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Object of research: yellow and Volga sweet clover; nodule and endophytic bacteria; southern carbonate black soil.
Aim of research - creation of new highly productive, stress-resistant breeding numbers of yellow sweet clover (Melilotus officinalis (L.) Pall.) and Volga sweet clover (Melilotus wolgicus Poir.) with increased symbiotic nitrogen fixation for the conditions of Northern Kazakhstan.   Research methods: experimental based on field and laboratory experiments.

As a result of the study of 20 promising varieties and breeding numbers of the yellow and Volga sweet clover during seed inoculation with a local strain of nodule bacteria Rhizobium meliloti B1-2013, 4 numbers of the yellow clover DR-1825, 1683, 1847, 1838 and 4 of the Volga sweet clover DR-1829, 1690, 1833, 1410 with increased nitrogen-fixing activity were identified, having a percentage of assimilated atmospheric nitrogen of 66.0-73.8% and 20.2 -29.9%, respectively. Inoculation contributed to an increase in the yield of herbage by 7.0-20.4%, dry matter - 8.5-22.2%, seeds - 10.0-27.3%, with average values at the controls of 123.6-173.2 c/ha, 36.1-48.0 and 2.7-3.8 c/ha. Inoculation increased stress resistance to biotic and abiotic environmental factors. The use of a strain of nodule bacteria made it possible to increase not only the yield of feed mass, but also the content of nutrients.
The selected highly productive and stress-resistant breeding numbers of yellow sweet clover DR-1825, DR-1683, DR-1847 and Volga sweet clover DR-1829 with high nitrogen-fixing ability will be used in breeding programs in the future as a promising source material for the creation of new generation varieties for the conditions of Northern Kazakhstan. 
Molecular genetic analysis of endophytic bacterial strains isolated from nodules of yellow sweet clover and Volga sweet clover, carried out by analyzing a fragment of the 16S rRNA gene, showed the presence of 14 bacterial species in the nodules.

The article was prepared and accepted for consideration in the international journal “Online Journal of Biological Science” with a non-zero impact factor (IF-0.71), which is included in the Scopus database (percentile - 43, Q-3). 

Реферат
Отчет 50 с., 9 рис., 4 табл., 52 источн., 4 прил. 

Донник, селекция, сорт, перспективный селекционный номер,
урожайность азотфиксация, клубеньковые бактерии

Объект исследований: донник желтый и волжский; клубеньковые и эндофитные бактерии; чернозём южный карбонатный.

Цель исследований - создание новых высокопродуктивных, стрессоустойчивых селекционных номеров донника желтого (Melilotus officinalis (L.) Pall.) и донника волжского (Melilotus wolgicus Poir.) с повышенной симбиотической азотфиксацией для условий Северного Казахстана. Методы исследований: экспериментальные на основе полевых и лабораторных опытов.

В результате изучения 20 перспективных сортов и селекционных номеров донника желтого и волжского при инокуляции семян местным штаммом клубеньковых бактерий Rhizobium meliloti В1-2013 выделены 4 номера донника желтого КД-1825, 1683, 1847, 1838 и 4 донника волжского КД-1829, 1690, 1833, 1410 с повышенной азотфиксирующей активностью, имевшие процент усвоенного атмосферного азота 66,0-73,8 % и 20,2 -29,9 % соответственно. Инокуляция способствовала увеличению урожайности зеленой массы на 7,0-20,4%, сухого вещества – 8,5-22,2 %, семян - 10,0-27,3 %, при средних показателях на контролях 123,6-173,2 ц/га, 36,1-48,0 и 2,7-3,8 ц/га. Инокуляция повысила стрессоустойчивость к абиотическим и абиотическим факторам внешней среды. Применение штамма клубеньковых бактерий позволило повысить не только урожайность кормовой массы, но и содержание питательных веществ.

Выделенные высокопродуктивные и стрессоустойчивые селекционные номера донника желтого КД-1825, КД-1683, КД-1847 и донника волжского КД-1829 с высокой азотфиксирующей способностью в дальнейшем будут использоваться в селекционных программах, как перспективный исходный материал при создании сортов нового поколения для условий Северного Казахстана.  Книга 1.
Молекулярно-генетический анализ штаммов эндофитных бактерий, выделенных из клубеньков донника желтого и донника волжского, проведенного методом анализа фрагмента 16S rRNA гена показал присутствие в клубеньках 14 видов бактерий. Книга 1
Подготовлена статья и принята к рассмотрению в международный журнал «OnLine Journal of Biological Sciencesс» с ненулевым импакт-фактором (IF-0.71), который входит в базу данных Scopus (процентиль - 43, Q-3). 
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LIST OF DESIGNATIONS AND ABBREVIATIONS
The following abbreviations and designations are used in this research report
	NFES
	- nitrogen-free extractable substances

	gr
	- gram

	ha
	- hectare

	gr/l
	- grams per liter

	HTI
	- hydrothermal index

	et al.
	- others, another

	kg
	- kilogram

	kg/ha
	- kilogram per 1 hectare

	CM
	 - catalogue of the sweet clover  department

	m2
	 - Square meters

	mg
	- milligrams

	mg/kg
	- milligrams per 1 kilogram of soil

	mJ
	- megajoule   

	ml
	- milliliter

	mln.
	- a million

	mmHg
	- unit of measurement of the amount of precipitation

	ME
	- metabolic energy

	HY
	- harvest year

	t
	- ton

	pcs./ha
	- pieces per 1 ha

	pcs./ m2
	- pieces per 1 square meter 

	c/ha
	- yield in hundredweight per hectare

	К2О
	- exchangeable potassium

	N-NO3
	- nitrogen of nitrates

	Р2О5
	- mobile phosphorus

	pH
	- a hydrogen indicator characterizing the concentration of free hydrogen ions in water

	st
	- standard, control

	оС
	- degrees Celsius

	%
	- percent 


INTRODUCTION
The ability of legumes to fix atmospheric nitrogen through symbiosis with nodule bacteria is very high, its specific gravity from the total nitrogen content in plants can reach 75-85% or more [1]. Due to symbiotic nitrogen fixation, perennial leguminous grasses leave up to 10-13 t/ha and more dry matter containing 200-250 kg/ha of nitrogen in the soil. [2]. The dose of nitrogen fertilizers for subsequent crops after legumes is reduced by 1.5–2 times [3]. Thus, when cultivating two-year-old sweet clover, alfalfa accumulates from 100 to 400 kg/ha of nitrogen in the soil, which is equivalent to the introduction of 20-70 tons of manure into the soil [4, 5].
The size of fixed nitrogen by legumes (from 100 to 500 kg/ha per year) depends on a number of factors, the main of which are the genotype of the plant, the nature of their symbiotic relationship with nodule bacteria, the species composition and activity of nitrogen-fixing microorganisms, soil properties, its water and temperature regimes [6, 7]. In addition to restoring soil fertility, the use of biological nitrogen reduces energy consumption, saves material resources, reduces environmental pollution by degradation products of nitrogen fertilizers [8]. 

In Kazakhstan, more than 20% of the arable land for the production of fodder grasses is occupied by leguminous grasses, including sweet clover . Sweet clover  is a promising forage, as well as phytomeliorative, medicinal and nectariferous sample and more attention is paid to it as a siderate accumulating a large amount of macronutrients after its cultivation [9, 10]. The widespread use of the sweet clover  is due to its high environmental plasticity. Thanks to its deeply penetrating root system, it can grow in a wide range of edaphic conditions; the sweet clover  is drought-resistant, winter-hardy, low-demand for soil fertility [11]. The greatest productivity of the herbage among perennial legumes stands out the Volga, white and yellow sweet clover. Volga sweet clover and yellow sweet clover have high and stable productivity, ensure the production of high-protein feeds, have a positive effect on all elements of soil fertility [12].  
Scientific novelty. One of the main advantages of the sample - the high efficiency of symbiotic nitrogen fixation - is insufficiently realized in the existing varieties of sweet clover  [13]. Research on the problem of plant-microbial symbioses has been conducted for a long time mainly in microbiological institutes for the creation of highly effective microbial preparations. As a result, the role of the host plant, the most genetically stable partner of the plant-microbial system, in the formation of symbioses was underestimated, and targeted legumes breeding for this trait was practically not carried out. 

Background. Part of the genes determining symbiosis with nodule bacteria in the sweet clover  is involved in controlling the development and functioning of arbuscular endomycorrhiza, and the interaction of plants with mycorrhizal fungi and nodule bacteria is considered as a triple symbiotic system [14]. Therefore, the studies aimed at creating highly productive associations of sweet clover  with both endosymbionts are promising from the point of view of increasing biological nitrogen fixation and symbiotic potential in general, reducing the degree of cost and increasing the ecological orientation of agriculture.

In natural conditions, legumes use only 10-30% of their nitrogen-fixing potential. Inoculation of them with effective breeding strains of nodule bacteria increases this indicator to 15-50%, and the rest of the reserve can be used to optimize the conditions for the functioning of symbiosis. The genetic nitrogen-fixing potential of legume-rhizobial symbiosis can be significantly increased by coordinated breeding of phyto- and rhizobiosymbionts [15]. 

The creation of highly efficient plant-microbial systems in agrocenoses by breeding varieties of sweet clover  with high symbiotic potential is an innovative direction that opens up opportunities for expanding the adaptive properties of plants, giving them new metabolic functions and, based on this, obtaining high-quality and environmentally friendly agricultural products [16]. 

In this regard, the expansion of research aimed at developing methods for creating and obtaining a new material that combines high productivity with an increased ability to fix atmospheric nitrogen is an urgent task when creating a stress-resistant permacrop. 
THE MAIN PART OF THE RESEARCH REPORT
1 Choosing research directions
Perennial leguminous grasses have high and stable productivity, ensure the production of high-protein feed, have a positive effect on all elements of soil fertility and, most importantly, have a high potential symbiotic nitrogen-fixing activity [17, 18]. 
Such herbs include sweet clover  – as a promising fodder, as well as phytomeliorative, medicinal, honey-bearing and sideral culture [19]. The widespread use of the sweet clover  is due to its high environmental plasticity. Due to the deeply penetrating root system, sweet clover  can grow in a wide range of edaphic conditions; sweet clover  is drought-resistant, winter-hardy, low-demand for soil fertility. One of the advantages of sweet clover  as a break crop is also the accumulation of a large number of macronutrients after its cultivation [9,12].
One of the most effective sources of nitrogen intake is annual and perennial legumes, due to symbiotic nitrogen fixation [11, 20].

The size of fixed nitrogen by legumes depends not only on the conditions of their growth – weather, soil, agrotechnical, but also on the biological characteristics of crops, the nature of their symbiotic relationship with nodule bacteria [21].

The result of the interaction of plants with nodule bacteria is determined by the size of the symbiotic apparatus, its specific nitrogen-fixing activity and the duration of active symbiosis [22]. 

Relevance. In this regard, the issue of creating a highly effective microbial-plant system between Rhisobium meliloti and Melilotus officenalis (L.) Pall., Melilotus wolgicus Poir., aimed at increasing the sweet clover  productivity  cultivated in various soil and climatic conditions of Northern Kazakhstan, is relevant.

The uniqueness of the project lies in increasing productivity and stress resistance in the creation of a new promising material of sweet clover  by using techniques to increase nitrogen-fixing ability, followed by the creation of varieties, the cultivation of which will further increase soil fertility and the development of animal husbandry in the country. 

Of the 12 varieties of sweet clover  included in the State Register of breeding achievements of the Republic of Kazakhstan - 8 varieties of Kazakh breeding. In Northern Kazakhstan, the breeding of sweet clover  is carried out in the SPC GF named after A.I. Barayev, varieties Akbas, Sarbas, Altynbas, Bars are bred and zoned, 2 more varieties of sweet clover  are under study in the GSI; varieties Kokshetau, Bulat are bred in the Kokchetav EPF. The first breeding variety of yellow sweet clover of Kazakhstan breeding is the Koldybansky variety, created at the Ural Agricultural Academy. Shaveken variety, created in Aktobe ES. A highly productive variety of white sweet clover Arkas was created in the Kaz RI of Rice Growing named after I. Zhakhayev together with the Atyrau Research Institute. A new sample of dentated sweet clover  was introduced and the Saraychik variety was created by the Atyrau Research Institute [23]. 

Currently, in Russia, the breeding of sweet clover  is carried out in SibRI of forages - varieties Obski gigant, Lutsernovidnyi 6 have been created; SibRIA - Medet, Omski early-season, Siberski 2, Om 2; Altai RIFB- Vetvistyi 41; Yakut RIA - Nemyugansky, Severnyi [24].

In Ukraine, the Lugansk National Agrarian University has created varieties - Lugansk low-coumarinic, Donetski odnoletni, etc. 

Abroad, the crop of sweet clover  in the breeding plan was studied in Canada, the USA, Germany, Japan, Hungary and other foreign countries [25, 26, 27]. In Canada, as a result of interspecific hybridization, the non-coumarinic varieties Jukon, Polara, and Nordgold were obtained. The Cumino variety is based on a hybrid line obtained at the University of Wisconsin (USA). In Germany, varieties (A. Micki) were created by mutagenesis. In Japan, a cytological study of interspecific hybrids of sweet clover (H.Kitacava, R. Jawaki) was carried out. 

Thus, in our country and abroad, certain work has been carried out and is being carried out on genetic and breeding studies, increasing the yield and stress resistance of the sweet clover crop. 

Aim: To create new highly productive, stress-resistant breeding numbers of yellow sweet clover (Melilotus officinalis (L.) Pall.) and Volga sweet clover (Melilotus wolgicus Poir.) with increased symbiotic nitrogen fixation for the conditions of Northern Kazakhstan
Objectives of the research:

1. To study economically valuable signs, biological properties and nitrogen-fixing ability of 20 varieties and promising breeding numbers of sweet clover.

2. Identify highly productive, stress-resistant promising breeding numbers of sweet clover with high nitrogen-fixing ability.
2 Methods of research 

The objects of research were 20 varieties and promising breeding numbers of yellow sweet clover (Melilotus officinalis (L.) Pall.) and Volga sweet clover (Melilotus wolgicus Poir.), including 14 numbers of yellow sweet clover and 6 Volga sweet clover; nodule bacteria Rhisobium meliloti strain B1-2013; soil - southern carbonate chernozem. 

The study of nitrogen-fixing activity was carried out in the field in the crops of the 2nd year of life (sowing of 2020), inoculated with a local strain of nodule bacteria Rhisobium meliloti B1-2013, from the collection of the laboratory of microbiology and the 1st year of life (sowing of 2021), inoculated with the drug “Rizovit–AKS” (developed in “SPC Microbiology and Virology” LLP Almaty) based on nodule bacteria. The drug “Rizovit-AKS” of prolonged action enriches the soil with biological nitrogen and increases the yield of legumes.
Inoculation of the sweet clover  with rhizobial bacteria based on a local strain (at the rate of 200 ml of inoculate per hectare seeding rate) and the “Rizovit–AKS” product (at the rate of 250 ml of the drug per hectare seeding rate) was carried out before sowing.

To determine the symbiotic properties of the sweet clover , a nursery of competitive variety testing (CSI) was established to study the yield and stress resistance of new promising numbers of Melilotus Adans. sweet clover  due to the effectiveness of biological nitrogen fixation for the conditions of Northern Kazakhstan. The predecessor is pure fallow, agrotechnics adopted for perennial grasses in the steppe zone: in spring, moisture closure - BIG-3, pre-sowing treatment with packing rollers before and after sowing. The plot area is 25 m2, the replication is fourfold. The nursery is laid out in two versions: with pre-sowing inoculation (treatment) of seeds with bacterial strains and without inoculation (control) with a precision seeding drill SSFC-7. The seeding rate of sweet clover  seeds is 3-4 million pcs / ha, adjusted for laboratory germination. Sowing of inoculated sweet clover  seeds with a local strain of nodule bacteria Rhisobium meliloti B1-2013 was carried out on May 2, 2020 (second year of life) and inoculated sweet clover  seeds with the  “Rizovit-AKS” product on May 5, 2021 (the first year of life). The following varieties and promising breeding numbers of yellow sweet clover (Melilotus officinalis (L.) Pall.) and Volga sweet clover (Melilotus wolgicus Poir.) were used for research for sowing 2020 and 2021, Table A 1, Table A2. 
Observations of the sweet clover plants and yield accounting were carried out according to the methodology of the All-Russian Scientific Research Institute of Feed named after V.R. Williams [28, 29]. 
The study of the nitrogen-fixing ability of the clover during inoculation with Rhizobium meliloti Rhizobium bacteria was carried out in the field. For this purpose, during the flowering period of varieties and promising breeding numbers of yellow sweet clover (Melilotus officinalis (L.) Pall.) and Volga sweet clover (Melilotus wolgicus Poir.) of the 2nd year of life, powerful plants were selected, characterized by alignment of morphological features and unaffected by diseases and pests (15 plants from each plot) with inoculation by rhizobial bacteria to account for nodules on plant roots. 

To determine the proportion of nitrogen fixed from the atmosphere and used for the formation of the biomass of sweet clover – the nitrogen fixation coefficient (EC), as well as the selection of varieties and promising breeding numbers of sweet clover with increased nitrogen–fixing ability, a comparison method with a non-leguminous crop - wheat grass was used [30]. The principle of the method is based on the assumption that under identical growing conditions of certain types of legumes and cereals, the amount of soil nitrogen taken by them is approximately the same. 

To isolate nodule bacteria Rhizobium and endophytic microorganisms, nodules were cut off from the roots of the sweet clover  so as not to damage their tissues and disinfected to remove extraneous microflora. Then the nodules were crushed, and the gruel was transferred to a Petri dish on a medium of Ointment with the help of a biological loop [31]. The gruel was smeared with a spatula on the surface of the medium. Then, with the same spatula, sowing was done for several more cups. The seeded cups were kept in a thermostat at a temperature of 25-27°C. Fast-growing nodule bacteria appear on 3-4 females, slow-growing ones - on 7-9. The appearance of colonies on the 1st-2nd day indicates contamination of the crop.  

For the initial build-up of biomass, an inoculum of nodule bacteria of the Rh. meliloti sweet clover  was prepared, which was obtained by seeding bacteria under aseptic conditions on an agarized legume medium of the following composition.

To obtain the amount of biomass, nodule bacteria were then transplanted onto a liquid nutrient medium with yeast broth and cultured in depth with aeration at a temperature of 24-26°C in a container intended for the final product, in rooms provided with optimal conditions for the process. The cultivation conditions are strictly aseptic, the temperature regime is 24-27°C, the pH of the medium is neutral (6.5-7.5). The duration of cultivation depended on the required amount of biomass. The initial titer during sowing is at least 1 million per 1 ml of the seeded medium.

Molecular genetic identification of endophytic bacteria isolated from nodules of yellow sweet clover and Volga sweet clover was carried out on the basis of the Republican State Enterprise on the right of economic management “National Center of Biotechnology” of the Committee of Science of the Ministry of Education and Science of the Republic of Kazakhstan. The identification of bacteria was carried out by analyzing a fragment of the 16S rRNA gene [32,33,34]. 16S rRNA gene sequences from the “Gen-Bank” database of nucleotide sequences were used for the strains. 

Nitrogen determination in sweet clover plants was carried out by the Kjeldahl method on the UDK-142 device (GOST 13496.4-93. Feed, compound feed. Feed raw materials. Methods for determining the content of nitrogen and crude protein), determination of phosphorus, potassium, calcium and magnesium using an infrared analyzer IR-4250. Crude fiber was determined according to GOST 13496.2-91, crude ash according to GOST 26226-95, crude fat - GOST 13496.15-2016, BEV and digestible protein according to the CRIACS 2002 method, exchange energy - GOST 4808-87, feed units according to GOST 4808-87.

Determination of nitrogen, phosphorus and potassium in the soil under the sweet clover  crops was carried out by the Machigin method in the modification of the CRIACS (GOST 26205-91. Soils. Determination of mobile phosphorus and potassium compounds) and determination of nitrates by ionometric method (GOST 26951-86. Soils. Determination of nitrates by ionometric method).

The experimental material was processed statistically according to B. Dospekhov using a personal computer and a package of application programs “SNEDECOR” [35, 36].
3 Weather conditions
The sweet clover crops successfully overwintered, because the reserves of autumn-winter precipitation were sufficient. Samples of all types of sweet clover had high winter hardiness (98.6-99.7%). During the autumn-winter period, 170.8 mm fell, which is 34.1 mm higher than normal (136.7 mm), Table A 3.
A large amount of precipitation fell in February-March-89.9 mm. March was cold, windy, snowmelt began on March 22 and actively lasted until April 9. Maximum air temperatures up to +10 0C in the second decade of April contributed to the friendly regrowth of plants. The date of the beginning of spring regrowth in the sweet clover is marked on April 29.
May was warm and dry, the average air temperature was 20.2 0C, with an average annual temperature of 14.5 0C, Figure 1. The sweet clover was sown on May 5 and the precipitation that fell on May 8-9 in the amount of 3.9 mm favored linear growth and development of plants, obtaining friendly and full shoots on the sweet clover crops. Dry and hot weather in May contributed to the growth and development of sweet clover plants, but minor precipitation of 12.1 mm per month at a rate of 32.4 mm slowed down linear growth. The plants felt a lack of moisture in the soil, the shortage of precipitation was 37.3%. At this time, the budding phase of the sweet clover was marked from May 22 to May 31. Under these conditions, plant growth stopped, wilting and drying of the root leaves began. The resulting friendly and full shoots of spring sowing of sweet clover suffered from drought.
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Figure 1 - Climatic diagram of the growing season, 2021
The month of June was very dry, the HTI was 0.3. There was a shortage of precipitation of 46.3%, almost half of the average annual norm of 39.5 mm. The temperature was at the level of the average annual - 18.30 C. This inhibited growth processes, the plants experienced drying of the basal leaves, especially in the basal rosettes, and also negatively affected the formation of generative organs of plants. During this dry period, the breeding numbers of the sweet clover had a flowering phase from June 3 to 11. This had a negative impact on the overall level of seed productivity, uniformity of maturation and fulfillment of seeds, as a result, small seeds were formed. 

Precipitation in July fell 31.9 mm, which also does not exceed the long-term norm (57.0 mm), the shortfall was 25.1 mm. The HTI for July was 0.5, the average long-term HTI was 1.0. The dry conditions of June contributed to the friendly ripening of the sweet clover  seeds and high-quality seed harvesting. 

The amount of precipitation in August – September is 78.3 mm in August and September, with a norm of 64.8 mm, and the warm weather of this period contributed to a good accumulation of plastic substances and the formation of a sufficient number of renewal buds in front of the ear in winter on the sweet clover  crops of the 1st year of life. 

During the growing season, 103.7 mm of precipitation fell, which is lower than the average annual norm (188.9 mm) by 85.2 mm or lower by 54.9%. The HTI was 0.4 (the average annual HTI is 0.8) can be estimated as dry conditions. The temperature regime during the growing season (15.70 C) was 1.40 higher than the average annual norm (14.30 C).

In general, 274.5 mm of precipitation fell in the 2021 agricultural year, which is lower than the average annual norm of 325.6 mm by 51.1 mm or 84.3%. 

4 Results of research
4.1 Assessment of economically valuable traits, biological properties of promising breeding material of the sweet clover   
In order to create a stress-resistant, high-yield new breeding material of a sweet clover  with an active nitrogen-fixing ability and the laying of a nursery for competitive variety testing, monitoring was carried out and the source material was selected - varieties and promising breeding numbers characterized by a high level of economically valuable traits. As a result of the search, 14 best numbers of the yellow sweet clover and the 6 Volga were allocated according to economically valuable characteristics. Preparation of seeds of samples of sweet clover for sowing was carried out (seed cleaning, calculation of the seeding rate of herbs adjusted for laboratory germination, weighing of seeds for a given area of the plot.). In the current year, the influence of inoculation on the indicators of morphobiological and economically valuable characteristics of the sweet clover was studied on the crops of the 2nd year of life, observations were made on the growth and development of plants, evaluation of the productivity of feed mass and seeds in the nursery, Figure B 1.
The most important biological property of the sweet clover is its high winter hardiness, which is crucial when cultivated in specific soil and climatic conditions. Our observations confirm that the estimated promising breeding numbers of yellow sweet clover and Volga sweet clover of local and Siberian origin were distinguished by high winter hardiness. With the use of inoculation, overwintering of plants was 98.6-99.7%, at the control - 94.9-97.5%, which is 2.2-2.7% higher than the control. This is due to the stronger degree of development of the root system, the depth of their occurrence and the increased content of carbohydrate reserves accumulated by winter.

Phenological observations showed that spring regrowth occurred on April 28-29 - 10-12 days later than the average long-term period. The phase of the beginning of flowering of precocious samples of yellow sweet clover was marked on May 28-29 or on 30-31 days, medium-ripened yellow and Volga species - on June 2-6 or on 35-39 days; regrowth - maturation of seeds is responsible for July 20-21 and July 24-29 or on 83-84 and 87-92 days. Observations have shown that when inoculating the seeds of the yellow and Volga sweet clover with rhizobial bacteria, there was no significant difference in the onset of phenophases in the numbers of the sweet clover  compared with the control. This is due to the influence of the arid conditions of this year during the formation of vegetative and generative organs, differences in options using pre-sowing seed treatment and without treatment were “smoothed out”.
One of the important indicators of resistance to abiotic environmental factors during the growing season is the survival of plants. In the variant with inoculation, all the numbers of the sweet clover were distinguished by a high percentage of this indicator. If before leaving for winter in the control variant, the survival rate of plants was 82.3-86.7%, then with the use of inoculation, this indicator was higher - 87.0-92.8%.
Considering the question of the stress resistance of the sweet clover, it should be noted that this is a drought-resistant plant. Selected by the productivity of the feed mass and seeds, the breeding numbers of the yellow sweet clover DR-1825, 1824, 1728, 1825, 1683, 1596, 1369 and the Volga sweet clover DR-1687, 1829, 1690 were also characterized by drought resistance. In the variant with inoculation, the plants had larger leaves covered with a waxy coating and a deeply penetrating taproot with numerous branches. The above-mentioned numbers of the sweet clover had a high drought tolerance on a 9-point scale - 8 points (% of preserved leaves during the drought period 82-88%), at the control - 7 points (% of preserved leaves during the drought period 75-81%). 

Plant height is one of the main indicators in assessing the potential yield of herb plants. Measurements showed that the height of plants under control in the numbers of the yellow sweet clover was 80.3-95.2 cm, with inoculation - 87.9-101.2 cm; in the Volga sweet clover, 74.8-89.4 cm and 77.2-97.8 cm, respectively. The highest height of the plants was distinguished by the yellow sweet clover DR-1683, 1728, 1825, 1596, 591 and the Volga sweet clover DR-1829, 1687. The excess over the control for this indicator was 5.4-15.7 cm or 5.7- 18.5%.
The number of stems and the shoot-forming ability of the sweet clover characterizes the power of plants. By the number of stems of the number of yellow sweet clover DR-1824, 1847, 1825, 1683, 1494 and the Volga sweet clover DR-1687, 1829, 1690 exceeded the control (2-4 pcs./ plant) by 1-2 pcs. (25-50%). The number of sweet clover shoots by numbers when treated with nodule bacteria was 690-958 pcs./m2, at the control 540-880 pcs./m2. The best shoot-forming ability was possessed by the numbers of yellow sweet clover DR-1825, 1683, 1847, 1845, 1728, 1824 and Volga sweet clover DR-1687, 1829, 1690.
The average yield of the herbage at the control was 123.6-173.2 c/ha, at inoculation - 137.6-196.0 c/ha, dry matter yield respectively 36.1-50.4 c/ha and 40.6-56.1 c/ha and seed yield - 2.2-3.9 c/ha and 2.6-4.3 c/ha, Table 1. The analysis of the yield of the feed mass depending on the origin of the yellow sweet clover at the control showed that the DR numbers had a relatively high yield of herbage and dry matter DR-1824, 1728, 1825, 1683, 1596, 1369, 1845, exceeded the standard Omsk precocious variety (DR-1494) by 12.2-27.9%, with an average yield of the latter, respectively, 140.6 and 39.4 c/ha. 
Table 1 - The influence of inoculation on the productivity indicators of the sweet clover 
	Variety. breeding number
	Yield of herbage, c/ha
	Increase 

(± to control)
	Yield of

dry matter, c/ha
	Increase 

(± to control)
	Seed yield c/ha
	Increase 

(± to control)

	
	
	c/ha
	%
	
	c/ha
	%
	
	c/ha
	%

	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	Yellow sweet clover

	КД-1494 (Omski skorospelyi variety, standard), control
	140.6
	-
	-
	39.4
	-
	-
	2.6
	 
	-

	КД-1494 (Omski skorospelyi variety, standard), inoculation
	154.5
	13.9
	9.9
	43.6
	4.2
	6.6
	3.1
	0.5
	19.2

	DR-1825, control
	163.6
	-
	-
	44.2
	-
	-
	2.8
	-
	-

	DR-1825, inoculation
	177.2
	13.6
	8.3
	50.3
	6.1
	13.8
	3.4
	0.6
	21.4

	DR- 1683, control
	173.2
	-
	-
	46.4
	-
	-
	3.6
	-
	-

	DR- 1683, inoculation
	192.8
	19.6
	11.3
	53.3
	6.9
	14.9
	4.2
	0.6
	16.7

	DR- 1596, control
	166.7
	-
	-
	47.3
	-
	-
	3.8
	-
	-

	DR- 1596, inoculation
	196.0
	29.3
	17.6
	56.1
	8.8
	18.6
	4.3 
	0.5
	13.2

	DR-1847, control
	137.6
	-
	-
	39.1
	-
	-
	2.7
	-
	-

	DR -1847, inoculation
	165.7
	28.1
	20.4
	47.8
	8.7
	22.2
	3.3
	0.6
	22.2

	DR -591, control
	154.1
	-
	-
	43.8
	-
	-
	3.3
	-
	-

	DR -591, inoculation
	168.0
	13.9
	9.0
	48.2
	4.4
	10.0
	4.2
	0.9
	27.3

	DR -1518, control
	141.4
	-
	-
	39.9
	-
	-
	3.1
	-
	-

	DR -1518, inoculation
	149.0
	7.6
	5.4
	42.9
	3.0
	7.5
	3.4
	0.3
	9.7

	DR -1369, control
	162.7
	-
	-
	50.4
	-
	-
	2.8
	-
	-

	DR -1369, inoculation
	175.4
	12.7
	7.8
	54.4
	4.0
	7.9
	3.4
	0.6
	21.4

	DR -1838, control
	147.5
	-
	-
	46.3
	-
	-
	2.2
	-
	-

	DR -1838, inoculation
	159.8
	12.3
	8.3
	50.2
	3.9
	8.4
	2.6
	0.4
	18.2

	 НСР05  for the factor A (control)
	
	2.9
	
	
	1.0
	
	
	0.1
	

	НСР05 for the factor В (inoculation) 
	
	7.7
	
	
	2.7
	
	
	0.2
	

	НСР05 for the factor А+В
	
	10.9
	
	
	3.8
	
	
	0.3
	

	Volga sweet clover

	DR-592, (Akbas variety, standard),  control
	123.6
	-
	-
	36.1
	-
	-
	3.0
	-
	-

	DR-592, (Akbas variety, standard), inoculation
	137.6
	14.0
	11.3
	40.6
	4.5
	12.5
	3.3
	0.3
	10.0

	 DR-1687, control
	154.7 
	-
	- 
	  44.6
	-
	-
	3.2
	-
	-

	 DR-1687, inoculation
	165.6
	10.9 
	7.0
	48.4
	3.8
	8.5
	3.8
	0.6
	18.8

	 DR-1829, control
	161.1
	-
	-
	48.0
	-
	-
	3.5
	-
	-

	DR-1829, inoculation
	167.6
	6.5
	4.0
	51.6
	3.6
	7.5
	4.2
	0.7
	20.0

	 DR-1690, control
	155.2
	-
	-
	45.4
	-
	-
	3.6
	-
	-

	 DR-1690, inoculation
	165.6
	10.4
	6.7
	49.0
	3.6
	7.9
	3.9
	0.3
	8.3

	 НСР05  for the factor A (control)
	
	3.6


	
	
	1.1


	
	
	0.1


	

	НСР05 for the factor В (inoculation)
	
	6.3


	
	
	1.9


	
	
	0.2


	

	НСР05 for the factor А+В
	
	8.8
	
	
	2.7
	
	
	0.3
	


According to the Volga type, DR-1687, 1829, 1690, which exceeded the standard Akbas variety (DR-592) by 23.5-33.0%, with an average yield of the latter, respectively, 123.6 and 36.1 c/ha, were allocated for the collection of herbage and dry matter. In the variant with the use of inoculation, the above numbers of the yellow sweet clover, according to these indicators, exceeded the standard by 11.7-28.7%, with an average yield of the standard, respectively, 154.5 and 43.6 c/ha; in the Volga sweet clover, the excess over the standard was 19.2-27.1%, with an average of the standard, respectively, 137.6 and 40.6 c/ha.

The numbers within the species distinguished by the yield of the feed mass in both variants were also distinguished by high seed yields. These are the numbers of the yellow sweet clover DR-1824, 1728, 1825, 1683, 1596, 1845, exceeded the standard (at the control - 2.6 c/ha and with inoculation - 3.1 c/ha) by 12.9-38.7%; according to the Volga sweet clover - numbers DR-1687, 1829, 1690 exceeded the standard of Akbas (DR-592) (at the control - 3.0 c/ha, and with inoculation - 3.3 c/ha) by 6.6-27.3%.
Inoculation of sweet clover  seeds showed different effectiveness, but in all the studied numbers there was an excess in productivity of feed weight and seeds from 2.6 to 27.3% compared to the control. A significant increase in herbage by 10.9-28.1 c/ha or 7.0-20.4%, dry matter - 3.8-8.8 c/ha or 8.5-22.2 % and seeds - 0.3-0.9 c/ha or 10.0-27.3% was noted in the numbers of the yellow sweet clover DR-1825, 1683, 1596, 591, 1847 and the Volga sweet clover DR-1687, 1829, 592, Table 1. The highest responsiveness to inoculation was shown by the breeding numbers of the yellow sweet clover DR-1847, 1596, 1683 and the Volga sweet clover DR-1687, 1829. The yield of dry matter increased by 3.8-8.8 c/ha, seeds - 0.5-0.7 c/ha or 7.5-22.2% and 13.2-22.2%, respectively. 

The arid conditions of the first half of the current year's vegetation did not contribute to the natural development of pathogenic microflora.
In both variants of the experiment, a very weak intensity of lesion (1.2 – 3.0%) with powdery mildew and brown spotting (5.6-9.2%) was noted only at the end of the growing season. Damage to plants by nodule weevils in the leaf rosette phase in the second year of plant life is weak 17-19%. Very weak damage was noted by seed pests - beetles from the genus Tychius and clover pachyderms.  
The results of the biochemical evaluation of the dry matter of the yellow sweet clover showed that the crude protein content varied from 16.93 to 21.32%, in the Volga sweet clover from 18.50 to 21.79%. A high content (20.69-21.79%) was observed in the numbers of yellow sweet clover DR-1825, 1369, 1847, 1494 and Volga sweet clover DR-1690, 1829, Table 2.
Table 2 – Biochemical composition and nutritional value of the dry matter of the breeding numbers of the sweet clover 
	Breeding number
 
	Mass fraction in dry matter, %
	Nutritional value of 1 kg

 dry matter

	
	raw protein
	raw fiber
	raw fat
	raw ash
	digestible protein, %
	ME,
mJ
	feed units, kg/kg

	Yellow sweet clover 

	Dr-1825
	21.32
	14.40
	2.30
	7.98
	15.37
	11.12
	1.00

	Dr -1369
	21.32
	15.32
	2.26
	8.38
	15.37
	10.99
	0.98

	Dr -1847
	20.69
	15.04
	2.21
	8.54
	14.84
	11.03
	0.99

	Dr -1494
	20.69
	14.18
	2.31
	7.87
	14.84
	11.15
	1.01

	Dr -1518
	20.38
	15.04
	2.20
	7.77
	14.58
	11.03
	0.99

	Dr -1494а
	20.30
	14.38
	2.24
	9.15
	14.51
	11.12
	1.00

	Dr -1824
	20.23
	15.48
	2.37
	7.48
	14.45
	10.97
	0.98

	Dr -1683
	20.15
	15.30
	2.23
	7.94
	14.39
	11.00
	0.98

	Dr -1596
	20.07
	14.94
	2.27
	8.04
	14.32
	11.05
	0.99

	Dr -1838
	19.92
	17.32
	2.21
	7.66
	14.19
	10.72
	0.93

	Dr -1728
	19.76
	18.26
	2.18
	7.45
	14.06
	10.59
	0.91

	Dr -1683а
	19.76
	15.30
	2.26
	8.16
	14.06
	11.00
	0.98

	Dr -1845
	18.82
	17.46
	2.10
	7.44
	13.27
	10.70
	0.93

	Dr -591
	16.93
	19.68
	2.07
	6.89
	11.68
	10.39
	0.88

	Volga sweet clover

	Dr -1690
	21.79
	14.76
	2.22
	6.80
	15.76
	11.07
	0.993

	Dr -1829
	21.32
	14.94
	2.26
	7.23
	15.37
	11.05
	0.988

	Dr -1833
	20.38
	15.80
	2.12
	7.77
	14.58
	10.93
	0.967

	Dr -1687
	20.07
	15.26
	2.32
	7.28
	14.32
	11.00
	0.980

	Dr -592
	18.83
	17.86
	2.17
	6.93
	13.28
	10.64
	0.918

	Dr -1410
	18.50
	22.02
	2.08
	5.99
	13.0
	10.07
	0.822


The numbers of yellow sweet clover DR-1494, 1494a, 1825, 1847, 1518 and Volga sweet clover DR-1690.1829 differed by a reduced content of crude fiber (14.18-15.04%).

The crude fat content was 2.07-2.37%, while the numbers of the yellow sweet clover differed favorably DR-1824, 1494, 1825, 1596, 1369, 1683a and Volzhsky sweet clover DR-1687, 1829, 1690. 

The content of crude ash was relatively high (8.04-9.15%) in the numbers of the yellow sweet clover K-1494a, 1847, 1369, 1683a, 1596. 

The numbers of yellow sweet clover had a high nutritional value of dry matter for digestible protein (14.58-15.76%).DR-1825, 1369, 1494, 1847, 1518 and the Volga sweet clover DR-1690, 1829. The exchange energy content was 10.03-11.15 mJ. According to this indicator (11.0-11.15 mJ), the numbers of the yellow sweet clover DR-1494, 1825, 1494a, 1847, 1596, 1518, the Volga sweet clover DR-1690, 1829, 1687 were allocated. The total energy nutrition by feed units was high (0.98-1.01 kg/kg) in the numbers of the yellow sweet clover DR-1494, 1825, 1494a, 1596, 1847, 1518 and the Volga sweet clover DR-1690, 1829. In general, according to three indicators – energy, protein nutrition, the content of feed units, the best numbers are yellow sweet clover DR-1825, 1494, 1847, 1518 and Volga sweet clover DR-1690, 1829.
 Analysis of the content of macronutrients (nitrogen, phosphorus, potassium, calcium and magnesium) in dry matter showed that their greatest total accumulation was observed in the numbers of the yellow sweet clover DR-1824, 1825, 1369, 1847, 1494 and the Volga sweet clover DR-1687, 1829, 1690, Table B 1.
Thus, the breeding numbers of the yellow sweet clover DR-1825, 1847, 1494 differed by the increased content of crude protein (20.69-21.32%), transferable protein (14.84—15.37%), reduced fiber (14.18-15.04%), high protein (14.84-15.76%) and energy nutrition (10.99-11.15 mJ), total energy nutrition by feed units (0.98-1.01 kg/kg) and macronutrient content, DR-1825, 1847, 1494,1369 and the Volga sweet clover DR-1690, 1829.
The seedlings of the breeding numbers of the yellow and Volga sweet clover (sowing on May 5, 2021) were marked on May 11-12 or 6-7 days after sowing. In the field, with a seeding rate of 300 germinating seeds per 1 m2, in fact, according to the studied numbers of the sweet clover, 224-261 pcs/m2 sprouted on the control, which corresponds to field germination from 74.7 to 87.0%, in the inoculation variant – 245-278 pcs/m2 or 81.7-92.7%. It was noted that inoculation had a positive effect on field germination on all breeding numbers, while the increase was from 5.6% to 8.2%.
In the first year of plant life, the breeding numbers of the Volga and yellow sweet clover formed one or two stems, with the number of branches from 12 to 24 pieces. In their development, the plants reached the phase of the beginning of flowering on July 28-31. In the future, after August 20-25, the numbers of the sweet clover slowed down growth and began to form wintering buds. One of the important indicators of stress resistance is the survival rate of plants. Before leaving for the winter, it was 81.4-87.5% under control, with the use of inoculation - 88.0-93.4%. The best survival rate was characterized by the numbers of the Volga sweet clover DR-1829, 1687, 1690 and yellow sweet clover - DR-1494, 1369, 1825, 1518, 1683, 1847. 

4.2 Biological fixation of molecular nitrogen of sweet clover 
When taking into account the nodules on the roots of the sweet clover  of the 2nd year of life, it was noted that their number varied significantly depending on the type of sweet clover , varieties and breeding numbers. Despite insignificant precipitation during the flowering period of the sweet clover , the formation of nodules occurred on variants treated with rhizobial bacteria, and varied on average from 2.4 to 31.3 pcs./per 1 plant of the yellow sweet clover, to 6.8-16.6 pcs./per 1 plant of the Volga sweet clover, Figure 2, 3.
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Figure 2 – The number of nodules on the roots of the sweet clover  of the 2nd year of life 
(sowing of 2020), inoculated with Rhisobium meliloti Rhisobium bacteria strain B1-2013
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Figure 3 – Formation of nodules on the roots of the sweet clover 
Of all the studied varieties and numbers of yellow sweet clover, the number DR-591 and the numbers DR-1369, DR-1494, DR-1825 DR-1494 should be distinguished, where the maximum formation of nodules (18, 28, 30, 31 and 45 pcs. / per 1 plant, respectively) was observed in comparison with the other numbers. The number DR-1829 (17 pcs/per 1 plant) stood out among the Volga sweet clover. The other cultivars also formed nodules, but their number was insignificant, up to 15 pcs. / per 1 plant. 

The lack of moisture in the soil due to the lack of summer precipitation during the period of plant development and, especially during the flowering of the sweet clover  had an impact on the formation of nodules on the roots of the sweet clover , and therefore, they were formed in small quantities and had a small size. When taking into account the nodules on plants of the 1st life (sowing of 2021) on the roots of the sweet clover  inoculated with the drug “Rizovit – AKS”, their number was insignificant and fluctuated on average in the yellow sweet clover from 4 to 10 pcs. per plant. Despite the small formation of nodules in the first year of life, it is possible to note the numbers of the yellow sweet clover DR-1825, DR-1494 and the Volga sweet clover DR-1687, 1410, in which the number of nodules averaged 10.4; 9.7; 9.3 and 12.8 pcs./1 plant, respectively, Figure 4.
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insignificant and fluctuated on average in the yellow sweet clover from 4 to 10 pes. per plant.
Despite the small formation of nodules in the first year of lfe, it s possible to note the numbers
of the yellow sweet clover DR-1825, DR-1494 and the Volga sweet clover DR-1687, 1410, in
which the number of nodules averaged 10.4; 9.7; 9.3 and 12.8 pes/1 plant, respectively, Figure
4
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Figure 4 — The number of nodules on the roots of the melilot of the Ist year of life
(sesding of 2021), inoculated with the Rizovit -AKS product

43 Study of nitrogen-fixing activity of the melilot

As a result of studies of nitrogen-fixing activity, only 4 numbers of yellow sweet clover
were isolated from 20 varieties, which were distinguished by a higher fixation of atmospheric
nitrogen: DR-1847 - 73.8%, DR-1683 - 70.0%, DR-1838 - 66.9%, DR-1825 - 66.0% in compari-

e —

x

100%

mﬁ

I

bep os.

©- 0 = Bxoa
TNABHAR BCTABKA V3AAH PA3METKA CTPAHWLIBI CChUTKN PACCHIKA PELIEH3MPOBAHME Bna ©OPMAT v
% o ¢ e A 5 i
gl ETU] TR Eo S S i AABB Aab6B. AaBoBs | . "
- ’ w . - - aronoso. aronoso. aronoeo... ||
& KK Ho-acxx ¥-A 3 K K =11 Beenme R
- wpror - - crume & pesmcrposane
NS FRES FNNE FNRY ENES SNRN ENEE SEAY TRNE ENNSRET ENRY SRR AN Iv

¥ KOTOPBIX SHCTEHHOCTS KIyOeHBKOR cocTasata & cpemse 10.4; 9,7; 9.3 u 12,8 mr./1 pacte-

HHe CooTRETCTBRRHO, PHCYHOK 4

/| e

Mo xerras: 1 - KI11825, 2 - KIT-1404, 3. KI-1369, 4. KIT-1494a, 5 -K501, 6 - K-1838, - K-
1683, 8 - KI-1847,9 - KI-1596, 10 - KA-1824, 11 - KI-1728, 12 - KI-1518, 13 - KI-1683a, 14 - KI-1845
Howanx somwerasit: 15 - KI-1829, 16 - KI-1410, 17 - KI-1687, 18 - KI.592, 19 - KI1-1690, 20 - K 1833

Pucysox 4 — UncAeHHOCTS KIy6eHBKOR Ha KOPHAX AOHHMKa 1-To roxa mzsH
(nocer 2021 roza), mHoxympoEasHoro npenapatoy Puzosut -AKC

4.3 Haysenue a20TduicHpyiomei aKTHEHOCTH oHRHKA

B peaysTaTe HecteaoRaHmi a30THKCHPYIOMe axTHEHOCTH 13 20 COPTOOGPASIOR G5l
01 BBITeCHEL THITS 4 HOMepa OHHHKS KETTOTO, KOTOPHIe OTTIATACE GoTee BHCOKOR dHKca-
‘nmedi arocepmoro asora: KII-1847 - 73,8%, KII-1683 — 70,0 %, KJI-1838 - 66,9%, KII-1825 —
66.0% & CpaBmeHMM C OCTATHHEIME HoMepaMH, Tabmhma 3. Y AOHHMKa BOTHCKOro dKcama
aTstocqepHoro az0Ta 6511 HeIHATATETSROM, B npezenax 7,6-29,9%

BoTmoe BTNAHE HA AKTHEHOCTS CHMOHO32 OKAZHBACT BIZKHOCTS NOTEH, TOCKOTEKY
HETOCTATORHAR BIATOOGECTIETEHOCTS ABTACTCA OJHAM W3 LTABHEIX THMUTHDYIOMIX GaxTopos
cmiGoTIIeCKof asoTducammm. C1aba% 20TGUKCHPYIOMat AKTHEROCTS Y HOMEPOR AOHHHKA
ETTOTO 1 0COBEHHO BOTACKOTo BOIMOKHO, CONPIKSHA HEAOCTATKOM EIATH B 0SB  NIEpHOX
aKTHEHOTO NBCTCHNA, KOTAa NPOHCXOAMT GopMmpoBanHe K1yGemskos. Ilockomsky, Aake mp

KPATKOBDEMEHHOM CHIKSHHH BIZKHOCTH TIDOHCXORHT 0GPa30BANHC HOBBIX METKIX KOPHEH,

————+ 0%

100%

mo-——+

20
25102021

T NG




Figure 4 – The number of nodules on the roots of the sweet clover  of the 
1st year of life (seeding of 2021), inoculated with the Rizovit -AKS product
4.3 Study of nitrogen-fixing activity of the sweet clover 
As a result of studies of nitrogen-fixing activity, only 4 numbers of yellow sweet clover were isolated from 20 varieties, which were distinguished by a higher fixation of atmospheric nitrogen: DR-1847 - 73.8%, DR-1683 - 70.0%, DR-1838 - 66.9%, DR-1825 - 66.0% in comparison with the rest of the numbers, Table 3. In Volga sweet clover, atmospheric nitrogen fixation was insignificant, within 7.6-29.9%.

Soil moisture has a great influence on the activity of symbiosis, since insufficient moisture supply is one of the main limiting factors of symbiotic nitrogen fixation. Weak nitrogen-fixing activity in the numbers of yellow sweet clover and especially Volga may be associated with a lack of moisture in the soil during the period of active flowering, when the formation of nodules occurs. Since, even with a short-term decrease in humidity, the formation of new small roots occurs, additional consumption of photosynthesis products and a decrease in the provision of nodules with carbohydrates, and at the same time a decrease in nitrogen fixation activity [37]. An increase in humidity, in subsequent periods of plant growth, no longer contributes to the restoration of the activity of these nodules. 

Table 3 - Fixation of atmospheric nitrogen of promising numbers of yellow sweet clover and Volga sweet clover inoculated with rhizobial bacteria in the nursery of the 2nd year of life (sowing of 2020)
	Breeding number
	Average number of nodules, pcs.
	Weight of the one plant, gr.
	Nitrogen content in the plant, % 
	Assimilated nitrogen, mg

	
	
	
	
	total

(total nitrogen), gr
	including atmospheric
	%

	                                     Yellow sweet sweet clover 

	DR-1494, st
	27.1
	7.04
	2.04
	143.6
	82.0
	57.1

	DR -1494 а
	29.5
	10.15
	1.74
	176.6
	115.0
	65.1

	DR -1824
	10.7
	4.43
	2.09
	92.6
	31.0
	33.5

	DR -1825
	31.3
	8.76
	2.07
	181.3
	119.7
	66.0

	DR -1728
	10.2
	4.08
	1.99
	81.2
	19.6
	24.1

	DR -1683
	16.5
	10.97
	1.87
	205.1
	143.5
	70.0

	DR -1596
	11.3
	5.21
	2.20
	114.6
	53.0
	46.2

	DR -1847 
	13.5
	11.51
	2.04
	234.8
	173.2
	73.8

	DR -591
	18.0
	5.66
	1.99
	112.6
	51.0
	45.3

	DR -1518
	8.0
	4.51
	1.89
	85.2
	23.6
	27.7

	DR -1369
	28.3
	8.71
	1.87
	162.9
	101.3
	62.2

	DR -1838
	16.8
	8.77
	2.12
	185.9
	124.3
	66.9

	DR -1683а
	5.6
	3.12
	2.42
	75.5
	13.9
	18.4

	DR -1845
	1.4
	3.29
	2.04
	67.1
	5.5
	8.2

	НСР05
	1.2
	
	
	
	35.0
	

	                                   Volga sweet clover

	DR -592, st
	7.9
	3.35
	1.99
	66.7
	5.1
	7.6

	DR -1690
	7.2
	3.95
	2.02
	79.8
	18.2
	22.8

	DR -1687
	9.5
	3.26
	1.67
	54.4
	0
	0

	DR -1829   
	16.6
	4.57
	1.69
	77.2
	15.6
	20.2

	DR -1410
	9.8
	4.83
	1.82
	87.9
	26.3
	29.9

	DR -1833
	6.8
	3.51
	2.42
	84.9
	23.3
	27.4

	НСР05
	1.1
	
	
	
	8.4
	


Of all the studied numbers of the Volga sweet clover inoculated with rhizobial bacteria, the number DR-1687 was allocated in the nursery of the 2nd year of life, which did not fix atmospheric nitrogen. 

In the nursery of the first year of life, the sweet clover 's seeds were not formed, and therefore it was not possible to calculate nitrogen fixation.

Thus, 4 numbers of the yellow sweet clover were allocated, which were distinguished by high fixation of atmospheric nitrogen: DR-1847 - 73.8%, DR-1683 - 70%, DR-1838 - 66.9%, DR-1825 - 66.0% in comparison with other numbers.

In a comparative assessment of the productivity and nitrogen fixation of the sweet clover's samples, it was found that the breeding numbers of the yellow sweet clover exceeded the Volga sweet clover according to these indicators, this is explained by the higher requirements of this samples for humidification conditions. 
4.4 The content of nutrition elements in the soil under the sweet clover crops of the 2nd year of life
Macro- and microelements take an active part in many physiological and biochemical processes of perennial legumes. They are part of proteins, carbohydrates, vitamins, growth substances and ensure the normal course of reactions of synthesis, decomposition and metabolism of various organic substances. Under the influence of macro- and microelements, the resistance of legumes to fungal and bacterial diseases and adverse environmental conditions increases [38].
The nitrogen content of nitrates in the soil largely depends on humidity, temperature and microbiological activity of the soil biome. Analyzing the results obtained, according to nitrate nitrogen, mobile phosphorus, exchange potassium, it can be noted that the level of content is low. The climatic conditions of the growing season were arid compared to the average long-term data. The lack of moisture contributed to the slowing down of soil processes, which led to a small accumulation of nutrients. 
The studies results showed that in the flowering phase, the nitrogen content of nitrates in the soil under the yellow sweet clover and Volga sweet clover crops averaged 4.78 mg/kg, which indicates the average availability of this element in the soil, and ranged on average from 3.59 to 7.37 mg/kg, Table 4.
Table 4 – The content of macronutrients in the soil in a layer of 0-20 cm under the sweet clover  crops of the 2nd year of life in the flowering phase (sowing of 2020)
	Breeding number 
	N-NO3-, mg/kg
	Р2О5, mg/kg
	К2О, mg/kg

	Yellow sweet clover 

	DR-1494а
	4.81
	13.6
	250

	DR -1494
	5.30
	16.2
	268

	DR -1824
	4.12
	15.3
	300

	DR -1825
	6.38
	15.2
	272

	DR -1728
	4.38
	11.7
	264

	DR -1683
	5.97
	11.5
	242

	DR -1596
	5.42
	10.3
	216

	DR -1847
	5.31
	12.6
	224

	DR -591
	3.59
	11.1
	184

	DR -1518 
	4.44
	14.2
	223

	DR -1369
	4.18
	14.2
	232

	DR -1838
	4.29
	13.2
	223

	DR -1683а
	3.98
	12.9
	220

	DR -1845
	4.10
	11.9
	219

	Volga sweet clover

	DR -592
	4.10
	8.9
	194

	DR -1690 
	5.17
	10.4
	190

	DR -1687
	4.17
	8.7
	151

	DR -1829 
	7.37
	11.4
	229

	DR -1410
	4.09
	10.6
	197

	DR -1833
	4.13
	9.7
	191


In general, all the studied soil samples can be attributed to low and medium confidence according to the gradation of O.V. Sdobnikova.

The average content of mobile phosphorus in the soil under the studied numbers of the Volga and yellow sweet clover was 11.54 mg/kg, which corresponds to the low availability of this element in the soil. The content of exchangeable potassium was at the level of averageconfidence and averaged 215 mg/kg, varying from 151 to 300 mg/kg.

Thus, the accumulation of nutrients in the soil, such as nitrate nitrogen, mobile phosphorus and exchangeable potassium, was insignificant and was at a low and average level in terms of the availability of these soil elements. 

4.5 Free-living nitrogen-fixing microorganisms in sweet clover  crops of the 2nd year of life
In agronomic terms, the whole variety of nitrogen fixing bacteria includes three main groups: nodule (symbiotic) bacteria of legumes of the genus Rhizobium, infecting the roots of legumes and living in symbiosis with higher plants; non–symbiotic (free-living) bacteria living in the soil (aerobic and anaerobic nitrogen fixators) and on its surface (cyanobacteria); associative nitrogen fixators of the genus Azospirillum, etc., living at the expense of root secretions [39, 40]. The first two groups play the greatest role in practical agriculture.

To isolate free-living nitrogen-fixing microorganisms, the soil of the sweet clover 's rhizosphere of the 2nd year of life was studied. During microbiological analysis, diazotrophic microorganisms were isolated on the Ashby medium, Figure 5.
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Figure 5 – Diazotrophic microorganisms isolated from the rhizosphere of the 
yellow sweet clover of the 2nd year of life on the Ashby medium
As a percentage, the maximum number of these microorganisms was isolated under the yellow sweet clover crops DR-1369 (87%), DR-1838 (82%), DR-1728 (74%) and in the Volga sweet clover - numbers DR-1829 (99%), DR-1687 (86%) and DR-1410 (80%), Table B 2.
4.6 Endophytic bacteria isolated from the nodules of the sweet clover 
Recently, interest in the biodiversity and functions of endophytic bacteria, as well as the prospects for their practical use, has been constantly growing [41-47]. But the relationship of endophytic bacteria with legumes is of particular interest. Due to symbiotic nitrogen fixation, endophytic bacteria make a significant contribution to maintaining nitrogen balance in agrocenoses. As is known, nodules can be inhabited not only by nodule-forming bacteria, but also by various endophytic bacteria typical of the rhizosphere [48, 49, 50].
In legumes, as in other plant species, a rich microbiome of endophytic bacteria is maintained, distributed systemically throughout the body, and nodules, as the most nutrient-rich ecological niche of a legume plant, contain the greatest diversity and abundance of endophytic bacteria [50,51,52].
During the flowering period of yellow sweet clover and Volga sweet clover, plants were selected to isolate nodules in order to identify endophytic bacteria. As the results of molecular genetic analysis showed, endophytic bacteria Paenibacillus peoriae, Pseudomonas moraviensis, Pseudomonas sp., Pantoea sp., Rahnella aquatica, Bacillus anthracis and Bacillus pumilis were identified from the nodules of yellow sweet clover and Volga sweet clover, which can be considered as potential strains when creating new biopriparations for legumes. For example, the use of Pseudomonas trivialis and Serratia plymuthica are considered as agents of biological control of the soil-transmitted pathogen Rhizoctonia solani [41].
As a result of molecular genetic analysis of strains of endophytic bacteria isolated from nodules of yellow sweet clover and Volga sweet clover, carried out by analyzing a fragment of the 16S rRNA gene, the presence of such species in nodules as: Bacillus simplex, Pseudomonas grimontii, Rahnella aquatilis , Pseudomonas lini, Pseudomonas sp., Pseudomonas extremorientaliss, Pseudomonas fluorescens, Pseudomonas rhodesiae,   Priestia megateriums, Pseudomonas sp., Pseudomonas marginalis, Pantoea agglomerans, Pseudomonas lini, Bacillus aryabhattai.

As can be seen in Figure 6, strain K 1/1 is located on the same clade with Bacillus muralis, Bacillus simplex, Peribacillus simplex, given the high identity of 16S rRNA in these species, an analysis of the nucleotide sequence of genes encoding proteins or phenotypic analysis is required for reliable identification. 

[image: image1.emf]
Figure 6 – Phylogenetic tree constructed based on the analysis
of a fragment of the 16S rRNA gene of strain K 1/1
As can be seen in Figure 7, strain K 3/1 is located on the same phylogenetic branch with Pseudomonas grimontii, strains K 8/2 and K 2/1 are located on the same phylogenetic branch with Pseudomonas rhodesiae. Strains K ½ and K 3/3 are located on the same phylogenetic branch with Pseudomonas orientalis and Pseudomonas extremorientalis, given the high identity of 16S rRNA in these species, for reliable identification, an analysis of the nucleotide sequence of protein-coding genes or phenotypic analysis is required. 
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Figure 7 – Phylogenetic tree based on the analysis of the
16S rRNA gene fragment of strains K 3/1, K 1/2, K 3/3, K 8/2, K 2/1,

As can be seen in Figure 8, strain K 9/5 is located on the same phylogenetic branch with Priestia megaterium and Priestia megaterium, given the high identity of 16S rRNA in these species, an analysis of the nucleotide sequence of protein-coding genes or phenotypic analysis is required for reliable identification.
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Figure 8  – Phylogenetic tree based on the analysis
of the 16S rRNA gene fragment of strain K 9/5

As can be seen in Figure 9, strain K 16/1 and K 16/2 are located on the same phylogenetic branch with Pseudomonas libaniensis. 
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Figure 9– Phylogenetic tree based on the analysis of the
16S rRNA gene fragment of strains K 16/1 and K 16/2
In Figure B 2, strain K 8/6 is located on the same phylogenetic branch of c Pantoea agglomerans.

In Figure B 3, strains K 9/4 and K 9/1 are located on the same phylogenetic branch with Pseudomonas lupini.

In Figure B 4 strain K 8/1 is located on the same phylogenetic branch of c Rahnella aquatilis.

In Figure B 5, strain K 11/3 is located on the same phylogenetic branch with Prestia arybhattai and Bacillus arybhattai, given the high identity of 16S rRNA in these species, an analysis of the nucleotide sequence of protein-coding genes or phenotypic analysis is required for reliable identification.

CONCLUSION
Research work on the project: AP09561833 “Increase in productivity and stress resistance of new promising numbers of Melilotus Adans. sweet clover due to the effectiveness of biological nitrogen fixation for the conditions of Northern Kazakhstan” were carried out in accordance with the calendar plan for 2021 (Appendix C). 
As a result of the evaluation of 20 varieties and promising breeding numbers of yellow sweet clover and Volga sweet clover when inoculated with a strain of nodule bacteria Rhisobium meliloti strain B1-2013, it was found that in the second year of plant life, the formation of nodules on plant roots was significantly influenced by the humidification conditions of 2021, which was characterized as arid (HTI-0.4) during the period of active growth of sweet clover  plants.

According to nitrogen-fixing activity in the second year of life, 8 breeding numbers of sweet clover  were identified: yellow samples - 4, Volga samples - 4, which had the highest percentage of assimilated atmospheric nitrogen - 66.0-73.8% and 20,2 -29-9 % respectively. 
The prospective numbers of the sweet clover  sowing of 2021 (the first year of life) inoculated with the preparation “Rizovit – AKS” based on nodule bacteria, the accounting of nodules on the roots of the sweet clover  was carried out. Despite the small formation of nodules, the numbers of the yellow sweet clover DR-1825, DR-1847 and the Volga sweet clover DR-1829, DR-1690 were allocated.
With the use of inoculation, the winter hardiness of the breeding numbers of the sweet clover  increased by 2.2-2.7% and drought resistance - 7%, when compared with the control. High responsiveness to artificial inoculation in terms of productivity was shown by the breeding numbers of the yellow sweet clover DR-1825, 1683, 1596, 591, 1847 and the Volga sweet clover DR-1687, 1829, 592. The increase in the yield of green mass when compared with the control was 10.9-28.1 c/ha or 7.0-20.4 %, dry matter - 3.8-8.8 c/ha or 8.5-22.2 % and seeds - 0.3-0.9 c/ha or 10.0- 27.3%, with average values at the control of 123.6-173.2 c/ha, 36.1-48.0 c/ha, 2.7-3.8 c/ha, respectively. 

As a result of the biochemical evaluation of dry matter on the variant with seed inoculation, a high content of crude protein (20.69-21.79%) was revealed in the numbers of yellow sweet clover DR-1825, 1369, 1847, 1494 and Volga sweet clover DR-1690, 1829. The numbers of yellow sweet clover DR-1494, 1494a, 1825, 1847, 1518 and Volga sweet clover DR-1690.1829 differed by a reduced content of crude fiber (14.18-15.04%). The crude fat content was 2.07-2.37%, while the numbers of the yellow sweet clover differed favorably DR-1824, 1494, 1825, 1596, 1369, 1683a and Volga sweet clover DR-1687, 1829, 1690. 
The numbers of yellow sweet clover had a high nutritional value of dry matter for digestible protein (14.58-15.76%).-1825, 1369, 1494, 1847, 1518 and Volga sweet clover DR-1690, 1829. According to the content of the exchange energy (11.0-11.15 mJ), the numbers of the yellow sweet clover DR-1494, 1825, 1494a, 1847, 1596, 1518, the Volga sweet clover DR-1690, 1829, 1687 were distinguished. The total energy nutrition by feed units was high (0.98-1.01 kg/kg) in the numbers of yellow sweet clover DR-1494, 1825, 1494a, 1596, 1847, 1518 and Volga sweet clover DR-1690, 1829. In general, according to three indicators – energy, protein nutrition, and the content of feed units, the best numbers are yellow sweet clover DR-1825, 1494, 1847, 1518 and Volga sweet clover DR-1690, 1829.

 The largest total accumulation of macronutrients (nitrogen, phosphorus, potassium, calcium and magnesium) in dry matter was shown by the numbers of the yellow sweet clover DR-1824, 1825, 1369, 1847, 1494 and Volga sweet clover DR-1687, 1829, 1690. 

Inoculation of sweet clover  seeds with a local strain of nodule bacteria Rhisobium meliloti B1-2013, allowed to create optimal conditions for the formation of a varietal-microbial system, which contributed to an increase in the productivity of the breeding numbers of yellow sweet clover DR-1825, DR-1683, DR-1847, Volga sweet clover DR-1829 in dry matter by 3.6-8.7 c/ha (7.5-22.2%) and seeds by 0.6-0.7 c/ha (16.7-22.2%).
The selected highly productive, stress-resistant breeding numbers of yellow sweet clover DR-1825, DR-1683, DR-1847 and Volga sweet clover DR-1829 with increased symbiotic nitrogen fixation will be used in breeding programs in the future as promising numbers when creating varieties of a new generation of sweet clover  for the conditions of Northern Kazakhstan
As a result of molecular genetic analysis of strains of endophytic bacteria isolated from nodules of yellow sweet clover and Volga sweet clover, carried out by analyzing of the 16S rRNA fragment gene, the presence of such samples in nodules as: Bacillus simplex,  Pseudomonas grimontii,  Rahnella aquatilis , Pseudomonas lini, Pseudomonas sp., Pseudomonas extremorientaliss, Pseudomonas fluorescens, Pseudomonas rhodesiae, Priestia megateriums, Pseudomonas sp., Pseudomonas marginalis, Pantoea agglomerans, Pseudomonas lini, Bacillus aryabhattai.

Additional studies have been carried out to identify free-living nitrogen-fixing microorganisms in the sweet clover  crops of the 2nd year of life. The maximum number of these microorganisms was found under the yellow sweet clover crops at numbers DR-1369 (87%), DR-1838 (82%), DR-1728 (74%) and Volga sweet clover - DR-1829 (99%), DR-1687 (86%) and DR-1410 (80%).
The article was prepared and accepted for consideration in the international journal “Online Journal of Biological Science” with a non-zero impact factor (IF-0.71), which is included in the Scopus database (percentile - 43, Q-3) (Appendix D).
The research executors completed an internship in the Laboratory of Ecological and agricultural microbiology of “SPC of Microbiology and Virology” LLP (Almaty) on the topic: “Study of nitrogen-fixing microorganisms (Rhizobium, Azotobacter)” (Appendix D).
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APPENDIX А
Research objects and meteorological indicators
Table A 1 – List of varieties and promising breeding numbers of yellow and Volga sweet clover, sowing of 2020
	Catalogue No.

(DR)
	Sweet clover  sample, variety
	Origin

	1494а, standard
	Yellow sweet clover, Omski early-season variety 
	Russia

	1494
	Yellow sweet clover
	Kazakhstan (SPCGF)

	1824
	Yellow sweet clover
	Kazakhstan (SPCGF)

	1825
	Yellow sweet clover
	Kazakhstan (SPCGF)

	1728
	Yellow sweet clover
	Kazakhstan (SPCGF)

	1683
	Yellow sweet clover
	Kazakhstan (SPCGF)

	1596
	Yellow sweet clover
	Kazakhstan (SPCGF)

	1847
	Yellow sweet clover
	Kazakhstan (SPCGF)

	591
	Yellow sweet clover
	Kazakhstan (SPCGF)

	1518
	Yellow sweet clover
	Kazakhstan (SPCGF)

	1369
	Yellow sweet clover
	Kazakhstan (SPCGF)

	1838
	Yellow sweet clover
	Kazakhstan (SPCGF)

	1683а
	Yellow sweet clover
	Kazakhstan (SPCGF)

	1845
	Yellow sweet clover
	Kazakhstan (SPCGF)

	592, standard
	Volga sweet clover, Akbas variety
	Kazakhstan (SPCGF)

	1690
	Volga sweet clover
	Kazakhstan (SPCGF)

	1687
	Volga sweet clover
	Kazakhstan (SPCGF)

	1829
	Volga sweet clover
	Kazakhstan (SPCGF)

	1410
	Volga sweet clover
	Kazakhstan (SPCGF)

	1833
	Volga sweet clover
	Kazakhstan (SPCGF)


Table A 2 – List of varieties and promising breeding numbers of yellow and Volga sweet clover, sowing for 2021
	Catalogue No. (DR) 
	Sweet clover  sample, variety
	Origin

	1494, standard
	Yellow sweet clover, Omski early-season variety 
	Russia

	1824
	Yellow sweet clover
	Kazakhstan (SPCGF)

	1825
	Yellow sweet clover
	Kazakhstan (SPCGF)

	1728
	Yellow sweet clover
	Kazakhstan (SPCGF)

	1683
	Yellow sweet clover
	Kazakhstan (SPCGF)

	1596
	Yellow sweet clover
	Kazakhstan (SPCGF)

	1847
	Yellow sweet clover
	Kazakhstan (SPCGF)

	1682
	Yellow sweet clover
	Kazakhstan (SPCGF)

	591
	Yellow sweet clover
	Kazakhstan (SPCGF)

	1518
	Yellow sweet clover
	Kazakhstan (SPCGF)

	1838
	Yellow sweet clover
	Kazakhstan (SPCGF)

	1369
	Yellow sweet clover
	Kazakhstan (SPCGF)

	1596а
	Yellow sweet clover
	Kazakhstan (SPCGF)

	2007
	Yellow sweet clover
	Kazakhstan (SPCGF)

	592, standard
	Volga sweet clover, Akbas variety 
	Kazakhstan (SPCGF)

	1690
	Volga sweet clover
	Kazakhstan (SPCGF)

	1687
	Volga sweet clover
	Kazakhstan (SPCGF)

	1829
	Volga sweet clover
	Kazakhstan (SPCGF)

	1823
	Volga sweet clover
	Kazakhstan (SPCGF)

	1410
	Volga sweet clover
	Kazakhstan (SPCGF)


Table A 3 – The main meteorological indicators in the “SPCGF named after A.I. Barayev” LLP (for 2020-2021)
	Year,
month
	Decades
	Weather elements, mm
	Mean air temperature, о С
	HTI harvest year

	
	
	harvest year
	middle-aged
	harvest year
	middle-aged
	

	Autumn-winter
	

	September-2020
	month
	32.2
	25.0
	10.9
	11.2
	-

	October-2020
	month
	10.9
	28.7
	4.2
	2.9
	-

	November-2020
	month
	19.5
	20.6
	-6.0
	-7.5
	-

	December-2020
	month
	6.0
	19.3
	-19.9
	-14.1
	-

	January-2020
	month
	12.3
	16.7
	-19.2
	-16.7
	-

	February-2020
	month
	42.5
	13.5
	-14.6
	-16.4
	-

	March-2020
	month
	47.4
	12.9
	-10.0
	-10.1
	-

	 Total for the autumn-winter period
	170,8
	136.7
	-7.8
	-7.2
	-

	in % to average
	124,9
	100.0
	-
	-
	-

	During the period of intensive grass growth

	April
2021
	I
	3.6
	5.2
	-3.9
	-1.6
	-

	
	II
	0.0
	5.4
	5.1
	4.0
	-

	
	III
	0.0
	9.6
	7.1
	7.8
	-

	
	month
	3.6
	20.2
	2.7
	3.4
	-

	May
2021
	I
	3.9
	10.4
	13.7
	10.5
	-

	
	II
	1.2
	9.5
	17.8
	12.6
	-

	
	III
	7.0
	12.5
	20.2
	14.6
	-

	
	month
	12.1
	32.4
	17.2
	12.5
	-

	         June 

2021
	I
	3.6
	11.8
	18.3
	16.8
	0.2

	
	II
	8.9
	14.2
	19.5
	18.7
	0.4

	
	III
	5.8
	13.5
	17.5
	19.6
	0.3

	
	month
	18.3
	39.5
	18.4
	18.3
	0.3

	         July
2021
	I
	10.5
	18.9
	23.1
	20.1
	0.4

	
	II
	20.8
	20.4
	17.3
	20.0
	1.2

	
	III
	0.6
	17.7
	20.8
	19.6
	0.0

	
	month
	31.9
	57.0
	20.4
	19.9
	0.5

	        August
         2021
	I
	21.0
	13.4
	21.9
	18.8
	0.9

	
	II
	2.0
	12.6
	18.2
	18.1
	0.1

	
	III
	14.8
	13.8
	18.7
	15.5
	0.8

	
	month
	37.8
	39.8
	19.6
	17.4
	0.6

	Total for the growing season
	103,7
	188.9
	15.7
	14.3
	0.4

	in % to average
	54.9
	100.0
	-
	-
	-

	Total for harvest year 2021
	274.5
	325.6
	-
	-
	-

	in % to average for 2021 
	84.3
	100.0
	-
	-
	-
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Figure B 1 – Herbage of breeding numbers of yellow and Volga sweet clover,

sowing in 2020 (the second year of plant life)
Table B 1 - The content of nutrients in the dry matter of the sweet clover 
	Breeding No. 
	Content in 1 kg of dry matter, %

	
	nitrogen
	phosphorus
	potassium
	calcium
	magnesium

	Yellow sweet clover

	DR-1825
	3.41
	0.32
	3.60
	1.88
	0.36

	DR-1369
	3.41
	0.32
	3.38
	1.75
	0.33

	DR-1494
	3.31
	0.30
	3.64
	1.80
	0.36

	DR-1847
	3.31
	0.32
	3.41
	1.68
	0.34

	DR-1518
	3.26
	0.32
	3.36
	1.70
	0.33

	DR-1494а
	3.25
	0.31
	3.49
	1.75
	0.36

	DR-1824
	3.24
	0.33
	3.93
	1.97
	0.36

	DR-1683
	3.22
	0.32
	3.56
	1.74
	0.34

	DR-1596
	3.21
	0.31
	3.44
	1.91
	0.34

	DR-1838
	3.19
	0.31
	3.15
	1.75
	0.32

	DR-1728
	3.16
	0.30
	3.33
	1.91
	0.34

	DR-1683а
	3.16
	0.33
	3.28
	1.61
	0.32

	DR-1845
	3.01
	0.31
	3.03
	1.50
	0.30

	DR-591
	2.71
	0.28
	3.01
	1.76
	0.31

	  Volga sweet clover

	DR-1690
	3.49
	0.32
	3.13
	1.51
	0.30

	DR-1829
	3.41
	0.34
	3.21
	1.40
	0.32

	DR-1833
	3.26
	0.32
	2.92
	1.26
	0.30

	DR-1687
	3.21
	0.35
	3.4
	1.63
	0.32

	DR-592
	3.01
	0.31
	2.86
	1.54
	0.31

	DR-1410
	2.96
	0.31
	2.76
	1.71
	0.29


Table B 2 – The number of diazotrophic microorganisms isolated from the soil of the rhizosphere of the sweet clover of the 2nd year of life

	Breeding number
	Diazotrophic microorganisms, %

	Yellow sweet clover

	DR-1494а
	0

	DR -1494
	5

	DR -1824
	12

	DR -1825
	8

	DR -1728
	74

	DR -1683
	5

	DR -1596

	24

	 DR -1847
	26

	DR -591
	33

	DR -1518 
	49

	DR -1369
	87

	DR -1838
	82

	DR -1683а
	58

	 DR -1845
	54

	Volga sweet clover

	DR -1687
	86

	DR -1829 
	99

	DR -1410
	80

	DR 1833
	4

	DR -592
	85

	DR -1690 
	49
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Figure B 2 - Phylogenetic tree based on the analysis
 of the 16S rRNA gene fragment of strain K 8/6
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Figure B 3 – Phylogenetic tree based on

the analysis of the 16S rRNA gene fragment of strains K 9/4 and K 9/1
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Figure B 4 - Phylogenetic tree based on

the analysis of the 16S rRNA gene fragment of strain K 8/1
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Figure B 5 - Phylogenetic tree based on

the analysis of the 16S rRNA gene fragment of strain K 11/3

APPENDIX C
           Work schedule calendar for 2021
Annex 1.1

To this agreement

No.306/12-2 from «21»   June  2021 years
           WORK SCHEDULE CALENDAR 

1. “Scientific and Production Center of Grain Farming named after A.I. Barayev” 
1.1 Priority: “Sustainable development of the agro-industrial complex and safety of agricultural products”;
1.2 By sub-priority: Intensive farming and crop production;

1.3 On the topic of the project: URN AP09561833 «Increase in productivity and stress resistance of new promising numbers of Melilotus Adans. sweet clover due to the effectiveness of biological nitrogen fixation for the conditions of Northern Kazakhstan»
1.4 Total amount of the project for 2021 is 8 000 000 (Eight million) tenge to perform the work according to paragraph 3.

2. Characteristics of scientific and technical products on the basis of qualification and economic indicators
2.1 Direction of work: Research in the field of legume breeding, genetic microbiology of nodule bacteria, soil science, soil ecology; 
2.2 Application: Agriculture; 

2.3 Outcome for 2021: In the yellow and Volga sweet clover crops from the SPC GF named after A.I. Barayev, an assessment will be carried out on economically valuable traits, biological properties and the symbiotic potential of 20 varieties and promising breeding numbers of sweet clover  will be studied. Nodule bacteria will be isolated and their molecular genetic identification will be carried out. Highly productive, stress-resistant promising breeding numbers of sweet clover  with high nitrogen-fixing ability will be allocated. An article will be submitted for publication in an international journal with a non-zero impact factor, in the Scopus database (percentile not lower than 35).
2.4  Patentability: Non-patentable;
2.5 Scientific and technical level (novelty): As a result of long-term use of arable land in the steppe regions of Northern Kazakhstan, there is a decrease in soil fertility. In conditions of the high cost of organic and mineral fertilizers and the reduction of their use, it is very important to use perennial grasses to preserve and restore soil fertility, by increasing the reserves of organic matter in the soil, improving the physical properties of the soil, enriching with biological nitrogen. 

Recently, there has been a significant increase in interest in biological nitrogen fixation, but there are not enough varieties of perennial legumes in production, including sweet clover  with a high symbiotic potential. The cultivation of such varieties will reduce the use of nitrogen fertilizers in the technologies of growing field crops in the light of current trends in the biologization of agriculture while reducing energy costs for the production of crop production.
Sweet clover  is a promising, universal legume crop. Its most important advantage over other crops is its unpretentiousness to soil conditions, high drought resistance and salt tolerance. Sweet clover  is irreplaceable as a phytomeliorator and siderate; a good precursor of grain crops, nitrogen accumulator, improver and fixator of the structure of soils of low bonit; nectar-bearing plant and medicinal herb.

One of the advantages of the sweet clover  is the accumulation of a large number of macronutrients after its cultivation.
 An urgent issue is the creation of a highly effective microbial-plant system between Rhisobium meliloti and Melilotus officenalis (L.) Pall., Melilotus wolgicus Poir., aimed at increasing the productivity of perennial legumes cultivated in various soil and climatic conditions of Northern Kazakhstan. 

The uniqueness of the project lies in increasing productivity and stress resistance in the creation of a new promising material of sweet clover  by using techniques to increase nitrogen-fixing ability, followed by the creation of varieties, the cultivation of which will further increase soil fertility and the development of animal husbandry in the country. 

2.6 The use of scientific and technical products is carried out: The Contractor;
2.7 Type of use of the result of scientific and (or) scientific and technical activities: As a result of the project, a new promising material of yellow and Volga sweet clover will be created, which will be used in the future to create highly productive, stress-resistant varieties with improved feed quality, high nitrogen-fixing ability for the conditions of Northern Kazakhstan. The introduction of new varieties will help to increase the productivity of grasses and create a stable feed base for livestock.

3. Name of work, deadlines for their implementation and results
	The code of the task
	Name of work under the Contract and the main stages of its implementation
	Deadline
	Expected result

	
	
	beginning
	ending
	

	2021 

	 1
	To study economically valuable signs, biological properties and nitrogen-fixing ability of 20 varieties and promising breeding numbers of sweet clover 

	June
	December
	A comparative analysis of the varieties and breeding numbers of the yellow and Volga sweet clover will be carried out according to economically valuable characteristics for its inclusion in the sowing.

The sowing qualities of seeds (laboratory germination, seed purity, weight of 1000 seeds) of 20 varieties and breeding numbers of sweet clover  will be determined, a seed list will be prepared and an experiment scheme will be drawn up.

Inoculation of sweet clover  with a biopreparation based on nodule bacteria will be carried out before sowing. 



	
	
	
	
	Soil preparation and sowing of varieties and breeding numbers of the sweet clover  will be carried out.

The assessment of yellow and Volga sweet clover plants will be carried out according to economically valuable signs and biological properties.

The plants selection of breeding numbers and varieties of sweet clover  will be carried out to account for the formation of nodules on the roots and determine symbiotic activity. Bacteria will be isolated from the nodules of the sweet clover  and their molecular genetic identification by the 16S rRNA gene will be carried out.

The seeds of the varieties and breeding numbers of the sweet clover  will be harvested and the seeds will be stored

A report will be prepared.

1 article will be submitted to the journal with a non-zero impact factor in the Scopus database. 

	2
	To identify highly productive, stress-resistant promising breeding numbers of sweet clover  with high nitrogen-fixing ability
	July
	September 
	Highly productive, stress-resistant promising breeding numbers of sweet clover  with high nitrogen-fixing ability will be allocated .

	

	From Consumer :                                                                                      

PA “Committee of Science of the Ministry of Education and Science of the Republic of Kazakhstan”

______________ Kurmangaliyeva Zh.D.

       stamp


	From Contractor :

Chairman of board of directors

“SPC GF named after A.I. Barayev” LLP 

________________Serekpayev N.A.

              stamp                

Briefed on:

Scientific Project Leader (s)
____________Filippova Nadezhda Ivanovna

     (signature)


APPENDIX D 

Scientific and organizational activity and list of scientific works 
1. Personnel: total - 3, including Candidate of Sciences - 2, specialist microbiologist - 1
[image: image15.jpg]St Ve Zeman Vog o\ e

£160000 % v |

Y e dfu«\véwéﬁégéwé\vé E oo Veaay e Vo £
H 190V BHBLOY W

08 7+ )

§§% m Q\ 0 POLIaJU00 1 ,

s iy s niaat

upsa18op SALVIANYD iy

SuYezey 0 J7GNAy a4 Jo S0UaIS U UOREANDG J0 KNS 34} )
J3pUn 303G PUE UOREONPY Ui SPUIIO) (07100 3 0 [/
[
W TN
VIVIHITHY? : ‘
a:onvﬁ,. ; v udu ; 13 u“
oMYy IHO0FS opouning : %
(6 g rovafs) s g 1wy 10 (o g ) s moponkn” py wonk ppgy |
Holovesey] MNHVQALoaq MmikeH 1 BUHeE0ERdgO Ba100010HHH] : 'HIHILALHNOY (eVITieg J
wifien 1 BEedoeedgo odago & ; 19ARITHISOBVED WIAVISE OHEX WIVIG !
i HIHUIVALOWHHN WITVISd SHEX WIVIG {

o1vodLHOM Ol BIALENOY THLY
= WIHHAII t 1004 HRLONBEEY] EX
LR hﬁﬁbggzé LRSS GRS 2R AR




[image: image18.png]@ | B Aorosop ¢ MOH PK rparr @un X | ) forosop cMOH PK rpar O X | [B) CEPTVIOVKAT craxuposn 2021 X |+ - o X

C @A O 0aiin | CyUsers/456/Desktop/lpanT3%202021%20r/CEPTUGUKATY20cTaxvposkn%202021%20r..pdf a % vt @ &
&

»

1w @ -+ 2 e A Mpovectescnyx | Hapucosars -~ P Bugerewe - O Crepers | @

S

CEPTUOUKAT

TOO «HIILL MUKPOGHOAOr MM H BIPYCOOTHID





2. Financing: 

2021 – 8 millions tenge
3. Publications:

The article was prepared and accepted for consideration in the international journal “Online Journal of Biological Science” with a non-zero impact factor (IF-0.71), which is included in the Scopus database (percentile - 43, Q-3).
1. FilippovA N.I., RukavitsinA I.V., Parsayev E.I., G.N. ChurkinA, KobernitskAIa Т.М., Tkachenko O.V., Kunanbayev K.K., Ostrovsky V.A., Mustafina N.M. Creation of a new highly productive  parent material of sweet clover (Melilotus Adans.) based on varietal and microbial systems //OnLine Journal of Biological Sciencesс / Accepted for consideration in the journal and will be published by April 30, 2022 (requirements in the tender documentation).
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4. Within this project, the research executors (Head of the Department of Breeding of perennial Herbs, Ph.D. Filippova N.I. and Head. Laboratory of Microbiology, Candidate of Biological Sciences, Rukavitsina I.V.) completed an internship at the Laboratory of Ecological and Agricultural Microbiology in “SPC of Microbiology and Virology” LLP (Almaty) on the topic: “Study of nitrogen-fixing microorganisms (Rhizobium, Azotobacter)”.
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