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In this dissertation, references are used to the following standards: 
SES RK 5.04.034-2011: State compulsory education standard of the Republic of Kazakhstan. Postgraduate education. Doctorate. Basic Provisions (amendments of 23 August 2012 No. 1080).
Rules for the award of academic degrees from March 31, 2011 No. 127.
GOST 2.105-95 Unified system of design documentation. General requirements for text documents.
GOST 2.11-68 Unified system of design documentation. Norma control.
GOST 6.38-90 Unified Documenting Systems. System of organizing and documenting. Requirements for the preparation of documents.
GOST 7.32-2001. Research report. Structure and rules of formulation.
GOST 7.1-2003. Bibliographic record. Bibliographic description. General terms, conditions, and rules.
GOST 21507-81. Plant protection. Terms and definitions.
GOST 12038-84 Agricultural seeds. Methods for determining germination.
GOST 12042-80 Agricultural seeds. Methods for determining the mass of 1000 seeds.
GOST 12044-93 Agricultural seeds. Methods for determination of disease infestation.
GOST 7.79-2000 (ISO 9-95) SIBID. Rules for transliteration of Cyrillic letters in the Latin alphabet

[bookmark: _Toc104036380]DEFINITIONS
Abiotic factors – is a non-living part of an ecosystem that shapes its environment. In a terrestrial ecosystem, examples might include temperature, light, and water.
Biotic – is a living organism that shapes its environment, which include bacteria, viruses, fungi, and other organisms.
Chlamydospore – a thick-walled usually resting fungal spore
Chlorophyll – the green photosynthetic pigment found chiefly in the chloroplasts of plants
Chlorosis – a diseased condition in green plants marked by yellowing or blanching
Cotyledon – the first leaf or one of the first pair or whorl of leaves developed by the embryo of a seed plant
Fluorescence – the luminescence that is caused by the absorption of radiation at one wavelength followed by nearly immediate reradiation usually at a different wavelength and that ceases almost at once when the incident radiation stops
Fungicide – an agent that destroys fungi or inhibits their growth Mycelium – the mass of interwoven filamentous hyphae that forms especially the vegetative portion of the thallus of a fungus
Macroconidia – a large usually multinucleate conidium of a fungus
Microbiota – the microscopic organism community of a particular environment
Microconidia – a conidium of the smaller of two types produced by the same species and often differing in shape
Pathogenicity – causing or capable of causing disease
Photosynthesis - synthesis of chemical compounds with the aid of radiant energy and especially light
Photosystem II and I – either of two photochemical reaction centers (photosystem I absorb light with a wavelength of about 700 nanometers; photosystem II – about 680 nanometers) consisting chiefly of photosynthetic pigments complexed with protein and occurring in chloroplasts
Sequencing – the determination of the nucleotides sequence in a DNA molecule or the amino acid sequence in a protein 
Tillage – the operation of tilling the land
Toxin – a poisonous substance that is a specific product of the metabolic activities of a living organism
Trifoliate – having three leaves
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	DNA  
	-
	deoxyribonucleic acid

	PCR
	-
	Polymerase Chain Reaction

	ITS
	-
	Internal Transcribed Spacer

	PDA
	-
	Potato Dextrose Agar 

	ANOVA
	-
	ANalysis Of VAriance 

	Phi2  
	-
	The fraction of light energy captured by Photosystem II which is directed towards Photochemistry

	NPQ (PhiNPQ)  
	-
	non-photochemical quenching

	PhiNO  
	-
	The fraction of light energy captured by Photosystem II

	PAR 
	-
	Photosynthetically Active Radiation

	LEF  
	-
	Linear Electron Flow

	ATP  
	-
	adenosine triphosphate that supplies energy for many biochemical cellular processes by undergoing enzymatic hydrolysis especially to ADP

	NADPH  
	-
	nicotinamide adenine dinucleotide phosphate that plays a role in intermediary metabolism

	VIGRR 
	-
	All-Russian Research Institute of Plant Production named after N.I. Vavilova  

	KazNIIZiR  
	-
	Kazakh Research Institute of Agriculture and Plant growing

	ØPSI
	-
	Quantum yield of Photosystem II photochemistry

	Fv / Fm
	-
	Maximum quantum yield of the primary photochemical reaction in open PSII reaction centers

	DON
	-
	deoxynivalenol

	ZON
	-
	zearalenone

	FAA
	-
	Free Amino Acid

	TMTD  
	-
	thiram compound used as a fungicide and seed disinfectant
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INTRODUCTION
Topicality of the research work. Soybean (Glycine max) is an important food crop in Kazakhstan. From 2006 to 2016, its sown area increased from 45,000 hectares (ha) to 120,000 ha [1], and by 2020, it was planned to increase the sown area occupied by this crop to 400,000 ha [2]. The yield of agricultural plants is affected by various abiotic factors (drought, high temperature, salinity, pesticides, photosynthetic activity of plants) [3, 4] and biotic factors (fungal and bacterial diseases) [5]. The impact of these stresses is directly related to their severity, duration, stress intensity, and the genetic state of the plant itself at the time of exposure [6, 7]. The initial identification of the causative agent of a particular disease, confirmed by a pathogenicity test, is one of the most important tasks of this study. Pathogenic fungi can cut soybean yields by more than half, causing multi-million dollar losses. Among them are fungi of the genus Fusarium, which are one of the most harmful groups of microorganisms that cause dangerous diseases by influencing various physiological processes [7]. Photosynthesis in plants is the most complex and fundamental process, the functioning of which can be affected, as is well known, not only by abiotic stresses [8]. Fungal pathogens, as a biotic factor, affect important plant organs, causing changes in the rate of photosynthetic process in leaves, a decrease in the amount of chlorophyll, and, as a result, degeneration of chloroplasts [9]. In this case, other processes that occur in plant cells and at other stages of its development are sequentially triggered [10]. Chlorophyll a (Chl) fluorescence is one of the signals most sensitive to changes in photosynthesis activity. In determining the characteristic changes in this and other photosynthetic parameters, various spectral instruments play a significant role. Some modern sensors are capable of operating in different modes: thermal, multi- and hyperspectral imaging. This makes it possible to analyze the order of photosynthetic active radiation, the fluorescence of chlorophylls a and b, the linear electron flow, non-photosynthetic quenching, and other properties of photosynthesis [11, 12, 13]. The study of photosynthetic parameters occurring in plants is important for understanding the mechanisms of global climate change processes in order to improve, maintain crop yields and preserve biodiversity, thus representing the relevance of the chosen research direction [14, 15].
Objective of the research: identification of the causative agent of soybean root rot and the study of its influence and abiotic (drought) stress on physiological processes and soybean yield in the Aktobe region.
Research tasks:
- to conduct phytosanitary monitoring of the spread and development of root rot in soybean varieties of foreign collection in the field, to determine the harmfulness of the disease in the conditions of the Aktobe region;
- to analyze the photosynthetic parameters of soybean varieties in the active phase of growth in the field using the MultispeQ apparatus;
- to determine the species composition and pathogenicity of fungi-causative agents of fusarium soybeans using the molecular genetic method of identification, to study the morphological and cultural characteristics of these fungi;
- to conduct a laboratory experiment to assess the effect of pathogenic infection of root rot pathogens on physiological parameters in seeds and seedlings of soybean varieties;
- to evaluate the effectiveness of preparations for dressing soybean seeds, depending on their dosage.
Research objects: foreign collection of soybeans from North America, Western and Eastern Europe, Ukraine and Russia.
The subject of research is fungi of the genus Fusarium, physiological parameters of soybeans.
Scientific novelty of research:
 - the main photosynthetic parameters of soybean varieties were taken into account using a multispectral apparatus;
- the harmfulness of soybean root rot in arid conditions of Western Kazakhstan was estimated;
- using the method of DNA sequencing according to the ITS1 region, the causative agents of soybean root rot in the Aktobe region were identified;
- the pathogenicity of Fusarium equiseti samples isolated from plants affected by root rot has been established.
The main provisions for the defense:
- phenological analysis of soybean productivity data depending on the severity of root rot;
- measurement of photosynthetic parameters of soybean varieties in multiple repetitions using the MultispeQ apparatus;
- assessment of the harmfulness of root rot in various varieties of soybeans in arid conditions of Western Kazakhstan;
- on the basis of the use of the DNA sequencing method according to the ITS1 region, the causative agents of soybean root rot in the Aktobe region were identified;
- assessment of the pathogenicity of infection of pathogens of root rot in seeds and seedlings of soybean varieties;
- soybeans in order to confirm the pathogenic nature of the identified fungi;
The author's personal contribution consists in the implementation of experimental and theoretical studies outlined in the dissertation work - field and laboratory experiments, phenological analysis of the accounting of model soybean plants and seeds, isolation of fungal isolates from roots affected by root rot, morphological assessment of the species composition of fungi, molecular genetic identification fungi, phytosanitary assessment of the effectiveness of preparations for treating soybean seeds, statistical data processing, generalization of the results, preparation of articles for publication.
The practical significance of the results obtained. As a result of the research carried out, the main photosynthetic parameters of soybean varieties were determined. The causative agent of soybean root rot, the fungus Fusarium equiseti, GENBANK # SUB7591578 MK562068_1MT593199, was identified from the roots of soybeans, which is listed in the international register of Gen-bank. The pathogenicity of this fungus was confirmed by an appropriate test. Fungi Fusarium nygamai and Clonostachys rosea were also identified in the isolated isolates. In the course of a 3-year (2018-2020) study, the susceptibility of soybean genotypes to Fusarium root rot was assessed, which affected the physiology and crop yield. The results showed that yield losses, weather conditions, cultivar and degree of root rot development largely correlated with the number of diseased plants, plant height, number of beans per plant, and grain weight.
Evaluation of the physiological parameters of plants showed that the intensity of root rot development and genotype factors correlated with photosynthetic parameters Phi2, PhiNPQ and the relative content of the chlorophyll fraction. A significant effect of the soybean leaf position factor on the chlorophyll fraction PhiNO in the Isidor, Cheremosh, Samer 2, and Samer 5 soybean genotypes, as well as on the linear electron flux (LEF) and the difference in leaf temperatures for 11 genotypes, was also found.
The relationship of this work with other research works. The dissertation work was carried out on the basis of the Kazakh-Japanese Innovation Center of the Kazakh National Agrarian Research University within the framework of a Grant funded by the Ministry of Education and Science of the Republic of Kazakhstan:
- AP05132497 "The influence of fungi of the genus Fusarium and drought on the productivity and physiological state of soybeans" for 2018-2020 with state registration number 0118RK00456.
Implementation of research results.
Approbation of work. The results of the research carried out were published at international scientific and practical conferences: 60 years of KazNIIZRiK (Almaty, 2018); UTWCSE (Turkey, 2019); BIOMATSEN (Turkey, 2019); Międzynarodowy Rok Zdrowia Roślin (Poland, 2020); RSAU Ministry of Agriculture of the Russian Federation 150 years (Russia, 2020).
The results of the dissertation work are included in the Report on research work on projects: - AP05132497 with state registration number 0118RK00456.
Publication of research results
Based on the materials of the dissertation, 8 scientific works were published in co-authorship, of which:
- 2 publications in journals recommended by the Committee for Control in the Sphere of Education and Science of the Ministry of Education and Science of the Republic of Kazakhstan;
- 3 publications in journals included in the Scopus database;
- 1 publication in a journal included in the database of Web of Science (Clarivate Analytics) quartile - Q1;
- 2 publications (2 theses) in collections of international scientific conferences held abroad.


Volume and structure of the thesis
The thesis is presented on 113 pages, consists of an introduction, 4 sections, a conclusion and appendices. Contains 16 tables and 38 figures. The list of sources used includes 187 names, of which foreign - 138.
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1 REVIEW OF RESEARCH LITERATURE
[bookmark: _Toc104036384]1.1 General description.
Kazakhstan is the largest country in Central Asia, with an area of 2,700,000 km2 [16]. Most of the territory is represented by steppes and semi-deserts about 60% (179.9 million ha) [17]. The climate in the western part of the country is continental, with an uneven distribution of natural precipitation [18], the annual amount of which ranges from 250-320 mm [19]. 
Kazakhstan is the largest landlocked country in the world with vast areas of land under crop and animal production. Soybean (Glycine max) is one of the important agronomic crops drawing greater attention in Kazakhstan, and domestic soybean market in 2020 should have been about 350 thousand tons, provided with local products [2, p. 11]. Soybean is susceptible to various diseases and mainly from fungal ones [20, 21]. Agent of soybean sudden death syndrome, damping-off and root rot that occurred in soybeans under certain environmental conditions can be Fusarium oxysporum [22, 23], F. equiseti [24, 25], F. virguliforme [26]. Recent studies on soybean were focused on Fusarium spp., based on modeling yield losses at different spatial scales [27]. To control this disease are effective practices with fungicide seed treatments and using cultivars genetic resistance [28, 29], inhibition Trichoderma isolates into Fusarium virguliforme growth reduce root rot and induce defense-related genes on soybean seedlings [30].
In recent years, the Government of Kazakhstan initiated programs for greater expansion of soybean production in southeast, eastern and northern regions of Kazakhstan. However, there was limited research carried out and focused on studying correlations between growth stages of soybean accessions collected globally and evaluating their performance in Kazakhstan [31]. There are on-going studies to evaluate the effect of mulch on soybean cultivation under drip irrigation in the southeast of Kazakhstan [32]. Scientists collected phenotypic data in three separate regions of Kazakhstan and genotyping soybeans for identification of marker-trait associations (MTA) for resistance to fungal diseases [33].
Plant phenotyping is becoming increasingly important in plant biology and agriculture; however, the application of these approaches is limited by analytical techniques and interpretation of results [13, p.2]. Our recent studies using MultispeQ were designed for large-scale collection of high-quality plant health data, and evaluating physiological conditions of soybeans to root rot [3, p. 2; 24, p. 257] [34]. The Fusarium infection fungus infection can impact to photosynthetic parameters in plant [3, p. 2] [35]. The understanding how photosynthetic properties of soybeans respond to diseases under global climate-change scenarios [36, 37] is the critical to develop management practices sustaining soybean productivity. An alternative approach is necessary to evaluate the impact of Fusarium root rot intensity on soybean crop physiology and productivity in Western Kazakhstan.
Previous studies showed that Fusarium root rot caused from 33 to 53% soybean yield losses, which were significantly correlated with the genotypes and root rot development. Genotypes and root rot development exerted significant effects on ambient temperature and leaf angle. Root rot development and interaction of it with genotype factor significantly impacted to linear electron flow (LEF – the exponent shows the order of electron transfer), NPQt - non-photochemical quenching, as a chlorophyll protection system, Phi2 chlorophyll - the fraction of light energy captured by Photosystem II which is directed towards Photochemistry to make ATP and NADPH, and to light intensity of photosynthetically active radiation (PAR) [7, p. 175]. 
[bookmark: _Toc104036385]1.2 Influence of abiotic factors on crops
A complex of abiotic stresses has a detrimental effect on the plant [38]. Soybean needs an appropriate thermal regime and moderate moisture [39]. The widespread distribution of culture in Kazakhstan is limited, on the one hand, by a shortage of natural precipitation and high temperatures, and on the other hand, by regular low temperatures during the spring growing season in the northern regions of the country [40].
Drought. In the southern regions of the country, soybeans are exposed to extreme environmental stress - drought. Under these conditions, varieties with a narrow leaf shape grow and develop better, the stems are covered with pubescence (hairs), and the inflorescences consist of 2-3 or 3-5 flowers [41]. Irrigation of crops can prevent significant losses in dry years [42].
Some legume varieties, according to El-Tohamy et al. [43] are able to delay dehydration due to their ability to control stomatal function during water stress and, therefore, be more resistant to heat stress.
Desclaux and Roumet [44] found that drought stress, in some legumes, can induce a signal leading to an early transition from vegetative to reproductive development. In turn, in the other group - from the beginning of flowering to the filling of seeds that ultimately led to an overall decrease in seed yield [45, 46].
At the same time, Du et al. [47] found that during drought in soybean varieties, metabolic and transport activity increases due to a growth in the expression of the corresponding genes, which leads to an increase in the content of carbohydrates in leaves and roots and contributes to the drought tolerance of the culture.
Soil salinity, drought, illumination, and thermal regime have a certain effect on photosynthetic processes and plant productivity in arid regions [48, 49]. These factors influence the functioning of osmotic and ionic mechanisms [50, 51]. The osmotic pressure that occurs during drought leads to dehydration of plant cells and leads to an excess of Na + and Cl- ions, which prevents the penetration of ions of other nutrients [52]. Excessive accumulation of these elements also leads to a decrease in PS II activity due to their harmful effect on the Mn4O5Ca cluster. As a result, these changes prevent the transfer of electrons along the entire chain [53].
Low temperatures. The consequences of low air temperatures for the plant are also harmful and largely depend on the growing season of the crop, the strength and duration of the stress. Cold air adversely affects the flowering phase of soybeans, and during pod formation [54].
Due to the increase in soybean acreage, located mainly in the southern regions, some areas are in saline or degraded conditions [55].
Soil salinity. An excess of salt in the soil negatively affects root development, leaf chlorosis, and a decrease in plant growth and productivity [56, 57]. However, when used as precursors in crop rotation, crops such as safflower and sweet clover can reduce soil salinity [58].
Plants are able to respond to an increase in salt concentration by minimizing its concentration, for example, in the cytoplasm, composing them in vacuoles, thereby stabilizing the cellular state [49, p. 552]. The effects of high temperature stress and salinity negative affect the physiological systems and photosynthetic apparatus of plants and are irreversible. Thus, in order to successfully grow plants in stress-prone areas, a full understanding of the factors involved in the regulation of photosynthetic capacity under stressful conditions will help develop appropriate strategies [8, p. 180].
Illumination. Light and carbon are key components in the functioning of photosynthesis. The chlorophyll pigment contained in the chloroplast of the plant absorbs photons. The energy absorbed by it is dissipated in the form of excess heat, emitted in the form of fluorescence and stimulates photochemical processes [59].
The fluorescence yield of chlorophyll in plants is very low and amounts to 1-2% of the total absorbed light. However, due to the emission of long waves, in contrast to the absorbed ones, chlorophyll fluorescence carries valuable and extensive information about the efficiency of photosynthesis and the integrity of the photosynthetic apparatus. This information can be obtained even at the earliest stages of the development of pathological conditions of leaves due to the speed and non-invasiveness of the method of its collection (59, p. 1].
The process of chlorophyll fluorescence is associated with the functioning of other photochemical reactions. When the plant is illuminated, the reaction centers of photosystem II are gradually closed; this leads to a decrease in the efficiency of photochemistry, but, on the other hand, increases the fluorescence yield. However, after a while, the fluorescence level begins to decline. This means that there is a transfer of electrons from PS II of chlorophyll (P680) to the primary acceptor QA (PS II), which quenches this process [61]. This phenomenon is usually called photochemical quenching, which is accompanied by an increase in the rate of electron transfer and activation of carbon exchange upon opening of the stomata. At the same time, another process begins in which excess energy is converted into heat. And this phenomenon is called non-photochemical quenching (NPQ). Both processes do not last long, no more than 15-20 minutes [59, p. 2]. Thus, there are several ways to remove excitation from singlet chlorophyll and return it to the ground state: using photochemistry, using light emission (chlorophyll fluorescence) and harmless heat dissipation (NPQ). Non-photochemical quenching is the main component of plant photoprotection [62]. Due to the differences in the efficiency of light, its properties during the year, climate, their interaction, and other factors, photosynthesis made it possible to adapt to abiotic and biotic stresses. However, the degree of influence of these stresses during evolution can significantly change in one direction or another, despite the development of protective and other mechanisms of the photosynthetic system of plants [63].
The process of chlorophyll fluorescence is of the greatest interest for the study of plant physiology. Its quality is influenced by abiotic and biotic factors [64]. In order to take fluorescence readings, quite portable and compact measuring instruments such as Licor 6400/6800 (Licor, Nebraska, USA), CIRAS-1, 2, 3 (PP Systems, MA, USA), Walz PAM systems (Heinz Walz, Effeltrich, Germany), MultispeQ and OSP5 (Opti-Sciences, New Hampshire, USA) [65]. In all these devices, the light is modulated, that is, switched on and off at a high frequency, and the detector only detects fluorescence signals that have been excited by the measurement light. This feature of the devices allows them to be used in appropriate field conditions [13, p.3].
[bookmark: _Toc104036386]1.3 Influence of Fungal pathogens as biotic factors on crops
Fungal diseases completely dominate other soybean diseases and account for 90% of plant damage [66, 67]. They reduce the productivity of soybean oilseeds by 20-100%. US soybean crop losses due to Phytophthora root and stem rot were estimated at $ 251 million in 2005.
Fungi are capable of infecting various plant organs: stems, roots, leaves, beans, as well as soybean plants in general. By the nature of damage to plants, they divide diseases into three groups: 1) diseases of seeds and seedlings; 2) leaf spot; 3) diseases that cause wilting of plants. Fusarium infection is the most harmful at all stages of development of the culture [68, 69].
In the United States, Argentina and Brazil, fusarium wilting of soybeans, which causes plant wilting, is widely known and common as sudden death syndrome. Yield losses caused by the fungus Fusarium virguliforme, previously referred to as F.solani, can be as high as 100%, depending on the severity of the disease [70]. The disease reduces the weight of grains by 57-77% [71]. The disease progresses more intensively in conditions of limited humidity and high temperature (28-30 °C).
The reason for the rapid changes in plant physiology is toxins that cause the phytotoxicity of the pathogen. Some toxins previously mentioned by Abeysekara & Bhattacharyya [72], produced by the fungus in colonized roots, travel through the vascular system to the foliage, causing distinct symptoms in the latter.
Fusarium root rot is one of the main diseases of soybeans in Canada, the USA [73] and Russia [74], causing a significant decrease in yield due to a decrease in plantings, stunted seedlings and weakening of the root system. There are about 20 species that cause Fusarium root rot of soybeans [75, 76]. The most harmful pathogens are the fungi Fusarium solani (Mart.) Sacc., F. oxysporum Schlecht., F. acuminatum Ellis & Everhart, F. graminearum Schwabe, F. solani, F. avenaceum (Fries) Saccardo, F. tricinctum (Corda) Saccardo, F. sporotrichioides Sherb., F. equiseti (Corda) Saccardo, and F. poae (Peck) Wollenw [77, 78].
According to scientists from the All-Russian Research Institute of Oilseeds, the most common pathogens causing soybean Fusarium root rot are F. sporotrichiella (frequency 40.5%), F. oxysporum (28.0%) and F. moniliforme (12.5%). Crops with the maximum damage, compared with healthy plants, the number of beans decreased by 62.0%, the number of seeds by 86.2%, the weight of seeds per plant by 70.3%, the weight of 1000 seeds by 16.3% [74, p. 6].
External symptoms of the disease are: general oppression of the plant, darkening, decay and underdevelopment of the roots, thinning of the root part of the stem. Affected seedlings show adhesion of the seed coat to the cotyledons; brown depressed spots are formed on the cotyledons; at high humidity, they are covered with white or whitish-pink mycelium. Also, in seedlings infected with fungi, in the phase of formation of the first trifoliate leaves, there is a lag in growth and development, the leaves are covered with small light brown spots, the root zone of the stem turns brown and becomes thinner. High air humidity and favorable temperature (24-26C°) are optimal conditions for the development of root rot pathogens [74, p. 3] [79, 80].
The cited sources do not widely report on the prevalence of Fusarium infections at soybeans in Kazakhstan. Kozhamkulova [81] noted 9 species of fungi of the genus Fusarium: F. oxysporium, F. graminearum, F. solani, F. sporotrichoides, F. culmorum, F. equiseti, F. proliferatum, F. flociferum and F. acuminatum that were observed in onions at conditions of South Kazakhstan. In cereals of northern Kazakhstan, Kovalchuk et al. [82] identified species such as F. graminearum, F. culmorum, and F. oxysporum. In the western regions of the country, F. sporotrihodes, from the coastal zone of the Caspian Sea [83], as well as F. equiseti, isolated from soybean roots at the Aktobe experimental station, were previously identified [24, p. 257].
Fusarium infections, like other fungal diseases that initially affect important plant organs, simultaneously alter their physiological processes [24, p. 257]. The most famous plant response to fungal attack is changes in the rate of photosynthetic processes in leaves [9, p. 577]. A typical parameter of this process is the fluorescence of chlorophyll a, the rapidity and extensive information of which is able to convey the current efficiency of photosynthesis and the integrity of the photosynthetic apparatus [84, 85].
Previous studies on the effect of pathogens on the photosynthetic process of leaves as a whole [9, p. 577] [86, 87, 88] had results that differ markedly. The ambiguity of these facts was explained by the varying degrees of plant responses to the pathogen, the stages of their development, as well as the environmental conditions in which they developed [89].
When plants are damaged by leaf spots, late blight, and others, leaves turn yellow, photosynthetic activity stops, and defoliation [74, p. 4]. The presence of pathogens is especially noticeable at later stages of the development of the disease, when there is a decrease in photosynthetic activity due to a decrease in chlorophyll and chloroplast degeneration, respectively. However, at the initial stages of the development of the disease, the presence of the pathogen on the leaves of plants, both visually and with the help of analyzers, is not detected. But when distinct spots of fungal lesions appear on the leaves, photosynthetic activity in them, as a rule, slows down [64, p. 171].
However, the green leafy areas surrounding the lesions had an increased electron transfer rate (ETR). In this case, plant photosynthesis tends to balance the loss of green leaf area by activating a healthy leaf environment [90]. In the course of evolution, many plants have developed various defense mechanisms against biotic stresses. This means that they can activate several stress-related enzymes, metabolites and signaling pathways [91, 92, 93]. For example, some representatives of plants from the genus Brassicas have developed many secondary metabolites, such as glucosinolates and phenolic compounds, which exhibit some antimicrobial activity, but do not act against Alternaria brassicicola [94, 95]. However, the full protective potential that exists in plants under favorable conditions for the development of pathogens, such as temperature, humidity, pH and plant age, may not be as effective [96].
In connection with the ecological changes observed in the last two to three decades, the simultaneous effect of the mentioned abiotic factors and agents of biotic stress is of a combined nature, where the ability of plants to resist them is of vital importance for them. More often, the response of plants to the presence of combined stress is determined by the action of the dominant stress, which may occur earlier and be more significant [97]. In this case, even tolerant plants with an appropriate arsenal of protection may not cope with the negative effects of combined stress [98]. Understanding the processes of the influence of pathogenic organisms on the physiological aspects of plant development, and the consequences arising on this basis, is one of the main tasks of this work.
Pathogenic fungi actively produce secondary metabolites such as mycotoxins, especially under stressful conditions: light, temperature, oxidative stress, pH, and fungicidal factors [99, 100]. Their effect on the plant is different, for example, the effect of deoxyvalenol is characterized by the loss of chloroplast pigments, where the toxic effect is reduced to the loss of electrolytes in cells and damage to the plasmalemma, resulting in photobleaching [101]. In turn, tentoxin and tabtoxin produced by certain pathogens inhibit certain enzymes that are directly or indirectly involved in photosynthesis. Their mycelium is able to block the vascular systems of plants, preventing them from complete nutrition. Fusaric acid and moniliformin act in a similar way, which are less harmful than, for example, T-2 toxin and fumonisins, but can inhibit plant growth and reduce chlorophyll synthesis [15, p.326] [102]. Currently, understanding the molecular mechanisms of action of mycotoxins and enzymes in order to subsequently suppress their production in vivo is one of the most important tasks to prevent their occurrence. Infected plants exhibit inadequate stomatal function when their closed state interferes with CO2 uptake and diffusion [5, p. 106], which can significantly affect the ability of plants to produce biomass at an appropriate volume [63, p. 91]. Accordingly, the products of fungal pathogens cause carbon starvation by suppressing photosynthesis. In this case, it is known that maintaining a high concentration of carbon dioxide in the intercellular space of a plant is extremely necessary, but this is possible only with open stomata [5, p. 106]. 
[bookmark: _Toc104036387]1.4 Identification of pathogenic fungi
[bookmark: _Hlk101637763]In phytopathology, early detection of the causative agent of the disease is one of the most important tasks, and accordingly, in the implementation of the rules related to their control and quarantine. The procedure for identifying the causative agent of plant diseases consists of the following stages of work: isolating the fungus and obtaining a pure culture; morphological description of the fungus isolate; molecular genetic identification of the sample and confirmation of the pathogenic nature of the obtained isolate [103].
[bookmark: _Toc104036388]1.4.1 Isolation of fungus
[bookmark: _Hlk101637852]Primary fungus material or isolate is obtained on a standard nutrient medium, as well as in paper roll towels. Selected plant parts: leaves, stems, seeds and roots are crushed to a size of 1x1 cm and placed on a semi-selective medium such as potato dextrose agar or Nash-Snyder artificial medium. Samples on Petri dishes are usually placed in a thermostat, where they are kept at 25 ° C for 1-2 weeks. Observations are made daily and changes are recorded. After the first stage, in order to improve the culture of the fungus, the isolate is re-plated under the same conditions and duration. For further identification of the material, the required fungal colonies can be transferred to Falcon tubes containing Potato Dextrose Agar (PDA) and stored at 4 ° C. Each isolate can be examined under a microscope and identified according to the widely used Leslie and Summerell [104], and other authors methods [105, 106].
[bookmark: _Toc104036389]1.4.2 Morphological description of fungi
[bookmark: _Hlk101638096]The procedure for morphological identification of a fungus consists of several stages, carried out in accordance with the recommendations of Leslie and Summerell [104, p.106]. Peptone or sucrose agar media are usually used as a nutrient medium for the genus Fusarium spp. Observation of the grown samples is carried out under a 20- or 40-fold objective (total magnification 200-400) of a modern microscope. To do this, place the culture dish on the microscope stage and directly study the characteristics of the fungus. The presence of macroconidia is determined. Key features of macroconidia are the shape of the spores, their size, the number of septa, and the shape of the apical and basal cells. The presence of microconidia is checked in a similar way. Also important is the presence of conidiogenic cells or phialids, that is, hyphae cells on which microconidia are located. Chlamydospores can be observed on the surface of agar, in hyphae. They are more common in older cultures than in younger ones. For a detailed study of their presence, a long-term study of cultures (up to two months) may be required.
[bookmark: _Toc104036390]1.4.3 Pathogenicity test of isolates
[bookmark: _Hlk101638187][bookmark: _Hlk101638243][bookmark: _Hlk101638263][bookmark: _Hlk101638275]This test is carried out in order to confirm the symptoms of pathogenicity of the tested (identified) fungus. Based on Koch's postulates, inoculation tests are performed in replicates to check the pathogenicity of isolates in the tested cultures [107]. Previously, in order to induce profuse conidia, the isolate, for example, is incubated on clove agar (CLA) or potato dextrose agar (PDA) with the addition of antibiotics (streptomycin sulfate solution 33 mg / ml, neomycin sulfate solution 40 mg / ml. and 39 g PDA per liter of water) at room temperature (25 ° C) for 2-3 weeks under fluorescent light [104, p. 6]. The conidia are collected and suspended in sterile distilled water. Next, take about 30 ml, containing about 4x105 conidia / ml of the test isolate, and add a pot with healthy young shoots (during the growing season from 5 to 8 leaves) to the soil surface. During the month, the onset of symptoms of the presence of the pathogen on the fruits, leaves, stems and removed roots of the plant is being observed [108]. This test is usually modified by researchers in accordance with the own tasks set [109].
[bookmark: _Toc104036391]1.4.4 Molecular genetic approaches in the identification of fungi
[bookmark: _Hlk101638306]The morphological description of fungi used in comparison with information from the atlas species database is a valuable and comprehensive source of information that is still in demand today. However, in the process of species identification, it becomes more and more difficult to rely only on morphological characters. This is supported by the plasticity of fungi and the specific life cycle of the species [110]. Thus, molecular approaches found themselves in the mycological community at a suitable moment.
[bookmark: _Hlk101638356]Today, there are about 10 DNA marker systems in the world for the analysis of identification and genetic diversity of plant resources, from RFLP (restriction fragment length polymorphism) and RAPD (random amplified polymorphic DNA) to SNP (single nucleotide polymorphism) and KASP (Specific PCR competitive allele). The latter two of these methods are increasingly used by researchers due to their high performance and certain accuracy [111, 112, 113]. Each of these methods has advantages and disadvantages. Some of them are based on the generally accepted Sanger method, which is schematically illustrated below (Fig.1).
[image: ]
Figure 1 - Scheme of the stages of sequencing according to the Sanger method
[bookmark: _Toc104036392]1.5 Fungicide pre-sowing treatment of soybean seeds against pathogenic fungi
[bookmark: _Toc104036393]Fungicides are effective agents against pathogenic fungi of agricultural crops. In 2006, global sales of commercial fungicides reached approximately $ 7.4 billion, which means that demand remains strong [114]. By the nature of the action, fungicides are divided into protective and medicinal. Medicinal, in contrast to protective, suppress pathogens not only in reproductive, but also in vegetative organs. According to the method of penetration into plants, fungicides are divided into contact and systemic, and the latter have a wider spectrum of action and resistance [115]. Currently, combined treatments are most often used against Fusarium, including seed dressing and spraying of plants. A certain effect in Russian studies was shown by such drugs as VSC (standard), Orgamica (F, Zh), Trichocin (SP), Vitaplan, Gaupsin + Trichophyte (mixture) and TMTD [116]. Under the conditions of Kazakhstan, such drugs as TMTD (Russia), Maxim (Switzerland), Celest-top (Switzerland) and, to a lesser extent, Fundazol (Russia), Vitovax (Great Britain) and Prestige (Germany) have shown high efficiency in suppressing fungal infection. The high effectiveness of the fungicide TMTD was found not only in suppressing pathogenic fungi, but also against bacteria. However, plant growth regulators attach the greatest importance to the use of fungicides such as TMTD. So, with the combined use of the TMTD drug and the growth regulator KH-2 (Akpinol-alpha) as a treatment for soybean seeds, the biological effectiveness against root rot can reach 86%. In general, the combined use of these treatments significantly stimulates seed germination, increases disease resistance and improves product quality [117].


2 BRIEF CHARACTERISTIC OF NATURAL AND CLIMATIC CONDITIONS OF THE RESEARCH AREA
[bookmark: _Toc104036394]2.1 Agroclimatic characteristics
Aktobe region is located in the northwestern part of Kazakhstan (Fig. 2). In the north, the region borders on the Orenburg region of the Russian Federation, in the west - on the West Kazakhstan and Atyrau regions, in the south-west - on the Mangystau region, in the south - on the Republic of Uzbekistan, in the south-east - on the Kyzylorda and Karaganda regions, in the east - with the Kostanay region. The area of ​​the region is 300.6 thousand km2. The length of the region from north to south is about 700 km, from east to west - about 800 km. The steppe zone is represented by southern low-humus chernozems and dark chestnut soils, which form, respectively, under the herb-fescue-feather grass and fescue-feather grass vegetation.
The location of the region almost in the center of the Eurasian continent determines the features of a sharply expressed continental climate with a high continentality, which increases from northwest to southeast. In summer, dry superheated tropical air masses from the deserts of Central Asia and Iran are transported to the territory of the Aktobe region from the south, and from the north - northern, arctic air masses from beyond the Urals. These cold masses of dry air under the influence of the underlying surface are warmed up, dehydrated even more, and converted into continental - tropical masses, which intensify the development of droughts and dry winds. The temperature of summer and winter, day and night, is characterized by sharp contrasts. The temperature of the warmest month, July, is 21.0-27.5°С, and the coldest, January, -11 ... -18°С.
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Figure 2 - Physical and geographical map of Aktobe region 	Comment by USER: Необходимо указать чья карта…………..

The annual amplitude of the average monthly air temperature is 38.5-39.0°С. In winter, the minimum air temperature drops to -31 ... -38°С, and the absolute minimum in some years reaches -37 ... -47°С. The absolute maximum air temperature is 40-46°С (in July 1984, the meteorological station of the Aktobe Agricultural Experimental Station recorded a temperature of 47-49°С at noon hours). Thus, the absolute annual amplitude can reach 88-92°С. The period with an average daily air temperature above 0° lasts 209-230 days. The duration of the frost-free period in the north of the region is 4-4.5 months, and in the south - more than 5 months.
The annual amount of precipitation is 135-350 mm (in the zone of the location of the meteorological station of Aktobe AES - 297 mm). This amount of precipitation is clearly not enough for the normal growth and development of plants.
Bad weather can bring significant problems to agriculture. On the territory of the Aktobe region, they include droughts, dry winds, strong winds, late spring and early autumn frosts, in winter - severe frosts, snowstorms, ice-covered ground. Atmospheric droughts are often combined with soil droughts, dry winds and dust storms. There are frequent intense dry winds in the region, which can occur almost annually. Dry winds of lesser intensity are also observed annually, and even monthly, throughout the summer.
Late spring and early autumn frosts are also an unfavorable factor in the cultivation of agricultural crops. The average date for the end of spring frosts varies across the region from April 15 to May 20. The onset of autumn frosts can occur from September 20 to October 20.
Light snow cover and low air temperatures cause deep soil freezing. On average, perennial soil freezing throughout the region is more than half a meter, and in severe winters with little snow, the soil freezes by 120-150 cm or more. Severe winter conditions (low air temperatures, little snow and a large depth of soil freezing) are the main limiting factor in the cultivation of winter and winter crops.
In the steppe zone, where the Aktobe AES is located, the hydrothermal coefficient for the growing season is, according to long-term data, 0.4-0.6 mm / deg. (with fluctuations from 0.05 to 1.30 mm / deg.). The sum of active temperatures exceeding 10°C is 2500-2700. The frost-free period lasts 123-141 days. The spring period is usually dry. In some years, in the spring months, precipitation does not fall at all, but there are years when it falls 3-4 times more than the norm. According to the average long-term data, 18-23 mm of precipitation falls in March, 19-23 mm in April, and 29-38 mm in May, respectively.
Summers are dry, hot and quite long. The average daily temperature in summer months is about 18-21°C, and the average daily temperature reaches 27-28°C. The lack of rain in the spring and summer can sometimes last continuously for two months. Such periods are usually combined with abnormally high temperature conditions, which often leads to the formation of atmospheric and soil droughts, dry winds and dust storms. Due to the negative environmental processes taking place in the Aral region, the situation in Western and Central Kazakhstan as a whole has worsened over the past 10 years [118].
In this regard, in Aktobe and neighboring regions, the urgent need is the rapid introduction into agricultural production of new heat and drought-resistant, high-quality varieties of field crops, moisture-saving technologies for their cultivation, strengthening the primary and restoration of elite and reproductive seed production.
[bookmark: _Toc104036395]2.2 Meteorological indicators 
According to the data of the Aktobe hydrometeorological center (HMC) and the meteorological station of "AAES" LLP, the following hydrothermal conditions developed on the experimental site for the reporting period [119]. For the autumn months of 2019 (September - November), 58 mm of precipitation fell on the site with an average annual rate of 77 mm (shortage of 19 mm). In the winter months (December - February), the amount of precipitation regularly exceeded the average annual monthly indicators, where 133.5 mm fell in 3 months, which is 2 times higher than the norm (66 mm) - Appendix 2. However, the daily amount of precipitation in the form of snow often did not exceed 2-5 mm, which, with frequent and strong winds (snowstorms, blizzards), contributed to its significant drift from the fields, incl. - from the experimental site of the Aktobe AES.
In March 2020, 19 mm of precipitation fell in the form of snow and rain, which is at the normal level. In April, there was a double rate of precipitation (44 mm). The temperature background of the autumn and winter months consistently exceeded the long-term average values ​​from 2-3°C to 6°C (December) and even up to 10°C (January, February). In March this excess reached 7.5°C, and in April - 3.8°C.
On the experimental plot of the Aktobe AES (land fallow), the depth of soil wetting before sowing was more than 100 cm, with a decrease in moisture saturation, starting from a depth of 75-80 cm. With the beginning of spring field work in May, only 17 mm of precipitation fell (-11.3 mm from the norm), dropped out even before sowing. In turn, 30.7 mm of precipitation was recorded in June (at the normal level). Whereas, in July, only 42.6 mm fell (+18.6 mm from the norm). And finally, in August, precipitation amounted to 33.5 mm (+9.5 mm from the norm), where the main share (24 mm) fell on the period of August 14-17. During the two decades of September, 9.5 mm of precipitation fell.
The temperature regime from May to August 2019 was extremely tense. Thus, the average monthly temperature in May was 17.7°C (+ 3.2°C to the norm); in June - 21.0°С (+ 1.4°С); in July - 25.3°C (+ 3.1°C). Only in August, the average monthly temperature (20.8°C) was at the level of the average long-term values. In September, for the 1st decade, the average daily temperature was 17.1°C, for the second decade - 12.8°C.
In general, the average temperature of the summer months in 2020 was noted at the level of 22.35°C, which is 1.45°C higher than the average long-term values. Already in May, the maximum daily temperatures were recorded at the level of 36-37°C; and in July - August they reached 39-41°C with a relative humidity of no more than 15-20% (Appendix B).
In general, for the growing season of 2020, all spring grain and leguminous crops, incl. soybeans, experienced the impact of prolonged atmospheric spring-summer drought. The negative impact of this drought was on such responsible plant phenophases as budding and flowering.
In the 2019-2020 agricultural year, from September to August, according to the ASHOS meteorological station, 379.0 mm of precipitation fell, which is 82 mm more than long-term observations. For comparison, in the 2017-2018 agricultural year, only 266.8 mm of precipitation fell during the same period, which is 30.2 mm less than long-term observations.
In the growing season of 2020, mid-ripening forms of soybeans received 106.8 mm of precipitation, late-ripening forms - 118.3 mm (Appendix В).
   Low precipitation rates for 2018 naturally affected the value of the hydrothermal coefficient (HTC), which ranged from 0.240 to 0.326 in the first half of the growing season for all forms of soybeans; in the second half - from 0.217 to 0.289 mm / deg (Tab. 1). Such low values ​​of GTC indicate harsh conditions of the growing season throughout its entire length (the phenomenon of prolonged combined drought).
Table 1 - The value of the hydrothermal coefficient (HTC, mm / deg) for the main periods of soybean development in 2018
	Soybean forms
	1st half of the growing season (seedlings -flowering)
	2nd half of the growing season (flowering-ripening)
	Seedlings - maturing

	Early ripening
	0,326
	0,242
	0,275

	Mid-season
	0,297
	0,289
	0,292

	Mid late
	0,240
	0,217
	0,228


In turn, the data of the hydrothermal coefficient (SCC, mm / deg) in the first half of the soybean growing season for 2020 was 0.557-0.586 mm / deg, and in the second half of the growing season, 0.434-0.527 mm / deg; in general, for the growing season - 0.517-0.542 mm hail (Tab. 2), which indicates the average moisture supply of the growing season in 2020.
Table 2 - The value of the hydrothermal coefficient (HTC, mm / deg) for the main periods of soybean development in 2020
	Soybean forms
	1st half of the growing season (seedlings - flowering)
	2nd half of the growing season (flowering-ripening)
	Seedlings - maturing

	Mid-season
	0,557
	0,527
	0,542

	Mid late
	0,586
	0,434
	0,517


That concerns of the duration of the period from germination to flowering in soybean cultivars in 2018, it ranged from 39 to 51 days; and in the second half of the growing season, it was 94-112 days (Tab. 3).




Table 3 - Duration of soybean growing seasons in 2018 (days)
	Soybean forms
	1st half of the growing season (seedlings - flowering)
	2nd half of the growing season (flowering-ripening)
	Seedlings - maturing

	Early ripening
	39
	55
	94

	Mid-season
	45
	59
	104

	Mid late
	51
	61
	112


Meantime, in 2020, the duration of the first half of the growing season for the assortment of soybeans was 45-54 days, and the second half - 44-56 days (Tab. 4).
Table 4 - Duration of soybean growing periods in 2020 (days)
	Soybean forms
	1st half of the growing season (seedlings - flowering)
	2nd half of the growing season (flowering-ripening)
	Seedlings - maturing

	Mid-season
	45
	44
	89

	Mid late
	54
	56
	110





[bookmark: _Toc104036396]3 MATERIAL AND RESEARCH METHODS
[bookmark: _Toc104036397]3.1 Materials
Seeds of 12 varieties of soybeans of a foreign collection originating from the countries of Eastern and Western Europe, North America, Russia and Ukraine were used as material for the experimental study (Tab. 5). The composition of the varieties is recommended and provided by KazNIIZiR, as the most adapted to the conditions of the arid climate of western Kazakhstan with the prospect of their further cultivation in this region.
[bookmark: _Hlk101710333]The seeds were sown on the experimental plots of the Aktobe Agricultural Experiment Station during 2018, 2019 and 2020 (50.355396 N, 57.395133 E) (Fig. 3).
Table 5 - Variety samples of foreign soybean collection, depending on their origin
	Variety
	Origin

	Toury
	Czech

	Isidor
	France

	Maple Ridge
	Canada

	Anastasiya
	Ukraine

	Cheremosh
	Ukraine

	Tanais
	Ukraine

	Svapa
	Russia

	Belor
	Russia

	Samer 1
	Russia

	Samer 2
	Russia

	Samer 3
	Russia

	Samer 5
	Russia



[bookmark: _Hlk97832133][image: C:\Users\05\Desktop\АктобеФайл\ФотоАСХОЗ 2018\8e9ef024-a38f-4478-9531-0c2b099a3686.JPG]
Figure – 3 Experimental plots of soybean genotypes growing



[bookmark: _Toc104036398]3.2 Research methods
3.2.1 Monitoring of the physiological state and indices of the spread and development of soybean root rot 
A field study with a completely randomized design was carried out on twelve genotypes of soybeans from a foreign collection (Maple Ridge - Canada; Toury - Czech Republic; Isidor - France; Samer 1, Samer 2, Samer 3, Samer 5, Svapa and Belor - Russia; Anastasia, Tanais and Cheremosh - Ukraine). The varieties were sown in three replicates, on May 20-24 annually, on the experimental site of the Aktobe agricultural experimental station of the Aktobe region of Kazakhstan. Plots of 6 rows 2 meters long for each plot (the counting area of ​​each plot is 1.5 m2) with a strip between plots 30 cm wide. The collection of experimental plots was carried out manually from September 7 to 18 (depending on the ripening of the studied assortment) annually. The soil of the site is dark chestnut, medium loamy. The humus content in the upper soil layer (0-20 cm) is 2.74%. The temperature regime and data on precipitation of the study area are presented in Table 6.
Table 6 - Meteorological data of the study area and indices of distribution and development of root rot (Aktobe agricultural experimental station during the growing season 2018-2020)
	Year
	Months
	Average monthly temperature, °C
	Average monthly precipitation, mm
	Root rot indexes, %

	
	
	
	
	spreading
	development

	2018
	May
	16.52
	22.0
	25-60
	5-12

	
	June 
	18.48
	25.0
	30-70
	10-20

	
	July
	25.10
	15.0
	32-80
	11-28

	
	August
	20.58
	15.8
	71-99
	36-48

	2019
	May
	17.87
	8.2
	43-65
	10-20

	
	June 
	22.27
	8.0
	55-80
	27-45

	
	July
	24.64
	22.2
	60-100
	32-51

	
	August
	19.51
	22.0
	65-100
	35-55

	2020
	May
	17.72
	17.7
	30-60
	5-12

	
	June 
	21.00
	30.7
	55-90
	12-17

	
	July
	25.28
	42.6
	65-100
	17-23

	
	August
	20.77
	33.5
	94-100
	19-25


[bookmark: _Hlk97833101][bookmark: _Hlk97833142][bookmark: _Hlk97833163]At the stages of early growth, flowering, and maturation of soybeans, indices of the development and distribution of root rot were summarized and calculated. To determine the severity of the disease in the flowering phase (R1-R2) and the stage of full maturity (R8), 20 plants (in 5-fold replication) with varying degrees of Fusarium infestation were selected and marked. The degree of damage is determined visually on a four-point modified scale of Duveiller et al. [120]. The height of the plant (length from the root collar to the tip of the central stem, cm), the number of branches per plant (pcs.) And the height of attachment of the lower pod (length from the root collar to the point of attachment of the lower pod, cm) were recorded from each plant or separately on the central stem and side shoots (pcs.). The number of seeds per plant (or separately from the central stem and lateral shoots, g), the mass of 1000 seeds were taken from two samples of 500 seeds each and weighed with an accuracy of ± 0.1 g [121]. Root rot prevalence was calculated as the percentage of yield reduction in diseased plants compared to healthy crops [119, p. 11].
The prevalence of diseases (P) is taken into account according to the formula:
P = n x 100 / N [119, p. 11]
where: "P" is the spread of the disease; "N" is the total number of diseased plants; "N" is the total number of all plants.
The harmfulness of root rot was calculated as the percentage of the decrease in the yield of diseased plants in comparison with the yield of healthy plants according to the formula:
B = (ab) x 100 / a 
where: "B" - the degree of development of the disease (%); "a" - the harvest of healthy plants; "b" is the yield of diseased plants [119, p. 12].
The development of root rot (R) is calculated by the formula:
[bookmark: _Hlk97833228]R = ab x 100 / AK [119, p. 12]
where: "a" - the number of plants with the same damage; "b" is the corresponding lesion score; "A" - the total number of plants in the count; "K" is the highest defeat score.
In order to elucidate the dependence of the photosynthetic response on the position of leaves in soybean genotypes, 379 measurements were carried out using MultispeQ at the growth stages of soybean R5-R6 on the 3rd and 4th soybean trifoliate.
Physiological measurements. Photosynthetic measurements on soybeans, i.e., 15-20 repeated measurements for each plant, were carried out during the growing season 2018–2020 (Fig. 4). Measurements were performed at the R4-R5 growth stages from the third and fourth soybean trifoliate. Two MultispeQ 1.0 
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Figure 4 – Field measurements of soybean’s photosynthetic parameters 
devices were used (Fig. 5). For measurements we used the MultispeQ device of the PhotosynQ platform. The PhotosynQ web app, available from the PhotosynQ website [123], was built using Ruby on Rails. MultispeQ: portable unit. All development was done using (as far as possible) open-source software and hardware resources. A red-green-blue-white (RGBW) light sensor was added to measure photosynthetically active radiation (PAR) and light quality using the algorithmic approach described below [13, p. 5].
[bookmark: _Hlk97832832][image: C:\Users\05\Desktop\АктобеФайл\ФотоАСХОЗ 2018\IMG-3064.JPG]
Figure 5 – Photosynthetic measurements by MultispeQ
MultispeQ, equipped with a relative humidity and temperature sensor and a CO2 sensor (SenseAir® S8, 0.04% to 2% volume CO2, with an accuracy of ± 0.02% volume CO2 ± 3% of any reading), was used to measure photosynthetic values during flowering and seed formation of soybean phenotypes. The difference in leaf temperatures, environmental humidity of the leaf, ambient temperature of the leaf, angle of inclination of the leaf, the proportions of LEF, NPQt, Phi2 and PhiNO, and relative chlorophyll were measured. 
[bookmark: _Hlk97832941]Statistical analysis. Statistical processing of parametric data was carried out using the R-studio program [121, p.186]. Two-way analysis of variance (ANOVA) was performed with factor 1: inoculation (with four levels - (0) - healthy, (1) - low incidence of disease, (2) - average incidence of disease, and (3) - high incidence of plant disease. Factor 2: Genotypes (12 genotypes of soybeans) were used as predictors. Two-sided ANOVA was performed before and during the experiment.
The following parameters were used as numerical variables: 1 - AmbientTemp - leaf temperature; 2 - LeafAngle - the angle of inclination of the leaf; 3 - LeafTempDifferential - the difference between the leaf temperature and the ambient temperature; 4 - LEF - linear electron flow; PAR - photosynthetically active radiation; NPQt - non-photochemical quenching; Phi2 - chlorophyll fraction; PhiNO — chlorophyll fraction; PhiNPQ - non-photochemical quenching; RelChlor - relative chlorophyll content, respectively. We analyze all the variables in R using the commands that were shown below.
[bookmark: _Hlk97832975]The significance of all variables was assessed by the P-value in R-studio software [34, p.260] using the following commands:
> M <-aov (data $ variable ~ data $ factor_1 + data $ factor_2 + data $ factor_1: data $ factor_2.data = data)
> summary (M)
For nonparametric data, the Kruskal-Wallis [121, p.250] test was used with this command:
kruskal.test (data $ variable ~ data $ factor, data = data).
[bookmark: _Hlk97833252]Two-way analysis of variance (ANOVA) was performed with factor 1: 12 genotypes and factor 2: leaf position - with two levels (3rd and 4th soybean trifoliates) were used as predictive factors. As numerical variables, the difference in leaf temperature, environmental humidity of the leaf, the ambient temperature of the leaf, the angle of inclination of the leaf, the proportions of LEF, NPQt, Phi2 and PhiNO, and the relative chlorophyll were measured. A two-sided ANOVA test was performed before and during the experiment. The significance of all variables was assessed by the P-value in R Studio software [121, p.246] using the following commands:
> M <-aov (data $ variable ~ factor 1 + factor 2 + factor 1: factor 2, data = data). > summary (M).
3.2.2 Fungal samples isolation 
[bookmark: _Hlk97833439]During the growing season of soybeans and harvesting the crop, the roots of the plants were randomly selected, washed and dried. Samples were taken from each plant containing large and small root sections 1–2 cm in size. In accordance with the approved methods [104, p.21], they were disinfected first in 1% sodium hypochlorite solution for 1 min, and then washed twice with sterile distilled water. Then the samples were disinfected with a 70% alcohol solution for 1-2 minutes and washed three times with sterile ionized water. At the next stage, the necessary utensils - disposable containers and Petri dishes - were sterilized in an autoclave at 125 ° C for 15 min. In clean containers, sterile filter paper was placed in two layers, cut to the size of the bottom, which were moistened with sterile ionized water. Prepared root samples in the amount of 10 pieces were placed in this dish without touching each other, tightly fixing the lids with a film tape (Parafilm). The containers were kept in a thermostat at 25 ° C for 7-9 days. During incubation, the sample containers were checked daily for the presence of fungi (Fig. 6).
[bookmark: _Hlk97833463][image: C:\Users\User\Downloads\20200714_110740.jpg]
[bookmark: _Hlk87253395]Figure 6 - Primary isolation of fungal samples in a humid chamber
[bookmark: _Hlk97833609]At the next stage, loop scrapings were taken from root samples sprouted of fungi. For this, the collected scrapings of fungi were placed in a loop on a solid nutrient medium - potato-dextrose agar (PDA: agar, 15 g / l, dextrose, 20 g / l, potato extract, 4 g / l provided by Sigma Aldrich Media), which include streptomycin (0.1%) and neomycin sulfate (0.1%) as bacterial inhibitors. These Petri dishes were placed in a thermostat at 25 ° C for an incubation of 7-9 days. All procedures were performed according to generally accepted microbiological methods [104, p. 6]. The samples were examined daily, their growth was recorded (Fig. 7) and, if necessary, the fungi were sown again to obtain a pure culture. Upon completion of the cultivation of fungi, samples of the most characteristic representatives of the genus Fusarium were preliminarily examined under a microscope for species correspondence, according to macro- and microconidial characters, and then their final genetic identification was carried out.
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[bookmark: _Hlk97833678]Figure 7 - A colony of fungi sprouted on a nutrient medium in a Petri dish
[bookmark: _Hlk97833842]Pathogenicity test of isolates. To assess the severity of fungal isolates isolated from the roots of soybean varieties, a pathogenicity test was carried out according to generally accepted methods [125, 126, 127]. For this purpose, a soil medium for inoculation was prepared. In 1 L flasks, 500 cm3 of the universal soil medium was mixed with 100 ml of water and autoclaved twice for 60 min with an interval of 1 day. Two 1 cm2 pieces of fungal isolate were cut from a pre-germinated culture on PDA and were inoculated on this medium. The flasks were incubated at 25 ° C. temperature at 12 hours of fluorescent light per day. Approximately 5-7 days, after the fungal hyphae had grown by 2-3 cm, the flasks were shaken daily to stir. After 7 days, the inoculum was ready for use. In this substrate, sterile soybean seeds, previously disinfected in 96% alcohol and washed in ionized water, were immersed to a depth of no more than 1 cm, 4 pieces each. In a similar way, as a control, seeds were planted in non-inoculated pots.
[bookmark: _Hlk97833922]In parallel, an experiment was set up in Petri dishes, where the material for obtaining an inoculated suspension was prepared from an identical isolate, but grown on an oblique PDA nutrient medium in a test tube. In this test tube containing the formed mycelium of the fungus, 5 ml of ionized water was added. The tube was shaken thoroughly on a shaker for 1 minute. The procedure for diluting the inoculum, in order to obtain a suspension from 104 to 108, was carried out by adding 1 ml of the previous dilution to 9 ml of 0.2% aqueous agar. Then, in each prepared suspension, an appropriate amount of soybean seeds was immersed and held for 10 minutes. Then the seeds were dried on filter paper for 30 minutes and then laid out in 8 pieces in Petri dishes filled with water agar. Uninoculated (control) plants were sprayed with sterile distilled water. These seeds were made in 3 replicates, 1 control sample in each replication. Incubation conditions were standard - 25 ° C in an incubator for 7 days. After this period, the severity of the disease was assessed on a scale from 0 to 3 proposed by Broders et al. [125, p.1156]. On a scale of 0 = 100% germination without root infection symptoms; 1 = 70 to 99% germination with root formation; 2 = germination rate from 30 to 69% with accrete lesions; and 3 = germination rate from 0 to 29% where all seed tissues were affected (Fig. 8). During the experiment, all samples were regularly examined and recorded.
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[bookmark: _Hlk97833957]Figure 8 – Soybean seeds at pathogenicity test
Microscopic sections preparation. In order to obtain electron micrographs of the microorganism, the mycelium of the Fusarium fungus was fixed with a 2.5% solution of glutaraldehyde in 0.1 M for 24 hours at room temperature, then additionally fixed in a 1% solution of osmium tetroxide for one hour at +4 °C. After fixation, the samples were washed in triple distilled water and dehydrated in alcohols of increasing concentration, then in acetone. Dehydrated samples were impregnated with a mixture of epoxy resin and acetone according to the scheme. After polymerization, the sample is ready for further cutting into ultrathin sections. After impregnation, the samples were transferred to a fresh portion of clean epoxy resin using a dissecting needle, laid out in plastic molds, and kept overnight in a desiccator containing a CaCl2 (anhydrous) desiccant at room temperature. The next day, the molds with filled samples were placed in a thermostat and polymerized at 60°C for 2 days. Samples embedded in resin were sharpened in the form of a tetrahedral pyramid with a flat top. The sharpened blocks with the sample inside were placed in an ultramicrotome and cut with glass knives. A tray was attached to the knife, in which fresh sections were collected. The blocks with the filled material inside were placed in a special holder and inserted into the ultramicrotome. The obtained preparations of semi-thin sections were examined in a light microscope, choosing the desired area for subsequent obtaining of ultra-thin sections. Silver-gray sections having a thickness of 50-60 nm are suitable for analysis in an electron microscope. The strip of sections was caught on a mesh [128]. The meshes with sections attached to them were stained in solutions of uranyl acetate and lead citrate (according to Reynolds) to enhance the contrast. After washing with distilled water and drying, the prepared meshes for analysis were examined under an electron microscope. The next day, molds with filled samples were placed in a thermostat and polymerized at 60°C for 2 days [128, p.36]. Next, the samples were examined using a JEM-1011 JEOL transmission electron microscope (Japan).
3.2.3 Molecular genetic method for the identification of fungi
[bookmark: _Hlk97834358]In the work, we used 3–7-day-old strains of fungi. The mycelium was frozen at - 20 ° C. Then it was ground to a suspension-like state with a pestle in a 1.5 ml Eppendorf tube to destroy the structure of the fungus. DNA was isolated from the resulting mass using the "Plant / Fungi DNA Isolation Kit" from Norgen Biotech Corp. (Ontario, Canada) according to the manufacturer's protocol. The DNA concentration in the samples was determined using the QubitTM dsDNA HS Assay Kit (Life Technologies, Oregon, USA) using the dsDNA HS scale. We used the universal primers ITS1 and ITS4 of the fungal regions [129, 130]: 
(5, -TCCGTAGGTGAACCTGCGG-3,) and
(5, -TCCTCCGCTTATTGATATGC-3,).
The amplification reaction mixture consisted of: 12.5 μL Q5® Hot Start High-Fidelity 2X Master Mix, 1.25 μL Forward Primer (10 μM), 1.25 μL Reverse Primer (10 μM), 1.5 μL DNA and 8.5 water. The total volume of the PCR mixture was 25 μl.
[bookmark: _Hlk96206582]PCR was performed on an Eppendorf ProS amplifier (Hamburg, Germany) in the amplification mode: 94 ° C - 30 s; 55 ° C - 1 min; 72 ° C - 40 sec - 30 cycles in total; 72 ° C - 10 min (Fig. 9). The amplification results were viewed on a 1.2% agarose gel. PCR products were purified using a CleanSweep ™ PCR purification reagent (Applied Biosystems, USA).
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[bookmark: _Hlk97834420]Figure 9 – Eppendorf PCR sequenator
[bookmark: _Hlk97834495][bookmark: _Hlk97834511]The sequencing reaction was carried out using the BigDye Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems, USA) in accordance with the manufacturer's instructions [BigDye® Terminator v3.1 Cycle Sequencing Kit Protocol Applied Biosystems USA] with subsequent separation of the fragments on an automatic genetic analyzer 3500 DNA Analyzer (Applied Biosystems, USA). The sequencing results were processed using the SeqA software (Applied Biosystems, USA). The obtained nucleotide sequences of the fungal DNA ITS region was compared with the data from the GenBank database [131] using the BLAST program. Phylogenetic analysis was performed using the MEGA6 program. Alignment of nucleotide sequences was performed using the ClustalW algorithm. To construct phylogenetic trees, the Neighbor-Joining (NJ) method was used [132].
[bookmark: _Hlk97834528]The procedure for isolating antagonists of fungi of the genus Fusarium was carried out using the same method as for crop pathogens [104, p. 21].
3.2.4 Determination of mycotoxins and Amino Acids contents in soybean seedlings
 Mycotoxins: deoxynivalenol (DO	N) and its acetylated forms (3-AcDON, 15-AcDON), nivalenol (NIV), zearalenone (ZEN), diacetoxyscirpenol (DAS) fusarenon X (FusX), T-2, HT-2 and fumonisins (Fum B1, Fum B2, Fum B3), neosolaniol (NEO) were obtained from LGC (Wasel, Germany). Individual stock solutions were prepared in acetonitrile/water (1:1, v/v) at a concentration of 1 mg/mL and were used to obtain a standard mixture at the 0.1-1000 µg/mL concentrations. The standard mixture was stored at -18 °C. Mycotoxins were extracted using QuEChERS method [133, 134] and analyzed via HPLC Shimadzu Prominence LC-20 System (Shimadzu, Japan) (Fig.10), followed by the validation according to the Document No SANTE/11813/2017 [135].  
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[bookmark: _Hlk97834718]Figure 10 – Determination of mycotoxins content by HPLC (Shimadzu, Japan)
Amino acids standards such as Alanine, arginine, asparagine, aspartic acid, cysteine, glutamic acid, glutamine, glycine, histidine, isoleucine, leucine, lysine, methionine, phenylalanine, proline, serine, threonine, tryptophan, tyrosine, and valine were obtained from Sigma-Aldrich (St. Louis, USA). Soybean extracts (1 mL) were filtered, purified and analyzed via LC-MS/MS followed by the validation according to the Document No SANTE/11813/2017 [135]. Liquid chromatography system as Eksigent Ultra LC-100 (Eksigent Technologies, Dublin, CA, USA) were used. There purified extract (2 μL) was injected into the LC-MS/MS. The mobile phase components were restored and held in terms of timing. System MS/MS 6500 QTRAP (AB Sciex Instruments, Foster City, CA) was operated for mass spectrometric analysis, equipped with an Electrospray Ionization Source (ESI). Specific nitrogen content and a pressure were maintained. The multiple reaction monitoring mode (MRM) was conducted to determine all mycotoxins. For each mycotoxin, precursor ion and 2 product ions were determined: one product ion for quantification and one for qualification [35, p.314].
3.2.5 Analysis of the effectiveness of fungicides 
[bookmark: _Hlk97835123][bookmark: _Hlk97835142][bookmark: _Hlk97835162][bookmark: _Hlk97835179][bookmark: _Toc104036399]Soybean seeds of the Samer 2 variety were treated with one of the following fungicides: TMTD in an amount of 0.4 ml a.c. (tiram, 400 g / l, "August", Russia) as a standard [136]; Raxil in 3 divided doses of 0.2; 0.4 and 0.6 ml a.c. (tebuconazole, 60 g / l, Bayer CropScience AG, Germany) [137]; Insure in doses of 0.3; 0.4 and 0.5 ml a.c. (triticonazole, 80 g / l + pyraclostrobin, 40 g / l, BASF CE, Germany) [138, 139] and Extrasol at a dose of 1 l (liquid form of the drug - culture liquid Bacillus subtilis strain Ch-13 , LLC Bisolbi-Inter, Russia) per 1000 kg [140]. Untreated seeds were used as controls. Fungicide-treated seeds, by mixing in containers, were placed on a double layer of filter paper soaked in sterile ionized water. The samples were placed at a distance of at least 1 cm from each other, which were placed in a thermostat at a temperature of 25 ° C for 3-5 days. Each container was inspected daily and additionally moistened. After 3 days, readings of seed germination energy were taken. And after 5 days - the laboratory seed germination was implemented. The experimental design was completely randomized taking into account the factorial distribution of seed treatment with fungicides.


4. RESULTS OF STUDIES
[bookmark: _Toc104036400]4.1 Isolation and identification of soybean root rot pathogens
Inspection of the roots of soybean varieties was carried out at the R7 vegetation phase, in the pre-harvest period. Soybean root samples were dug out in random order, visually examined, in which the degree of pathogen infestation was determined according to the applied scale [119, p. 24], and marked for further genetic identification. The affected roots of the crop had the typical symptoms of Fusarium Root Rot. The main root, as well as the minor roots, were definitely thinned, had a dominant dark brown browning, and sometimes blackened in places (Fig. 11). The browning of roots was noted even covered the root collar of the plant.
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[bookmark: _Hlk97835388]Figure 11 - Soybean roots affected by Fusarium root rot
[bookmark: _Toc104036401]4.1.1 Isolation and morphological description of isolates
During the germination of fungi in a humid chamber, on the fifth day after incubation at 22 ° C, dark fungal colonies were observed, where colonies with similar morphological characteristics were cultured on new PDA plates (Fig. 12) using the method of isolating single spores [78, p. 16]. The color of the substrate of the samples on the back side was noted, which was milky yellow in the center and grew in concentric circles from the center to the periphery. On Czapek's nutrient medium, F. equiseti isolate had similar data, with the exception of aerial mycelium, which had a woolly structure and a less pronounced yellow color of the substrate on the reverse side.
Thirty measurements of the average length of conidia, the dimensions of the width and the number of septa of the F. equiseti isolate formed the basis for the analysis of these dimensions. Conidia (microconidia) were numerous, oval, pear-shaped or fusiform, thin-walled, hyaline, ranging in size from 10.0 to 16.0 × 2.0 to 4.5 μm. Conidia had 0–2 septa on average. Macroconidia were slightly curved, on average divided into 3-5 septa, hyaline, and had a size from 24.0 to 44.9 × 2.0 to 3.5 μm.
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A - aerial mycelium; B - the reverse side of the fungi mycelium; B - Conidia (microconidia); D - long chains of conidia (macroconidia); E - Chlamydospores in chains formed in aerial hyphae.
Figure 12 - Microscopy of F. equiseti isolate cultured on PDA (both sides of the medium)
[bookmark: _Hlk97835914][bookmark: _Hlk97835931]Chlamydospores are intercalary, abundantly forming chains in hyphae (Fig. 12). Colony and conidial morphology were consistent with the description of F. equiseti provided by Gerlach & Nirenberg [141] and Leslie & Summerell [104, p. 106].
Macroconidia F. equiseti median length was 35.8, average - 33.2. Width - 2.0 and 3.0 microns. These figures for microconidia were 14.0; 13.3; 2.0 and 2.4 for comparison (Tab. 7; Fig. 12). The general distribution of the number of septa and the width of Fusarium spp microconidia is presented below in histograms (Fig. 13,14).
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Figure 13 - General distribution of the number of Fusarium spp microconidial septa variables, nm.[image: D:\Yerlan\2021\DISS_N_KULDUBAYEV_2021\plot.png]
Figure 14 - General distribution of Fusarium spp. variables, µm.
Table 7 - Biological features of conidia of F. equiseti and F. nygamai isolates (KazNARU 2021)
	Statistical parameters 
	F. equiseti

	
	microconidia
	macroconidia

	[bookmark: _Hlk101953618]
	length
	width
	sept number 
	length
	width
	sept number

	Minimal 
	10.0
	2.0
	0.0
	24.0
	2.0
	2.0

	1st Quantile 
	11.5
	2.0
	0.0
	24.0
	2.0
	2.0

	Median 
	14.0
	3.0
	0.0
	35.8
	2.0
	3.5

	Mean
	13.3
	2.8
	0.4
	33.2
	2.4
	3.5

	3rd Quantile 
	14.0
	3.0
	1.0
	39.9
	3.0
	4.0

	Maximal 
	16.0
	4.0
	2.0
	44.0
	3.0
	7.0




2

	Continuation of Table 7

	Statistical parameters
	F. nygamai

	
	microconidia
	macroconidia

	
	length
	width
	sept number 
	length
	width
	sept number

	Minimal 
	9.0
	1.8
	0.0
	22.0
	1.7
	2.0

	1st Quantile     
	10.2
	2.0
	0.0
	23.0
	1.8
	2.0

	Median
	13.1
	1.9
	0.0
	33.7
	1.7
	3.5

	Mean
	12.4
	1.9
	0.3
	31.4
	2.0
	3.5

	3rd Quantile 
	12.0
	2.3
	0.8
	37.2
	2.6
	3.0

	Maximal 
	14.0
	3.2
	2.0
	42.1
	3.1
	5.9



[bookmark: _Hlk97836145][bookmark: _Hlk97836162]A feature of the isolated strain is that it surpasses the previously known macro- and microconidia in terms of the most characteristic morphological parameters [143]. According to Leslie & Summerell [104, p. 107], differences in the size of micro- and macroconidia as morphological traits are allowed in isolates within the same fungal species. Thus, certain difficulties arise with the identification of their species.
As an additional study of the biological characteristics of isolates of fungi of the genus Fusarium, a morphological assessment of the histology of the samples was carried out. The cellular structure of the nuclear components of the pathogenic fungi mycelium was obtained by using transmission electron microscopy TEM JEM-1011(JEOL), that shown in Figure 15.
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Figure 15 – Ultra slice of the fungus hyphae cellular structure of the genus Fusarium spp with the image of nuclear inclusions. Transmission electron microscope JEM-1011 (JEOL), magnification x 10000
[bookmark: _Hlk97836201][bookmark: _Hlk97836219]F. nygamai, isolated from soybean roots of Western Kazakhstan (Fig. 16), had not previously been isolated in crops of temperate latitudes of the Eurasian space as a whole. Previously, this species was usually isolated from the roots of millet, sorghum and cotton in Australia and southern Africa, i.e. it is a typical representative of tropical regions [143]. It was most often found in plants affected by burns and rot of seedlings, and in association with species such as F. moniliforme, F. proliferatum, F. oxysporum, F. solani, F. compactum, and F. equiseti, for example, in rice at Sardinia [144]. In a morphological study of this species (Fig. 16), the external features of the mycelium, as well as the shape of the macroconidia, where they were thin-walled, 3-segmented, sickle-shaped or almost straight.
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A - aerial mycelium; B - the reverse side of the fungi mycelium; C - 1-2 septa microconidia; D - macroconidia and long chains of conidiophores 
Figure 16 - Microscopy of F. nygamai isolate cultivated on Czapek (both sides of the medium)
[bookmark: _Toc104036402]4.1.2 Molecular genetic identification of isolates 
[bookmark: _Hlk97836509]Fungal samples morphologically corresponding to the traits of the genus Fusarium were sequenced to identify them [24, p. 257]. To do this, their DNA was isolated from ground frozen samples according to the manufacturer's recommended protocol. The DNA concentration measured in ng / μL as measured by the Qubit 2.0 fluorometer is shown in Table 8.
Table 8 - Concentration of fungal DNA
	№

	Sample nomination
	Concentration in ng / μl

	1
	№ 1
	110,0

	2
	№ 2
	118,0



As a result of amplification with ITS primers, PCR products of about 550 bp were obtained (Fig. 17).
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Note: 1, 2 - test samples; M – DNA marker GeneRuler 1 kb DNA Ladder
Figure 17 - PCR product after DNA amplification with ITS primers.
The resulting PCR product was purified using the ExS-Pure ™ Enzymatic PCR Cleanup Kit (Nijmegen, The Netherlands) according to the instructions for use. Then the concentration of the purified product was measured (Tab. 9).
Table 9 - Concentration of PCR product after purification
	№

	Sample nomination
	Concentration in ng / μl

	1
	№ 1
	71,2

	2
	№ 2
	102,0


The resulting product was amplified using the BigDye Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems, USA).
After the sequencing reaction, a second purification of the PCR product was carried out with the BigDye XTerminator Purification Kit and loaded into an ABI 3500 genetic analyzer for capillary phoresis. According to the obtained electrophoregram, one can see the clarity and purity of the peaks, which indicates a good quality of the analysis and the absence of cross-contamination of cultures (Fig. 18).
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Figure 18 - Electrophoregram of capillary phoresis during sequencing of fungi
[bookmark: _Hlk97836611]As a result of the analysis, the nucleotide sequence of the ITS region of the studied samples was obtained. The data obtained were compared with data from the NCBI International Database [131, p. 36]. A phylogenetic tree was constructed with the closest related strains, allowing for taxonomic identification of the strains under study (Fig. 19). 
TACCTATACGTTGCCTCGGCGGATCAGCCCGCGCCCTGTAAAAAGGGACGGCCCGCCCGAGGACCCTAAACTCTGTTTTTAGTGGAACTTCTGAGTAAAACAAACAAATAAATCAAAACTTTCAACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCAAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCGCCAGTATTCTGGCGGGCATGCCTGTTCGAGCGTCATTTCAACCCTCAAGCTCAGCTTGGTGTTGGGACTCGCGGTAACCCGCGTTCCCCAAATCGATTGGCGGTCACGTCGAGCTTCCATAGCGTAGTAATCATACACCTCGTTACTGGTAATCGTCGCGGCCACGCCGTAAAACCCCAACTTCTGAATGTTGACCTCGGATCAGGTAGGAATACCCGCTGAACTTAAGCAT 
Figure 19 - Nucleotide sequence of Fusarium equiseti isolate
[image: ]
Figure 20 - Phylogenetic tree of sample No. 1
According to the taxonomic identification of strain 1, it can be seen that the closest related strain is isolate MK562068 Fusarium equiseti 09. The degree of homology was 100%, which allows the studied strain to be attributed to this species. In order to confirm this result, a repeated test was carried out, the data of which are shown below (Fig. 21).
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Figure 21 - Phylogenetic tree of sample No. 2
[bookmark: _Hlk97836665]Additionally, the taxonomic identification of strain 2, similar to the obtained strain 1, demonstrates that the closest related strain is isolate MK562068 Fusarium equiseti 09. The degree of homology was 100%, which also allows the studied strain to be attributed to this species. Thus, the isolated fungi from soybean roots were identified in the identification process as Fusarium equiseti. This isolate of the species was edited, checked for similarity with the parameters deposited in the international information database NCBI [131, p. 36], and was also assigned the number GENBANK # SUB7591578 MK562068_1MT593199. The next stage in the study of the species was to test its pathogenicity on soybean material.
[bookmark: _Hlk97836700][bookmark: _Hlk97836720]In the course of this study, namely the isolation of pathogenic fungi in the soybean root system, other species of the genera Fusarium and Clonostachys were also isolated. Thus, using the generally accepted method of sequencing the DNA nucleotide sequence in the ITS1 region from different roots of soybean varieties, they were identified as Fusarium brachygibbosum (Fig.22,23), Fusarium nygamai (24, 25), and Clonostachys rosea (26,27). The second type, i.e., F. nygamai phylogenetically, according to O'Donnell et al. [145], is closest to F. thapsinum, and may also be a complex of species [146]. 
GAGGTCACATTCAGAAGTTGGGGGTTTAACGGGTTGGCCGCGCCGCGTTCCAGTTGCGAGGGGTTAGCTACTACGCAATGGAGGCTGCAGCGAGACCGCCACTAGATTTCGGGGCCGGGCTGGAGTACAGCCCGATCCCCAACACCAAACCCGGGGGCTTGAGGGTTGAAATGACGCTCGAACAGGCATGCCCGCCAGAATACTGGTGGGCGCAATGTGCGTTCAAAGATTCCATGATTCACTGAATTCTGCAATTCACATTACTTATCGCATTTTGCTGCGTTCTTCATCGATGCCAGAACCAAGAGATCCGTTGTTGAAAGTTTTGATTTATTTGTTTTTTAGACTCACAAGTTACACTAAAATCAGAGTTTTGTGGTTCCTGCGGCGGGCCGTCCCGTTTTACGGGGCGCGGGCTGATCCGCCGAGGCAACATAAAGGTATGTTCACAGGGGTTTGGGAGTTGTAAACTC
Figure 22 - Nucleotide sequence of Fusarium brachygibbosum isolate
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Figure 23 - Phylogenetic tree of Fusarium brachygibbosum isolate sample
According to the phylogenetic tree presented above (Fig. 23), it can be determined that the closest related strain of the species is MG267121.1:25-497 Fusarium brachygibbosum. The degree of homology, in which was 100%, which allows us to attribute the studied strain to this species.
ATACCTACTGTTGCTTCGGCGGGATTGCCCCGGGCGCCTCGTGTGCCCCGGATCAGGCGCCCGCCTAGGAAACTTAATTCTTGTTTTATTTTGGAATCTTCTGAGTAGTTTTTACAAATAAATAAAAACTTTCAACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCGCCAGTATTCTGGCGGGCATGCCTGTCTGAGCGTCTTTCAACCCTCATGCCCCTAGGGCGTGGTGTTGGGGATCGGCCAAAGCCCGCGAGGGACGGCCGGCCCCTAAATCTAGTGGCGGACCCGTCGTGGCCTCCTCTGCGAAGTAGTGATATTCCGCATCGGAGAGCGACGAGCCCCTGCCGTTAAACCCCCAACTTTCCAAGGTTGACCTCAGATCAGGTAGGAATACCCGCTGAACTTAAGCATATCAATAA
Figure 24 - Nucleotide sequence of Clonostachys rosea isolate
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Figure 25 - Phylogenetic tree of Clonostachys rosea isolate
Taxonomic identification of the strain showed that the closest related strain is MT441901.1:16-515 Clonostachys rosea isolate CrKn-1. The degree of homology of which was 100% (Fig. 25). Also, the fungus Fusarium nygamai was isolated and identified from the roots of soybean samples, the data of which are shown below (Fig. 26).
TACCAATTGTTGCCTCGGCGGATCAGCCCGCTCCCGGTAAAACGGAACGGCCCGCCAGAGGACCCCTAAACTCTGTTTCTATATGTAACTTCTGAGTAAAACCATAAATAAATCAAAACTTTCAACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCAAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCGCCAGTATTCTGGCGGGCATGCCTGTTCGAGCGTCATTTCAACCCTCAAGCCCCCGGGTTTGGTGTTGGGGATCGGCGAGCCTCACGGCAAGCCGGCCCCGAAATACAGTGGCGGTCTCGCTGCAGCTTCCATTGCGTAGTAGTAAAACCCTCGCAACTGGTACGCGGCGCGGCCAAGCCGTTAAACCCCCAACTTCTGAATGTTGACCTCGGATCAGGTAGGAATACCCGCTGAACTTAAGCATATC
Figure 26 - Nucleotide sequence of Fusarium nygamai isolate[image: ]

Figure 27 - Phylogenetic tree of Fusarium nygamai isolate
This phylogenetic tree was built by comparing the studied sample with the sequences of reference strains placed in the International Blast Database. The degree of homology with the nearest strain MT463517.1:73-554 Fusarium nygamai isolate AJTYC1 was 100.00%, which makes it possible to attribute the studied sample to this species (Fig. 27).
[bookmark: _Hlk97836745][bookmark: _Hlk97836764][bookmark: _Hlk97836780]In the present study, according to the created phylogenetic tree, F. nygamai is located in the same clade as F. oxysporum and F. thapsinum. As for Clonostachys rosea, it is noted as an antagonist fungus that regulates the presence of pathogenic fungi in the soil environment of cultivated crops, especially against pathogens of the genus Fusarium [147 - 151]. Thus, due to the production of CWDEs, and secondary metabolites such as antibiotics and toxins, an enzyme such as chitinase destroys the 1,4-β-glycosidic bond of chitin and destroys the cell wall of fungal plant pathogens [152]. This fact of the presence of several species of fungi in the roots of plants is common, but only some species can be pathogenic to culture [153].
Thus, as a result of the DNA sequencing identification of soybean root isolates based on the application of the ITS region primers, F. equiseti, as a causative agent of soybean root rot was isolated.
[bookmark: _Toc104036403]4.1.3 Pathogenicity test of Fusarium fungi isolates
To assess the pathogenic nature of the isolates, it was initially decided to determine the ability to show signs of spotting and root rot in soybean seedlings statistically. A diagram of the manifestation of spotting and root rot of seedlings showed that the scale was variable. In this regard, it was justified to use the nonparametric Kruskal-Wallys test to assess the manifestation of symptoms of the disease. The analysis showed the significance of the level of intensity of spotting and root rot, P-value <0.01 (Fig. 28, 29).
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Kruskal-Wallys test, P-value<0.001.

Note: 0 – number of healthy seedlings, 0.5-1.0 – number of light diseased by root rot seedlings, 1.5-2.0 – middle diseased seedlings, 2.5-3.0 - high diseased seedlings
Figure 28 - The distribution histogram of root rot intensity variable in soybean seedlings.
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Note: 0 – number of healthy seedlings, 20 – number of light diseased by spot blotch seedlings, 40 – middle diseased by spot blotch seedlings, 60 - high diseased by spot blotch seedlings, 80 – very high diseased by spot blotch seedlings, Kruskal-Wallys test, p-value<0.01.
Figure 29 - The distribution histogram of spot blotch intensity variable in soybean seedlings.
Koch's postulates were fulfilled by re-isolation and identification of the pathogen Fusarium spp. based on the morphology described above (Fig. 12, 16; Tab. 7). The F. equiseti isolate caused typical symptoms on soybean seedlings, including necrosis and discoloration of plant roots and seedlings. However, soybean varieties with different susceptibility to Fusarium root rot had unequal seedling wilt, spread and development of the disease. The highest values ​​of these indicators were noted in the Maple Ridge variety (85.0%, 82.0%, 74.0%, respectively), which was previously classified as susceptible to Fusarium root rot, and the lowest values ​​were in the Tanais variety (18.0%, 26.0%, 12.0%, respectively). The latter variety is classified as resistant to root rot. Control soybean seedlings and seedlings infected with F. nygamai suspension showed no disease symptoms (Tab. 10; Fig. 30). According to our research, F. equiseti (unpublished data) is classified as a pathogen of soybean root rot, but its pathogenicity is strictly related to the genetic predisposition of soybean varieties to root rot. Zhang et al. [78, p.225] noted the low pathogenic potential of F. equiseti on soybeans in Canada. However, our results showed that F. equiseti isolated from soil in Kazakhstan can significantly influence the spread and development of soybean diseases. In this case, resistant varieties are the most promising approach to sustainable soybean production due to pesticide restrictions. As reported by Mielniczuk & Cegielko [154], cultivar susceptibility to F. equiseti is a decisive factor in disease prevention in organic cultivation. Previously, it was found that F. nygamai, despite the appearance on soybean seedlings in three varieties with different susceptibility to Fusarium root rot, did not participate in the decay, spread and development of root rot. However, Balmas et al., [144, p.807] reported F. nygamai as an incidental agent of rice root rot, and Azil et al., [155] noted F. nygamai as an etiological agent of root rot in Vicia faba and potatoes. This indicates that soybeans are naturally resistant to F. nygamai root rot and in the future a genetic analysis is expected to be carried out on this by our research team.
Table 10 - Distribution and development of root rot symptoms at soybean seeds in the pathogenicity test of Fusarium spp. isolates (PDA medium, at 23-25°C, KazNARU, 2021)
	Isolate
	Seedling damping-off, %
	Spreading, %
	Development, %

	
	Maple Ridge
	Samer5
	Tanais
	Maple Ridge
	Samer5
	Tanais
	Maple Ridge
	Samer5
	Tanais

	F. nygamai
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	F. equiseti
	85.0
	44.0
	18
	82.0
	55.0
	26.0
	74.0
	36.0
	12.0

	Control (without infection) 
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	P-value (non-parametric Kruskal-Wallys test)
	<0.001
	<0.001
	<0.001
	<0.001
	<0.001
	<0.001
	<0.001
	<0.001
	<0.001



These species, as well as F. avenaceum, have a significant impact on the development of root rots in pea [156], cowpea in the USA [157], Fusarium wilt of tomato, and anthracnose of cucumber [158, 159]. Morphological descriptions and pathogenicity are typical for them, as noted earlier [160, 161]. Although some isolates of F. equiseti exhibit properties as biocontrol agents against root and other diseases in vegetable crops [158, p.920] [159, p.35]. At the same time, as they noted, F. oxysporum, like F. equiseti, are relatively less common and aggressive as root rot pathogens in laboratory conditions.
[image: D:\Дутбаев_Е_2021\paper_F.nigamai_2021\20210531_151746.jpg][image: D:\Дутбаев_Е_2021\paper_F.nigamai_2021\20210531_161550.jpg]
Figure 30 - Laboratory experiment of a test for pathogenicity of two isolates of F. equiseti and F. nygamai on seedlings of soybean variety Samer 5 (KazNARU, 2021)
Additionally, a pathogenicity test was carried out on soybean seeds, where they were soaked in an isolate suspension at a final spore concentration of 105 per mL and cultured on water-agar medium. As can be seen in Figure 31, all seeds of the crop were completely covered with the mycelium of the F. equiseti isolate on day 5 of inoculation and showed signs of browning, softening, and decay by day 7. In our study, the obtained isolate of F. equiseti showed a rather high aggressiveness, and hence pathogenicity in relation to seeds and seedlings of the legume species. The high pathogenicity of F. equiseti was also noted by Naeem et al. [161], the aggressiveness of which in soybean using a special DCI index (disease severity index) was identical to F. graminearum and only slightly inferior to the most pathogenic species F. fujikuroi.
[bookmark: _Hlk97837580]F. equiseti, as a soil fungus, observed for 3 years on an experimental plot at Western Kazakhstan, showed signs of a root rot agent, mainly in the flowering and ripening phase of soybeans [162], although at the time of the first discovery its pathogenicity in the laboratory was not confirmed. In addition, in terms of aggressiveness, F. equiseti as a pathogen causing root rot in various crops is significantly inferior to such dominant species of the Fusarium genus as F. oxysporum, F. solani, and F. graminearum. In combination with these species, F. equiseti has a significant effect on the development of root rot of field peas and cowpea in North America [156, 157]. Thus, this study confirms the pathogenic nature of the isolated F. equiseti strains as causative agents of soybean root rot.
[image: ]
Figure 31 - Pathogenicity test of soybean variety seeds (Samer 5) by F. equiseti isolates solution at 105 per ml (KazNARU, 2021)
Thus, the above test confirms the pathogenic nature of the isolated strains of F. equiseti as pathogens of soybean root rot.
[bookmark: _Toc104036404]4.2 Effects of Root Rot on Soybean Yield and Physiology in Western Kazakhstan
[bookmark: _Toc104036405]4.2.1 Phenotypic assessment of fungi pathogen influencing on soybean genotypes
Aktobe region is located almost in the center of the Eurasian continent. This determines the features of a sharply expressed continental climate with high continentality, which increases from the northwest to the southeast. In the summer, dry overheated tropical air masses are removed from the south to the region from the deserts of Central Asia and Iran, and from the north - northern, arctic air masses from beyond the Urals. In 2018, the value of the hydrothermal coefficient (HTC) in the first half of the growing season for all forms of soybeans ranged from 0.240 to 0.326; in the second half - from 0.217 to 0.289 mm/deg. In 2019, HTC ranged in the beginning from 0.210 to 0.237; in the second half - from 0.238 to 0.284 mm/deg. In 2020, the HTC in the first half of the soybean growing season was 0.557-0.586 mm/deg., in the second half of the growing season 0.434-0.527 mm/deg.; in general, for the growing season - 0.517-0.542 mm/deg. These data indicate insufficient moisture supply in 2019 (Fig. 32).

[bookmark: _Hlk97837846][image: ]
Figure 32 - Temperature, precipitation and degree of soybean root rot infestation in 2018-2020
12 soybean genotypes from Eurasia were tested for Fusarium root rot incidence and yield in the 2018, 2019 and 2020 seasons in the Aktobe region. The continental feature of the region is characterized by high temperatures during the growing season and limited rainfall. Thus, the average temperatures in the period from 2018 to 2020 were 20.2°С, 21.0°С and 21.2°С, and the amount of precipitation was 19.5 mm, 15.1 mm and 31.1 mm, respectively (Fig. 32). Our studies showed (Fig. 33) that the climatic conditions of the year had a greater 
[image: ]
Figure 33 - The development of Fusarium root rot in the flowering and maturing phases of soybeans in 2018-2020
influence on the root rot development index than the variety-dependent resistance. Similarly, Diaz-Arias et al. 2013 [76, p.1561] was noted that heavy rainfall but at low temperatures in the summer of 2008-2009 could contribute to the development of the disease and increase the incidence and prevalence of the most commonly encountered species such as F. acuminatum, F. graminearum, F. oxysporum and F. solani. The development of soybean root rot was observed from the seedling stage. An analysis of the overall distribution of the intensity of root rot during the flowering period of plants showed non-uniform values ​​between 2018-2019 (10.8-30.3%, 25-56%, respectively) and 2020 (6.9-12.5%). Meanwhile, during the soybean maturing period, the growth of root rot was significantly higher in 2018 and 2020 (19.4-50.5%), but lower in 2019 (18.2-28.5%).
In turn, the manifestation of the presence of Fusarium disease in soybean seedlings was noted in laboratory studies of KJIC KazNARU. The general scheme of the distribution of spotting and root rot of seedlings observed in laboratory conditions is presented below (Fig. 34, 35). This chart showed that the scale was variable.
[image: C:\Users\Admin\Documents\Rplot01.png]
Kruskal-Wallys test, p-value = 1.438e-07.
Note: 0 – number of healthy seedlings, 0.5-1.0 – number of light diseased by root rot seedlings, 1.5-2.0 – middle diseased seedlings, 2.5-3.0 - high diseased seedlings
Figure 34 - Histogram of the distribution of the variable intensity of root rot development in soybean seedlings (laboratory conditions, KazNARU, 2021)
[image: C:\Users\Admin\Documents\Rplot02.png]
Note: 0 - the number of healthy seedlings, 20 - the number of seedlings weakly spotted, 40 - moderately spotted seedlings, 60 - heavily spotted seedlings, 80 - very strongly spotted seedlings, Kruskal-Wallys test, p-value <0, 01
Figure 35 - Histogram of the distribution of the variable intensity of the manifestation of leaf spot on soybean seedlings (lab condition KazNARU, 2021)
Thus, there was a reason to use the nonparametric Kruskal-Wallys test to assess the onset of symptoms of the disease. The analysis showed the significance of spotting and the level of intensity of root rot, P-value, <0.01.
Results have shown that the soybeans root rot disease infection started on seedling stage of vegetation. The infection intensity factor was not significantly impacted to root rot occurrence variable among all genotypes. During the soybean flowering and maturing stages, the root rot infection intensity was significant [35, p. 314].	Comment by 05: Поместить в Продуктивность
Impact on productivity. Yield losses significantly correlated with year condition, genotypes, root rot density, number of diseased plants and impacted to plant height, height of lower bean, number of beans per plant, weight of beans, weight of 1000 grains and genotype productivity (Tab. 11, Appendix A). 
	



Table 11 – The Impact of year condition, genotype, root rot density to crop productivity (Aktobe Agricultural Experimental Station, 2018-2020)

	Genotype
	Year
	Degree of root rot
	Number of plants, %
	Plant height, cm
	Height of lower bean, cm
	Number beans tiers
	Number beans per plant
	Weight of gram
	Yield losses of 1000 grains, gram
	Yield losses from 25 plants, gram

	
	
	
	
	
	
	
	
	1000 grain
	From 25 plants
	
	

	Anastasya
	2018
	healthy 
	22
	44.3
	7.3
	17.7
	30.3
	156.0
	263.7
	-
	-

	
	
	low
	41
	38.2
	7.7
	10.5
	17.7
	147.3
	231.7
	8.7
	131.1

	
	
	middle and high
	37
	35.8
	8.9
	10
	15.2
	100.3
	132.3
	55.7
	48.6

	
	2019
	healthy 
	21
	45.3
	7.7
	17.4
	30.3
	156.3
	266.1
	-
	-

	
	
	low
	38
	43.3
	7.6
	12.5
	27.4
	145.4
	250.1
	10.9
	6.1

	
	
	middle and high
	41
	35.1
	9.5
	10.2
	15.2
	95.6
	121.4
	60.7
	59.3

	
	2020
	healthy 
	2
	41.95
	5.1
	-
	40
	124.9
	245.0
	-
	-

	
	
	low
	20
	35.5
	5.8
	-
	18.2
	116.2
	142.6
	8.7
	20.5

	
	
	middle and high
	78
	30
	10.1
	-
	11.7
	101.5
	88.4
	23.4
	122.1

	Belor
	2018
	healthy 
	13
	47.3
	6.0
	22.5
	43.0
	179.7
	238.7
	-
	-

	
	
	low
	7
	35.9
	6.8
	13.2
	26.0
	166.3
	219.7
	13.4
	1.3

	
	
	middle and high
	80
	27.9
	9.6
	6.6
	10.5
	130.0
	129.3
	49.7
	87.5

	
	2019
	healthy 
	17
	47.5
	6.8
	22.5
	43.0
	179.5
	235.0
	-
	-

	
	
	low
	18
	45.4
	6.5
	21.2
	36.0
	166.5
	229.1
	13.0
	1.1

	
	
	middle and high
	65
	27.0
	6.6
	6.6
	10.0
	130.0
	129.3
	49.5
	68.7

	
	2020
	healthy 
	4
	30.75
	7.3
	
	49.0
	165.1
	283.7
	-
	-

	
	
	low
	17
	22.26
	6.6
	-
	12.5
	142.4
	192.4
	22.7
	15.5

	
	
	middle and high
	79
	21.6
	7.1
	-
	10.1
	128.4
	75.2
	36.7
	164.7

	Cheremosh
	2018
	healthy 
	23
	37.8
	5.7
	20.2
	34.2
	220.8
	354.9
	-
	-
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	low
	24
	33.0
	5.6
	15.3
	24.2
	203.2
	313.0
	17.6
	10.1

	
	
	middle and high
	53
	23.7
	6.4
	8.3
	9.3
	167.3
	173.1
	53.5
	96.4

	
	2019
	healthy 
	21
	37.9
	5.7
	20.2
	35.2
	220.8
	354.9
	-
	-

	
	
	low
	25
	33.0
	5.6
	15.3
	33.2
	213.5
	323.0
	7.3
	8.0

	
	
	middle and high
	54
	23.7
	6.4
	8.3
	9.3
	167.3
	175.6
	53.5
	96.8

	Isidor
	2018
	healthy 
	33
	31.1
	5.3
	18.1
	24.5
	152.7
	171.0
	-
	-

	
	
	low
	17
	31.7
	5.0
	18.5
	24.7
	143.3
	160.0
	9.4
	1.9

	
	
	middle and high
	50
	22.3
	6.0
	8.5
	9.0
	118.0
	91.0
	34.7
	40.0

	
	2019
	healthy 
	33
	32,5
	5.3
	18.6
	25.5
	155.4
	177.0
	-
	-

	
	
	low
	25
	32.0
	5.2
	18.0
	25.1
	165.1
	165.4
	-
	2.9

	
	
	middle and high
	42
	21.7
	6.5
	9.1
	8.9
	115.3
	87.4
	40.1
	37.6

	Maple Ridge
	2018
	low
	24
	32.2
	6.7
	12
	17.7
	180.3
	159.0
	-
	-

	
	
	middle and high
	76
	29.2
	8.9
	7.1
	9.7
	128.7
	78.0
	51.6
	61.6

	
	2019
	low
	27
	33.1
	9.0
	10.0
	17.7
	175.4
	155.0
	-
	-

	
	
	middle and high
	73
	28.9
	8.5
	7.2
	13.7
	121.7
	77.5
	53.7
	56.6

	
	2020
	healthy 
	2
	39.4
	0.5
	-
	52.0
	195.4
	245.0
	-
	-

	
	
	low
	16
	34.1
	5.5
	-
	35.1
	131.0
	271.1
	64.4
	-

	
	
	middle and high
	82
	31.9
	6.6
	-
	16.9
	112.7
	98.7
	82.7
	120.0

	Samer 1
	2018
	healthy 
	25
	34.2
	9
	14.5
	30.0
	156.3
	275.0
	-
	-

	
	
	low
	33
	33.1
	8.7
	13.7
	29.0
	146.7
	233.0
	9.6
	13.9

	
	
	middle and high
	42
	29.0
	7.8
	12.1
	22.6
	134.0
	125.0
	22.3
	63.0

	
	2019
	healthy 
	35
	35.5
	8.9
	14.6
	30.1
	158.3
	275.0
	-
	-

	
	
	low
	25
	34.1
	8.8
	14.7
	29.5
	153.7
	253.0
	4.6
	5.5

	
	
	middle and high
	40
	30.0
	7.7
	12.0
	21.6
	131.0
	115.0
	27.3
	64.0

	
	2020
	healthy 
	14
	39.5
	8.8
	-
	25.0
	146.1
	173.9
	-
	-
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	low
	33
	32.2
	8.4
	-
	23.0
	144.8
	151.2
	1.3
	7.5

	
	
	middle and high
	53
	31.0
	11.5
	-
	17.8
	135.1
	83.6
	11.0
	47.8

	Samer 2
	2018
	healthy 
	30
	26.7
	9.6
	10.7
	23.1
	153.0
	166.7
	-
	-

	
	
	low
	30
	27.4
	8.7
	9.4
	19.3
	148.3
	145.7
	4.7
	16.2

	
	
	middle and high
	40
	25.8
	10.6
	7.4
	12.7
	125.7
	105.3
	27.3
	18.4

	
	2019
	healthy 
	26
	27.7
	10.5
	10.1
	22.5
	155.2
	159.5
	-
	-

	
	
	low
	33
	27.6
	9.7
	9.4
	21.5
	144.3
	143.9
	10.9
	5.2

	
	
	middle and high
	41
	25.1
	9.3
	7.3
	12.9
	121.3
	103.6
	33.9
	22.9

	
	2020
	healthy 
	2
	-
	-
	-
	-
	-
	-
	-
	-

	
	
	low
	24
	31.9
	8.9
	
	21.7
	255.1
	155.7
	-
	-

	
	
	middle and high
	73
	28.7
	13.2
	
	10.8
	254.5
	67.7
	0.6
	64.2

	Samer 3
	2018
	low
	31
	41.8
	7.0
	13.8
	27.8
	127.7
	132.0
	-
	-

	
	
	middle and high
	69
	30.6
	12.5
	7.1
	11.8
	97.7
	71.3
	30.0
	41.9

	
	2019
	low
	34
	41.6
	12.5
	13.5
	28.7
	124.6
	131.5
	-
	-

	
	
	middle and high
	66
	31.6
	7.0
	7.5
	12.9
	92.5
	69.5
	32.1
	40.9

	
	2020
	low
	24
	31.4
	7.4
	-
	21.2
	136.2
	144.6
	-
	-

	
	
	middle and high
	76
	28.1
	10.8
	-
	17.4
	114.5
	66.5
	21.7
	59.4

	Samer 5
	2018
	healthy 
	49
	35.7
	5.7
	14.3
	32.0
	278.0
	243.0
	-
	-

	
	
	low
	25
	35.6
	5.5
	16.7
	35.7
	243.7
	219.0
	34.6
	6.2

	
	
	middle and high
	26
	31.8
	7.0
	10.9
	19.6
	130.3
	129.7
	147.7
	29.5

	
	2019
	healthy 
	25
	35.3
	6.7
	14.5
	32.0
	278.0
	243.0
	-
	-

	
	
	low
	41
	35.4
	6.5
	14.5
	35.7
	263.7
	229.0
	14.3
	5.7

	
	
	middle and high
	34
	31.7
	5.4
	10.5
	18.5
	130.8
	120.4
	147.2
	41.7

	
	2020
	healthy 
	4
	28.3
	4.7
	-
	11.5
	136.4
	177.9
	-
	-

	
	
	low
	33
	26.8
	6.1
	-
	17.4
	135.2
	122.8
	1.3
	18.2
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	middle and high
	63
	24.5
	6.7
	-
	11.2
	128.2
	71.4
	8.0
	67.1

	Swapa
	2018
	healthy 
	46
	35.5
	4.75
	12.5
	18.5
	167.3
	160.3
	-
	-

	
	
	low
	31
	35.8
	5.2
	14.1
	17.6
	149.3
	144.7
	18.0
	4.8

	
	
	middle and high
	22
	30.0
	12.5
	6.7
	8.2
	114.0
	97.0
	53.3
	13.9

	
	2019
	healthy 
	41
	35.8
	4.8
	14.5
	19.5
	167.3
	163.4
	-
	-

	
	
	low
	34
	35.1
	4.7
	14.1
	18.1
	159.3
	154.1
	8.0
	3.2

	
	
	middle and high
	25
	29.1
	10.8
	6.5
	8.2
	114.0
	88.9
	53.3
	18.6

	
	2020
	healthy 
	1
	38.5
	1.0
	-
	48.0
	119.8
	347.5
	-
	-

	
	
	low
	23
	32.9
	5.2
	-
	25.5
	123.7
	167.3
	-
	41.5

	
	
	middle and high
	76
	30.2
	7.8
	-
	15.8
	100.9
	87.7
	18.9
	197.4

	Tanais
	2018
	healthy 
	28
	44.3
	5.0
	18.0
	38
	189.1
	342.3
	-
	-

	
	
	low
	29
	46.8
	6.4
	19.4
	42.6
	164.7
	312.7
	24.4
	8.6

	
	
	middle and high
	43
	33.5
	8.2
	11.7
	20.2
	134.7
	165.0
	54.4
	76.2

	
	2019
	healthy 
	30
	45.5
	6.6
	19.1
	45.0
	191.5
	345.5
	-
	-

	
	
	low
	29
	45.1
	6.4
	18.6
	44.0
	184.7
	345.1
	6.8
	0.1

	
	
	middle and high
	41
	34.6
	5.2
	11.0
	19.3
	137.3
	165.0
	54.2
	74.0

	Toury
	2018
	healthy 
	21
	55.1
	5.2
	27.3
	53.9
	184.3
	374.0
	-
	-

	
	
	low
	37
	55.2
	5.0
	27.7
	54.0
	180.0
	319.3
	4.3
	20.2

	
	
	middle and high
	42
	43.2
	7.7
	21.0
	38.7
	135.3
	237.0
	49.0
	57.5

	
	2019
	healthy 
	19
	58.2
	5.2
	27.6
	54.0
	187.0
	377.0
	-
	-

	
	
	low
	40
	56.2
	5.1
	28.0
	52.8
	179.0
	365.0
	8.0
	4.8

	
	
	middle and high
	31
	39.8
	8.1
	21.2
	36.4
	125.4
	225.0
	61.6
	47.1

	
	2020
	healthy 
	4
	37.1
	4.0
	-
	32.0
	155.3
	243.3
	-
	-

	
	
	low
	6
	26.
	5.7
	-
	20.6
	139.7
	133.5
	15.6
	6.6

	
	
	middle and high
	90
	25.2
	8.2
	-
	10.9
	121.9
	70.7
	33.4
	155.3

	Continuation of Table 11

	 ANOVA t- test, P-value
	cultivar
	<0.01***
	<0.01***
	<0.01***
	<0.01***
	<0.01***
	<0.01***
	
	

	
	genotype: degree of root rot factors
	<0.01***
	<0.01***
	<0.01***
	<0.01***
	0.43
	<0.01***
	
	

	 ANOVA t- test, P-value
	Year factor
	<0.01***
	<0.01***
	<0.01***
	<0.01***
	<0.01***
	<0.01***
	
	

	
	degree of root rot factor
	<0.01***
	<0.01***
	<0.01***
	<0.01***
	0.03*
	<0.01***
	
	


[bookmark: _Hlk95041319]
In turn, it can be seen that yield losses in 25 plants at a low level of the disease ranged from 0.6 to 5.4%, and at an average and strong level of disease intensity, yield losses were in the range of 12.1-38.7% (Tab. 11). In 2018-2020 the highest soybean productivity was at Cheremosh, Tanais and Toury genotypes, with weight of grains of 25 plants – 331.4-357.8 gram, with losses from Fusarium root rot on 79.4-105.6 gram. 
The average productivity of 25 plants grain were lower at Anastasya, Samer 1, Samer 5 and Swapa genotypes (223.7-257.9 gram) with losses from root rot 56.1-95.6 gram. These indexes at Belor, Isidor, Maple Ridge and Samer 2 were 172.4-186.3 and 40.7-112.9, respectively. The lowest productivity was on Samer 3 – 129.5 with losses from root rot – 47.4 (Tab.  11).
Non-parametric Kruskal-Wallys chi-squared analysis showed that in 2018-2019 in general distribution numbers of healthy and diseased by root rot in low, middle and strong level plants intensity was the same. In 2020 mostly crops were significantly diseased by root rot in low and middle stage (Fig. 36).  
	[image: ]
Kruskal-Wallys chi-squared = 0.17558, df = 3, p-value = 0.9814
A - 2018

	[image: ]
Kruskal-Wallys chi-squared = 5.3154, df = 4, p-value = 0.2564
B – 2019
Note: 0.5 – healthy plants, 1 – low diseased plants; 2 – middle diseased plants; 3 – strong diseased plants
Figure 36 – Histogram of general distribution of impact of genotype factor to root rot density during plant flowering stages of 2018 (A), 2019 (B) and 2020 (C) (Aktobe Agricultural Experimental Station)

	[image: ]
Kruskal-Wallys chi-squared = 29.734, df = 3, p-value = 1.57e-06
C - 2020


Figure 36 – list 2 
Assessment of yield losses is very important for drawing up strategies for combating various plant diseases and according to Chang’s observations [163]. It can average 52%, varying from 40 to 68% as a result of inoculation of soybean cultivars by the pathogen R. solani. The author also notes that the yield data strongly negatively correlated with the displaying of root rot. In the present study, it was found that soybean yield losses from Fusarium root rot varied from 30 to 53.2% depending on the cultivar. In addition, these losses occurred due to disease were significantly correlated with soybean genotypes, affecting plant height, bottom bean height, number of beans per plant and bean weight.
[bookmark: _Toc104036406]4.2.2 Impact of pathogenic fungi on photosynthetic processes of soybean
Pathogens, mainly soil ones, cause root rot of plants and, as abiotic factors, damage the activity of the photosynthetic apparatus of plants [6, p.5].
A one-way ANOVA test based on data from the use of the MultispeQ instrument showed a significant variation in the factor of soybean varieties for variables - leaf temperature difference, ambient humidity, ambient temperature and the prevalence of root rot (P>0.01). In other photosynthetic variables, the P value was ≥0.01 and we accepted the null hypothesis.
At the same time, the preliminary results of 2018 in these areas showed a significant difference (P>0.01) in the photosynthetic fractions of NPQt, Phi2, PhiNO and the relative content of chlorophyll, with the exception of the PAR fraction [7, p.175]. Between the variables, leaf temperature drops, ambient temperature and humidity, slightly positive and negative correlations were noted, 0.32 and -0.37, respectively.
The variable of leaf temperature differences was divided into 3 clusters: the first (Samer 1, Samer 2, Samer 3) - (-0.6-(-1.1), the second (Isidor, Anastasia, Toury, Samer 5), Maple Ridge) - (-1.3-(-1.7) and the third (Belor, Cheremosh, Tanais) - (-2-(-2.7).
Leaf ambient temperature of varieties are divided into 4 clusters: the first (Samer 1, Samer 2) - 28.2-29.3, the second (Maple Ridge, Samer 3, Samer 5) - 30.8-31.6, the third (Svapa), Belor, Cheremosh, Isidor) -33.7-34.2, the fourth (Anastasia, Tanais, Toury) - 34.1-35.2. Soybean varieties react differently to the occurrence of root rot, leaf temperature difference, temperature and humidity parameters of the environment.
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Note: 1 - Samer1, 2 - Samer2, 3 - Samer3, 4 - Samer5, 5 - Anastasia, 6 - Tanais, 7 - Cheremosh, 8 - Isidor, 9 - Toury, 10 - Belor, 11 - Maple Ridge, 12 – Svapa
Figure 37 - Cluster dendrogram of the development of root rots of soybean genotypes (Aktobe AES, 2019)
In turn, according to the prevalence of root rot on soybeans, twelve varieties are grouped into 4 clusters (Fig. 37): the first with an average disease development index - Cheremosh - 1.9%; the second - Belor, Svapa, Samer 1, Samer 5 and Isidor (5.5-6.5%); third - Samer 2 and Samer 3 (8.2-8.9%) and fourth - Maple Ridge, Toury, Anastasia and Tanais (9.8-13.7%).
The pathogens, mainly soil-borne ones, cause root rot of plants [163] and how abiotic factors damage the activity of the photosynthetic apparatus of plants [6, p.5]. Among the physiological indicators, chlorophyll a fluorescence is the very sensitive to changes under stress in photosynthesis [10, p.123] which provides information on the efficiency of Photosystem II and I as components of the light harvesting complex under environmental stress [164]. This parameter can inform about the nature of the disease and the level of resistance or susceptibility of plants to a certain strain of the fungus already in the first days of infection [60, p. 203]. Due to pathogenic influence, restrictions can subsequently occur in electron transfer (linear electron flow (LEF) of NADP and ATP synthesis [165], energy distribution between photosystems (PS) and in the removal of excess heat (non-photochemical quenching - NPQ) [166]. A study by Swarbrick et al. [167] using chlorophyll fluorescence kinetics demonstrated a progressive decrease in the rate of photosynthetic electron transfer in the leaves of a sensitive barley cultivar infected with powdery mildew Blumeria graminis f. cn. hordei. Similarly, according to Kuldybayev et al. [168], the presence of soil infection F. equiseti in samples of soybean genotypes Samer-1, Samer-2, Toury, Anastasia, Samer-3, Samer-5, Belor, Svapa and Cheremosh was reflected in an increase in the non-photochemical quenching (PhiNPQ) indication compared with non-inoculated (control) samples in laboratory conditions of the Kazakh national agrarian research university (Fig. 38).  	Comment by 05: На основании использования General distribution параметры оказались нормальными, в связи с чем был применён АНОВА тест.
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Figure 38 - Histogram of the distribution of the general population of the PhiNPQ chlorophyll fraction in soybean seedlings before (А) and after (В) inoculation with the fungus F. equiseti in laboratory conditions (KazNARU, 2021)
The distribution histogram of the PhiNPQ chlorophyll fraction in soybean seedlings before and after the F. equiseti inoculation assessment experiment showed that the data were skewed to the left, i.e., tend to 0. This was the basis for the use of a non-parametric analogue of the paired Student's t-test (t-test for dependent samples) to compare soybean seedlings (G. max) before and after inoculation with the fungus F. equiseti (Fig. 38).
Based on laboratory conditions the indicated results of the table, it can be assumed that the presence of the pathogen in soybean genotypes (Isidor, Maple Ridge, Toury, Samer 2 and Samer 3) affected non-photochemical quenching (PhiNPQ), i.e., enhancing heat removal, while inhibiting photochemistry and thereby reducing the efficiency of photosynthesis [169]. Using the MultispeQ device (prior to inoculation), it was noted that the first measurement had no significant effect on the infection of all variables. However, at the end of the second measurement (10 days post-inoculation) we found that infection factors had a significant effect on the LEF chlorophyll fraction variable (P = 0.01). The effect of soil inoculation with F. equiseti on the LEF chlorophyll fraction was found in Samer-1, Samer-2, Toury, Anastasia, Samer-3, Samer-5, Belor, Svapa, and Cheremosh genotypes (Tab. 12).
Table 12 - Effect of F. equiseti inoculation on soybean root rot indexes and LEF chlorophyll fraction parameters
	Genotype
	Root rot indexes (%)
	Photosynthetically parameters LEF (nm)

	
	
	Before inoculation
	10 days after inoculation

	
	inoculated
	non-inoculated
	inoculated
	non-inoculated
	inoculated
	non-inoculated

	Samer-1
	2.3
	2.0
	13.8
	5.0
	9.2
	6.5

	Samer-2
	3.3
	2.0
	13.3
	41.8
	8.5
	6.9

	Isidor
	2.8
	1.3
	10.3
	5.9
	6.1
	6.0

	Toury
	1.5
	0.3
	11.7
	10.5
	10.4
	7.6

	Belor 
	1.0
	0.0
	23.0
	12.1
	8.5
	8.2

	Swapa 
	3.8
	0.0
	45.6
	14.4
	9.2
	9.7

	Cheremosh
	1.0
	0.8
	29.7
	9.7
	10.9
	9.0

	Anastasya
	3.5
	3.3
	45.9
	27.9
	11.2
	8.7

	Samer-3
	2.8
	1.8
	19.1
	39.0
	18.7
	13.7

	Maple Ridge 
	1.3
	0,0
	13.7
	18.7
	6.6
	6.2

	Tanais
	1.3
	0,0
	9.8
	6.3
	9.3
	7.0

	Samer-5
	4.5
	3.3
	18.8
	34.3
	20.8
	8.1

	P-value
	infection factor
	0.28
	0.01


As shown in Table 12 above, it can be seen that fungal infection increased LEF scores and root rot indexes on infected plants than on uninfected plants.
 Later, the field observations conducted in 2020 at the Aktobe Agricultural Experimental Station demonstrated that some soybean genotypes, leaf position, and growth stage factors significantly correlated with PhiNPQ, LEF photosynthetic fractions, relative chlorophyll content, and leaf temperature differences [35, p. 314].
The process of photosynthesis itself is affected by both the duration and intensity of stress [164, p. 127]. Their combined abiotic action is reflected, first of all, on the uppermost canopy (trifoliates) of the plant. That leaf position-dependent effect in susceptible Brassica juncea plants under the influence of the development of the fungus Alternaria brassicicola and the influence of its condition on the development of the disease in a particular mature leaf was noted in a study by Macioszek et al. [170]. This result was also confirmed in our studies of 2019, where the indications of the LEF content increased significantly in 10 out of 12 genotypes (Maple Ridge, Toury, Isidor, Samer 1, Samer 2, Samer 3, Samer 5, Swapa, Belor, Anastasia) on the 4th trifoliate leaf compared to the 3rd (P value <0.002) (Tab. 13).

Table 13 – The impact of genotype and leaf position factors to Relative chlorophyll and to LEF chlorophyll fraction on soybean (Field experiment, Aktobe agricultural experimental station, 2018) 
	[bookmark: _Hlk97842218]Genotype
	Origin
	Relative Chlorophyll content, nm
	LEF (linear electron flow), nm

	
	
	3 trifoliate
	4 trifoliate
	3 trifoliate
	4 trifoliate

	Cheremosh 
	Ukraine
	47.8
	49.9
	107.0
	103.5

	Isidor
	France
	47.1
	44.6
	124.1
	146.6

	Tanais
	Ukraine
	47.5
	42.8
	138.2
	137.5

	Anastasya
	Ukraine
	47.6
	43.6
	128.6
	157.2

	Toury
	Czech
	45.2
	42.3
	113.5
	146.8

	Belor
	Russia
	48.2
	43.8
	104.5
	123.4

	Swapa
	Russia
	46.9
	43.0
	109.8
	157.3

	Maple Ridge
	Canada
	46.3
	46.2
	108.5
	141.0

	Samer 1
	Russia
	45.3
	44.2
	148.8
	153.7

	Samer 2
	Russia
	38.0
	35.0
	144.4
	162.7

	Samer 3
	Russia
	41.7
	38.6
	149.3
	173.7

	Samer 5
	Russia
	46.3
	44.4
	131.2
	142.4

	General distribution
	Min.
	3.5
	 4.3

	
	1st Qu.
	41.5
	85.6

	
	Median 
	45.5
	 143.0

	
	Mean 
	44.5
	134.3

	
	3rd Qu.
	48.5
	 185.5

	
	Max.
	57.2
	 242.6

	Factors, p-value   
	Genotype
	< 2e-16 ***
	0.001 **

	
	Leaf position
	3.72e-05 ***
	0.002 **

	Comment: ** - middle correlation, *** - strong correlation


The general distribution of this parameters as well as PhiNPQ, Phi2 and Relative Chlorophyll content variables were normal. Therefore, at this study was used ANOVA t-test. The root rot intensity and genotype factors that were evaluated in 2020 had significant impact to Phi2, PhiNPQ and relative chlorophyll fraction content. The root disease intensity increased the Phi2 chlorophyll fraction content at Cheremosh and Maple Ridge soybean genotypes, and decreased – at Anastasya, Belor and Toury. At the same time root rot intensity increased PhiNPQ chlorophyll fraction at Anastasya, Toury, Swapa and Samer 2, and decreased – at Cheremosh and Maple Ridge soybean genotypes. That disease significantly increased Relative Chlorophyll fraction content at 7 genotypes –Anastasya, Belor, Cheremosh, Isidor, Maple Ridge, Samer 2 and Swapa, and decreased at Toury, respectively (Tab. 14).	Comment by 05: Пересмотреть (некоторые генотипы могут быть вместе с 	Comment by 05: Необходимы данные влияния RR and Genotype в течение 2018-19






Table 14 – Impact of soybean root rot intensity to Phi2,	 PhiNPQ and relative chlorophyll fractions (Aktobe Agricultural Experimental Station, 2020)
	[bookmark: _Hlk97842611]Genotype
	Root rot intensity score

	
	Healthy, 0%
	1 score, 1-15%

	Phi2 chlorophyll fraction, nm

	Cheremosh, Maple Ridge
	0.2-0.3
	0.3-0.4

	Anastasya, Belor, Toury 
	0.3-0.6
	0.2-0.4

	PhiNPQ chlorophyll fraction, nm

	Cheremosh, Maple Ridge
	0.3-0.4
	0.2-0.3

	Anastasya, Samer 2, Swapa, Toury
	0.1-0.3
	0.2-0.3

	Relative Chlorophyll content, nm

	Anastasya, Belor, Cheremosh, Isidor, Maple Ridge, Samer 2, Swapa
	45.0-50.3
	39.9-43.0

	ANOVA, t-test, root rot density factor. P-value 
	<0.01**

	ANOVA, t-test, P-value. genotype factor
	<0.01**


[bookmark: _Hlk95740603]In general, the observed photosynthetic changes in plant-fungus interactions are most often expressed as an initial decrease in ØPSII, an increase in NPQ, and a decrease in Fv / Fm [64, p. 171]. In our case, according to the Table 14, we can see that Phi 2 data mainly decreased in genotypes under the influence of the disease. As well crop NPQt features increased and Relative Chlorophyll content decreased according to the above-mentioned scheme by [64, p. 171]. The decrease in the indications of Phi 2 and the Relative content of chlorophyll in our samples is characterized primarily by the occurrence of failures and damage in their structures under the influence of these stresses. The fraction of chlorophyll content is additionally particularly sensitive to the effects of high temperature stress. In particular, in a study by Jumrani et al. 2016 [171], there was a slight decrease in soybean chlorophyll content with increasing ambient temperature. A similar result was obtained in our study, where the relative content of chlorophyll markedly decreased in the fourth trifoliates in 11 out of 12 soybean genotypes, as shown in Table 14. At the same time, a significant increase in the non-photochemical quenching parameter (qN) was also found under the same conditions. The increasing non-photochemical quenching (NPQt) data in the present work is associated with opposes excess light [172] and “safe” mechanism for dissipating significant levels of excitation energy of chlorophyll [173]. The protective characteristic of this mechanism is confirmed by the study by Szabo et al. [174] where a gradual recovery of the chlorophyll content in the plant was observed due to the timely removal of excess heat by non-photochemical quenching (NPQ). Thereby the observed features in the results of photosynthetic responses were elucidated as well by the stage of development of the plant and the pathogen, as well by environmental conditions during the development of the pathogen [175]. Furthermore, Dikilitas et al. noted [4, p.46] that the response data of the photosynthetic apparatus can be significantly increased or decreased in the case of the combined action of pathogenic and abiotic stresses. The results of our study, according to statistical analysis, can possibly be explained both by the presence of metabolic products or/and toxins of the pathogen, as well as by the action of side factors that were not taken into account in the measurement process. 
Hereby, it can be concluded that the change in the activity of photosynthetic indicators of soybean varieties depended on the position of the leaf under the influence of abiotic or biotic stress. 
Thus, the presence of soybean root rot in this work was observed from the germination stage, where crop yield losses were largely correlated with the conditions of the year, genotypes, root rot density, and main phenotypic characters. The impact of biotic stress of a pathogenic nature is confirmed by past studies, which revealed changes in chlorophyll fractions: Linear Electron Flow (LEF), Phi2, non-photochemical quenching (NPQ) and relative chlorophyll content.
[bookmark: _Toc104036407]4.3 Mycotoxin and amino acids determination from soybean seedlings
As known, some Fusarium species, such as F. graminearum and F. culmorum, are capable of producing the mycotoxins deoxyvalenol (DON) and T2, which are more commonly found in wheat, oats, rye and barley, and thus are the main cause of cereal contamination [176, 177]. At F. equiseti, the formation of mycotoxins such as moniliformin, deoxyvalenol (DON), T2 toxin, zearalenone and bovericin, as well fumonisins and fusaric acid for F. nygamai was previously noted [178]. Among 13 analyzed mycotoxins there were determined DON, ZON and T2 toxin (Fig. 39, 40). Interestingly, mycotoxins concentration was related to the soybean susceptibility to Fusarium root rot. There was indicated the greatest accumulation of mycotoxins in Maple Ridge cultivar (224.4, 175.3, 100.5 µg/kg, respectively), which is susceptible to Fusarium root rot, while the lowest level was determined in resistant to root rot Tanais cultivar (35.7, 23.5, 40.8 µg/kg, respectively). Moreover, despite lack of disease symptoms in F. nygamai inoculated seedlings, there was detected DON, ZON and T-2 toxin at the lower level compared to F. equiseti inoculated plants. Control seedlings had significantly lower content of mycotoxins (P<0.001). Moreover, DON was present in the highest concentration in all inoculated seedlings. However, the level of T-2 toxin was higher compared to ZON only at the Tanais variety in inoculated seedlings of F. equiseti and F. nygamai [35, p.315]. 
The present study revealed a significant presence of DON, ZON and T2 toxin in the stems and roots of soybean inoculated with F. equiseti, the seedlings of which showed a depressed growth state in comparison with the control ones. Moreover, it seems that cultivar susceptibility to root rot is essential for mycotoxins production. Previously it was assumed that soybean is generally susceptible to pathogens causing root rot and secreted mycotoxins [179]. Our results confirmed that implementation of resistant cultivars limits level of mycotoxins in soybean.
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Figure 39 - Chromatogram of mycotoxins detected in soybean samples
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Figure 40 - Impact of Fusarium inoculation on mycotoxins profile in soybean cultivars
Tanais cultivar was reported as resistant and total content of mycotoxins was the lowest in these seedlings. Furthermore, lack of disease symptoms in seedlings inoculated with F. nygamai resulted in mycotoxins occurrence in soybean seedling and similarly to F. equiseti, the lowest total concentration of these metabolites was noted in resistant Tanais cultivar. Moreover, profile of mycotoxins can be dependent on the cultivar resistance, thus only in Tanais content of T2 toxin was higher than ZON in F. equiseti and F. nygamai inoculated seedlings. 
Thereby, despite some studies reporting that soybean is susceptible to mycotoxins [180], it seems their level and profile is related to the susceptibility of seedlings to the pathogens causing root rot. In this case, Lozowicka et al. [181] noted that the levels of individual mycotoxins can vary from year to year depending on the type of cultivation, climatic conditions at the time of planting, or the presence of variable Fusarium spp. and other fungi that secrete different secondary metabolites.
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Figure 41 – Average values of amino acids concentration in soybean genotypes (2018-2020)
The highest value of the sum of free amino acids (FAA) among the analyzed soybean varieties was obtained from the Toury variety (5024.2 µg kg-1) (Fig. 41). The majority of cultivars (above 1000 µg/kg) had increased indications of the total FAA, with the exception of Cheremosh (725.8 µg/kg) and Samer 2 (862.5 µg/kg). Additionally, among the tested cultivars, cultivar Toury has a high content of essential, non-essential and aliphatic fatty acids (2684.6, 2339.6 and 468.7 µg/kg, respectively). At the same time, cultivar Samer 1 was rich in aromatic fatty acids (956 µg/kg) (Fig. 41). 
[image: ]
Figure 42 - Principal component analysis of the impact of cultivar on soybean physiology, root rot and free amino acids
Root rot severity was significantly correlated with precipitation (r= 0.61), sum of free amino acids (r= 0.61) and root rot development at flowering stage (r= 0.67) and impacted on reduced plant height (up to 21.6 cm), number of beans per plant (up to 8.2), weight of 1000 beans (up to 92.5 g) and yield but contributed to the increase of lower bean height (up to 13.2 cm) [Fig. 42, Appendix B].
Previously, Souza et al. [182] noted that several proteins (defense-related; DR) play a protective role against biotic stress, so the higher concentration of FAA found in our study is likely due to higher biosynthesis of protective proteins from FAA during development of root rot in soybean seedlings. Besides, higher proportions of arginine, tryptophan, and aspartic acid indicate the biosynthesis of antimicrobial peptides [183]. Interestingly, a decrease in precipitation in 2018–2019 caused a reduction in the content of FAA, probably as a result of metabolic disorders under conditions of water deficit and their involvement in protein synthesis at the abiotic stress background.
[bookmark: _Toc104036408]4.4 Analysis of the use of pre-sowing treatment preparations of soybean seeds
During the fungicidal experiment, the main thing was noticed - this is the effectiveness of the etching action of each of the tested drug in comparison with the untreated version (Fig. 42). 
[bookmark: _Hlk97845230][image: C:\Users\05\AppData\Local\Temp\Rar$DI39.056\20210104_115109.jpg]    [image: C:\Users\05\AppData\Local\Temp\Rar$DI82.352\20210104_121835.jpg]
А                                                                   Б
A - Raxil 0.4 l / t (treatment); B - Control (without treatment)
Figure 42 - Laboratory experience to assess the effectiveness of the use of the Raxil treatment on soybeans (KJIC KazNARU)
Analysis of variance showed that according to Table 15, it was found that the independent variable treatment naming and consumption rate statistically significantly influenced the dependent variables, germination energy, laboratory germination, and seed mold. The P-value was in the range of 0.01-0.03 (Tab. 15).
According to the independent variable, the maximum indices for the germination energy were in the preparations TMTD and Raxil (78-85%), they were somewhat lower in Insure and Extrasol (68-69), and in the control it was 61%.
In terms of independent variables, laboratory germination and mold growth of seeds in accordance with the variants of the experiment, the indicators varied within 94-96% and 1-5%, and in the control they were 69.0 and 10.0%, respectively (Tab. 15).
Table 15 - Analysis of the use of wide spectrum activity of fungicides on soybean seeds
	[bookmark: _Hlk97845582]Product name, consumption rate, l / t
	Germination energy, 3rd day %
	Laboratory seed germination / 7 day / %
	Seed mold, day 7 / %

	ТМТD, 0.8
	85.0
	96.0
	2.0

	Raxil 0.2
	78.0
	94.3
	2.0

	Raxil 0.4
	82.0
	99.5
	1.0

	Raxil 0.6
	76.0
	96.0
	1.0

	Insure 0.3
	68.0
	95.0
	4.0

	Insure 0.4
	69.0
	95.0
	2.0

	Insure 0.5
	66.0
	94.0
	1.0

	Extrasol 1 l
	69.0
	94.0
	5.0

	Control
	61.0
	69.0
	10.0

	P -value
	0.03
	0.01
	<0.01



The effectiveness of such a treatment as tebuconazole (Raxil), although with non-fungicidal use, was previously noted in the work of Svoboda & Pedersen [184], where this one, together with pyraclostrobin, increased the stem mass of soybeans, as well as the total biomass in the R1 and R3 phases by 10-15%. In turn, Insure, in combination with triticonazole 8% + pyraclostrobin 4% FS (Insure Perform 12% FS), was more effective than tebuconazole (Raxil) against wheat head smut in the studies of Singh et al. [185]. As a biostimulant, Tishkova [136, p. 3] notes the effective use of Extrasol, which can suppress the development of Septoria and peronosporosis in soybeans in the Russian Far East.
In current work, with seed treatment of soybeans, the highest efficiency, namely the indices of germination energy and laboratory germination, in relation to pathogenic fungi was demonstrated by Raxil (0.4 kg / l) - 82 and 99.5%; Insure (0.4 kg / l) - 69 and 95% and Extrasol (1 l / t) - 69 and 94%, respectively (where the standard was TMTD: - 86 and 96%).
[bookmark: _Toc104036409]4.5 Analysis of the economic efficiency of soybean varieties cultivation in the conditions of Western Kazakhstan
The economic efficiency of plant protection measures can be characterized as a set of indicators such as the yield and its quality in the treated and untreated plots, the saved yield as a result of their use, the total costs of growing, harvesting, transporting and selling the crop, and additional costs for the use of treatments [186].
The results of determining the economic efficiency were based on an experiment carried out on growing a collection of soybean varieties at the Aktobe Agricultural Experimental Station (AAES) conducted in the period from 2018 to 2020, which are presented in Table 16. In this case, varieties of a foreign collection were used, where the Samer 5 (Russia) variety was used as a standard, as relatively resistant to fungal diseases Isidor (France), and as susceptible to diseases - Maple Ridge (Canada).
Table 16 - Analysis of the economic efficiency of varieties of the studied collection of soybeans (place, time)
	[bookmark: _Hlk97846208]Economic indicators
	Standard variety, Samer 5
	Conditionally resistant to fungi variety - Isidor
	Conditionally susceptible to fungi variety – Maple Ridge

	Productivity, c / ha
	8,5
	9,4
	7,2

	Soybean cost, c / tenge
	26 000
	26 000
	26 000

	Marketable grain yield after cleaning, c/ha
	7,0
	8,1
	5,5

	Gross production, tenge / ha
	182 000
	210 600
	143 000

	Material costs, tenge / ha
	75 500
	75 500
	75 500

	Production costs, tenge / ha
	15 500
	15 500
	15 500

	Full cost price, tenge / ha
	91 000
	91 000
	91 000

	Gross income, tenge / ha
	106 500
	90 000
	67 500

	Profit, tenge / ha
	91 000
	119 600
	52 000

	Profitability level, %
	100,00
	131,43
	57,14



	The average cost of commercial soybeans varieties of 1st reproduction on the country's market in 2020 was 260,000 tenge per 1 ton. The cost of "Elite" and "Superelite" varieties of culture is 2-3 times more expensive than the market one. In order to determine the gross production of soybeans, the data of the value of the crop multiplied by its yield are used, for example, for the Isidor variety, it was the highest – 210,600 tenge / ha, and the smallest – 143,000 tenge / ha, for the Maple Ridge variety.
Material and production costs are of particular importance in determining economic efficiency. Per 1 ha, material costs, as well as production costs for all varieties, are the same and amount to 75,500 tenge and 15,500 tenge, respectively.
The gross income, which is the difference between Gross Production and Material Costs (GP-MC), according to the above Table 16, for Samer 5 was 106,500, for Isidor - 90,000, and for Maple Ridge - 67,500 tenge / ha.
Equally important, for any grower have profit values. As known, this value is determined by the difference between Gross Production and Production Costs, i.e., Pr = GP - PC. Both indicators form the most famous characteristic of costs - total cost (MC + PC). In our case, for all varieties it is 91,000 tenge / ha.
The most important characteristic of economic efficiency in agricultural production is profitability (PL). In some cases, the formula is used to determine it [113, p. 93]:
PL = Pr / PC * 100
Where PL is profitability;
Pr - profit;
PC - production costs.
However, it is most expedient to include, together with production, also material costs, which together form the Full Cost Price [187]. Thus, the degree of profitability was expressed as follows:
PL = Pr / FCP * 100
Where FCP is the total cost.
According to this calculation, the highest level of profitability among soybean varieties was noted at Isidor - 131.43%, the average value was noted in the culture standard at Samer 5 – 100.0 %, while the lowest in the susceptible variety Maple Ridge - 57.14%.
[bookmark: _Toc104036410]Thus, guided by the analysis of economic efficiency, it can be concluded that the best indicators in soybean cultivation in this region are the disease-resistant variety Isidor, which outperforms the standard sample Samer 5 by 31.43% in profitability.


CONCLUSION
1.	The conducted phytosanitary monitoring showed that the manifestation of soybean root rot begins at the seedling stage, during the periods of flowering and crop maturation, that the intensity of the disease becomes significant. The greatest manifestation of the harmfulness of root rot was noted in the varieties Svapa and Toury, where their weight from the impact of Fusarium root rot was 197.4 and 155.3 grams from 25 plants, respectively. The highest productivity among soybean varieties was demonstrated by Tanais - 279.2 and Cheremosh - 282.4 grams (Ukraine) from 25 plants, respectively.
2.	Yield losses significantly correlated with summer weather conditions (high air humidity, temperature 18-24°C), variety, number of patients, disease development, plant height, lower pod height, number of pods per plant, pod weight, and 1000 grain weight.
3.	Isolates of the fungus - Fusarium equiseti were identified from soybean roots with symptoms of root rot using DNA nucleotide sequencing for the ITS region, registered in the international database GenBank NCBI.
4.	 The pathogenic nature of the isolated isolate of the fungus F. equiseti as the causative agent of soybean root rot was confirmed by a pathogenicity test in the laboratory. The varieties Isidor and Samer 5 were the most sensitive to the disease..
5.	Field and laboratory studies determined the change in the activity of photosynthetic indicators (linear electron flux (LEF), Phi2, non-photochemical quenching (NPQ) and relative chlorophyll content) of soybean varieties under the influence of biotic (F. equiseti) and abiotic stresses and depending on leaf position.
6.	Both fungal isolates, F. equiseti and F. nygamai, produce DON, ZON, and T2 toxins in soybean seedlings. Their highest concentration was noted in the Maple Ridge variety (susceptible to Fusarium root rot), and the lowest in the resistant variety Tanais.
7.	Raxil showed the highest efficiency as a preparation for presowing treatment of soybean seeds in terms of germination energy, laboratory germination, and relation to pathogenic fungi (with a consumption rate of 0.4 l / t).
[bookmark: _Toc104036411] 
PRACTICAL RECOMMENDATIONS
1. Based on the conducted field and laboratory studies using 12 soybean varieties of the Eurasian collection, it is recommended for use in the drought zone of western Kazakhstan, as the most productive variety Toury (Czech Republic) and definitely inferior to it: Belor (Russia) and Isidore (France).
2. According to the results of microbiological examination of field and laboratory samples of soybean varieties, Isidor variety (France) can be recommended for use as the most resistant to Fusarium root rot. The varieties Maple Ridge (Canada) and Samer 5 (Russia) showed the highest susceptibility to this disease.
3. Fusarium equiseti isolate identified as a result of isolation from soybean roots will be used in further breeding studies to increase the resistance of the crop to the most harmful diseases in the country.
4. Due to the non-invasive method of using the MultispeQ multispectral device, this device is recommended for early monitoring of fungal infection of root structures of crops by specific values in the photosynthetic characteristics of their leaves.
[bookmark: _Hlk101644195][bookmark: _Hlk97847932][bookmark: _Toc104036412]
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APPENDIX A
 Phenotypical characters of 12 soybean cultivars in 2018-2020 
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	Year
	Root rot severity
	Number of plants, %
	Plant height, cm
	Height of lower bean, cm
	Number beans per plant
	Weight of gram

	
	
	
	
	
	
	
	1000 beans weight
	Yield (t ha-1)

	Anastasya
	2018
	healthy 
	22
	44.3
	7.3
	30.3
	156.0
	3.4

	
	
	low
	41
	38.2
	7.7
	17.7
	147.3
	3.2

	
	
	middle and high
	37
	35.8
	8.9
	15.2
	100.3
	2.9

	
	2019
	healthy 
	21
	45.3
	7.7
	30.3
	156.3
	3.1

	
	
	low
	38
	43.3
	7.6
	27.4
	145.4
	2.8

	
	
	middle and high
	41
	35.1
	9.5
	15.2
	95.6
	2.4

	
	2020
	healthy 
	2
	41.95
	5.1
	40
	124.9
	3.1

	
	
	low
	20
	35.5
	5.8
	18.2
	116.2
	2.9

	
	
	middle and high
	78
	30
	10.1
	11.7
	101.5
	2.5

	Belor
	2018
	healthy 
	13
	47.3
	6.0
	43.0
	179.7
	3.5

	
	
	low
	7
	35.9
	6.8
	26.0
	166.3
	3.3

	
	
	middle and high
	80
	27.9
	9.6
	10.5
	130.0
	3.1

	
	2019
	healthy 
	17
	47.5
	6.8
	43.0
	179.5
	3.3

	
	
	low
	18
	45.4
	6.5
	36.0
	166.5
	3.1

	
	
	middle and high
	65
	27.0
	6.6
	10.0
	130.0
	2.7

	
	2020
	healthy 
	4
	30.75
	7.3
	49.0
	165.1
	3.1

	
	
	low
	17
	22.26
	6.6
	12.5
	142.4
	2.8

	
	
	middle and high
	79
	21.6
	7.1
	10.1
	128.4
	2.6

	Cheremosh
	2018
	healthy 
	23
	37.8
	5.7
	34.2
	220.8
	2.3

	
	
	low
	24
	33.0
	5.6
	24.2
	203.2
	2.0

	
	
	middle and high
	53
	23.7
	6.4
	9.3
	167.3
	1.8

	
	2019
	healthy 
	21
	37.9
	5.7
	35.2
	220.8
	2.1

	
	
	low
	25
	33.0
	5.6
	33.2
	213.5
	1.8

	
	
	middle and high
	54
	23.7
	6.4
	9.3
	167.3
	1.5

	Isidor
	2018
	healthy 
	33
	31.1
	5.3
	24.5
	152.7
	3.6

	
	
	low
	17
	31.7
	5.0
	24.7
	143.3
	3.3

	
	
	middle and high
	50
	22.3
	6.0
	9.0
	118.0
	2.9

	
	2019
	healthy 
	33
	32.5
	5.3
	25.5
	155.4
	3.4

	
	
	low
	25
	32.0
	5.2
	25.1
	165.1
	3.2

	
	
	middle and high
	42
	21.7
	6.5
	8.9
	115.3
	2.7

	Maple Ridge
	2018
	healthy
	20
	34.6
	6.1
	24.6
	194.4
	3.5

	
	
	low
	24
	32.2
	6.7
	17.7
	180.3
	3.2

	
	
	middle and high
	56
	29.2
	8.9
	9.7
	128.7
	2.8

	
	2019
	healthy
	18
	35.6
	8.0
	23.2
	187.6
	3.2

	
	
	low
	21
	33.1
	9.0
	17.7
	175.4
	2.9

	
	
	middle and high
	61
	28.9
	8.5
	13.7
	121.7
	2.5

	
	2020
	healthy 
	2
	39.4
	0.5
	52.0
	195.4
	2.8

	
	
	low
	16
	34.1
	5.5
	35.1
	131.0
	2.5

	
	
	middle and high
	82
	31.9
	6.6
	16.9
	112.7
	2.3

	Samer 1
	2018
	healthy 
	25
	34.2
	9
	30.0
	156.3
	3.2

	
	
	low
	33
	33.1
	8.7
	29.0
	146.7
	2.8

	
	
	middle and high
	42
	29.0
	7.8
	22.6
	134.0
	2.5

	
	2019
	healthy 
	35
	35.5
	8.9
	30.1
	158.3
	2.9

	
	
	low
	25
	34.1
	8.8
	29.5
	153.7
	2.6

	
	
	middle and high
	40
	30.0
	7.7
	21.6
	131.0
	2.2

	
	2020
	healthy 
	14
	39.5
	8.8
	25.0
	146.1
	2.8

	
	
	low
	33
	32.2
	8.4
	23.0
	144.8
	2.4

	
	
	middle and high
	53
	31.0
	11.5
	17.8
	135.1
	2.1

	Samer 2
	2018
	healthy 
	30
	26.7
	9.6
	23.1
	153.0
	2.7

	
	
	low
	30
	27.4
	8.7
	19.3
	148.3
	2.4

	
	
	middle and high
	40
	25.8
	10.6
	12.7
	125.7
	2.2

	
	2019
	healthy 
	26
	27.7
	10.5
	22.5
	155.2
	2.5

	
	
	low
	33
	27.6
	9.7
	21.5
	144.3
	2.2

	
	
	middle and high
	41
	25.1
	9.3
	12.9
	121.3
	1.8

	
	2020
	healthy 
	2
	34.3
	7.2
	23.8
	258.6
	2.4

	
	
	low
	24
	31.9
	8.9
	21.7
	255.1
	2.1

	
	
	middle and high
	73
	28.7
	13.2
	10.8
	254.5
	1.7

	Samer 3
	2018
	healthy
	20
	44.1
	6.7
	30.9
	130.2
	3.3

	
	
	low
	21
	41.8
	7.0
	27.8
	127.7
	3

	
	
	middle and high
	59
	30.6
	12.5
	11.8
	97.7
	2.8

	
	2019
	healthy
	20
	45.2
	7.5
	35.8
	135.4
	2.9

	
	
	low
	18
	41.6
	12.5
	28.7
	124.6
	2.6

	
	
	middle and high
	62
	31.6
	7.0
	12.9
	92.5
	2.3

	
	2020
	healthy
	15
	37.4
	6.1
	27.3
	142.7
	2.7

	
	
	low
	17
	31.4
	7.4
	21.2
	136.2
	2.5

	
	
	middle and high
	68
	28.1
	10.8
	17.4
	114.5
	2.2

	Samer 5
	2018
	healthy 
	49
	35.7
	5.7
	32.0
	278.0
	2.5

	
	
	low
	25
	35.6
	5.5
	35.7
	243.7
	2.3

	
	
	middle and high
	26
	31.8
	7.0
	19.6
	130.3
	2.1

	
	2019
	healthy 
	25
	35.3
	6.7
	32.0
	278.0
	2.4

	
	
	low
	41
	35.4
	6.5
	35.7
	263.7
	2.2

	
	
	middle and high
	34
	31.7
	5.4
	18.5
	130.8
	1.9

	
	2020
	healthy 
	4
	28.3
	4.7
	11.5
	136.4
	2.4

	
	
	low
	33
	26.8
	6.1
	17.4
	135.2
	2.1

	
	
	middle and high
	63
	24.5
	6.7
	11.2
	128.2
	1.8

	Swapa
	2018
	healthy 
	46
	35.5
	4.75
	18.5
	167.3
	2.8

	
	
	low
	31
	35.8
	5.2
	17.6
	149.3
	2.5

	
	
	middle and high
	22
	30.0
	12.5
	8.2
	114.0
	2.3

	
	2019
	healthy 
	41
	35.8
	4.8
	19.5
	167.3
	2.7

	
	
	low
	34
	35.1
	4.7
	18.1
	159.3
	2.4

	
	
	middle and high
	25
	29.1
	10.8
	8.2
	114.0
	2.1

	
	2020
	healthy 
	1
	38.5
	1.0
	48.0
	119.8
	2.7

	
	
	low
	23
	32.9
	5.2
	25.5
	123.7
	2.5

	
	
	middle and high
	76
	30.2
	7.8
	15.8
	100.9
	2.2

	Tanais
	2018
	healthy 
	28
	44.3
	5.0
	38
	189.1
	2.6

	
	
	low
	29
	46.8
	6.4
	42.6
	164.7
	2.4

	
	
	middle and high
	43
	33.5
	8.2
	20.2
	134.7
	2.3

	
	2019
	healthy 
	30
	45.5
	6.6
	45.0
	191.5
	2.7

	
	
	low
	29
	45.1
	6.4
	44.0
	184.7
	2.4

	
	
	middle and high
	41
	34.6
	5.2
	19.3
	137.3
	2.2

	Toury
	2018
	healthy 
	21
	55.1
	5.2
	53.9
	184.3
	4.0

	
	
	low
	37
	55.2
	5.0
	54.0
	180.0
	3.8

	
	
	middle and high
	42
	43.2
	7.7
	38.7
	135.3
	3.6

	
	2019
	healthy 
	19
	58.2
	5.2
	32.0
	187.0
	3.9

	
	
	low
	40
	56.2
	5.1
	20.6
	179.0
	3.7

	
	
	middle and high
	31
	39.8
	8.1
	10.9
	125.4
	3.4

	
	2020
	healthy 
	4
	37.1
	4.0
	54.0
	155.3
	3.7

	
	
	low
	6
	26.
	5.7
	52.8
	139.7
	3.5

	
	
	middle and high
	90
	25.2
	8.2
	36.4
	121.9
	3.2

	 ANOVA t- test, P-value
	cultivar
	<0.05
	<0.05
	<0.05
	<0.05
	<0.05

	
	root rot severity
	<0.05
	<0.05
	<0.05
	<0.05
	<0.05

	 ANOVA t- test, P-value
	climatic conditions
	<0.05
	<0.05
	<0.05
	<0.01
	<0.05

	
	root rot severity 
	<0.05
	<0.05
	<0.05
	<0.05
	<0.05
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APPENDIX B
Pearson’s correlation coefficient of the impact of cultivar on soybean physiology, root rot and amino acids
	
	Year
	Temperature
	Precipitation
	Non-essential FAA
	Essential FAA
	Aromatic FAA
	Aliphatic FAA
	Sum of FAA
	Root rot development at flowering
	Root rot development at maturity
	Root rot severity
	Plant heigh
	Heigh of lower bean
	Number of beans per plant
	1000 beans weight
	Yield

	Year
	1.00
	0.91
	0.70
	0.75
	0.77
	0.75
	0.68
	0.76
	0.62
	0.08
	0.53
	-0.25
	-0.07
	-0.16
	0.10
	-0.31

	Temperature
	0.91
	1.00
	0.36
	0.51
	0.53
	0.51
	0.47
	0.52
	0.30
	-0.25
	0.35
	-0.18
	-0.16
	-0.11
	0.05
	-0.32

	Precipitation
	0.70
	0.36
	1.00
	0.83
	0.86
	0.83
	0.76
	0.85
	0.90
	0.63
	0.61
	-0.25
	0.12
	-0.18
	0.14
	-0.14

	Non-essential FAA
	0.75
	0.51
	0.83
	1.00
	0.99
	0.97
	0.93
	1.00
	0.73
	0.50
	0.61
	-0.23
	-0.02
	-0.14
	-0.09
	0.07

	Essential FAA
	0.77
	0.53
	0.86
	0.99
	1.00
	0.99
	0.93
	1.00
	0.77
	0.52
	0.61
	-0.20
	0.00
	-0.12
	-0.10
	0.02

	Aromatic FAA
	0.75
	0.51
	0.83
	0.97
	0.99
	1.00
	0.89
	0.98
	0.74
	0.51
	0.58
	-0.17
	0.02
	-0.09
	-0.14
	0.02

	Aliphatic FAA
	0.68
	0.47
	0.76
	0.93
	0.93
	0.89
	1.00
	0.93
	0.72
	0.54
	0.64
	-0.14
	0.02
	-0.08
	-0.05
	0.07

	Sum of FAA
	0.76
	0.52
	0.85
	1.00
	1.00
	0.98
	0.93
	1.00
	0.75
	0.51
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INFLUENCE OF EFFECTIVE METHODS OF CUTTING SODNEY ON THE YIELD OF
PERENNIAL GRASSES IN FOREST-STEPPE ZONE OF NORTH KAZAKHSTAN

Koshen B.M, Shayakhmetova A.S., Tokar M., Akhimetov M.B,, Temirbolatova AK.

North Kazakhstan Stte University amed afer M. Kozybaev

Abstract
In this artcle, pilot sudies were carried out with the aim of increasing the productiviy of
pereanial grasses, improving the qulity of fodder stocks, from the aptionsof sl rotation by a plow
o the yield of pereanial old perennial grasses in the North Kazakhstan region, 14 effective
practialstudies were conducted {0 identfy high-qualty sofl coltvation.

The yield of hay when cutting turf vas different and mainly depended on the type of
processing. The maximum collection was provided by the optons of ccction + plawing +disking
and diskin + subsurface cultvation  disking, where on average for o years it amounted 0 72.8°
759 ¢/ haof dry weight. The increase compared with the conrol amounted 0.34.6-31.5 kg /ha.

Key words: pereanial old grases forage crops, productivity sofl culivation, pastures and
hayficlds.
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PHYSIOLOGICAL CONDITION OF SOY CULTIVARS N WESTERN KAZAKHSTAN
Kuldybaev N, Sukeimanova G., Dutbayev Y.

Kazakh National Agrarian Universiy Almaty
Abstract
‘The work is based on the consideraton of the manifestaton of physiological reactions of
culivated soybean varieties in the conditions of the laid nfectious background on the basis of an
experimental sgriculural siation in Akiobe. In particuar, the aricle demonstates the use of the
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AsTRACT

Sy s an mportant ecamomlc crop in Kasakhatan, A e tria was conducted at Aktobe Agicultrst
Experimentl Stakon in 2015, Three bundred and tghty measurements aken at ek based condiion
i MaltispeQ apparatas wih the cureetly isbbibed Rorma wee compared; Saing R Matsticsl
e Ty T2 s pkypes 5 poriepatiade conlane dspeaiing o bat pouts The
hiecive ofoue sdy was o underatan o il postion responded 1o hiilogel pameters conten:
o western Kazaktan. These depended variable et wirs SEHBGanGY mpacted by al posion
Tacor Amon ol he dats,th rlaiechlorophy antent gty ncresed . 11t of 1 genotypes
K648 Mupl R Canade, K-10925 Toury-Carch, Isdor-France, Samer). Rusei, Samer Ruseia,
Sumerd. Rucsn, Samers.Ruesia, K-11004 Swapa-Russis, K 9557 Helor Russia, Ansstasya Ukraine,
Tansa Ukrsin] on 3 e kot compared o the 4 e [Pvaue<0 001) LEF conten sgniicanty
increased in 10 o0t o 12 genoypes (K 5635 Maple Rdge Canada, K 10925 Toury-Caec, sdor Frace,
S v, Sarme? Rusea, Saierd Russi, Samers R, K 11004 Swape Ruseis, K 9557 Delor
Risin, Anastaaya-Ulcaine] an 421 eaf triolae compared with 3 ones 7-vatoe 0,002}

Key words + Sosbean, genatye, efolae, Moltsped, relaive chlorophyt, LEF, Wesiern Kazakhstan

ITRODUCTION

Soybean production in Kazakhstan during
2006-16 was expanded from 45 thousand ha
in2006 10 120 thovsand ha in 2016 (FAO et
el 2018). And by 2020 the arable fand for
Soybean culivte was aised ll 400 thousand.
ha(State program for the development, 2017).
The soyboan yield is influenced by various
abloti (droughi, high temperatre, saliniy,
pesticides, photosyntheic actvity of plants.
{Dutbayev et al, 2015; Dikiltas and Karakas,
2014] and biotic (dseases) fctors. The mpect
Of these stresses depends on the strength of
hei sevrity and the genetic sateof the plant
el al the time of exposure (Gupta and
Senthil-Kumar, 2017). Photosynthesis in
plants isthe most complex and fundamental
process, the functioning of which can be
influenced not only by the abiotic stresses
{Ashral and Harrs, 2013). Damages in the
activity of photosynthesia afer exposure o any
sress occur primarly in the most sensitive
1o changes signal, such as the chlorophyll (Chl
a)fluorescence,tsresult sequendaly rigeers.
other processes occurring in plant cells, and

in it other phases of development (Kalji et
al, 2014). At the same tim, the duration and
infensity of streas influence the process of
photosynthesis (Ashraf and Harris, 2013).
Studying the photosynthetic properties of
soybeans is important to understand gibal
climate-change scenarios for improving crop
production and conserving biodiveraity 1o
Eustain crop produetivity (Cao et al, 2017,
Singh et al, 2017). Some sensors operate n
the diffrent regimes - thermal, multi- and
hyperspeciral imaging thatallow t analyee the
order of photosynthetic active radiation,
Chiorophyll @ and b fluorescence, linear
clectron flow, non photosyntheti aucnching,
and other properties of photosyathesis
{Mablein, 2016; Kutschera and Lamb, 2018).
The device MultispeQ can measure the
intensityoftight, temperacure, humidiy, CO,
concentration, coordinates, time and place,
both n feld and laboratory conditions (Kuhigert
etal, 2016, Howeser, plant eafpositons have
different opportunity to sccumulate
Photosyntetically parameters (Macioszek et
aL,2020). The objective o ouratudy was using
MultispeQ measurements o understand how
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Prevalence of Fusarium equiseti for soybean root rots in Western
Kazakhstan
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Soybean s an important oilseed crop i Kazakhstan, but s production s often affected
by sollbome diseases. A replcated field experiment was established at Akiobe.
agricultural experimental station n Westem Kazakhstan to identily and evaluate the
provalence of sail-bome discases in 12 Eurasian soybean cultivars. Composite
fandom samples were collected and analyzed for disease prevalence. The ganetcal
analysis of the solates from culture media from soybean rool cuts infected by ool rot,
showed that the main biotic agent responsible of soybean foot fot disease was.
Fusarium equissti. Further studies are needed {o determine the impact of F. equiseli
infection on physiological variables on soybean cultivars i the laboratory condiion.
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30,000-35,000 pieces. The average densty of cgg capsules was 0.9- picce. per m2, The first adult
individuals wete observed on July 14, and mass ledging was observed on July 16-25, By defintion
Of uterine ferility, it was found that cach uterus o the Asia locust built 2.6 = 0.22 egg capsules
conaining §7.2+ 463 eges.

Heywords: Asian locust, phase stae, egg-capsul, imago, larvac, developmenal biology,
Phenalogy.
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CLUSTERING METHOD OF IMPORTANT SOYBEAN PHYSIOLOGICAL
PARAMETERS AND ROOT ROTS INDEXES.

Kuldybayes NM, Slyamova A.Y.', Islam R, Toygankov V2, Dutbayev Y.8."

Kgzakh National Agrrian University, Almaty:
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Abstract

In 2019, field tests were conducted at the Akobe sgriculual experiment sation in
Knzakustan t0 assessthe sleted physiologic charactoisics of 12 Eurasian soybean vaictcs by
comparing the resuls o ficd tudies by Mulispe withth cotnly nstalld plaforms. Usin the
cureatly develoed platfoms of stistcl software R, te significan physologcal chracerisics
Ofsohean senotypesand he occurreoce of oo o were evalatd. Using R soffwar, weclstred
the significant physiological parametes (1>001) of soybean cultivars for lea temperature
ifferenil,leat temperatur and oot ro occurence. Based on ou dats he oo ot occurtence on
soybean were divided 12 culivars and ambient temperature divided cultivars 1 4 clusters. The
ambicnt caf humidity and lea temperature diffrential we divided o 3 luster. Using cluster
analysis hlped to_get some valuable information from our daia when applying the clusering
algortm. The pecliary of tis sy i th abscac of epeated measurements.

ey words: soybean, genotpe, MulispeQ, physiology,rot 1t clusteing, Kzakbstan.

Introduction

Soybean as the ather grain and oilsced crops is the main agronomic one cultivated in
diffrent areas of Kazakbstan, due 10 s incressing global demand as an oileed crop and animal
Teed 0 support for food securiy [1,2). However,the ffectof biotic and bioti factors on all plant
culturesis oticeably strongly affected at th fst two decades [3, 4. And in esponse,for example,
1o sulnity and vater deficiency in plants, & number of adapiive physiological and metabolic
chnges occur [5).

‘Among al the physiological processes occurring in plani, photosynihesis occupies one of
the leading positions, especialy in the context of climate change. Estimating how photosynthesis
and associaied physiological processes respond to global climate-change scenarios i the crtical
lssue for improving soybean productivty in Kzakistan,

Provious studies of plant physiological processes previously focused on the role of
anbuscular mycorsbizal fungi in alleviaing salt siress (6], controt of phylopathogens by fungicides.
(7] impact of hormones on plant physiological processes [3] plant discase models a5 sophisicated
climate predictons [9,10,11], UV-B radiaton and crought cfects on plant physiology [12,13,14],
sols of auin i abiotc siess responses (15,16}, photosynthetic eatures and gas exchange i plants
[17,18},and plants esponse o rust pathogens [19,20].

T present days, the Kazakbstan Government policy is trgetng sigrificant expansion of
soybean producton i South-casten, Easten, and Northern regions of Kazakbstan [21]. In this

29
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Cos ABIAETES OZHON W3 RAHLIX MACTHUHO 11 KOPMOBOIi KyABTYPOl B
Kasaxcrane[1]. Tpuu 1 aGuonicckie haciops Cnocodu  BaNAT Ha
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e mapavetp pacremtii [2, 3] Boacsun nexoos, Kophesas,
cretnesan rHia, rTodroposHoe yewxanme  paciennii, CKIEPOTHHNO3, 1
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BUBAOUIIX NOTePI0 yposkas cot. HAUGOTEE Paciipoc paneHHbINM  BHAGNH
TpUBOR, BbrbIEIOIIN hysapios coi, swasotes Fusarivm sporotrichiella, F.
oxysporum. F. moniliforne - avenaceun, F. gramincarum, F. iricinctum w F.
gramirearvm (1)
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