. Контрольні рослини вирощували з насіння, не обробленого саліциловою 
кислотою, за умов оптимального водопостачання (60 %). Для досліджень відби-
рали зразки із проростків пшениці на 7, 9 і 12-ту добу посухи та в першу добу після 
відновлення поливу (14-та доба). Визначали концентрацію ТБК-активних продук-
тів, хлорофілу, каротиноїдів, глюкози, сахарози й активність хлорофілази.

Результати. Встановлено вплив саліцилової кислоти на вміст хлорофілу, 
каротиноїдів і ТБК-активних продуктів, а також на активність хлорофілази у про-
ростках пшениці за умов посухи на ранніх етапах онтогенезу. Виявлено, що посуха 
й саліцилова кислота змінюють вміст хлорофілу і каротиноїдів у пагонах Triticum 
aestivum L., очевидно, впливаючи на їхній метаболізм. Важливу роль в адапта-
ції фотосинтетичного апарату до умов посухи відіграє хлорофілаза. Наші дослі-
дження доводять, що саліцилова кислота зумовлює збільшення вмісту фотосин-
тетичних пігментів і зниження активності хлорофілази за умов посухи. Саліцилат 
також спричинював нагромадження глюкози та сахарози у тканинах пагонів рос-
лин пшениці за стресових умов.

Висновки. Наші дослідження свідчать про участь саліцилової кислоти в адап-
таційних процесах рослин за умов дефіциту вологи. Також встановлено, що під 
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дією саліцилової кислоти в пагонах рослин за умов посухи відбувається зниження 
вмісту ТБК-активних продуктів. З огляду на те, що вміст ТБК-активних продуктів 
є важливим показником інтенсивності перекисного окиснення ліпідів, зниження 
цього показника свідчить про зниження активності вільнорадикальних процесів  
у рослинних тканинах під дією саліцилової кислоти. Можна припустити, що СК 
позитивно впливає на метаболізм рослин за умов посухи.

Ключові слова: адаптація, посуха, Triticum aestivum L., ТБК-активні продукти, 
фотосинтетичні пігменти, хлорофілаза, вуглеводи


