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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

Plant 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:

X D-1000000-V-A
H-¢ '
where D — the optical density of the dilution; V — the volume of reactive compound, mL;
A — the correlation of total volume of the extract to the sample volume; ¢ — the molar
extinction coefficient (155000 I/cm-mol); H — 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:

Cchlorophylla =9.784 - Dgs, — 0.990 - Dg,,;
Cenoropyi o = 21.426 * Dg,, — 4.650 - Dy,
Contoroptytiars = 9-134 - Dggp + 20.436 - Dgyy;

carotenoids — 4.695 - D440,5 -0.268 - (Cchlorophyll a+b)'
The amounts of pigments were expressed in mg/g of fresh matter and calculated
applying the formula:
_ CcVv
~ H-1000’

where C — the concentration of pigments, mg/L; V — the volume of extract, mL; H — 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:

C =6.45 - Dy + 17.72 - Dy,

chlorophyll a+b —
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The remaining samples were transferred to the separatory funnels adding 2.5 mL
of 0.02 M NH,OH, 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% HCIO, solution in a ratio of 1:5. The
homogenate was centrifuged and the extract was neutralized with KHNO,. After that,
0.5 mL of 0,3 M Tris-HCI (pH = 7.5), 0.15 mL of 0.1 M MgSO,, 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.
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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
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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 leveled
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 £ 0.072
Drought 1.34 £0.01° 0.65+0.03 2.06 0.68+ 0.057
SA + drought 1.76 £ 0.122° 0.89 £ 0.14% 2.07 0.72 £ 0.082
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 £ 0.08° 0.69 + 0.042 2.29 0.69 + 0.032
SA + drought 1.79 £ 0.15% 0.80 + 0.07° 224 0.77 £ 0.03°
12th day of drought
Control 240+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+£0.13° 0.80 + 0.012 1.65 0.64 + 0.032
SA + drought 2.13+0.10% 0.92 + 0.09° 2.32 0.88 + 0.07°
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 + 0.06° 0.74 £ 0.032 1.69 0.70 £ 0.042
SA + drought 2.32 + 0.08% 1.09 £ 0.12° 213 0.92 +0.07°

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.
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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
SAinfluence 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 CO,-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 | (mostly with the participation of ferredoxin) and
photosystem Il (during the photolysis of water). The occurrence of superoxide radical
in chloroplasts may be induced by the main enzyme of CO_-fixation — ribulose-1,5-bi-
sphosphate carboxylase. As a consequence of ROS overproduction, part of chloro-
phyll molecules 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

ISSN 1996-4536 (print) ¢ ISSN 2311-0783 (on-line) e Bionoriyni Ctygaii / Studia Biologica e 2023 ¢ Tom 17 / Ne 4 e C. 117-132



126 Myroslava Kobyletska, Oksana Velychko, Oksana Mamchur

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 | and Il, 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 & Gékmen, 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. (lusypiva & 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, monosaccharides, 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 SA 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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ADQANTUBHI PEAKLII POCJTVH MLWWEHMLI 4O YMOB MOCYXU 3A BMNMBY
CANILUUNOBOI KNCNOTKU

Mupocnaea Kobuneybka, OkcaHa Benuyko, OkcaHa Mamyyp

JibsiecbKuli HayjoHanbHUl yHigepcumem iMmeHi leaHa ®paHka
syrn. [pywescbkoeo, 4, Jlbeie 79005, YkpaiHa

O6rpyHTyBaHHA. [ocyxa € ogHMM i3 HanBaXnuMBILLMX (DaKTOPIB BMIMBY Ha piCT
i MPOAYKTUBHICTb pOCrnvH. [JocnigXeHo NepcnekTMBM BUKOPUCTAHHA CTPECnpOTEKTOpR-
HOi cnonyku — caniuunosoi kucnotu (CK) — 3 MeToro nigBuLLEHHS aganTMBHOIO NOTEH-
uiany pocnuH Triticum aestivum L. 3a ymoB nocyxu. BctaHoBneHo BNvB caniumnoBoi
KMCNOTU Ha (POTOCUHTETUYHUI anapaT POCIINH NIWEHMLi B YMOBaX NOCYXM 3 NOAanbLUNM
MOCTYMOBWM BiAHOBMEHHSIM MOMNMBY.

Marepianu Ta metogu. O6’ekTaMum gocnigpkeHHs 0ynu pocnuHu nwenndi ( Triticum
aestivum L.) copty lNogongaHka. NonepegHbO HaCiHHA 3aModyBanu y po3dmHi canium-
nosoi kncnotu (50 MM) Ha 3 roa. HaciHHsa cnovyaTky npopollyBanu B iHKybaTopi, a Ha
3- AeHb nepecamkyBanu y nnactukosi ropwmkm (d = 14 cm). PocnvHu BupoLlyBanm
Ha rpyHTOBOMY cyGCTpaTi, BOMOriCTb SKOro nigTpumyBanu Ha piBHi 60 % Big MOBHOI
BOJIOFOEMHOCTI — onTMMaribHe BogonocTadaHHA. Moaenb nocyxu cTBoptoBanu ogHoO-
YaCHUM NPUMNUHEHHAM 3poLueHHs (30 % BOMOroeMHOCTI IPyHTY) ynpooosx 12 AOHIB.
Onicnsa BonoricTb rpyHTY B ropwmkax gosogmnu go 60 % Big MOBHOI BOMOrOEMHOCTI
rpyHTY. KOHTpOMbHI poCnMHM BMpOLLYBanu 3 HaciHHSA, He 0OpobneHoro caniunnoBoto
KMCIOTO0, 3a YMOB ONTMMarnbHOro BogonoctayaHHs (60 %). Onsa gocnimxkeHb Biabu-
panuv 3pasku i3 NPopOCTKiB neHuui Ha 7, 9 i 12-Ty goby nocyxu Ta B nepLuy Aoby nicns
BigHOBMNEHHs nonuey (14-ta go6a). BusHavanu koHueHTpadito TBK-akTUBHUX Npoayk-
TiB, Xnopodiny, KapoTUHOIAIB, MMIOKO3U, Caxapo3un 1 akTUBHICTb Xrnopodinasu.

Pe3ynbratu. BcTaHoBneHo BMAMB caniyuroBOl KACNOTU Ha BMICT Xropodiny,
kapoTuHoigiB i TBK-akTMBHUX NPOAYKTIB, @ TAaKOX Ha aKTMBHICTb Xxnopodinasu y npo-
pPOCTKax MLeHuLi 3a YMOB MOCYXU Ha paHHiX eTanax oHToreHesy. BussneHo, Wwo nocyxa
M caniumMnoBa KucnoTa 3MiHTbL BMICT Xropodiny i KapoTuHOIAiB y naroHax Triticum
aestivum L., o4eBMAHO, BNMMBaOYM Ha iXHin MeTaboniam. Baxnuey ponb B aganta-
Uil (hOTOCUHTETMYHOIO anaparty A0 yMOB NMOCyxu Bigirpae xnopodinasa. Hawi gocni-
IPKEHHS1 OBOAATH, LLO caniyuioBa KMcnoTa 3yMOBIOE 306iMbLUEHHST BMICTY pOTOCKH-
TETMYHMX MITMEHTIB | 3HWXKEHHSA aKTMBHOCTI Xropodinasm 3a ymoB nocyxu. Caniyunar
TaKOX CNPUYNHIOBAB HarpoMapKeHHs [IIoKO3M Ta caxapo3un y TKaHUHaxX naroHiB poc-
TINH MLWeHULi 3a CTPECOBUX YMOB.

BucHoBku. Hawi focnigkeHHs cBigyaTh Npo y4acTb caniuunoBoi KUCNoTH B agarn-
TauiiHUX npouecax pocnuH 3a yMOB AediunTy BOMoru. TakoX BCTaHOBMEHO, LUO NiJ
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A€o caniumnoBoi KUCIOTK B NaroHax POCINH 33 YMOB MOCYXU BigOYBaETbCA 3HIDKEHHS
BmicTy TBK-akTnBHMX npoaykTiB. 3 ornagy Ha Te, wo BMIicT TEK-akTuBHMX NpoaykTiB
€ BaXNMBMM MOKA3HWKOM iHTEHCUBHOCTI MEPEKMNCHOINO OKUCHEHHS MinigiB, 3HUKEHHS
LbOro nokasHuKa CBIiAYMTb NPO 3HUXKEHHSI aKTMBHOCTI BiflbHOpaAMKanbHUX MPoLeciB
Yy POCAMHHMX TKaHWHaxX nig gieto caniumnosoi kucnotn. MoxHa npunyctutu, wo CK
NO3UTMBHO BMNMBae Ha MeTaborni3am poCrivH 3a YMOB MOCYXMU.

Knroyoei cnoea: apantauiq, nocyxa, Triticum aestivum L., TBK-akTUBHI NpoayKTw,
HPOTOCUHTETUYHI MirMeHTK, xnopodinasa, Byrnesoam
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