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Research objects: diatomite, agricultural plants, biologically important trace elements, saline soils.
The aim of the project is to study of biochemical mechanisms of increasing salt tolerance and drought resistance of plants by pre-sowing priming of seeds in the presence of various samples of Kazakhstan (Mugalzhar) diatomite.
Research methods: the study of the effect of diatomite on the salt and drought resistance of plants was carried out using classical conventional methods.

Results of research the influence of the optimal method of pre-sowing priming of seeds in the presence of diatomite on their germination under salinity conditions, growth and development of seedlings was studied. 

The essence of the novelty of the research results is that for the first time a comparative analysis of plant resistance to abiotic factors in the presence of Kazakhstan (Mugalzhar) diatomite was carried out. An experimentally based model of the protective properties of diatomite from the considered environmental factors is proposed.

Main project indicators: optimization of pre-sowing priming conditions using diatomite and study of their impact on biochemical processes that lead to increased plant resistance to adverse environmental conditions, open up a good prospect for their use in order to improve crop productivity. 

Fields of application -  the results of the work will be used in agriculture and agro-industrial complex.
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	– Molybdenum

	W
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INTRODUCTION

The effects of stress factors of abiotic and biotic nature cause huge losses of crop yield in Kazakhstan [1-3]. Increased stress on plants is observed on a global scale, as changes in climate conditions lead to marginal changes in relatively stable stress patterns for local flora. In General, stress effects on plants in recent years have caused more and more serious problems with food production in arid and transitional climatic zones [1, 2]. All this makes it an urgent task to create affordable and environmentally safe means of protecting plants from stress. 

Recently, the use of chemical stress protectors has become increasingly important, not only for controlling pathogens, i.e. for countering the main biotic stressors, but also for protecting against abiotic stress factors [3]. Abiotic stressors include adverse physical and chemical effects of both natural and man-made origin, in particular, salinization, drought, waterlogging and hypoxia, extreme temperatures and soil acidity values, high levels of heavy metals, lack of mineral nutrition elements, and many others [1]. Currently used protectants and stress-ameliorating approaches aimed at reducing the adverse effects of abiotic effects include phytohormones and their synthetic analogues, antioxidants, bacterial preparations, maintaining high levels of calcium and potassium in the soil, adding additional doses of mineral and organic fertilizers, as well as some other treatments. 

In the last decade, the primary plant response to the main abiotic stressors has been developed and implemented, according to which it is universal and programmed in the first minutes or hours of its influence in the form of Ca2+, redox, pH and K+signals, as well as a number of other intermediaries, involving a whole complex of specific intracellular sensors, metabolic and genetic effectors. The stress factor is recognized at the cell level through receptors: for example, RLK kinases, ionotropic receptors, and other systems localized on the plasma membrane or endomembranes, which leads to the launch of kinase/phosphatase signaling pathways and the induction of specific transcription factors and RNA splicing regulators [4-6]. The G-protein system, the cytoskeleton, and the vesicular transport apparatus are also actively involved, which includes the restructuring of the intracellular "geometry", mobilizing the cargo apparatus for repair needs [7-8]. 

Key signaling responses of the cell under stress include an increase in the activity of cytoplasmic Ca2+, generation of reactive oxygen species( ROS), changes in pH, and a decrease in the level of K+ in the cytoplasm and vacuoles, which are detected when exposed to almost any stress factor [1-3]. There are studies showing a correlation between the ability to maintain a high level of K+ in the cytoplasm and stress resistance [1, 4]. According to current data, there is a relationship between ROS generation, Ca2+ input and K+ output from root cells under stress, as well as the participation of these reactions in the induction of programmed cell death – a key protective and pathological reaction of the plant to stress [1]. The development of research in this direction is of great interest, as it can provide an effective tool for regulating the stress response, selecting genotypes with a modified function of K+ release under stress and, in General, with increased stress resistance. 

Silicon minerals widely distributed in nature, such as diatomites, are increasingly considered as a source of soluble silica, which plays an important role in the formation of soil fertility, increasing plant productivity and their resistance to diseases [7]. However, the mechanism of cellular reactions underlying the ameliorative and regulatory effects of diatomites remains poorly understood. Diatomite is impure silicite: in addition to opal silica, it contains clay and clastic material [7]. Clay minerals, whose content in the rock can reach 20 % or more, in a certain range of pH values of the medium are an additional source of mobile forms of polyvalent metals of the macro - and microelements group. The release and role of calcium and magnesium in soil fertilization with diatomite have not been studied, while these cations can potentially determine the anti-stress, protective properties of diatomite. 

When studying the protective and regulatory capabilities of diatomite, it is necessary to use integral physiological approaches that cover mainly the functioning of the root system, which determines the interaction with the rock and the primary response to salt stress, drought, hypoxia and high levels of heavy metals. For Kazakhstan, abiotic stresses such as salinization and drought are important, so the use of diatomite in agriculture and forestry, as well as urban gardening, seems promising. The soils of residential and industrial zones of cities, forest protection and dividing lanes of highways have a high level of salinity and heavy metal content [6-8]. A special place in the ecology of Kazakhstan is also occupied by salinization of soils in the region of Kyzylorda region, where diatomite is also potentially possible. These territories are very promising for the introduction of diatomite ameliorating treatments. 

The aim of the study for 2020 was to establish the mechanisms of stress-protective effects of diatomite on model and agricultural plant species. The following tasks were completed during the reporting period:  pre-sowing priming of seeds in optimal concentrations of diatomite (i.e., the supernatant of the diatomite suspension) and their cultivation in the field in normal and saline soils in accordance with the calendar plan (Appendix B) was carried out.

According to the results of the project, for the entire period of implementation, 3 articles with an impact factor were published in journals included in the Web of Science and Scopus databases, 8 articles in peer-reviewed journals recommended by the CCESME MOS RK as well as 6 articles in international conferences. Received 1 patent and 2 author's certificates, published a monograph in 3 languages and a manual. Received 2 patent and 2 author's certificates, published a monograph in 3 languages and a manual  (Appendix A).

Interim reports for the 2018 and 2019 stages have been registered and have names corresponding to the project theme:

– inventory number of the 2018 report – 0218РК01218;

– inventory number of the 2019 report – 0219РК01151.
THE MAIN PART OF THE SCIENTIFIC RESEARCH REPORT
1 Choosing a direction of research

1.1 General concepts of stress effects, stress-protective agents, and priming in modern plant biology

Stressors cause huge losses of crop yield and damage wild flora [1, 2]. soil Salinization, drought, heavy metal pollution, and hypoxia, which cause oxidative stress in plants, are among the most serious threats to crop productivity and food security worldwide. About 800 million hectares of land in the world are saline with an annual increase of 1-2 % [3]. In Kazakhstan, about 6.3 million hectares of land are saline. Drought is another unfavorable factor for many regions of Kazakhstan. Currently, out of 182 million hectares of pasture land in Kazakhstan, 14 million hectares are not used; the area of degraded soil has exceeded 50 million hectares. However, these lands are actively used in agricultural production, although their productivity is quite low. Due to the fact that Kazakhstan's agricultural products are produced in such regions, the unfavorable conditions of these areas threaten the food security of the state. 

This makes it an urgent task to create affordable and environmentally safe means of protecting plants from stress-stress protectors, as well as ameliorative approaches that increase stress resistance. Among the stress protectors used in the world, the most widely used are chemical agents whose action is aimed at controlling pathogens, i.e. at countering the main biotic stressors [4]. At the same time, protection against abiotic stress factors, which cause no less damage, is less developed. Abiotic stressors include adverse physical and chemical effects of both natural and man-made origin, in particular, salinization, drought, waterlogging and hypoxia, extreme temperatures and soil acidity values, high levels of heavy metals, lack of mineral nutrition elements, and many others [5]. 

Phytohormones and their synthetic analogues (gibberellins, brassinosteroids, auxins, jasmonates, salicylate, etc.), antioxidants, bacterial preparations, maintenance of high levels of calcium and potassium in the soil, introduction of additional doses of mineral and organic fertilizers, as well as some other treatments are currently used as protectants and stress-ameliorating approaches aimed at reducing the adverse effect of abiotic effects. In recent years, the direction of so-called priming has been actively developing, that is, the treatment of seeds, seedlings, or young plants with chemical agents that increase their mineral and adaptive status and induce multiple resistance to major abiotic stressors [6].
1.2 Oxidative stress under changing cultivation conditions

During various stressors, reactive oxygen species (ROS) are formed that cause oxidative stress. ROS are formed differently in several cell compartments, including mitochondria, chloroplasts, peroxisomes, endoplasmic reticulum, cytoplasm, plasma membrane, and apoplast during normal metabolic processes and due to external influences such as drought, salinity, radiation, and heavy metals [7]. ROS are more active than molecular oxygen (O2) due to the presence of unpaired valence shell electrons, and at high concentrations, ROS attacks damage cellular structures including DNA, proteins, and membrane lipids. ROS include a wide range of oxygen radicals, such as the superoxide anion (O2•), hydroxyl radical (NO•), perhydroxyl radical (HO2•), and hydrogen peroxide (H2O2).

BUT• is the most powerful oxidizer and can initiate radical chain reactions with a number of organic molecules. This can lead to lipid peroxidation( LPO), inactivation of enzymes, and changes in the structure of nucleic acids. H2O2 is neutralized by catalase or various peroxidases, including ascorbate and glutathione peroxidases [8].

Oxidative stress, as well as the effects of damage discussed above, also have great potential, which creates variability in the plant genome, activating transposons, causing splitting/rearrangement of chromosomes. In addition, low concentrations of ROS are key factors for the transduction of intercellular signals in plants. Their production is controlled by various enzymatic and non-enzymatic systems of antioxidant protection. Enzyme systems of antioxidant protection, including catalase (CAT), supercoiddismutase( SOD), peroxidase, as well as non-enzymatic systems of antioxidant protection, including ascorbate, glutathione, carotenoids, phenolic compounds, osmoprotectants such as Proline, glycine betaine, sugar, and polyamines [9]. SOD plays a Central role in plant stress protection. Depending on the strength of the stress, cells may die as a result of apoptosis, when the internal contents of the cell have time to degrade to non-toxic decomposition products, or as a result of necrosis, when the strength of oxidative stress is too great. In necrosis, the cell membrane is disrupted and the contents of the cell are released into the environment, which can result in damage to the surrounding cells and tissues.

The root is the first site that certain stressors will encounter, and therefore, it is an integral part of the plant's defense system. When removed from the cultivation vessel, the plant is subjected to severe stress. It is at this stage that most plants die. The main stressors affecting the plant at this stage are mechanical damage and exposure to pathogens. In this case, there is such a phenomenon as an oxidative explosion. Oxidative explosion − the rapid, temporary production of huge amounts of reactive oxygen species-is one of the earliest observed aspects of a plant's defense strategy against pathogens. Oxidative explosion can also occur under such strong stress effects as UV irradiation, strong osmotic stress during transfer from the growth medium to water [10]. ROS formed during an oxidative explosion can not only serve as protectors against an invading pathogen, but also act as signals that activate further plant defense reactions, including hypersensitivity reactions, and programmed cell death. Thus, if the stress effects are too strong, the antioxidant protection does not cope with the utilization of ROS, which leads to uncontrolled damage and death of the tissue.
1.3 Diatomite and silicon as potential stress-protective and regulatory agents for higher plants

In agriculture, the main method of combating salinity and other soil stressors is reclamation of contaminated soils and the creation of a system of drainage and irrigation of the soil after harvest. These measures are expensive and ineffective. Therefore, the use of natural fertilizers to increase plant resistance to salinity, drought and ion stress is important for agriculture. Among such natural fertilizers, diatomite is particularly promising-a sedimentary rock of marine and lake origin of the Paleogene-Neogene period, consisting of more than 70% of the remains of diatoms [7, 8]. 

Diatoms (SiO2 * nH2O) are an affordable and inexpensive mineral that belongs to the group of organogenic siliceous rocks formed from the shells of diatoms and spicules of silicon sponges. Diatomite consists of weakly cemented particles and has the following composition: silicon oxide-79.9 %, aluminum oxide-6.6 %, iron oxide-3.6 %, rubidium oxide-1.4 %, calcium oxide-1.4 %, magnesium oxide-0.9 %, titanium oxide-0.5 % , and some others [11]. This natural material has many industrial applications due to its properties: porous structure, high water permeability, small particle size, low thermal conductivity, density and high specific surface area. Currently, diatomite is used in many countries. In recent years, diatomite and other silicon minerals are considered as a source of soluble silica, which plays an important role in the formation of soil fertility, increasing plant productivity and their resistance to diseases [12]. 

It should be noted that large reserves of diatomite rocks are located in the Mugalzhar region of the Aktobe region of Kazakhstan. Based on the results of scanning electron microscopy of three different mughalzhar diatomite samples, it was found that the chemical composition of diatomites practically does not differ from each other. The atomic emission spectral analysis method showed that the diatomite of sample A mainly consists of the following elements: BA (0.14 %), Fe (1.33 %), P (0.06 %), Si (34.26 %), Ti (0.23 %). Diatomite B contains elements such as Ba (0.24%), Fe (1.56%), Ni (0.01%), P (0.19%), Si (33.65%), Ti (0.25); diatomite B – VA (0.10%), Fe (1.95%), P (0.04%), Si (36.95%), Ti (0.20 %). Among these elements, silicon, iron, and phosphorus play a major role in balanced plant nutrition, improving the drought and salt tolerance of seed seedlings [13]. 

Studies of the mechanisms of absorption of silicon, which can be released from diatomite, have shown that this substance interacts with polyphenols of plant cell walls and binds to lignin molecules. A number of experiments indicate that silicon is deposited in the cell walls of roots, leaves, and stems; silicon compounds also participate in the modification of the cell wall, especially by being included in the components of its architecture responsible for increasing the physiologically active area [14, 15]. A wide range of reactions regulated by silicon has been found in higher plants.
1.4 Physiological functions of silicon and features of its interaction with living systems at the cellular and molecular level 

In living organisms, silicon is present as amorphous dioxide (SiO2•H2O) and soluble silicic acid (Si(OH)4); its content in plants is two or more times higher than the amount of the main elements supplied with fertilizers [16], such as nitrogen, phosphorus and potassium. Silicon can participate in metabolic and physiological activity in higher plants subject to abiotic and biotic stresses [17]. The main function of silicon compounds in plants is to increase their resistance to adverse conditions, which is manifested in thickening of the epidermis tissues (mechanical protection), binding of toxic compounds (chemical protection) and increasing biochemical resistance to stress (biochemical protection). It was also found that soluble silicon compounds accelerate the growth, development, and increase the yield of many plant species [18, 19]. The variety of plants that show a positive response to the introduction of silicon compounds proves that all these mechanisms are also characteristic of non-silicophiles (silicophiles are species that accumulate 1 % or more percent of silicon on the total dry mass). 

Use of monosilicic acid (0; 0,04; 0,08; 0,20; 0,40 or 0.80 g / l) when grown hydroponically, Bradyrhizobium cowpea stimulated increased silicon accumulation in roots and shoots, which caused a significant acceleration of root growth, but not shoots [20]. It has been demonstrated that silicon compounds can be used to increase plant resistance to various stress factors [21]. The main protective role belongs to silicon dioxide, which accumulates in the tissues of the epidermis [22] and hairs on leaf plates [23]. It is assumed that Oligocene and orthosilicic acid in the cell wall to form esters with proteins and polysaccharides (pectin). Silicon compounds bind to proteins via free OH groups of amino acids (serine, tyrosine, and threonine) and via N-Si bonds to amino groups of N-terminal amino acids [24-26]. The protective effects of silicon against pest damage may also be related to the mechanical barrier provided by the deposition of silicon dioxide in the cell wall and its accumulation under the cuticle, which makes it difficult for pathogens to enter plant tissues [27].

Serine-rich proteins that actively bind silicon play an important regulatory role in gene expression in all plants, primarily in pre-mRNA splicing. Serine-rich proteins generate a variety of mRNAs by removing introns, which lead to the encoding of proteins with different functions and structures [28]. The role of serine-rich proteins in the accumulation of silicon in mangroves was investigated. Transgenic plants with increased expression of the serine-rich protein gene in root tissues in response to silicon treatment (1.5 mmol/l SiO2, 7 days) showed higher adaptability to the effects of salinity, drought, and hypoxia compared to wild-type plants [29], which is associated with the amount of accumulated silicon associated with serine-rich proteins.

It has been shown that plants treated with silicon compounds maintain their water status better than those without silicon [30]. The water status is associated with the accumulation of polar mono - or polysilicon acids in the walls of epidermal cells, which can form hydrogen bonds between H2O and SiO2•nH2O, reducing the intensity of transpiration. In experiments conducted on rice [31], the addition of silica reduced the Ca2+ content in the shoot by about 20 % compared to the control. As a result, the rate of transpiration decreased. It was shown that the addition of silicon reduced the Ca2+ content in sorghum exposed to aluminum [32, 33].

In recent years, two genes (Lsi1 and Lsi2) encoding silicon dioxide Transporter proteins have been found in the rice genome. The lsi1 product belongs to the Nod26-like protein superfamily of aquaporins, while Lsi2 encodes an anion Transporter protein. Lsi1 and Lsi2 are localized in the exoderm and endoderm of rice root cells [34].

Silicon compounds are effective for increasing plant resistance to heavy metals by increasing the pH of the cytoplasm and the formation of silicates. Diatomite also has the ability to bind heavy metals such as copper, lead, chromium, Nickel, and cobalt [35]. Key mechanisms of neutralization of heavy metals were described: physical and chemical adsorption of metals by diatomite and reactions between monosilicic acid and heavy metals. It was found that silicon-containing substances increase the efficiency of assimilation of nitrogen, phosphorus and potash fertilizers. In some experiments, a favorable effect of the use of silica on phosphorus nutrition in rice culture was observed. Silicon increased the intake of phosphorus (by 120 %) in plant cells. Although the use of silica improved the absorption of phosphorus, the increase in yield was associated with a decrease in the toxicity of manganese, in particular with an increase in the p / Mn and P / Fe coefficients [36]. Hydroponic experiments have shown that adding silica to a nutrient solution with a low phosphorus content increases the ability of maize root cells to absorb phosphorus [37]. The use of silica also increased the production of biomass and the content of silicon and phosphorus in various plant organs [38].

Stress factors cause disturbances in plant metabolism, as well as oxidative stress caused by activation of the synthesis of reactive oxygen species. One of the effects of ROS accumulation in plant cells under stress is lipid peroxidation (LPO), which leads to damage to plant cell membranes and leakage of electrolytes. The resistance of plants to stress factors is related to their antioxidant activity, i.e. increasing the level of antioxidants can prevent or significantly reduce the damage caused by stress. 

The effect of exogenous silicon on the activity of the main antioxidant enzymes (superoxide dismutase; peroxidase; catalase; reductase) and POL was studied in cucumber leaves (Cucumis sativus L.). The addition of silicon significantly reduced the ROS content and increased the activity of antioxidant enzymes in the leaves of plants exposed to salt stress. The intensity of the observed effect is directly proportional to the duration of treatment of plants with silicon-containing substances [39]. The effect of silicon on the antioxidant enzymatic activity and the concentration of sodium, potassium, and calcium in barley under salt stress was studied [40,41]. Similarly, the activity of superoxide dismutase increases due to the addition of silicon, but the concentration of malondialdehyde (a product of lipid peroxidation) in the leaves decreases. Silica has been shown to protect lipid membranes from the effects of ROS. The level of POL caused by NaCl was significantly lower in corn seedlings treated with silica under salt stress than in salt stress without silica treatment. The production of SOD and catalase enzymes was significantly higher when silica was added. Salt stress dramatically increases the free Proline content, however, silica treatment caused a significant decrease in the free Proline content. When plants were treated with silicon dioxide, the content of free Proline and the concentration of H2O2 were significantly lower than for untreated plants. Consequently, silica performs a protective function in preventing negative environmental impacts on higher plants [42-45].

Ultraviolet radiation negatively affects plant cells, causing the generation of ROS such as superoxide anions, hydrogen peroxide, hydroxyl radicals, and singlet oxygen. It has been shown that silicon compounds increase the resistance of plants to ultraviolet radiation [46, 47]. Experiments have shown that silicon treatment significantly reduces the degree of damage to biomembranes caused by drought and UV radiation [48]. 

In the absence of salt stress, there were no significant differences in ATPase activity between barley roots treated with silica and those without treatment [49]. This result confirms previous conclusions that under salt stress, silica contributed to a decrease in the permeability of the plasma membrane of leaf cells. A sharp decrease in ATPase activity was found in barley roots subjected to stress treatment and silica gel treatment. While NaCl reduced ATPase activity by 65.8 % in the absence of silica, in the presence of silica, ATPase activity was restored by 33.1 %. The use of diatomite significantly compensates for the negative effects of salinization, improves growth parameters, photosynthesis rate, and total pigment content [50]. A number of diatomite concentrations were tested: 0, 1, 5, 3, 4,5 and 10 g/kg. The results showed that diatomite was most effective at concentrations of 3 g/kg and 4.5 g/kg.
Under the influence of drought, wheat plants have a high content of malondialdehyde and hydrogen peroxide (H2O2), which significantly decreased after treatment with silicon [51]. The ascorbate level increased by 5.7 %. The content of glutathione in wheat leaves during moderate drought with silicon increased by 3.2 % compared to the control without silicon. The effect of silicon on the relative expression levels of genes encoding antioxidant enzymes, in particular, ascorbate-glutathione cycle enzymes, was also studied [52]. The level of expression of genes encoding SOD and catalase synthesis enzymes in wheat leaves during moderate drought increased by two and one and a half times, respectively, when treated with silicon compared to the control. Using the real-time polymerase chain reaction (PCR) method, an increase in the level of gene expression of four key enzymes of the ascorbate-glutathione cycle was demonstrated. Treatment with silicon compounds increases the resistance of plants to water deficiency, as well as increases the intensity of transpiration and specific stomatal conductivity, the concentration of chlorophylls and carotenoids [53].

Silicon dioxide is not a necessary element for higher plants, however, numerous studies over the past decades show that silicon is necessary for the healthy growth and development of many higher plant species, such as rice and wheat. The use of silicon dioxide increases the activity of photosynthetic pigments and the dry matter content in plants [54]. Photosynthesis is one of the physiological processes most sensitive to drought. The effect of silicon on photosynthetic activity during drought and salinity has been studied in many higher plants. The rate of photosynthesis in sorghum plants exposed to drought and treated with silicon was higher compared to control plants without silicon treatment [55].

An increase in raw and dry weight, the content of chlorophyll a and b, carotenoids and nitrogen, phosphorus and potassium in wheat plants was observed when cultivated on a medium with a high content of nitrogen, diatomite and K2SiO3 [56]. Diatomite-treated plants show better morphological parameters and physiological activity, measured in terms of green biomass and root length, number of leaves, pigment content, amount of soluble sugars, photosynthesis rate, specific stomatal conductivity compared to untreated plants 

The expression level of many genes associated with photosynthetic proteins changes under the influence of treatments with silicon-containing compounds [57]. The addition of silica increases the level of transcription activity of the PsbY peptide included in photosystem II, however, at high concentrations of silicon dioxide, PsbY expression was reduced. PsaH is a subunit of photosystem I (FS I). The addition of silicon dioxide increases the level of PsaH expression. The chlorophyll content and photosynthetic activity were significantly improved, despite the adverse effects of mineralization with the addition of silicon. Without the use of silicon, the organelles in the leaf cells were severely damaged due to salinization. This can be explained by damage to the double membrane of the organelle [41]. The content of chlorophyll and the activity of ribulose-1,5-biphosphate carboxylase (Rbfc) in cucumber were increased after the use of silicon [58]. When studying photosynthetic carboxylating activity in wheat leaves, it was shown that the ratio of Rbfc / FEP-carboxylase decreases under the influence of drought, while in silicon-treated plants it was increased [30]. 

Silicon-dependent gene expression was studied on rice using the microchip method [59]. According to their results, the addition of silica increases the content of the zinc finger protein homologue. In General, zinc finger proteins act as the main factors for transcription of stress response genes and enhancing their expression. Among stress-related genes, transcription factors play an important role in protecting against biotic and abiotic stresses. Transcription factors can bind to CIS elements or gene regulons located in the promoter region [60]. Plants contain a different number of transcription factors that respond to environmental stress factors, such as dehydration-sensitive protein, binding protein (DREB 2), and heat shock proteins. The addition of silicon led to an increase in the expression of transcription factors, in particular those necessary for the biosynthesis of abscisic acid. Radioimmunoanalysis of the lateral roots showed that abscisic acid stimulates the hormonal signal, and root growth increases markedly [61]. Qualitative PCR analysis was used to study the expression of twelve protective marker genes in response to the use of silicon dioxide in plants inoculated and not inoculated with Ralstonia solanasearum culture [62]. Thus, the literature data show that silicon-containing compounds, in particular diatomite, can stimulate plant stress resistance in overcoming the phenomena of biotic and abiotic stress by increasing the level of antioxidants, affecting the key genes of stress and photosynthetic proteins, and removing heavy metals from the free ionic form.
2 Materials and methods
2.1 Object of the study
In the experiments, we used the roots of seedlings of the model object Arabidopsis thaliana (L.) Heynh. (Arabidopsis) of the natural ecotype Wassilevskija (WS-0) and plants constitutively expressing the Ca2+-binding photoprotein equorin (based on the ecotype Col-0) under the control of the viral promoter S35 [63]. We also used wheat seedlings Triticum aestivum L. (variety Elegia) and barley Hordeum vulgare L. varieties Karaganda 80, grown by the roll method [64].  A standard germination test was used to analyze growth processes in Arabidopsis plants [65].
2.2 Cultivation of Arabidopsis plants under sterile conditions 

To standardize the experimental conditions, plants grown under the same sterile conditions were used. The seeds were treated for 15 minutes with a commercial detergent solution (20% Domestos) and washed in sterile deionized water at least 7 times to remove the remaining detergent. Seeds were planted on the surface of a solid medium in a line at the top of the Petri dish, approximately 1.5 cm from the edge. The growing medium contained a standard mixture of Murashige and Skoog salts with trace elements produced by Duchefa (Haarlem, Netherlands), having the following composition: 2.99 mmol/l CaCl2, 1.25 mmol/l KH2PO4, 18.79 mmol/l KNO3, 1.5 mmol/l MgSO4, 20.61 mmol/l NH4NO3, 0.11 mmol/l CoCl2•6H2O, 0.1 mmol/l CuSO4•5H2O, 0.1 mmol/l fenaedta, 0.1 mmol/L H3BO3, 5 mmol/l Ki, 0.1 mmol/l MnSO4•H2O, 1.03 mmol/l Na2MoO4•2H2O and 29.91 mmol/l ZnSO4•7H2O. 1% sucrose and 0.35% Phytagel (Sigma) were also added to this medium, and the pH was titrated to 6.0 using KOH. The hot medium was poured directly after autoclaving into Petri dishes (25 ml each). Sterile seeds were planted in a laminar box on a fresh solidified (cooled to room temperature) medium. Cups with planted seeds were isolated and kept for 2 days at 4 °C in the dark, which stimulated the seeds to come out of the dormant state, then placed in a sterile growth chamber with controlled lighting conditions and a temperature of 22 °C, for 10 days. 

2.3 Cultivation of cereal plants

Previously, the seeds of wheat Triticum aestivum L. (variety Elegia) and barley Hordeum vulgare L. varieties Karaganda 80 were sterilized with 0.5 % potassium permanganate for 5 minutes, and then thoroughly washed with distilled water. Further, solutions with different concentrations of diatomite (10 %, 15%, and 20 %) were autoclaved. Before and after heat treatment, the amount of monosilicon acids that are most available and useful for plants was determined [16]. Three groups of seeds were used as control: untreated, treated with distilled water, and treated with a solution of 0.1 mmol/l sodium silicate Na2SiO3. 

From the treated seeds, barley seedlings were grown for a week in two media (liquid-distilled water in Petri dishes, and soil − in 300 ml pots filled with natural soil from the South Kazakhstan region). 10 barley grains were planted in each pot and Petri dish and watered with distilled water. It was found that suspensions of 10 %, 15% and 20% diatomite are optimal. A week later, the plants were tested for drought resistance. To create drought conditions, an ethylene glycol solution was used. At the end of the experiment, the plants were carefully removed from the soil. The roots were washed in distilled water and the effect of pre-seed priming in diatomite suspension on plant growth and development was analyzed. Salt conditions were modeled using 75 mmol/l NaCl (average salinity). 

The experiment was conducted in laboratory conditions at an average day / night temperature of 20/18 °C, relative humidity from 50 to 55 %. The samples were collected on the seventh day of cultivation. 70 plants were selected to measure growth parameters. Photos were taken and morphological features such as the length of the root and stem of each plant were tested. Statistical processing of data groups was performed in the Excel application. The significance of differences was evaluated at p ≤ 0.05.
2.4 Analysis of rooting of cereal plants and Arabidopsis seedlings 

Wheat sprouts Triticum aestivum L. (variety Elegia) and barley Hordeum vulgare L. varieties Karaganda 80, as well as Arabidopsis sprouts were extracted from the vessels for cultivation and cleaned from the remains of the nutrient medium. Part of the plants (10 seedlings) were placed for 60 minutes in the base solution, part (10 seedlings) in a solution of diatomite (10%). The soil used was river sand, peat and vermiculite in a ratio of 1:1:1. the Soil was sterilized in an autoclave for 60 minutes. Plants were planted in 20-cell cassettes, 1 plant per cell. 

2.5 Growth tests in the field and laboratory

To determine the combined effect of diatomite on the growth of roots of wheat Triticum aestivum L. (variety Elegia) and barley Hordeum vulgare L. varieties Karaganda 80, wild type Arabidopsis WS-0 on the background of salinity (100 mmol/l NaCl), different concentrations of diatomite and its supernatant were used: 5-20 %. The tested agents were introduced into the culture medium immediately before autoclaving. Sterile seeds were planted on a "stress-containing" medium in the manner described above. The length of the main root for each series (20-40 plants) was measured at 10 days. The average value of the root length was determined in relation to the length of the roots in the control (grown on a full Murashige and skuga medium without the addition of diatomite and NaCl).

For field experiments, a solution of phosphorus and diatomite was prepared for endogenous treatment of wheat seeds in the amount of 144 tons. The area of cultivated areas was 1200 ha.

To prepare a mixture of phosphorus and diatomite, it was necessary to dissolve 30 kg of diatomite in a pre-prepared concentrated solution of phosphorus, and process wheat seeds with this solution 1-2 days before sowing. Consumables such as monobasic phosphorus, 12-water phosphorus and bags containing large pieces of diatomite were delivered to Rodina Agrofirma LLP, where seed treatment was subsequently carried out. Agrofirma Rodina LLP provided 161.6 tons of wheat seeds for sowing 1264 hectares of land. 

A special plant was used to process the seeds and fill them with the required amount of phosphorus and diatomite solution. The required volume was calculated according to the rate of solution consumption per 1 ton of seeds installed in the treatment plant. The consumption rate was 7-7. 5 l / t, so for processing 161.6 t of wheat seeds, 1200 l of solution is needed. Before processing the seeds in a pickling machine, a concentrated solution of phosphorus was prepared, containing 3.18 kg of monobasic phosphorus and 9.9 kg of aqueous phosphorus 12. Bags of diatomite were stored in a special warehouse, where 30 kg of large pieces of diatomite were manually crushed into powder form. The resulting powdered diatomite was Packed in bags of 2-3 kg. 

Before processing wheat seeds in the plant, a concentrated solution of phosphorus was prepared and diluted with water, diatomite was added and thoroughly mixed. The volume of the tank of the installation machine was 100 liters, therefore, 12 tanks (100 liters each) of a solution of phosphorus and diatomite were prepared (figure 1). The total seed treatment time was about 12 hours, taking into account the continuous operation of the treatment plant.

4-5 hours before sowing, the processed wheat seeds were transported to a specially designated area of the field for further sowing. 

Wheat seeds were sown for 2 days. On the first day, 54.2 tons of wheat were sown on 400 ha of the field in C. Rodina, on the second day-106.6 tons of wheat in the fields of shortanda (50.9 tons per 400 ha) and Korgalzhino (55.7 tons per 464 ha).  On the day of sowing wheat seeds, the seeder containers were loaded with experimental samples of seeds, and agricultural machinery was monitored for compliance with agrotechnical standards (purity of the experiment, seeding rate, seeding depth, etc.) (figure 2, 3). On the recommendation of the project team, the seeders were cleared of untreated seeds before sowing in order to preserve the purity of the experiment. Also, a sanitary zone was left on the shortanda site between the experimental and control sites, since the area of the cage was 836 hectares.
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Figure 1 - preparation of a solution of phosphorus and diatomite for the treatment plant
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Figure 2-Loading of treated seeds before sowing.
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Figure 3-Sowing operations in the field

As a result of preparatory work, a solution of 1200 liters was prepared for processing 161.6 tons of wheat seeds on the basis of Agrofirma Rodina LLP. Sowing operations were carried out on may 24-26, 2020 on sections C. Rodina, Shortandy and Kurgaldzhino, during which the necessary agricultural standards were met.
2.6 Measurement of ROS generation using dihydroethidium

Sprouts of wheat Triticum aestivum L. (variety Elegia), barley Hordeum vulgare L. varieties Karagandinsky 80 and arabidopis were extracted from a vessel for cultivation and cleared of the nutrient medium and cut off sections of the root 1-1.5 cm long. Mechanical stress was modeled by covering and pressing on the roots with a cover glass in a 5-fold repetition. The roots were subjected to various types of treatment: 1) were Placed in a solution of the composition (mmol/l): 0.1 KCl, 0.1 CaCl2, pH 6.0 (4 Months / 2 Tris) on 10 / 30 / 60 and 120 minutes, respectively, then moved to an aqueous solution of 10-6 mol / l dihydroetidium (DGE) and held for 30 minutes. After that, the roots were washed for 10 minutes in a solution of the composition (mmol/l): 0.1 KCl, 0.1 CaCl2, pH 6.0 (4 Months / 2 Tris). 2) the Roots were placed in a solution of SOD (600 u/ml), CAT (1000 u), thiourea (1 mmol / l), DMSO (0.3 %), diatomite (10 %, 5 %, 3 %, 1 %), GdCl3 (0.3 mmol / l) and LaCl3 (0.3 mmol/l) for 60 minutes. Then they were kept in a solution of DGE (10-6 mol / l)  30 minutes, then thoroughly washed for 10 minutes in a solution of the following composition (mmol / l): 0.1 KCl, 0.1 CaCl2, pH 6.0 (4 Months / 2 Tris). To study the effect of ionic and osmotic stress, the roots were placed for 60 minutes in a NaCl solution (200 mmol / l), equal in osmolarity to the PEG solution, and in a buffer solution (0.1 KCl, 0.1 CaCl2, pH 6.0 (4 Months / 2 Tris), after which DGE staining was performed. The analysis was performed using a Nikon Eclipse TS100F fluorescence microscope (excitation 450-490 nm, emission 600 nm). The fluorescence intensity was determined using NIS Elements Imaging Software.
3 Generalization and evaluation of research results

3.1 Analysis of the effect of diatomite on the growth of Arabidopsis thaliana plants using in vitro cultures

During the experiments, data were obtained on the combined effect of salinity and diatomite on the growth of Arabidopsis seedlings, which are shown in figure 4.a suspension of diatomite (5-15 %) and its supernatant obtained by centrifugation Were separately tested. On day 10, the average values of the root length were determined in relation to the length of the roots in the control (grown on a full medium of Murashige and skug). It was shown that the addition of 100 mmol/l of NaCl to the nutrient medium caused inhibition of the main root growth by 50 %.
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The significance of differences was calculated using ANOVA test relative to 100 mmol/l NaCl (A) and relative to 100 mmol/l NaCl with diatomite (B): p ≤0.05 (n=30-40)

Figure 4 – Effect of different concentrations of diatomite and supernatant on the length of the primary root of Arabidopsis thaliana WS-0 combined with salinity (100 mmol/l NaCl)

The additional introduction of diatomite helped to reduce the negative effect of salt, with the most effective concentration of diatomite being 5 %. Under this treatment, the growth of Arabidopsis roots did not differ from the control group of plants. 10 % diatomite increased the increase in the length of the main root by 20-25 % compared to 100 mmol / l NaCl, 15 % diatomite did not have a significant effect. It is important to note that the protective effect was not observed when adding a 5% supernatant to the growing medium, and higher concentrations (10% and 15%), on the contrary, had a negative effect, reducing the growth rate of Arabidopsis roots.

3.2 Growth tests in soil substrates

One of the most important abiotic stress factors is salinity and drought [1]. Both factors cause ion stress and osmotic shock, and are usually found together in nature. They primarily affect the root system. 
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A – root length; B-plant mass (X ± Sx; n = 27). The diatomite were made in a concentration of 20 % (volume on the total volume of other sustretov), other substrates in an equal volume fractions

Figure 5 – Influence of soil substrates on the growth and recruitment biomass of barley varieties Karaganda 80 on the 10 day of cultivation
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A – the length of the roots; B – mass of plants (X ± Sx; n = 27). Diatomite was added in a concentration of 20 %, other substrates in equal parts by volume 

Figure 6-Effect of soil substrate composition on the growth and biomass set of Elegia wheat on the 10th day of cultivation

Among the most sensitive tests that allow us to assess the degree of negative impact of abiotic stressors, an important place is occupied by growth tests, especially in standardized conditions and controlled soil substrates. This method allows us to evaluate the generalized response to stressors in conditions as close as possible to the natural conditions of the environment. Figures 5 and 6 show data showing changes in the length and weight of wheat and barley roots, respectively, in the presence of 20 % diatomite suspension on the background of various substrates.
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Figure 7-the Effect of 200 mmol/l NaCl on the change in the length of Triticum aestivum plants when grown in different soil substrates (the composition is indicated on the panels of the figure)

According to this indicator, barley showed less sensitivity to diatomite than wheat. For barley, there was a tendency to increase growth processes in the presence of diatomite against the background of vermiculite, at the same time, other substrate compositions, except for a mixture of peat and diatomite (this mixture caused a strong inhibition of growth), caused a slight decrease in the intensity of growth processes. For wheat, a significantly stronger effect of diatomite was observed, which was expressed in the suppression of growth processes against the background of vermiculite and sand, while stimulation against the background of peat.

The paper also investigated the protective effect of diatomite under the influence of salinity using tests in soil substrates, the results of which are shown in figure 7.When conducting growth tests that reveal the effect of NaCl on the growth of wheat Triticum aestivum L. plants, the dependence of the change in shoot length during 10 days of cultivation was studied, when treated with solutions containing high levels of NaCl, starting from 6 days. The results shown in figure 7 show that the addition of 0.2% diatomite caused a significant increase in plant resistance to 200 mmol/l NaCl. It should also be noted a significant increase in growth processes with the introduction of diatomite in a low concentration (0.2 % vs. 5-20 %).

Tests in soil substrates were also used to study the protective effect of diatomite during salinization on the growth processes of barley Hordeum vulgare L. of the Karaganda 80 variety. As a control substrate, a mixture of peat : vermiculite in a ratio of 1 : 1 was used. this mixture was found to be optimal when testing soil substrates suitable for barley cultivation. The experimental substrates included peat and vermiculite, as well as diatomite in concentrations from 0.3 % to 5 %. Under normal soil salt composition (watering with 5% solution of MS medium salts), as shown in figure 8, the growth parameters of barley (root length, shoot length, and mass of the whole plant) cultivated on substrates with these diatomite concentrations did not differ statistically..

When modeling salinity (200 mmol/l NaCl), the stress-protective effect of these diatomite concentrations was observed. The greatest effect was shown when changing the length of the roots. When salting the soil that does not contain diatomite, on the 10th day of cultivation, the roots slowed down growth by 74 %. When diatomite was added to the substrate at a concentration of 1 %, this inhibitory effect was reduced to 27 %. when the soil was supplemented with 5, 3 and 0.3% diatomite, the length of barley roots during salinity did not statistically differ from the length of the roots of plants grown under normal salt balance. 
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Figure  8-Stress-protective effects of diatomite when exposed to 200 mmol/l NaCl on changes in the growth parameters of barley plants of the Karaganda 80 variety on the 10th day of cultivation
The length of shoots and the growth of plant biomass also slowed down under the influence of salinity, which is shown in panels B and C of figure 8.for these parameters, a 24 and 29% slowdown was detected on substrates that do not contain diatomite, respectively. When diatomite was added at a concentration of 0.3 % , the inhibitory effect of NaCl was not registered, which indicates the stress-protective effect of diatomite in low concentrations.

The results obtained may indicate a high efficiency of diatomite application in the cultivation of barley plants Hordeum vulgare L. on saline soils. 

3.3 Identification of the effect of diatomite on ROS generation in plant roots under osmic and ion stress

Features of plant cultivation in aseptic culture in vitro impose certain difficulties at the stage of breeding in ex vitro conditions. In most cases, sucrose is used as a carbon source to support cell growth and differentiation. However, high concentrations of sugars cause a violation of the osmotic potential of cells. The state of hypertonic solution causes water to escape from the cells, which leads to a state of osmotic shock. This reduces the regenerative capacity of cells and slows down growth. Inhibition of growth in hypertonic conditions can be caused mainly by a decrease in the volume of the cytoplasm and loss of cell turgor as a result of osmotic outflow of intracellular water. An increase in water deficit in the presence of sucrose in the medium significantly reduces the osmotic potential. This effect can be compensated for by the accumulation of soluble substances in the cell, such as cations, anions, Proline, other free amino acids, soluble proteins, carbohydrates, and phenols.

The greatest danger may be increased concentrations of NaCl in the soil, leading to ion stress. An excess of Na+ and Cl-inhibits K+ uptake and leads to symptoms similar to those that occur with a K+deficiency. K+ deficiency initially leads to chlorosis, and then to necrosis. in addition, K+ is necessary for osmoregulation and protein synthesis, maintaining cellular turgor and stimulating photosynthesis. Excessive accumulation of Na+ and Cl-also leads to Ca2+disruption. Maintaining calcium accumulation and transport under salt stress is an important factor in determining salinity resistance.

In order to separate osmotic and ionic stress effects during salinization, the effect of both sodium chloride at a concentration of 200 mmol/l and an osmotically equivalent solution of polyethylene glycol, a well – known osmotically active substance that is often used to simulate drought in vegetation experiments, on ROS generation in the roots of seedlings was tested. 

The osmolality of a 200 mmol/l NaCl solution was measured using an osmometer, and a polyethylene glycol solution with a similar osmolality was prepared. Figure 9 shows the results of experiments on measuring the level of DGE fluorescence in Arabidopsis roots after test treatments that were performed using NaCl, PEG with an osmolality of 407 mOsm / kg, and with the addition of diatomite powder at a concentration of 10 %.

	А                         Buffer
	Buffer + diatomite



	[image: image21.jpg]



	[image: image22.jpg]300 vkm




	[image: image23.jpg]



	[image: image24.jpg]




	PEG
	PEG + diatomite



	[image: image25.jpg]



	[image: image26.jpg]



	[image: image27.jpg]



	[image: image28.jpg]




	NaCl
	NaCl + diatomite



	[image: image29.jpg]



	[image: image30.jpg]



	[image: image31.jpg]



	[image: image32.jpg]




	B

	[image: image33.png]*kk
I |
N
&

*%
I ﬂ
&

£ 10% anaToMut
I |
S
‘0‘&

 Koutpoas

< b ! * h
~ - - S S

0,0

Y3 *H10 ‘HHIHINIId0AI ] TLIOHIHIHILH]






A-Micrographs of the roots of Arabidopsis seedlings stained with DGE. B − mean values of the fluorescence intensity of dhe (n = 20)

Figure 9-Modification of the intensity of O2• - dependent DGE fluorescence in the roots of Arabidopsis thaliana seedlings during ROS generation under the influence of salt and osmotic stresses in the presence of diatomite
The control in this experiment was the value of the DGE fluorescence intensity in the roots of model plants placed in the control solution for 60 minutes. Based on the average values of the ROS generation level, a diagram was constructed showing the effect of PEG, NaCl, and diatomite solution on the ROS level. 

As can be seen from the data presented in figure 9, there were no noticeable differences in the development of oxidative stress between the roots placed in the control solution and in the PEG solution. 

At the same time, the roots of Arabidopsis seedlings treated for an hour in a solution of 200 mmol/l of sodium chloride showed a significantly higher level of ROS generation compared to other treatment options. 

In parallel, treatment with similar solutions was carried out with the addition of diatomite powder to a concentration of 10 %. The results shown in figure 6b showed that the presence of diatomite suspension in solutions significantly reduced the level of ROS-dependent DGE fluorescence.  In the control (Buffer in the notation of figure 9) and in the presence of PEG, the decrease was twofold, and the osmotic effect of this value did not change the level of fluorescence. But in the case of salt exposure, the level of ROS-dependent DGE fluorescence increased by 30 %, and almost to the initial level decreased as a result of the addition of diatomite.

Given that both solutions have the same osmolality, we can judge the primary importance of ion interactions for the generation of ROS and the development of oxidative stress in the root cells of Arabidopsis seedlings and microclones of woody plants. 

Thus, the results demonstrate that in all experimental variants, the addition of diatomite at a concentration of up to 10 % in the studied solutions led to a decrease in the DGE fluorescence intensity proportional to the ROS level, which indicates a noticeable antioxidant activity of diatomite.

3.4 Analysis of rooting, growth and development of the studied plants in the soil substrate under pulsed treatment with diatomite and thiourea

During in vitro cultivation, plants develop under specific conditions in relatively sealed cultivation vessels, where the humidity is higher and the intensity of light exposure is lower than in conventional culture. Nutrient media are often supplemented with sugars as sources of carbohydrates and energy [12]. This significantly reduces the water potential of the environment and increases the risk of bacterial and fungal infection. These conditions lead to significant difficulties at the stage of acclimatization and transfer to ex vitro conditions. Figure 10 shows the results of experiments on the effect of diatomite and thiourea on the rooting of Arabidopsis and forsythia plants. 

For the first 60 minutes after transfer to ex vitro conditions and mechanical exposure, the maximum generation of ROS is accounted for. Microclones of forsythia and Arabidopsis sprouts were extracted from culture vessels and purified from the remnants of the gel culture medium. It is at this stage of transition from sterile conditions in vitro that plants are exposed to the greatest stress. 
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Figure 10-Appearance of Arabidopsis plants adapted for 10 days in the soil substrate

The seedlings were placed in control solutions of thiourea and diatomite in the first 60 minutes. Planting was carried out in sterile soil in cassettes of 20 cells each. Irrigation was carried out daily with WPM mineral medium without organic matter. Rooting results were recorded on day 10. Plants were removed from the cassettes and washed from the ground. The length of all the roots of plants subjected to different treatments was measured.

Based on the results of tests with DGE, it can be concluded that in both experiments, the best results in reducing ROS and increasing viability were obtained by treating 1 mmol/l with a thiourea solution and 10% diatomite suspension.

Plants treated with thiourea solution before planting showed a high rate of biomass recruitment and viability. The volume of the root system was significantly larger than in the control, and the same applies to the length of the roots. In Arabidopsis, the average root length showed an increase of 47 % compared to the control for thiourea and 45% for diatomite. It is important to add that the largest number of surviving and rooted plants is observed among those treated with thiourea. Thiourea increased not only the length of the roots, but also the total number of lateral roots of Arabidopsis. The worst indicators of root system development were shown by treatment with a control solution; under the same conditions, the largest proportion of dead plants was registered. 
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A-Appearance of Arabidopsis thaliana roots under control conditions and after treatment with diatomite and thiourea. B-Average values of root length on 10 days of cultivation after transfer to ex vitro conditions with pulsed treatment with diatomite (10%) and thiourea (1 mmol / l) (n = 10; * - p < 0.01; * * - p < 0.001)

Treatment performed before planting Arabidopsis seedlings: control, water solution; pulse treatments: 1 mmol / l thymourea, 10% diatomite. Processing time – 1 hour, followed by disembarkation. The growth time was 10 days

Figure 11-Effect of diatomite and thiourea on rooting and growth of the root system of Arabidopsis thaliana plants transferred to ex vitro conditions

Thus, the pattern of oxidative stress development in the roots of Arabidopsis seedlings during adaptation to ex vitro conditions was studied. Thiourea, which is a low-molecular-weight antioxidant, can reduce the negative effects of ROS, especially the hydroxyl radical. It was found that treatment with thiourea increases the viability of plants at the stage of transition to ex vitro conditions. Accordingly, protection from oxidative damage is probably an effective strategy for improving the rooting of cereal plants when they are bred in ex vitro conditions. The found similarity of the effects of thiourea and diatomite suggests the presence of antioxidant activity in diatomite.

3.5 Pre-Sowing priming of seeds in optimal diatomite concentrations and growing them in the field in normal and saline soils

The object of research is common barley-Hordeum vulgare L., the Features of growing seedlings in the field are described in section 2.5.in the previous section, it was shown that the concentrations of diatomite suspension in the range of 10-20 g/100 ml are optimal for seed priming. To study the mechanism of influence of silicon in the diatomite composition on plant stress resistance, a solution of 0.1 mmol/l Na2SiO3 was used, which corresponds to the content of silicon in a suspension of 15 g/100 ml of DTM. Salt stress modeling was performed with a solution of 75 mmol/l NaCl (average salinity). 

70 plant samples were taken to measure growth indicators. The length of the root and stem of each plant was measured as morphological indicators.   

According to the results of experiments shown in figure 9, it was found that the positive effect of pre-sowing priming of barley seeds in diatomite suspension in various concentrations on growth and development during salt stress is manifested in the length of the root and leaves of seedlings. 

Data from morphometric measurements are shown in table 1. In the control variant, in the presence of NaCl (salt stress conditions), the development of barley seedlings is inhibited. The average length of the leaves and root in water does not exceed 8 and 4.34 cm, respectively, while in the soil these parameters corresponded to 20.3 cm and 7.74 cm, and the plants are strongly weakened under salt stress, the leaves are twisted, as can be seen from the photos shown in figures 12 A and B.
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DV – priming with phosphorus; Na2SiO3 – priming with 0.1 mmol/l solution of sodium silicate (corresponding to 15 g of diatomite) 10, 15, 20 – content of diatomite in g per 100 ml of water

Figure 12 – 7-day seedlings of barley grown in water culture (A) and soil (B) under saline conditions (NaCl 75 mmol/l) after pre-sowing priming of seeds

Table 1 − Effect on growth and development of barley seedlings pre-sowing priming of seeds Na2SiO3 and diatomite (DTM) under salt stress

	Index 
	Control, water
	Na2SiO3
	DTM 10 г
	DTM 15 г
	DTM 20 г

	Stem length, cm 
	8,0±0,44
	10,9±0,45
	10,8±0,41
	10,5±0,05
	10,7±0,68

	Root length, cm
	4,34±0,32
	4,8±0,20
	5,1±0,05
	5,4±0,35
	5,2±0,4


However, in the case of priming seeds in a diatomite suspension, the inhibition of growth and development of seedlings is reduced. In three such variants, the length of the roots of seedlings was higher by 0.8-1.0 cm compared to the control, but the same length of the stems was noted. The diameter of the stem after priming seeds with this suspension was also greater than the control by 0.05 mm. 

Priming seeds with sodium silicate (0.1 mmol / l) also had a positive effect on the growth and development of barley seedlings under stressful conditions: as can be seen from table 1, the average length of the root is 4.8 cm, and the stem is 10.9 cm.
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Figure 13 - effect of priming with diatomite suspension and sodium silicate on the percentage of germination of barley seeds

The experimental results shown in figure 10 show a significant positive effect of priming barley seeds with diatomite suspension on their germination. It can be seen that soaking seeds in a 20% diatomite suspension and then drying them at room temperature led to a maximum increase in the percentage of germination of seeds of these cereals compared to the control.
CONCLUSION
High-performance model experimental physiological systems for testing the effect of diatomite on the root growth of herbaceous plants (Arabidopsis thaliana, Triticum aestivum, Hordeum vulgare) based on high-performance phenotyping technologies were created and tested in the project. Using these experimental model systems, as well as other methods developed in the project, the following main results were obtained:

1. Regularities of diatomite influence (0.01–20%) on the processes of growth, development, signaling and ion exchange in the root cells of higher plants are revealed; 

2. It is shown that the introduction of diatomite into the growing medium in aseptic phytogel and non-sterile soil tests leads to stimulation of growth processes at a concentration of 0.01-5 %, higher levels of diatomite (5-20%) inhibit the growth and development of model herbaceous plants;
3. Presence of low levels of diatomite (0.01-1 %) contributes to statistically significant stimulation of growth processes in higher plants against the background of exposure to the most important abiotic stressors; 

4. Given the low cost of this mineral and its significant reserves, the use of diatomite as an agromeliorant can be of great practical importance. Further detailed studies of the effect of diatomite on plants in field production conditions are required in order to introduce its use into crop production practice.
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16.
Alikulov Z. A., Naekova S. K., Aubakirova K. M., Aitlesov K. K. The role of biologically active substances in plant resistance to abiotic environmental stress factors. Monograph. - Nur-Sultan: Master of SOFTWARE,2019-150 p.- (in press)
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APPENDIX В

Calendar plan

Application 1.41
TECHNICAL SPECIFICATION AND THE CALENDAR PLAN

Agreement №132 from March 12, 2018
1 Republican state enterprise on the right of economic management «L.N. Gumilyov Eurasian national University of the Ministry of education and science of the Republic of Kazakhstan»

1.1 The name of the priority direction of the scientific development, according to the submitted application: Life Sciences and Health

1.2 The name of the specialized scientific direction, according to the submitted application, the type of research: Basic and applied sciences in Biology; Physiological, biochemical and molecular-genetic mechanisms of vital activity of plants, animals, and humans, their adaptation to biotic and abiotic factors of nature.
1.3 The name of the project theme: АР05130166 Study of biochemical mechanisms for improving salt tolerance and drought tolerance of plants by pre-sowing priming of seeds in the presence of kazakhstan diatomite
1.4. Estimated start date of the project and its duration: The total amount of grant financing of the project: 21 000 000 tenge, including by years:

2018 – 7 000 000 tenge;

2019 – 7 000 000 tenge;

2020 – 7 000 000 tenge.
2. Characteristics of scientific and technical products by qualification criteria and economic indicators

2.1. Direction of work: Fundamental study, biochemistry and molecular biology

2.2. Field of application: Biotechnology and plant physiology, Phytopathology

2.3. Final result:

-  for 2018: conditions for assessing the impact of two diatomite environments on plant stress factors will be optimized, and a comparative characteristic of the effect of diatomite on the salt and drought resistance of plants will be proposed.  It is planned to publish a monograph in 2018-2019 on the related topic of the project "the Role of biologically active substances in plant resistance to abiotic environmental stress factors".

- for 2019: The influence of the optimal method of pre-sowing priming of seeds in the presence of diatomite on their germination under salinity conditions, growth and development of seedlings will be studied. The amount of Proline, allantoin, and AOS components, as well as the amount of enzymatic antioxidants, will be determined. The results of the study will be published in peer-reviewed foreign and domestic scientific publications with a non-zero impact factor.

- for 2020: Pre-sowing priming of seeds in optimal concentrations of diatomite and their cultivation in the field will be carried out. According to the results of the research, author's certificates and a patent of the Republic of Kazakhstan will be obtained. 2 articles are planned in peer-reviewed foreign scientific publications indexed in the Web of Science or Scopus databases with a non-zero impact factor.

2.4. Patentability: expected.
2.5. Scientific and technical novelty: High. Crops in Kazakhstan are subject to stress, such as soil salinization and drought. Possible ways to improve plant resistance to these stresses are to search for new types of fertilizers and pre-seed treatment. One of the most promising types of fertilizers is natural deposits of diatoms – diatomite, which improves the resistance of plants to adverse environmental factors. It is generally recognized that soaking and subsequent drying (priming) of seeds before sowing dramatically increases their germination, uniformity, growth and development of seedlings.
2.6. Use of scientific and technical products is carried out: joint use according to Republic of Kazakhstan legislation.

2.7. Form of use of scientific and (or) scientific and technological results: Presentations at conferences and lectures, ranking journal publications.
3. Name of works, terms of their implementation and results

	The cipher of the task stage
	Name of work under the contract and the main stages of its implementation
	Period of execution
	Expected result

	1
	To optimize the conditions of diatomite influence on the salt and drought resistance of plants using two media-liquid nutrient medium and natural soil. Comparative study of the effect of diatomite on salt and drought resistance of plants
	beginning
	ending
	Conditions for assessing the effect of two diatomite environments on plant stress factors will be optimized, and a comparative characteristic of the effect of diatomite on the salt and drought resistance of plants will be proposed

	
	
	2018 January
	April  2018
	

	2
	Study the effect of pre-sowing seed priming in optimal concentrations of diatomite and salts of biologically important trace elements (K+, Ca2+, Mg2+, MoO4=) on seed germination under salinity conditions, growth and development of seedlings and their further resistance to salinity, as well as to drought.
	2018 May 
	2018 November  
	Effect  of pre-sowing seed priming in optimal concentrations of diatomite and salts of biologically important trace elements (K+, Ca2+, Mg2+, MoO4=) on seed germination in saline conditions, growth and development of seedlings and their further resistance to salinity and drought will be studied.
It is planned to publish a monograph in 2018-2019 on the related topic of the project "the Role of biologically active substances in plant resistance to abiotic environmental stress factors".

	3
	To study the effect of pre-sowing seed priming in optimal diatomite concentrations on seed germination under salinity conditions, growth and development of seedlings and their further resistance to salinity and drought. Determination of the amount of Proline, allantoin and components of the antioxidant system.
	2019 January
	April  2019
	The influence of the optimal method of pre-sowing priming of seeds in the presence of diatomite on their germination under salinity conditions, growth and development of seedlings will be studied. The amount of Proline, allantoin and components of the antioxidant system will be determined

	4
	 Study the effect of pre-seed priming in optimal concentrations on the level of enzymatic activity of antioxidants (catalase, superoxide dismutase, aldehyde oxidase)

	2019 May 
	2019 November  
	 Effect  of pre-seed priming in optimal concentrations on the level of enzymatic activity of antioxidants (catalase, superoxide dismutase, aldehyde oxidase) will be studied.  2 publications are planned in peer-reviewed foreign and domestic scientific publications with a non-zero impact factor  


	5
	 Pre -Sowing priming of seeds in optimal concentrations of diatomite and growing them in the field in normal and saline soils
	2020 January 
	2020 August
	 Pre -sowing priming of seeds in optimal diatomite concentrations will be carried out and they will be grown in the field in normal and saline soils.
According to the results of the research, author's certificates and a patent of the Republic of Kazakhstan will be obtained. 2 articles are planned in peer-reviewed foreign scientific publications indexed in the Web of Science or Scopus databases with a non-zero impact factor.



	6
	Preparation of final report
	2020 September 
	2020 November
	Preparation and defense of final report
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Ha TPaHTOBOE (PMHAHCHPOBAHHE
TEXHUYECKAS COEINO®UKAIINAA U KAJIEHJIAPHBIN IIVIAH PABOT
ITo moroeopy Ne 724 ot A M&/W’?C?/ 2018 roma

1. Pecny0imKaHCKOe TrocyJapcTBeHHOe IpeINpHATHE HA NpaBe XO03AiCTBEHHOIO
Benenus  «EBpasmiickmii  HanMoHaABHBIH  yHuBepcuter uMmeHn JLH.I'ymmiesa»
Munncrepera o0pa3oBanus U Hayku Pecnyoaukn Kazaxcram» -’

1.1 ITo npuopuTery: Hayku o )Xu3HHU U 310pOBbE

1.2 Ilo mognmpuopurery: PyHIaMeHTaNIbHBIE M HPUKIAJHBIE HCCIEIOBAHUS B 00JIaCTH
Ouonorvy. @U3HONOTHYECKHE, OHOXUMHYECKHE M MOJEKYISIPHO-TEHETHYECKHE MEXaHU3MBI
KU3HEJICATEIBHOCTH PACTCHHUHM, JKMBOTHBIX M YENOBEKA, HX aJanTalds K -aOMOTHYECKHM H
O6uoTUYeCKUM (paKTOpaM CpelIbl OOUTaHMS.

1.3 IIo Teme mpoexrta: AP05130166 «/3ydyeHrne OHOXMMHUYECKAX MEXAHU3MOB YIIy4IlCHHS
COJNICYCTOMYMBOCTH M 3aCyXOyCTOMYMBOCTH DACTCHUH IIPEANIOCEBHHIM IPAMHUHIOM CEMSH B
IIPUCYTCTBUHU Ka3aXCTAHCKOTO JHATOMUTA

1.4 O6mas cymma npoekrta: 21 000 000 (zBaanaTe OIMH MHUJUIMOH) TEHTE, B.TOM YHCIE C
pa3OHBKOH IO ToaM, Ul BBIIOJIHEHHS pabOT COTMIaCHO IYHKTY 3:

-Ha 2018 rox - B cymme 7 000 000 (ceMb MIJITHOHOB) TEHTE;

-Ha 2019 rox - B cymme 7 000 000 (ceMb MHJUTHOHOB) TEHTE; (

- Ha 2020 rox - B cymme 7 000 000 (ceMb MHJUTHOHOB) TEHTE. v

2. XapaKTepHCTHKAa HAYYHO-TEXHHYeCKOH NPOAYKIHH 0 KBaJIB(l)HKaIIHOHHBIM :
IPH3HAKAM H 3KOHOMHUYECKHe MOKA3aTe/H

2.1 HanpasJjenue pa6orbl: OyHIaMeHTAIbHBIE I/ICCJ‘ICI[OBaHI/ISI Quznonorus 1 GMOXUMHUS
pacTeHuH.

2.2 O6n1acTh NpUMEHEHHN: ATPOKYJIBTYpa

2.3 KoHe4HBIH pe3yabTaT: . T

- 3a 2018 roa: Bynyr onTHMH3MpOBaHBI YCIOBHS IO OLIEHKE BIMSHHS Ha CTPECCOBBIE
(axTOpEl pacTeHMs IBYX Cpel AMATOMHUTA, OyNeT HpEeHIOXeHa CPaBHHUTENbHAS XapaKTepPUCTHKA
BJIMSHMS JHATOMMTA Ha COJIE- M 3aCyXOyCTOMYMBOCTh pacTeHuil. IlmaHUpyeTcs oCyIecTBIEHHE
omyOnukoBanus MoHorpapum B 2018-2019 romax mno Omuskoit Teme — mpoekta «Poib
OHMOJIOTMYECKH aKTHBHEIX BEIIECTB B YCTOMYMBOCTH PACTCHHH K aOHMOTHYECKAM CTpecc-pakTopam
OKpPYXKaloLIEeN Cpeably.

- 32 2019 roa: Byzner M3y4eHO BIMSHHE ONTHMAIFHOTO METOA IPEANIOCEBHOIO IpaiiMuHra
CeMsH B IPHCYTCTBUH JHATOMHTAa Ha MX BCXOXKECTh B YCIIOBHSX 3aCOJICHHSI, POCT M pa3sBHUTHE
IpopocTKOB. byner ompeneneHo kommuectBa mpoiwHa, ABK m xommomentoB AOC a Taxxke
KOIMYECTBO  (EPMEHTATHBHBIX  AHTHOKCHIAHTOB.  Pe3ynpraTel - WCClIemNOBaHUS  OymyT
onyOIMKOBaHBI B 3apy0O€XHOM pELEH3UpyeMOM HaydHoM XypHaie «Plant and soil» a Taxxke
2 my6nuMKanuy B pPELIEH3HPYEMBIX 3apyOeXHBIX M OTEYECTBEHHBIX HAyYHLIX H3JaHHAX C HE
HYJIEBBIM UMIAKT-(aKTOpOM.

- 3a 2020 roa: Bynmer mpoBeneH NPeANOCEBHOW MPaMHUHI CEMSH B ONTHMAIBHBIX |
KOHIIEHTpalMsAX JMATOMHTA U BBIpAIFBaHUE HX B MOJIEBBIX yCJIOBHAX. [10 pe3ynbraraM Hayd4HOro
HiccleIoBaHus OyoyT IOJy4eHBI aBTOPCKUE cBHAeTeNbChBa i natedT PK. Ilnanupyrores 2 CTaTbH B
PELEH3MPYEMBIX 3apyOeXHBIX HAay4YHBIX H3JaHWSX, MHACKCHPYeMbIX B 0azax maHHBIX Web of
Science uiu Scopus ¢ HEHYJIEBBIM UMITAKT-(haKTOPOM.

- 2.4 Tlarentocmoco6HocTh: [Ipemmonaraercs

2.5 Hay4no-TexHM4YecKHH ypoBeHb (HOBH3HA): Ypokaii B Ka3ax0TaHe MIOABEPKEH
CTpeccaM, TakMM KaK 3acONICHHE MOYBEI W 3acyXa. Bo3MOXHBIME mHyTsAMH ydydlleHHs
YCTOMYMBOCTH PAacTeHHH K NAHHBIM CTpPeccaM SBISETCS TOMCK HOBBIX BHJOB YHOOpDEHHH H

ey
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[image: image43.jpg]npennoceBHas obpaborka ceMsH. OZHHM K3 MHOTOOOEMIAIOMINX BHUIOB yIOOpPEHHM SBIAIOTCS
IIPUPOJHEIE OTJIOKEHHUS TUATOMOBBIX BOAOPOCIIEN — TUATOMUT, KOTOPBIH yIydIIaeT YyCTORIUBOCTD
pacTeHMH K HeOIarompusaTHBIM ¢akTopaM OKpyXkaromeit cpensl. OOIIENpPHU3HAHO, YTO
3aMa4MBaHKE U MOCIIENYIOIIEE BEICYIIUBAaHUE (IPAHMHUHT) CEMSH IEpe]] IIOCEBOM PE3KO MOBBIIIAET
HX BCXOXKECTh, OMHOPOJHOCTH, POCT M pa3BUTHE IPOPOCTKOB.

2.6 Ucnonp30BaHHEe HAYYHO-TEXHHYECKOH MPOAYKIuM ocymecTBiaserca: CoOBMECTHOE
HCIIOJIb30BAHKE COTTIACHO 3aKOHOHaTenscTBy PK. _

2.7 Buag wHcnoNb30BaHHA pe3yJbTaTa HAy4YHOH MW (WJIH) HAYYHO-TEXHHYECKOMH
JAeATeJIbHOCTH: BEICTyIUIeHHE Ha KOHQEpEHIMIX U CeMHHapax, IyOJIMKalud B PEeATHHIOBBIX
XKypHajax.

3. HaumeHoBaHHe padoT, CPOKH UX peaIM3alUu U Pe3yJIbTaThl

Mudp HavnmeHnoBanue paboT CpOK BBITIOJTHEHHS O>xupmaemslii pe3ynsTar
3aJjaHus, o J{oroBopy u
sTana OCHOBHBIE 3TaIlbl €ro
BBIITOJTHEHHUS
OnTuMu3upoBaTh SIuBapb Ampens | ByxyT onTMMH3HpOBaHBI
YCIIOBHS BIIASTHUS 2018 roma | 2018 roma |ycCIIOBHS IO OIIEHKE BIIMSHHS
IMaTOMUTA Ha COJe- I Ha CTpeccoBBIe (PaKTophI
3aCyX0yCTOMYHUBOCTD pacTeHus IByX cpen
pacTeHui ¢ IuaToMuTa, oyzner :
HCIIOJIB30BaHUEM ABYX HPEIOKEHA CPABHUTENbHAS
Cpexn - XUAKOH XapaKTEPHUCTHKA BIMSHHAS
NUTATEIbHON Cpeasl U JMaTOMUTA Ha CoJie- U
IIPUPOIHON ITOYBBI. 3aCyX0yCTONYHBOCTH
CpaBHUTENBHOE . | pacTeHmi
H3yYEHUE BIHUSHUS
IMaTOMHTA Ha COoJie- U
3aCyX0yCTOMYHUBOCTD
pacTEeHUM
W3yunts BiusHUE Mait 1o 1 Byner usydeHo pnusHne
IIPEAIIOCEBHOTO 2018 roma HOsAOpsL | IpEeANOoCEeBHOrO MpaliMHUHTa
IpaiiMIHTa CEMSH B 2018 roma |ceMsiH B ONTHMAIBHBIX
ONITUMANIBHBIX KOHIIEHTpaIXAX JUaTOMUTa
KOHLIEHTpaUsX U COJISIX OHOJiorHYeckH
IUaTOMUTA U COJISIX Ba)XKHBIX MHKPOJJIEMEHTOB
OHMOJIOTHYECKH BaXKHBIX (K+, Ca2+, Mg2+, Mo04=),
MHUKpo371eMeHTOB (K+, Ha BCXOXECTh CEMSH B
Ca2+, Mg2+, Mo0O4=) YCIIOBHSX 3aCOJIEHUS, POCT U
Ha BCXOXXECTh CEMSH B pa3sBUTHE IPOPOCTKOB U HA
YCJIOBUSIX 3aCOJICHHUS, HX JalbHEUIIYIO
POCT ¥ pa3BUTHE ~ | yCTOMYHBOCTS K 3aCOJICHHUIO,
IPOPOCTKOB U Ha UX a TaKXe K 3acyxe.
JAIbHEHIIYIO [Inanupyercs
YCTOHYHUBOCTH K OCYII{ECTBIICHHE
3aCOJICHHUIO, a TaKXe K OITyOJIMKOBaHU 3
3acyxe. MoHorpaduu B 2018-2019
rogax no Giu3Koi TeMe
npoekra «Pob
OMOJIOTMYECKU aKTHBHBIX
BEINECTB B YCTOMUMBOCTH
pacTeHui K aOHOTHIECKAM
cTpecc-akropam
OKpYKarolleH Cpeaply.

Ha4dajlIo OKOHYaHHEe
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[image: image44.jpg]W3yunts BausHUE Anpens |Byner usydeHO BIHSHHE
IIPEIITIOCEBHOTO 2019 roga | onTUMAIBHOTO METOMA
npaiMUHTa CEMSH B IPEANIOCEBHOrO IpaiMUHTa
ONTHMAJTBHBIX CeMSH B IPHUCYTCTBHH
KOHIIEHTpaIHIX JUAaTOMHUTA Ha UX BCXOXECTh
JaTOMHUTA Ha B YCJIOBHSIX 3aCOJIEHUS, POCT
BCXOKECTH CEMSIH B Y Pa3sBUTHE IPOPOCTKOB.
YCIJIOBHSIX 3aCOJICHUS, Byner onpeneneno

POCT U pa3BUTHE KoJnmyecTBa mposiuHa, ABK u
IIPOPOCTKOB U HA UX KOMITOHEHTOB

JAIBHEHIITYIO aHTUOKCHUIAHTHON CHUCTEMEI
YCTOUYUBOCTD K

3aCOJIEHUIO, a TaKXe K

3acyxe. Onpenenenne

KOJIMYECTBa IPOJINHA,

ABK 1 KOMITIOHEHTOB

aHTHOKCHIAHTHOU

CHCTEMBI
W3yunTh BIusHUE Mait o1 Byner uzydeHo BiusHue

IIPEATIOCEBHOTO 2019 roma HOSAOpsI | IPEANOCeBHOTO MPaliMUHTa
IIpaliMHHTa CEMsH B 2019 roma |ceMsH B ONTHMAIBHEBIX
ONITUMAJIFHBIX KOHIIEHTpAIlUsIX Ha YPOBEHb
KOHILIEHTpallUsX Ha (bepMEHTaTUBHOM aKTHBHOCTH-
YPOBEHB aHTHOKCHJAHTOB (KaTaya3a,
(epMEHTaTUBHOM CYNEpOKCHUINCMYTa3a,
aKTUBHOCTH . |aypaeruaokcuasa)
AQHTHOKCHIAHTOB PesyneTath nccnenoBanus
(xaranasa, . 10 TeEME IPOeKTa
CYIEPOKCHITUCMYTa3a, IUTaHUPYETCS
AJIBJETUIOKCHA3a) onyOiUKOBaHHE B
3apy0exXHOM !
PELIEH3UPYEMOM HayYHOM
xypraie «Plant and soil» a
Taxke 2 myOnukanuy B
peueH3upyeMBIX *  °
3apyOeXHBIX U
OTEYECTBEHHBIX HAYYHBIX
U3JAHUSX C HE HYJIEBEIM
IMIaKT-(aKTOpOM.
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IIPaliMUHT CEMSH B
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