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Abstract

Salicylic acid (SA) is an imperative endogenous plant hormone. It is considered as one of the most important signaling
molecule, involved in both abiotic and biotic stress tolerance. Application of optimal concentrations (0,05 mM) of SA enhances
plants tolerance to cadmium stress by modulating levels of several metabolites, including components of antioxidative defense,
osmolytes, secondary metabolites, and metal-chelating compounds. We showed that when SA and Cd were applied simultaneous-
ly, the damage was less pronounced than without SA. SA treatment itself also caused the oxidative stress, but decreased flavonoids
content, regulated phenolic synthesis and lignin formation. Thus, the main purpose was to investigate how SA treatment, used
prior the Cd stress, prevented the damaging heavy metal effects in buckwheat plants. And show that regulation of flavonoids and
lignin formation are an important indicator of stability and stress resistance. The obtained data will expand the knowledge about
the role of phenolic compounds and the action of salicylate under the cadmium chloride conditions. Also data with this type of
buckwheat — Fagopyrum esculentum Moench, Rubra variety under the action of cadmium chloride and salicylic acid not found.
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1. Introduction

Salicylic acid (SA) may act as a component of the signal transduction system; it has promot-
ing effects on various physiological processes, related to plant growth and development [1, 2]. As
a phenolic compound it is important in defense against pathogen attack [3], certain abiotic stress-
es, in particular, heat and heavy metals stress. Heavy metal contamination issues are becoming
of increase in Ukraine and worldwide, with many documented cases of metal toxicity in mining
industries areas, foundries, smelters, coal-burning power plants and agriculture. The heavy metal
accumulation in soils is of concern in agricultural production due to the adverse effects on food
safety and marketability, crop yields and environmental health of soil organisms. Cd is one of the
most aggressive heavy metals that induce oxidative stress in plants [4]. Cadmium has a high impact
on plants and consequently it affects an ecosystem, where plants form an integral component.

Salicylic acid (SA) is an imperative endogenous plant hormone. It is considered as one of the
most important signaling molecule, involved in both abiotic and biotic stress tolerance. Application
of optimal concentrations (0.05 mM) of SA enhances plants tolerance to the cadmium stress by
modulating levels of metabolites, including components of secondary metabolites.

Flavonoids, the important secondary metabolites with many and diverse key functions that
belong to a largest class of substances, produced by plants — phenylpropanoids. These substances
are of interest of plant and animal biochemists, plant pathologists, geneticists and biotechnologists.
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They are involved in major processes, such as cell wall formation, photosynthesis, respiration,
allelopathic interactions between plants, protection against pathogens and herbivores [5]. They are
produced by plants in response to biotic or abiotic stresses, such as wounding, UV-radiation, expo-
sure to pollutants, ozone, and other adverse environmental conditions [6, 7]. It was reported, that
0.05 mM exogenous SA before the reproductive stage resulted in a higher seed germination.

Buckwheat (Fagopyrum esculentum Moench) belongs to crops of secondary importance
in many countries. The main producers are China, Ukraine, Kazakhstan and Russian Federation,
but generally it is consumed or traded locally. Except for the wide spread of this variety, Rubra
variety — Fagopyrum esculentum Moench., characterized a high initial content of phenolic com-
pounds, and can be investigated the effect of salicylate and cadmium, as well as changes under
these conditions.

The aim of the present study was to investigate the effect of SA on cadmium stress in buck-
wheat, changes of flavonoids contents, lignin formation, which will allow to see external (lignifica-
tion) and internal (flavonoid formation) under stress conditions. Because the lignification and for-
mation of flavonoids are an important process in the chelation of heavy metals and their retention
in the compartments of the plant cell.

2. Materials and Methods

Buckwheat (Fagopyrum esculentum Moench.) Rubra variety was used in the laboratory
experiments. Growing conditions: 16 h — photoperiod, 15 °C — night temperature, 20 °C — day
temperature. Previously sterilized seeds were soaked for 5 h (experimentally selected for buck-
wheat) in the 0.05 mM SA solution (experiment) and distilled water (control). Then seeds were
germinated on a filter paper in Petri dishes at 23+1 °C for three days. Uniform seedlings were
transferred to pots, filled with 1.5 kg washed and inciderated sand, artificially contaminated with
Cd as CdCl,2.5H,0 at levels of 0 and 25 mg Cd kg sand. The pots were watered to 60 % water
holding capacity of the sand and fertilized twice a week with 25 ml modified Hoagland’s nutrient
solution. The concentrations of flavonoids and lignin were determined in shoots on the 14™ and
21% days of plant growth. The experimental plants were in the phase of the second (14 days) or
the third leaf (21 days).

2. 1. Flavonoids estimation

The plant material was fixed at 105 °C for 15 min and dried at 40 °C for dry matter obtaining.
Dry samples (50-100 mg) were homogenized with a 0.2 g glass powder and transferred to the test-
tube with 2 ml methanol for 1 hour for extraction. Then, the mixture was centrifuged at 3000 g for
5 min. The supernatant was used for the next steps of flavonoids analysis. Series of standard solu-
tions of rutin and quercetin (concentrations 0.5, 1, 2, 4 mg/ml) and 0.5 pul of the extract were
dropped on a chromatography thin plate with silicagel Sorbfil (Ukraine). The solvent system for the
separation of flavonoid compounds was ethyl acetate — acetonitrile — 35 % formic acid (13:5:2, v/v).
Visualization was performed by sprinkling with a 0.1 % TiOSO,, chromatograms were analyzed at
wavelength 450 nm with spectrophotometer ULAB 101 (China) [8].

2. 2. Lignin determination

We used the Wiesner’s reaction, based on phloroglucinol condensation with cinnamic al-
dehydes (coniferyl aldehyde) in the acidic environment and formation of cherry red product [9]. A
thin stem sections after washing in the distilled water were placed on a glass slide and stained by
5 % alcohol solution of phloroglucine, followed by 25 % H,SO, as described in [10]. After 10 mins,
the sections were viewed into a microscope. The aperture in each variant of the lignin test was
measured, using a program Image Tool (USA).

2. 3. Statistical analysis

Each experiment was performed in five replications. The means and standard deviations
were calculated by the JIMP Pro 14 and Microsoft Office Excel 11. Statistical significance of differ-
ence was evaluated with Student’s t-test (P<0.05).
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3. Results and Discussion

SA plays a crucial role in the regulation of physiological and biochemical processes during
the plants entire lifespan. It is known that the content of endogenous SA can be increased by exog-
enous applications [11]. In our experiments exogenous 0.05 mM SA in dosage 10 ml per g of seeds
influenced a seed germination rate (Table 1).

Table 1
Effect of 0.05 mM SA on the germination of buckwheat seeds Rubra variety in the laboratory conditions, Petri
dishes, 20.0+1.0 °C

Germination rate, %

Variants - - Percent of germination, %
First day Second day Third day
Control (H,0) 78.0£3.0 87.0+6.0 91.0+3.0 92.0+3.0
SA (0.05 mM) 85.0£3.0 88.0+5.0 91.0+5.0 92.0+3.0

Exogenous SA also promoted root growth on the initial stages, compared with the control
treatment (Fig. 1).
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Fig. 1. The effect of the SA (0.05 mM) on early growth of buckwheat Rubra var. plants
(7" day of germination, Petri dishes)

The endogenous SA content could be increased exogenously and this action can induce plant
stress [12].

Any biotic and abiotic stress effects can intensify the biosynthesis of flavonoids in different
anatomical parts of the plant [15]. A plant cell wall is the first barrier against external hazards, one
of the general reactions of plants under biotic and abiotic stresses is the accumulation of reactive
oxygen species, accompanied by an increase in lignin accumulation [16—18]. Flavonoids possess
antioxidant properties and realize a protective effect and barrier function due to the formation of
lignin [13].

The result of our investigation showed that flavonoids level was higher in buckwheat shoots
(Fig. 2, 3). Under the SA treatment an increase of the flavonoids content on a 14" and 21% days of
experiment was observed. Cadmium (25 mg/kg) induced a slight increase in flavonoids concentra-
tion, compared to the control (Fig. 3). Under the combined action of SA and cadmium on 21% day
of experiment a nearly 3-fold decrease in flavonoids was observed (Fig. 2).

The results obtained are confirmed by literature data for minor changes in the flavonoids pool
due to the cadmium stress, which may indicate their conversion to coumarins or lignin [13, 14].

In the roots we observed a slight increase in flavonoids (Fig. 3). On 14-day of growth with
SA it could be caused by changes in common synthetic phenylpropanoid pathways. Cadmium led
to 8 % decrease of flavonoids concentration in the roots on 14-days plants, and its 3-fold increase on
21 days (Fig. 3). However, in the shoots it did not change during the experiment (Fig. 2).

Lignin biosynthesis is also closely related to plant heavy metals absorption, transport and
tolerance. It is reported, that lignification of xylem in roots and shoots can reduce the transport of
Cd to the grain [19].
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Fig. 2. The SA (0.05 mM) and CdCl, (25 mg/kg) effects on flavonoids content in a shoots of
14- and 21-days buckwheat (Fagopyrum esculentum Moench, Rubra var.) plants; *— P<0.05
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Fig. 3. The SA and CdCl, effect on flavonoids content in roots of 14 and 21-days buckwheat
(Fagopyrum esculentum Moench, Rubra var.) plants; *— P<0.05

Our results show the differences in lignin accumulation in the shoots under the SA and Cd
influence. It should be noted, that for the detection of lignin there were selected different parts of
the plant — leaf, stem, node. Lignin formation was not noticed in the control condition, no in the
longitudinal (Fig. 4) or in the cross sections (Fig. 5) of the shoots.

100um
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Fig. 4. Localization of lignin (longitudinal section) in a shoots of buckwheat (Fagopyrum
esculentum Moench, Rubra var.) plants under the action of cadmium chloride and salicylic acid

It was shown, that different parts of plants have different content and distribution of lignin.
The stem node had a significantly higher density than the internode. The reason for this may be the
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high content of phenolic acids [13]. We assume SA as a substance of phenolic origin that also had
an influence on the process of lignification in buckwheat plants, the similar results were obtained
on mutants and transgenic plants and they proved the metabolic plasticity of lignin biosynthesis
(Fig. 4, 5).

Fig. 5. Localization of lignin (cross section) in a shoots of buckwheat (Fagopyrum esculentum
Moench, Rubra var.) plants under the action of cadmium chloride and salicylic acid

4. Conclusions
We can assume that SA in concentration 0,05 mM has the positive effect on seed germina-
tion. Pre-soaking with this concentration had more beneficial effect on the plant than the treatment
with distilled water. SA treatments revealed a stimulative effect on flavonoids accumulation in
buckwheat plants. The obtained results indicate that lignin formation correlated with flavonoids
content. Moreover, cadmium and SA acid increase lignin formation, but without any change in
flavonoids content. But, when the SA treatment used prior the Cd stress, it prevented the damaging
heavy metal effect.The treatment with salicylic acid can regulate the content of phenolic com-
pounds, which in turn leads to chelation of metals and prevents entry into the stem or grain of the
plant. Our results can be implemented in agronomy and horticulture of cereal plants.
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