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ABSTRACT
	Report 84 pages, 12 figures, 16 tables, 62 sources, 8 appendices.
SOIL, FERTILIZER, FERTILITY MANAGEMENT, FOOD OPTIMIZATION, PRODUCTIVITY, LENTIL
Object of study:dark-chestnut calcareous light clay soils of the dry steppe zone, varieties of lentils - "Vekhovskaya", "Krapinka", "Viceroy".
Purpose of the work: To develop techniques for optimizing nutrition based on determining the optimal parameters of soil fertility and ways to achieve them, ensuring the realization of the productivity potential while guaranteeing a high return on investment and environmental safety.
Research methods:Field experiments were carried out using 10 variant schemes to create different levels of nutrition with 3 varieties of lentils: Vehovskaya, Krapinka and Viceroy. Field and laboratory studies of soils and plants were carried out in accordance with the technical specification and schedule using methods generally accepted in agrochemistry.
Main results:The biological characteristics of the varieties have been established. The most productive variety "Vekhovskaya" - an average yield of 24.4 c / ha, in second place "Viceroy" - 22.8 c / ha, the last "Krapinka" - 18 c / ha. The most promising varieties for the conditions of Northern Kazakhstan are Vekhovskaya and Viceroy. For the first time, the optimal level of P2O5 content was determined: (Рopt mg / kg) for the Vehovskaya and Viceroy varieties - 28 mg / kg of soil, for the Krapinka variety 26 mg. For nitrogen, the optimal level of N-NO3 content in the 0-40 cm layer (Nopt): for the Vehovskaya variety 15-17 mg / kg soil, for the Viceroy and Krapinka varieties 13-15 mg / kg soil. To determine the dose of fertilizers that must be applied in order to bring their initial content to the optimal level, the Chernenok optimization formulas are proposed: DР = (Рopt - Рfact) 10, where 10 is the equivalent of P2O5 fertilizers 1 mg of phosphorus deficiency in the soil. To determine the nitrogen dose, the following formula has been proposed: DN = (Nopt - Nfact) · 7.5 · PKuvl, where 7.5 is the number of kg a.v. N fertilizers per 1 mg of N-NO3 deficiency in the soil in the 0-40 cm layer. The proposed method for managing soil fertility is the most accurate of all known, it has no analogues, it ensures the realization of the potential of crop productivity and obtaining the maximum yield with a high return on costs. The method is the most perfect and accurate for precision farming and digitalization systems. All tasks of the schedule have been completed.
The methods of purposeful management of soils and productivity of lentil varieties are described. A patent for a useful model No. 5289 "Method for predicting the effectiveness of nitrogen fertilizers" dated 14.08.2020 was received.
DEFINITIONS, DESIGNATIONS AND ABBREVIATIONS

In this RPR, the following terms and definitions are used:
N - NH4 - ammonium nitrogen
NO3 - nitrates
N-NO3 - nitrate nitrogen
P2O5 - mobile phosphorus
K2O - mobile potassium
pH - the reaction of the soil solution
R&D - research work
kg - kilogram
etc. - active substance
kg d.v. - kilogram of active ingredient
Repeat. - repetition
Background-0 - natural background
Naa - ammonium nitrate
ha - hectare
mm - millimeters
agricultural - agricultural
I, III - repetitions of the experiment


INTRODUCTION

Agriculture in Kazakhstan is a vital sector of the national economy. The country's food independence depend on its state.
Extensive farming led to a decrease in the potential and effective soil fertility, which was the reason for persistently low yields (10-12 kg / ha). Studies show that the main reason for low crop productivity is soil depletion, plant starvation. The yield obtained today is 2-3 times lower than possible. The monopoly of spring wheat amid price volatility aggravates the situation. 
The strategy "Kazakhstan-2050" sets the task of not only increasing the sown area, but also increasing soil fertility. The problem of increasing soil fertility and productivity was named by the First President of the country as "The basis for the foundations of agricultural well-being." In his message to the people of Kazakhstan "New Kazakhstan in the New World" [1] and a speech at the "Meeting of Agricultural Workers", he called for "ending soil deflation", analyzing the achievements of agricultural science and introducing breakthrough achievements that could dramatically increase the efficiency and competitiveness of agricultural production ... This is intended to ensure the intensification and diversification of grain production, which is laid down in the State Program for the Development of the Agro-Industrial Complex for 2017-2021 [2].
In recent years, in connection with the adoption of the program for the development of the agro-industrial complex in the Republic of Kazakhstan for 2013-2020 "Agribusiness - 2020" aimed at diversifying grain production, the sowing of new promising, competitive crops began to actively expand [3].
Pulses play an important role in diversification, among which lentils occupy a special place. In terms of nutritional value, lentils occupy one of the first places among leguminous crops and are the most valuable source of complete vegetable protein [4, 5]. Lentil seeds contain up to 32% protein, up to 2% fat and up to 62% nitrogen-free compounds. In terms of culinary and consumer merits, lentils belong to those few crops that are highly valued in the world market. Grain waste from lentils has high feed qualities and is a concentrated feed readily eaten by animals. The straw contains 6-10% protein, the chaff - 18%. In terms of fodder qualities, straw and chaff of lentils are superior to many crops, and straw is not inferior in nutritional value to meadow hay and hay of legume-cereal mixtures [6, 7]. 
Like all legumes, lentils are an active nitrogen fixer and are capable of assimilating in symbiosis with nodule bacteria up to 40-90 kg / ha of ecologically safe nitrogen, which makes it a good precursor in crop rotation. The high purchase price makes lentils more profitable than other crops. However, the yield of lentils remains low, which is evidence of its underestimation and imperfection of agricultural technology [7, 8].
It is also valued as a medicinal plant [9, 10]. In Kazakhstan, the sown area of lentils, according to the Ministry of Agriculture, increased in 2017 to 295 thousand hectares [2]. Unfortunately, in the last 2 years, APK-Inform has noted a decrease in the acreage of lentils.
Studies show that diversification of grain production alone cannot ensure stable development of the country's agro-industrial complex without increasing soil fertility. Only fertilizers can correct soil deficiencies, enrich the soil with nutrients missing for plants, thereby increasing its effective and potential fertility. In solving this problem, there is no alternative to fertilizers. Showing their role in increasing the productivity of lentils is one of the objectives of the project.
Fertilizers, creating the necessary level of mineral nutrition, allow you to realize the potential of the crop. But the increase in soil fertility should be targeted, taking into account the fact that each crop, due to its biological characteristics, makes its own individual requirements for soil properties, conditions and level of fertility, content and ratio of nutrients [11]. Only in the presence of optimal conditions for each crop can it realize its genetic potential and ensure the formation of the maximum possible, in the prevailing conditions of moisture, yield and the most rational use of moisture per unit of production. Fertilizers, when used scientifically, are the most effective and efficient factor in ensuring their rational use. Unfortunately, until now, studies on the use of fertilizers are mostly of a purely empirical nature, when, on the basis of empirical data from field experience, the best ("template") dose or combination of fertilizers is determined based on averaged data, which is recommended for a given crop, without taking into account the entire set of factors that determine the effectiveness of fertilizers and without taking into account the biological characteristics of the culture, variety, their requirements for the conditions of mineral nutrition. This approach cannot guarantee either economic efficiency or environmental safety in a constantly changing environment.
The development of methods for optimizing nutrition not only of a crop, but also of its varieties of different intensity and early maturity will greatly increase the effectiveness of breeding work.
For Kazakhstan, lentils are a new poorly studied culture. But research carried out in Kazakhstan with lentils is mainly devoted to the development of cultivation technology in relation to local conditions [12-16]. The issues of optimization of nutrition and fertilization of crops are not given due attention, without which it is impossible to ensure either high productivity or quality of crops.
In this connection, the goal was set - to study the individual requirements of lentil varieties to soil nutrition conditions and to develop methods for optimizing nutrition based on determining the optimal parameters of soil fertility and ways to achieve them, ensuring the realization of the productivity potential while guaranteeing high payback and environmental safety.
The research task for 2018-2020 included:
- to study the reaction of lentil varieties to different levels of mineral nutrition;
-determine the most important agrochemical indicators of soil fertility, which have the most significant impact on productivity;
- to determine the quantitative indicators of the agrochemical properties of soils, ensuring the realization of the potential of the crop, obtaining the maximum yield in the existing soil and climatic conditions;
- to give an economic assessment of the effectiveness of fertilizers.
For the first time in Kazakhstan, on a fundamentally new basis, methods will be developed for diagnosing the needs of lentil varieties in nutritional elements; the main factors determining the formation of productivity, their optimal parameters, ensuring the realization of the potential of culture, ways of achieving them are determined.
This will make it possible to purposefully manage soil fertility, productivity and quality of lentils with a guaranteed high efficiency of fertilization.
Two interim reports for 2018 and 2019 with registration number 0118RK00919 were prepared for this project «To develop and implement the methods of realizing the potential of productivity of promising for the dry zone of Кazakhstan varieties of lentils on the basis of determining the optimal parameters of agrochemical properties and methods of their achievement, providing the increase of their competitiveness in the conditions of diversification of grain production».


1 BIOLOGICAL CHARACTERISTICS OF LENTILS AND ITS RELATIONSHIP TO THE CONDITIONS OF MINERAL FOOD (Literature review)

1.1 Biological features of lentils

Edible lentils, or Common lentils, or Cultural lentils (lat. Lens culinaris) - a herbaceous plant; family Legumes (Fabaceae).
Lentils are one of the oldest agricultural crops. The homeland of lentils is Southern Europe and Western Asia, where it has been cultivated since the Neolithic era.
This is one of the most important grain legume crops. Its use is very versatile. It is a valuable food product, consumed in the form of grain and in canned form. The ancient Egyptians prepared various dishes from lentils, baked bread from lentil flour. In ancient Greece, there was a proverb: an intelligent person always cooks his lentils well [17].
For many Asian peoples, lentils are one of the most important sources of protein, capable of replacing bread, cereals and even meat in terms of nutritional properties [4].
Since ancient times, lentils have been valued as a medicinal plant.Even ancient Roman doctors used lentils to treat stomach diseases and nervous disorders, believing that constant consumption of it in food makes a person calm and patient.In ancient Russian herbalists were recommended to drink lentil infusion in case of smallpox disease.A broth of lentils is also recommended for kidney stones, liver diseases [9]. 
Experimental studies have shown that a lentil diet suppresses pathological vascular disease [18]. 
Lentil seeds contain from 7 to 11 mg / 100 g of iron, which protects the body, especially children from anemia. Tannins contained in lentil seeds bind bacterial toxins and toxic salts of Hg, Pb and others and remove them from the body [19]. 
Lentils contain the maximum amount of prebiotics, which provide a beneficial effect on the intestinal microflora when eaten regularly [20].
In many countries, lentils have become an important factor in providing a nutritious diet [21].
Among leguminous crops, lentils take one of the first places in terms of nutritional value and are the most valuable source of complete vegetable protein. In terms of the amount of protein, lentils rank second after soybeans and exceed peas, chickpeas, and beans in this indicator. Its seeds contain from 27 to 36% protein [22-25].
Lentils are a unique plant that does not accumulate harmful substances. Neither nitrates nor radionuclides are retained in it. Therefore, lentils are considered completely organic grain. [19, 26, 27].
The leaders in the production of lentils are Canada (harvesting area 1.34 million hectares, gross yield 1.9 million tons), India (1.3 million hectares, 1.1 million tons), Turkey (234 thousand hectares, 345 thousand tons) [28]. According to the Ministry of Agriculture, the sown area of ​​lentils in Kazakhstan increased in 2017 to 295,000 hectares [2].
Biological features.Lentils (esculentaMoench) are an annual herb of the legume family. Cultural lentils have two subspecies: large-seeded (plate) and small-seeded. Large-seeded lentils are distinguished by their higher growth (50-70 cm), large beans and large flat green and spotted seeds with a diameter of 6-9 mm. The growing season is 80-120 days. The mass of 1000 seeds is 55-65 g and more.
Small-seeded lentils are more low-growing (up to 50 cm), with smaller convex seeds with a diameter of 2-5 mm of various colors. The growing season is 65-70 days, it is more drought-resistant. The mass of 1000 seeds is 25-30 g. Large-seeded lentils are used mainly for food purposes, small-seeded lentils are used for livestock feed.
The root system is tap root, the main root is thin, with a large number of lateral roots located in the 0–40 cm soil layer. Nodules are formed on the main and lateral roots [29, 30]. Branched nodules are located within a radius of 10-12 cm. The mass of nodules of one plant reaches 800 mg [31].
The stem is erect or slightly lodging, tetrahedral, strongly branched. Its height is from 25 to 70 cm [32].
Leaves are compound, paripinnate with 2-8 pairs of leaflets, ending in a tendril or tendril rudiment. Leaflets are oval or linear. Stipules are semi-spear-shaped, entire. Seeds are flat, plate or almost spherical, 3-9 mm in diameter. Seed color varies from light green to black. Cotyledons are orange or yellow, rarely green. The mass of 1000 seeds in common varieties ranges from 25 to 65 g [33].
Attitude towards light. Lentils need continuous daylight for normal flowering and fruit formation. Therefore, it is classified as a long day plant. It reacts much more strongly to the shortening of the day than other long-day leguminous crops: peas, chickpeas, china, and beans [34].
Attitude towards warmth. Unlike other legumes, lentils are comparatively not heat demanding. Seeds germinate at +3 - + 4ºC. Fast and friendly shoots appear on the 6-7th day when the soil warms up in a 10 cm layer to +7 - + 10ºC. At lower temperatures, seedlings appear on the 8-12th day. Lentil shoots can withstand frosts down to -3 -5ºC [35-37].

The optimum temperature during the growing season ranges from +12 to + +21ºС. The total heat demand for the growing season is 1450 - 1850ºС. Flowering occurs 40-45 days after germination [38].
Relation to moisture.For seed germination, lentils require 75-93% water from the air-dry mass. The critical period in relation to moisture is the period before flowering of plants [39]. Lentils are easier to tolerate drought than peas, so they can also be cultivated in arid regions [23, 32].
During the period of seed filling, the increased soil moisture causes an increase in the vegetative mass to the detriment of the seed yield. Prolonged dry winds during filling and ripening of seeds dramatically reduce the yield. Lentil plants are responsive to precipitation after drought, they begin to bloom again, form fruits, which sometimes smoothes out the harmful effect of drought. With an excess of moisture, the growing season sharply increases, ripening is delayed.
Attitude to soils. The best soils for lentils are chernozems of light texture. Lentils grow well on loose loamy and sandy loam soils and grows better than peas on light soils. It works poorly on compacted and heavy soils. Very light, poor sandy soils, as well as low places with a close occurrence of groundwater and acidic or saline soils are not suitable for it. It gives high yields on soils with a neutral or slightly acidic reaction (pH 7.0) [40].
Agrotechnical features of lentil cultivation. The best predecessors of lentils include corn, winter cereals. Under the lentils, it is necessary to divert fields clean from weeds, since due to its short stature and slow accumulation of green mass, it weakly fights weeds. You should not sow lentils over lentils, and also return them to their old place earlier than 3-4 years in order to avoid soil fatigue and accumulation of diseases. Soils with a high nitrogen content can cause excessive green mass growth to the detriment of fruiting. It is not recommended to sow lentils after rape, mustard, sunflower, flax, peas, chickpeas more often than once every four years in the same field. 
Soil treatment. The system of soil cultivation for lentils does not differ significantly from the cultivation for other early spring crops. Lentils are demanding on the quality of the main and pre-sowing tillage, and reacts positively to early fall plowing.
All methods of soil preparation for this crop should be aimed at maximum moisture accumulation, weed control, as well as good leveling of the field surface.
In winter, for additional accumulation of moisture in the soil, snow retention is carried out. This agricultural practice increases the yield of lentils by 2-3 c / ha.
Presowing treatment consists in early spring harrowing of the plow (as the ridges dry up) in 2 tracks across the main processing, and then cultivation to a depth of 8-10 cm with simultaneous harrowing. To obtain uniform, friendly seedlings in arid regions, it is recommended to roll up the soil before sowing [41].
Sowing. For sowing lentils, it is recommended to use the calibrated seeds of the best zoned varieties. Ripe and harvested in dry weather, under good storage conditions, they retain a high germination capacity (90-96%) for several years [34]. The optimal dates for sowing lentils in the steppe zone of the Middle Volga region is the first decade of May [42], in the conditions of the southern forest-steppe of the Omsk region - the third decade of May [43]. At the same time, there is an increased field germination of seeds (82.4%), good preservation (80.2%) and the highest grain yield.
In Kazakhstan, the technology of cultivation of lentils in rain-fed agriculture in Northern Kazakhstan was studied at the Kostanai Research Institute of Agriculture, the Scientific and Production Center of Grain Economy named after  A.I.Baraev, S. Seifullin Kazakh Agro Technical University and others [12-16].
On the dark brown soil of Akmola region Musynov K.M. and others studied the effect of different soil preparation technologies and seeding rates on lentil yield.A regularity was established that in the Vekhovskaya variety, against the background with the minimum tillage technology with an increase in the seeding rate from 2.2 to 2.5 million germinating seeds per hectare, there was a significant increase in grain yield compared to the control (0.4-0.8 c / ha) [15, 16].

1.2 The relation of lentils to mineral nutrition

The formation of 1 ton of grain and the corresponding amount of lentil straw requires 59 kg of nitrogen, 20 kg of phosphorus and 28 kg of potassium. Adding superphosphate can double the lentil yield [44].
Scientists Ali-Khan S.T. and Kiehn F.A. invite for a application nitrogen fertilizers under lentils in doses of 10-20 kg / ha during sowing, and phosphorus from 20 to 100 kg / ha, while the dose of phosphorus fertilizers increases in more arid regions. The application of mineral fertilizers did not affect the weight of 1000 seeds [45]. 
Studies carried out by E. Bremmer et al. Showed that in the absence of inoculation, the yield of lentils increased with increasing doses of nitrogen fertilizers from 0 to 90 kg / ha [46].
Similar studies with doses of nitrogen fertilizers from 0 to 60 kg of ai / ha in the form of urea were carried out in India, where in two years the yield of lentils increased from the application of nitrogen fertilizers to a dose of N30; higher doses of a further increase in yield did not result [47].
The Czech scientist Harceg I., conducting five years of research on the industrial cultivation of lentils, recommended the optimal dose for this culture N30P42-50K70-80 [48].
Research by Pakistani scientists Imran Mahmood, Abdul Razzaq, S.A.H. Bukhari, M. Naveed Tahir using different doses of NPK on three varieties of lentils are showed that the greatest increase was obtained with a dose of NPK 25:50:50 (45.64%), further increasing the dose had no effect. High doses of phosphate and potash fertilizers increased the protein content of the grain. The yield increased due to the greater number of pods and seeds [49].
Many researchers note the absence of significant differences in yield for lentil varieties [50, 51]. But there was an increase in the protein content from the application of nitrogen fertilizers of 22 kg / ha [52].
In the conditions of the foothill zone of the Kabardino-Balkarian Republic, Kononenko and others concluded that the fullness of seedlings, plant density and overall survival of lentil plants are significantly affected by the meteorological conditions of vegetation and varietal characteristics of the culture, to a lesser extent fertilizers and herbicides [53].
According to the studies carried out in the Stavropol Territory, mineral fertilizers applied directly under the lentils in areas of insufficient moisture were not highly effective. In this case, phosphorus-potassium fertilizers are recommended to be applied under the previous crop. On poor soils and when programming a high yield, it is recommended to apply nitrogen fertilizers at a dose of 30-40 kg / ha. nitrogen in presowing cultivation [54, 55].
On leached chernozems, the calculated dose of mineral fertilizers N25P45K18 provided a significant increase (0.46-0.68 t / ha) in the yield of lentil varieties. The maximum yield of lentils (2.17 t / ha) was provided by the Vekhovskaya variety, which is 0.43 t / ha higher than the Canadian variety. The dependence of the yield of lentils on the layer-by-layer content of nitrate and ammonium nitrogen, mobile phosphorus and exchangeable potassium in the 0-30 cm layer during the growing season of the crop has been established [56].
Research carried out in the forest-steppe Volga region showed that the best background for pre-sowing fertilization for the photosynthetic activity of lentils was phosphorus-potassium with pre-sowing treatment of seeds with rhizotorphin. The increase in dry biomass was 1.18 t / ha or 17% in relation to the control [57].
According to the studies of the biochemical laboratory of the VIPP, the constancy of the chemical composition is noted in the seeds of legumes. Peas, lentils, vetch, and horse beans grown in a wide variety of soil, humidity, and climate conditions (geographical experiments of VIPB) did not change the content of protein substances, ash, fiber, and fat. On lentils, not very sharp differences in chemical composition were observed for individual cultivars [33].
For Kazakhstan, lentils are a relatively new and little-studied culture; the first studies date back to 2001-2007. on the southern chernozems, where the productivity of lentils was studied in comparison with other crops, its role as a predecessor. The results on the yield of lentils for fallow and stubble on average for five years were 15.0 and 13.7 c / ha. Lentils are a good precursor for grain crops as a result of the soil being enriched with nitrogen. When studying the zero and traditional technology of lentil cultivation, the yield did not change, but nitroammophos and ammonium nitrate turned out to be effective, but the latter was inferior in efficiency to nitroammophos [58].
The resource-saving technology of applying fertilizers for leguminous crops was also studied in the desert-steppe foothill zone of the Zailiyskiy Alatau. Studies have shown that it is necessary to apply the most profitable, not high, low-cost fertilizer rates, which provide the greatest payback at sufficiently high levels of yield [59].
In general, the analysis of literary sources showed that in Kazakhstan in general, including the North, the main attention and research is focused on the agrotechnical assessment of lentils and the development of technology for its cultivation.
The issues of mineral nutrition of lentils, its requirements for soil and responsiveness to fertilizers are practically not studied, which served as the basis for their study.

2 RESEARCH METHODS

2.1 Research methodology

[bookmark: _GoBack]The research was carried out in the Agrarian Fund "Aktyk", on dark-chestnut, calcareous, light clay soils with a total humus content of 2.95-2.97%, total nitrogen 0.17%, phosphorus 0.15%, mobile potassium more than 60 mg / 100 g of soil, pH slightly alkaline (8.08-8.1), the amount of absorbed Ca + Mg is 20-22 mg-eq per 100 g of soil.
The experiments were carried out with three varieties of lentils: "Vekhovskaya", "Krapinka" and "Viceroy" on 10 nitrogen-phosphorus nutritional backgrounds (6 phosphorus and 4 nitrogen including control) in 3 replicates according to the scheme below:
1. О - control (without fertilizers)
2. Р60                    5. Р150                   8. Р90 N60
3. Р90                    6. Р 180                  9. Р90 N90
4. 120                    7. Р90N30              10. N30
A total of 90 experimental plots. Plot size 52.5 m2 (21 × 2.5 m). Nitrogen-phosphorus backgrounds were created by introducing grade A ammophos (10% N, 52% P2O5) and ammonium nitrate (34.6% N) using a SZS-2.1 seeder to a depth of 12-14 cm (Figure 1), followed by rolling.
	[image: Поделяночное внесение удобрений]
Figure 1 -Plot fertilization
Sowing of crops was carried out at the optimal time for the zone - 15-20 In May.The predecessor is the second crop (wheat) after steam. Lentils were sown at the rate of 2.5 million viable seeds per hectare.
In the experiments, to study the most important agro chemical properties of the soil and the effect of fertilizers on them, soil samples were taken on the control and fertilizer options, Figure 2.
[image: IMG_0499-30-05-17-01-07]
Figure 2 - Plot sampling of soil samples

To study the content and dynamics of soil moisture and nutrients, samples were taken on the control variant to a depth of 0-100 cm every 20 cm of soil. To study the effect of fertilizers on soil fertility, samples were taken for all fertilized options to a depth of 0-20 and 20-40 cm from 5 points on the plot,In the selected samples, soil moisture was determined by the gravimetric method, humus according to Tyurin, the pH of the water extract ionometrically using an ionomer - I 160 MI, nitrate nitrogen using a nitrate analyzer 150.1 MI, ammonium nitrogen - with Nessler's reagent, mobile phosphorus and exchangeable potassium from one extract according to Machigin absorbed by Ca2 +, Mg2 + by the trilonometric method.
During the growing season, plant samples were taken from all variants of all experiments on 50 lentil plants from the plot along the diagonal to determine the accumulation of dry matter and the chemical composition of the plants.
All analyzes were performed in duplicate. More than 1000 analytical soil samples and 360 plant samples were analyzed annually.
Before harvesting, test sheaves were selected for structural analysis of the crop, the chemical composition of the main and by-products, and the removal of nutrients. Counting of the yield was carried out in 6-fold repetition sheaves, followed by threshing in an LD 180 spike thresher. 
Mathematical processing was carried out according to Dospekhov [60].
The economic efficiency of the studied techniques was determined by P.F. Menshikov [61].
The results of field and laboratory studies were subjected to mathematical processing and correlation analysis in order to establish a quantitative relationship between crop productivity and agrochemical soil properties.

2.2 Brief characteristics of varieties

Variety "Krapinka" (authors: Suleimenov R.M., KaskarbaevZh.A., Checherina A.N., Chilimova I.V.) food grade, early maturing, small-seeded type.
The protein content is 27.8%, the weight of 1000 seeds sown in the experiments is 37-41 g. Bean cracking resistance is average. Resistant to drought, pests and diseases. The average yield is 13.8 c / ha.
The variety is included in the State Register for the North Kazakhstan region in 2016.
Variety "Vekhovskaya" was created at the Petrovskaya Experimental Breeding Station (Penza Region), classified as a valuable variety, early ripening (ripens in 77-80 days).	Protein content - 24-29%, weight of 1000 seeds - 65-82 g. Drought resistance - above average, to beans cracking - average, to damage by pests - high, weakly susceptible to fusarium. The variety is high-yielding, the yield reaches 25 kg / ha.
The variety has been included in the State Register of Breeding Achievements of the Russian Federation since 1992.
Variety "Viceroy" - Canadian origin, mid-season, seeds ripen in 76–80 days. The mass of 1000 seeds is 39 g.
Possesses high commercial and culinary qualities. Plants are resistant to disease, lodging, drought and shedding.


3 RESEARCH RESULTS

3.1 Conditions of the Experiment

The research results were significantly influenced not only by soil, but also by meteorological conditions, on which the development of lentils depended.
The years of research on hydrothermal conditions were different. The most favorable years in terms of precipitation were 2018 and 2020, Table 1.
Table 1 - Amount and nature of precipitation distribution, mm
	Months
	Middle-long
	2017/18 agricultural years
	± from average long-term.
	2018/19 agricultural years
	± from average long-term
	2019/20 agricultural years.
	± from average long-term

	IX-III
	141
	156
	15
	145,3
	4,3
	141,6
	0,6

	IV
	20
	25,7
	5,7
	7
	-13
	32,0
	12

	V
	31
	24
	-7
	3,6
	-27,4
	3,2
	-27,8

	VI
	41
	56,9
	15,9
	38,3
	-2,7
	67,8
	26,8

	VII
	52
	26,1
	-25,9
	11,4
	-40,6
	46,2
	20,1

	VIII
	41
	41,4
	0
	3,6
	-37,4
	29,2
	-11,8

	V-VIII
	165
	139,6
	-25,4
	56,9
	-108,1
	146,4
	-18,6

	Agricultural years
	326
	330,1
	4,1
	209,2
	-116,8
	320
	-6



The table shows that the amount of precipitation for agricultural years 2018 and 2020 were 330 and 320 mm, which is at the level of average long-term, but their distribution during the growing season was different: in 2018, May and especially July were dry. The largest amount of precipitation fell at the end of June and exceeded the average annual by 15.9 mm. May was accompanied by low temperatures, which prolonged the germination period by 10-12 days, table №2. In general, 139.6 mm fell during the growing season, which is 25.4 mm less than the norm.
Table 2 - Average daily air temperature, 0С
	Months
	Middle-long
	2018 year
	±
	2019 year
	±
	2020 year
	±

	IV
	1,5
	5
	3,5
	5
	3,5
	11
	9,5

	V
	12,5
	10
	-2,5
	12,7
	0,2
	19
	6,5

	VI
	18,1
	17,5
	-0,6
	15,9
	-3,8
	19
	0,9

	VII
	20,4
	21,4
	1
	22
	1,6
	22
	1,6

	VIII
	17,9
	18,3
	0,4
	22,1
	3,2
	21
	3,1



In 2020, the month of May was extremely dry, and August was also dry. The aridity of May was enhanced by high temperatures. The plants survived the May drought in 2020 due to the autumn-winter-spring supply and precipitation in April. In general, the situation with the hydrothermal regime in 2020 was favorable for the formation of the lentil crop. 
The 2018/2019 agricultural year was extremely dry, only 209.2 mm of precipitation fell, which is 116.8 mm lower than the long-term average. Most of them fell in the autumn-winter-spring period - 152.3 mm. During the growing season of 2019 - May-August, only 57 mm fell, which is 30% of the norm. But even these precipitations were distributed very unevenly. 67% fell in the month of June (38 mm). During July - August, only 15 mm fell. July and August were extremely dry.
This had an extremely negative effect on the reserves of productive moisture during the growing season, table 3.
Table 3 - Content and dynamics of productive moisture under lentil crops, mm
	Soil
layer,
cm
	2018 year
	2019 year
	2020 year

	
	So-wing
	Bran-ching
	Bloom
	So-wing
	Branching
	Bloom
	So-wing
	Bran-ching
	Bloom

	0-20
	29,5
	11,8
	11,4
	28,4
	17,7
	1,2
	19,3
	26,0
	17,6

	20-40
	35,1
	19,8
	19,5
	34,8
	24,7
	3,7
	19,2
	27,0
	21,8

	40-60
	32,7
	26,6
	23,9
	32,4
	30
	15,1
	23,5
	34,6
	26,0

	60-80
	31,2
	36,6
	35,1
	27
	29,7
	20,3
	28,8
	44,6
	36,7

	80-100
	26,7
	25,1
	29,9
	25,7
	28,8
	15,6
	28,1
	39,7
	31,6

	0-100
	155,2
	109,4
	115,1
	148,3
	130,9
	55,7
	118,9
	171,7
	133,5



The table shows that in the conditions of 2018, 2019, due to autumn-winter precipitation, a relatively good supply of productive moisture in the meter profile of 155-148 mm, respectively, was provided, which is significantly higher than the moisture supply in 2020.
But in 2020, the situation improved due to the precipitation (114 mm) in June-July, while in 2019, by the flowering phase, the productive moisture in the root layer was practically absent and was 1.2 mm in the 0-20 and 3.7 layers. mm in a layer of 0-40 cm. In these conditions, plants could not develop, which predetermined the fate of the harvest in 2018, 2020 and 2019.
Figure 3 shows a general view of the experiments as of June 24, 2018.
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Figure 3 - General view of the experiments

The seedlings were friendly, but the development was slow, on the one hand, these are the biological characteristics of the culture, on the other, the low temperature background held back the development of lentils. In addition to the hydrothermal regime, which developed in different ways during the years of research, the level of mineral nutrition also played an important role.

3.2 Conditions of Mineral Nutrition

Of all the factors studied, humus, the sum of absorbed bases and the pH of the medium were noted to be highly stable. The humus remained invariably at the level of 2.90-3.04% (table 4), which indicates the uniformity of the background.
Table 4 - Humus content under lentil crops,%
	Introduced, kg a.i. / ha
	2018 год
	2019 год
	2020 год

	
	Krapinka
	Vekhovskaya
	Vice-roy
	Speck
	Vekhovskaya
	Vice-roy
	Speck
	Vekhovskaya
	Viceroy

	0
	2,96
	2,97
	2,97
	2,93
	2,94
	2,95
	2,95
	2,96
	2,96

	Р120
	2,99
	2,97
	2,94
	2,9
	2,92
	2,95
	2,95
	2,95
	2,95

	Р180
	3,00
	2,97
	2,91
	2,92
	2,92
	2,93
	2,96
	2,94
	2,93

	Р90N90
	3,04
	3,03
	2,99
	2,9
	2,9
	2,9
	2,97
	2,96
	2,95


This is not a high level, but typical for dark chestnut soils. Studies have shown that even with such a humus content in years favorable for moisture, these soils can yield grain crops of up to 30 hkg/ha and more. Fertilizers did not affect the properties of the soil - the sum of absorbed bases, soil pH, table 5.
Table 5 - Content of Ca + Mg in soil and pH of the medium under lentil crops
	Introduced
kg a.i.
	2018 
	2019 
	2020

	
	Ca + Mg, mg-eq / 100 g of soil
	Са2+
	рН
	Ca + Mg, mg-eq / 100 g of soil
	Са2+
	рН
	Ca + Mg, mg-eq / 100 g of soil
	Са2+
	рН

	«О»
	26,5
	23,0
	8,08
	23,2
	16,7
	8,11
	24,6
	20,3
	8,09

	Р60
	26,6
	23,0
	8,10
	24,0
	16,7
	8,1
	25,2
	20,4
	8,10

	Р90
	26,4
	22,6
	8,07
	22,5
	17,0
	8,12
	24,6
	20,3
	8,09

	Р120
	26,1
	22,7
	8,12
	23,2
	16,7
	8,11
	24,3
	20,1
	8,12

	Р150
	26,4
	22,8
	8,10
	23,7
	16,7
	8,11
	25,0
	20,3
	8,10

	Р180
	26,5
	22,7
	8,11
	23,5
	17,0
	8,12
	24,9
	20,1
	8,11

	Р90N30
	26,4
	22,8
	8,11
	23,5
	16,5
	8,08
	24,5
	20,2
	8,09

	P90N60
	26,5
	23,4
	8,12
	22,7
	17,0
	8,06
	24,5
	20,5
	8,10

	P90N90
	26,1
	22,6
	8,12
	22,5
	17,0
	8,07
	24,8
	19,9
	8,09

	N30
	25,8
	22,9
	8,11
	23,5
	16,7
	8,08
	24,3
	20,0
	8,09



The stability of the indicators is explained by the fact that the phosphorus background were created by the introduction of ammophos, in which there is no calcium. The data in the table indicates a high carbonate content and a weak alkalinity of soils. But in general, the soils have good physical and chemical properties.
Hydrothermal conditions during the years of research and fertilization influenced the content and dynamics, first of all, of mineral forms of nitrogen, table 6.
Table 6 - Content and dynamics of mineral nitrogen under lentil crops, mg / kg soil
	Soil layer, cm
	2018
	2019
	2020

	
	Sowing
	Branching
	Bloom
	Sowing
	Branching
	Bloom
	Sowing
	Branching
	Bloom

	0-20
	5,6
	11,9
	9,2
	11,5
	15,8
	6,3
	6,8
	10,6
	6,9

	20-40
	8,8
	9,6
	8,9
	8,3
	12,6
	6,9
	5,4
	7,7
	9,4

	0-40
	7,2
	10,8
	9
	9,9
	14,2
	6,6
	6,1
	9,2
	8,1

	40–60
	8,1
	11,9
	8,8
	11,2
	12,5
	10
	3,5
	4,7
	4,0

	60–80
	10,5
	14,4
	14,3
	8,9
	9,1
	7,1
	2,7
	3,1
	4,2

	80-100
	14
	21,2
	17,8
	7,9
	8,4
	-
	2,6
	2,4
	2,6



As can be seen from the table, the initial content of nitrate nitrogen at the time of sowing in the years of research was different: low in 2018, 2020 (6.4-7.2 mg and 5.4-6.1 mg / kg, respectively) in 2019 significantly above - 10 mg / kg of soil in a layer of 0-40 cm.
In 2018 and 2019 nitrogen migration was observed along the soil profile, which is evident from the content of nitrates in layers of 60-100 cm, which was not observed in 2020.An increase in temperatures in late May - early June activated biological processes in the soil, the process of nitrification, which contributed to an increase in the nitrogen content of nitrates in all years for all varieties in the 0-40 cm layer by an average of 3-4 mg compared with the pre-sowing one and amounted to within 10 mg for all varieties in 2018 and 2020.In a very dry year in 2019 with soil moisture and high temperatures from 10 to 13-14 mg / kg of soil. But by the time of flowering, there was a decrease in nitrogen in the soil due to consumption per crop, but remained at the level of 8-9 mg. In 2019, under conditions of the most severe drought, the nitrification process was suppressed, the nitrogen content decreased 2.5-3 times: so for the Krapinka variety from 14.2 to 6.6 mg, for the Vehovskaya variety from 13.5 to 5.7 mg, Viceroy 12.9 mg to 4.9 mg The development of plants also stopped.
A diagnostic indicator of the provision of crops with phosphorus is its content in the 0-20 cm layer. Table 7 shows that the level of phosphorus in the soil before sowing lentils in 2018 and 2020, was within the limits of low, and in 2019 - very low in the Chernenok gradation [11, 62] - 13.3 mg / kg of soil.
Table 7 - Content and dynamics of Р2О5 under lentil crops, mg / kg soil
	Soil layer, cm
	2018
	2019
	2020

	
	Sowing
	Branching
	Bloom
	Sowing
	Branching
	Bloom
	Sowing
	Branching
	Bloom

	0-20
	18,0
	18,1
	19,6
	13,3
	14,1
	11,7
	16,4
	16,1
	17,4

	20-40
	8,0
	6,2
	7,8
	5,2
	5,7
	4,6
	5,9
	6,4
	7,5

	40-60
	5,0
	3,7
	3,9
	1,45
	1,2
	1,5
	2,1
	2,3
	3,6

	60-80
	4,9
	4,3
	3,1
	0,8
	0,5
	1,0
	1,6
	1,6
	1,4

	80-100
	5,2
	3,3
	2,7
	0,4
	0,4
	1,7
	0,4
	0,6
	0,8



Along the soil profile, the phosphorus content sharply decreases, starting from the subsoil horizon. This is due to the fact that phosphorus salts do not move in the soil (radius 2-2.5 cm). Phosphorus is found in the parent rock, from where it is extracted by the root system of plants and accumulates in the upper layer of the soil, where the main organic mass decomposes, forming inactive salts of calcium, magnesium, aluminum, iron, thereby excluding the possibility of its migration even under conditions of increased moisture.
As can be seen from the data presented, the phosphorus deficiency in the soil was the most important factor limiting the yield.
The content of mobile potassium in the studied soils is very high (731-906 mg / kg of soil in the 0-20 cm layer) and potassium did not limit the yield, Table 8. Along the soil profile, its content significantly decreases, but even in the 80-100 cm layer it remained at the level of the middle class of security - 265-327 mg.
Table 8 - Content and dynamics of K2O under lentil crops, mg / kg soil
	Layer, cm
	2018
	2019
	2020

	
	Sowing
	Branching
	Bloom
	Sowing
	Branching
	Bloom
	Sowing
	Branching
	Bloom

	0-20
	872
	809
	829
	898
	900
	734
	885
	855
	782

	20-40
	552
	482
	598
	479
	567
	571
	516
	525
	585

	40-60
	374
	275
	283
	330
	372
	295
	352
	324
	289

	60-80
	428
	299
	307
	288
	330
	232
	358
	315
	270

	80-100
	318
	272
	281
	265
	290
	240
	292
	281
	261



The applied fertilizers had a significant effect on the content of nutrients in the soil, Table 9, 10.
Table 9- Influence of fertilizers on the nitrogen content of nitrates in the soil in the 0-40 cm layer before sowing lentils, mg / kg of soil
	Introduced,
kg a.i. / ha
	Krapinka
	Vekhovskaya
	Viceroy

	
	2018
	2019
	2020
	2018
	2019
	2020
	2018
	2019
	2020

	«О»
	9,3
	8,5
	8,0
	9,0
	8,8
	8,3
	7,6
	9,2
	8,6

	Р60
	8,8
	9,0
	9,4
	8,9
	8,7
	9,7
	8,8
	8,4
	10,1

	Р90
	9,8
	9,3
	10,4
	9,6
	10,1
	10,7
	9,4
	10,8
	11,0

	Р120
	12,1
	10,0
	10,7
	10,9
	11,0
	11,2
	9,6
	11,9
	11,7

	Р150
	12,5
	10,0
	11,3
	9,7
	11,4
	11,5
	8,4
	12,8
	12,0

	Р180
	13,2
	12,0
	11,6
	11,7
	12,3
	12,1
	10,1
	12,8
	12,3

	Р90N30
	14,4
	13,8
	12,1
	13,2
	12,1
	13,2
	12,0
	10,2
	14,4

	P90N60
	18,3
	15,7
	16,5
	16,7
	16,5
	17,3
	15,5
	17,1
	18,4

	P90N90
	22,6
	20,3
	21,0
	20,5
	21,2
	21,4
	18,4
	22,2
	22,3

	N30
	13,8
	12,7
	11,8
	12,5
	12,0
	12,9
	11,3
	11,3
	14,0



The determination of nitrates was carried out layer by layer in a layer of 0-20 and 20-40 cm. In expanded form, the results are presented in Appendix A. Table 9 shows the results for a layer of 0-40 cm, which is a diagnostic indicator of the supply of crops with nitrogen. Based on the Chernenok scale developed according to long-term data [62], the content of nitrate nitrogen in the 0-40 cm layer is less than 6 mg / kg of soil indicates that the supply is very low, 6-9 mg - low, 9-12 - average, 12-15 - optimal for many field crops, including legumes such as chickpeas, peas, soybeans. 12 mg / kg soil is the lower optimum limit to which it is advisable to bring the content of nitrogen nitrates in the soil. These indicators are given to assess the results presented in the table.
Table 9 shows that the applied fertilizers increased the nitrogen content of nitrates in the soil, and not only nitrogen, but also phosphorus. This is due to the fact that ammophos, containing 10-11% nitrogen, was introduced as a source of phosphorus. As a result, with increasing doses of phosphorus, the nitrogen content in the soil also gradually increased.
But the most significant effect on the nitrogen content was exerted by nitrogen fertilizers applied both in pure form and against the background of P90. As a result, different backgrounds were created in terms of the content and ratio of elements in the soil, which is very important for determining the optimal level of the content of elements in the soil, ensuring the realization of the potential or maximum possible productivity of varieties under the prevailing hydrothermal conditions.
The phosphorus content increased from 11-15 mg in the 0-20 cm layer to 32-39 mg (Table 10), with increasing doses from 60 to 180 kg. Thus, backgrounds with different levels of nutrition were created, which is necessary for solving the tasks and achieving the goal.
Table 10 - The effect of fertilizers on the content of mobile phosphorus in the soil, mg / kg of soil in a layer of 0-20 cm
	Introduced,
kg a.i. / ha
	Krapinka
	Vekhovskaya
	Viceroy

	
	2018
	2019
	2020
	2018
	2019
	2020
	2018
	2019
	2020

	«О»
	11,1
	12,8
	15,4
	10,7
	12,9
	15,3
	10,3
	11,8
	15,3

	Р60
	16,3
	16,9
	21,5
	16,9
	17,9
	21,5
	17,5
	16,7
	21,5

	Р90
	24,9
	19,8
	24,5
	22,7
	19,5
	25,2
	20,5
	20,7
	25,9

	Р120
	27,4
	24,8
	26,7
	27,5
	21,7
	28,1
	27,6
	23,0
	28,6

	Р150
	31,3
	28,1
	30,8
	31,4
	25,4
	31,1
	35,4
	26,8
	31,5

	Р180
	38,7
	32,6
	33,0
	38,4
	32,0
	33,5
	38,2
	32,0
	34,0



According to experience, a significant difference is not accepted, which indicates the homogeneity of the experimental plot and allows an objective assessment of the variability of varieties with different levels of phosphorus nutrition.
The effect of nitrogen fertilizers on phosphorus mobility was not revealed. Its content remained at the level of the background version of P90, on the background of which nitrogen fertilizers were applied before taking soil samples.
Nitrogen-phosphorus fertilizers did not affect the potassium content in the soil, table 11.




Table 11 - Influence of fertilizers on the content of K2O before sowing lentil varieties in a layer of 0-20 cm, mg / kg soil
	Introduced,
kg a.i. / ha
	Krapinka
	Vekhovskaya
	Viceroy

	
	2018
	2019
	2020
	2018
	2019
	2020
	2018
	2019
	2020

	«О»
	840
	957
	822
	834
	978
	824
	829
	971
	824

	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	Р60
	826
	964
	820
	824
	963
	824
	823
	965
	820

	Р90
	829
	969
	822
	854
	986
	818
	880
	990
	824

	Р120
	843
	930
	828
	863
	945
	830
	883
	963
	842

	Р150
	822
	919
	838
	840
	939
	844
	859
	960
	852

	Р180
	830
	946
	868
	841
	931
	866
	852
	916
	866

	Р90N30
	829
	908
	800
	848
	917
	840
	868
	927
	880

	P90N60
	835
	927
	824
	853
	932
	846
	872
	936
	870

	P90N90
	838
	901
	822
	856
	905
	830
	875
	910
	840

	N30
	855
	913
	830
	843
	457
	828
	831
	977
	828



Summing up the soil research, we can conclude that the main factor limiting the realization of the productivity potential of lentils during the years of research was the phosphorus deficiency and moisture supply.

3.3 Influence of mineral nutrition conditions on the development of lentil varieties

The growth and development of plants was determined by a combination of factors - the state and level of soil fertility and hydrothermal conditions, which directly affect the soil, plants and the behavior of fertilizers in the soil, their availability to plants.
The features of the development of  different varieties in the initial period of development in the conditions of 2018 are shown in Figures 4,5. The figures show that already in the branching phase, there was a difference between the varieties in terms of the state of plant development.
[image: 20180622_111714]
Figure 4 - General view of the "Vehovskaya" variety (left) and the "Krapinka" variety (right)
The figure shows that the Vehovskaya variety is ahead of the Krapinka variety in development.
Figure 5 shows the difference between Viceroy and Vehovskaya.[image: 20180622_111825]
Figure 5 - Variety "Viceroy" (left) and variety "Vehovskaya" (right)
A general view of lentils in the branching phase in 2019 is shown in Figure 6.
[image: Крапинка]
Figure 6 - General view of experiments in the branching phase

In the foreground is the Krapinka variety, the second is the Verkhovskaya variety. Already in the branching phase, a difference in development was observed between varieties.
But this difference is even more visible from a comparison of the state of crops in 2018 (Figure 4, 5) and in 2019 (Figures 6).
Fertilizers, increasing the content of nutrients in the soil, had a great influence on the intensity of development of lentils, Table B.1.
Lentil varieties differed significantly in terms of development rates. In all the years, the Vekhovskaya sort was distinguished by the highest accumulation of dry matter - 75.6-110.8 g / 100 plants in the control during the flowering phase. Sort "Viceroy" and Krapinka were significantly inferior, both against a natural background and fertilized variants. In 2018, fertilizers increased the intensity of varieties development by 2-2.5 times. In the severely arid 2019, the yield increase did not exceed 30-40%, with the smallest increase in the sort Vekhovskaya-25%, which indicates its weak drought tolerance. The sort "Viceroy" showed the greatest resistance to drought.
But on average, over 3 years, the increase in dry matter relative to the control for all sorts was very close at the level of 40-50%.
Phosphorus fertilizers had the greatest influence on the development of sorts. The action of nitrogen was different. Their positive role in the development of lentils was manifested mainly in 2018. In the severely arid 2019, nitrogen fertilizers were not in demand due to an acute moisture deficit. The drought in the spring of 2020 also affected the attitude of lentil sorts to nitrogen fertilizers at the first stage of development.
The conditions of mineral nutrition and hydrothermal regime were reflected in the chemical composition of plants, table 12.
Table 12 - Influence of fertilizers on the chemical composition of lentils in the flowering phase,%
	Introduced, kg a.i. / ha
	Krapinka 
	Vekhovskaya
	Viceroy

	
	N
	P2O5
	K2O
	N
	P2O5
	K2O
	N
	P2O5
	K2O

	2018 год

	О
	2,41
	0,78
	3,95
	2,57
	0,9
	4,76
	2,77
	0,97
	4,59

	Р60
	2,42
	0,96
	3,99
	2,64
	0,97
	5,0
	3,01
	1,09
	4,56

	Р90
	2,49
	1,02
	4,04
	2,87
	1,07
	5,26
	3,08
	1,11
	4,58

	Р120
	2,72
	1,05
	4,09
	3,06
	1,07
	5,22
	3,23
	1,18
	4,54

	Р150
	2,78
	1,21
	4,16
	2,94
	1,14
	4,72
	3,27
	1,25
	4,84

	Р180
	2,73
	1,34
	4,14
	2,72
	1,21
	4,91
	3,34
	0,96
	4,68

	Р90N30
	2,84
	1,16
	4,38
	2,73
	0,89
	5,10
	3,13
	1,13
	5,02

	Р90N60
	2,89
	1,28
	4,35
	2,95
	0,98
	5,30
	3,25
	1,23
	4,89

	Р90N90
	3,07
	1,33
	4,29
	3,04
	1,18
	5,10
	3,35
	1,25
	4,82

	N30
	2,53
	1,13
	4,24
	2,73
	1,07
	5,05
	2,87
	1,05
	4,70

	average
	2,69
	1,13
	4,16
	2,83
	1,05
	5,04
	3,13
	1,12
	4,72

	2019 

	О
	2,63
	1,2
	5,84
	2,16
	0,95
	5,58
	2,68
	1,03
	5,65

	Р60
	2,74
	1,25
	5,57
	2,24
	1,01
	5,91
	2,77
	1,08
	5,48

	Р90
	2,86
	1,26
	5,56
	2,35
	0,98
	5,98
	2,72
	1,11
	5,61

	Р120
	2,97
	1,22
	5,78
	2,43
	1,06
	6,21
	2,86
	1,12
	5,92

	Р150
	2,89
	1,22
	5,58
	2,33
	1,05
	6,37
	3,06
	1,08
	6,15

	Р180
	2,74
	1,22
	5,9
	2,32
	0,99
	6,0
	2,93
	1,16
	6,48

	Р90N30
	3,03
	1,19
	5,72
	2,49
	1,03
	6,28
	2,87
	1,01
	6,24

	Р90N60
	3,08
	1,18
	5,71
	2,63
	1,08
	6,64
	2,95
	1,02
	6,52

	Р90N90
	2,93
	1,12
	5,52
	2,69
	1,09
	6,43
	3,07
	1,13
	6,26

	N30
	2,8
	1,14
	5,25
	2,3
	0,93
	5,58
	2,87
	0,93
	5,86

	average
	2,87
	1,20
	5,64
	2,39
	1,02
	6,10
	2,88
	1,07
	6,02

	2020

	О
	2,04
	0,74
	 4,15
	2,61
	0,78
	3,55 
	2,72
	0,71
	4,21 

	Р60
	2,22
	0,84
	 4,22
	2,86
	0,85
	 3,73
	2,88
	0,74
	 4,54

	Р90
	2,27
	0,86
	 4,28
	2,90
	0,87
	 4,09
	2,90
	0,75
	 4,45

	Р120
	2,40
	0,89
	 4,69
	3,01
	0,89
	 4,31
	2,81
	0,74
	 4,38

	Р150
	2,24
	0,89
	 4,68
	3,02
	0,89
	 4,14
	2,88
	0,71
	 4,54

	Р180
	2,26
	0,87
	 4,62
	3,03
	0,91
	 3,98
	2,96
	0,72
	 4,35

	Р90N30
	2,54
	0,86
	 4,72
	3,10
	0,87
	 4,32
	3,45
	0,75
	 4,87

	Р90N60
	2,68
	0,79
	 4,83
	3,29
	0,88
	 4,39
	3,50
	0,72
	 4,94

	Р90N90
	2,87
	0,82
	 4,93
	3,46
	0,88
	 4,46
	3,54
	0,75
	 4,68

	N30
	2,80
	0,74
	 4,22
	3,18
	0,79
	 3,90
	3,19
	0,71
	 4,60

	average
	2,43
	0,83
	4,53 
	3,05
	0,86
	 4,09
	3,08
	0,73
	 4,54


The table shows that of all the food elements, lentils consume the most potassium. Its content for years and varieties on average for 3 years ranged from 4.16 (grade Krapinka 2018) to 6.02% (grade "Viceroy" 2019). the Highest potassium removal for all varieties was characterized by an acute arid 2019 - from 5.64 to 6.01%. Of the varieties stood out Wehowsky and "Viceroy" 6.1 to 6.0 percent.
The concentration of potassium in plants was also affected by nitrogen-phosphorus fertilizers. With the improvement of phosphorus and nitrogen nutrition, a higher percentage of potassium was also noted. Moreover, the most significant increase in concentration was observed in the acutely arid 2019. The potassium content increased from 5.65% in the control to 6.15% or 0.5% for phosphorous backgrounds and to 6.52% for backgrounds with nitrogen fertilizers. Nitrogen fertilizers increased the potassium content against the background of P90 by almost 1% (from 5.61 to 6.52%).
Nitrogen is in second place in terms of removal. The largest removal was observed in the sort “Viceroy” - more than 3% (3.13-3.08%) in favorable 2018 and 2020. and least of all in severe arid 2019 (2.88% experience average). On the 2nd place is the sort of Vehhovskaya. On average, over 3 years, the nitrogen concentration in plants was 2.76%. The Krapinka sort is 0.1% behind it.
Nitrogen fertilizers had the greatest effect on the nitrogen content in plants. An increase in the nitrogen content in plants was also noted with the introduction of phosphorus. Improvement in the conditions of phosphorus nutrition increased the demand for nitrogen by the culture. The most positive reaction to the improvement of phosphorus nutrition was the “Viceroy” variety, according to which the nitrogen content increased from 2.77 to 3.34%, ie. by 0.67%. While for the sort Vekhovskaya by 0.49%, and for the sort Krapinka by only 0.37%.
The nitrogen content for legumes is a very important quality indicator that directly affects the protein content.
Lentils absorb phosphorus least of all. Its content in plants was 4-5 times less than potassium and 2.5 times less than nitrogen and ranged from 0.8 to 1.2%. The removal of phosphorus by the sort Krapinka was 1.2%. But on average for 3 years for all varieties, the takeout was within 1%.





3.4 Influence of fertilizers on productivity and quality of lentils

Lentil productivity was determined by the biological characteristics of the variety and its requirements for the conditions of mineral nutrition, and hence the different responsiveness to fertilization, Table 13.
The biological characteristics can be judged by the productivity of varieties against a natural background. In 2018, the sort Krapinka with a yield of 11.5 c / ha was inferior to the sort Vehovskaya by 5.7 c / ha and the Viceroy variety by 4.1 c / ha. With the improvement of the conditions of phosphorus nutrition, the productivity of varieties evolved in different ways.
The most responsive was the sort Viceroy, which provided a 71% increase in yield. On the control, the yield was 15.6 centners, according to Р180 - 26.8 centners, an increase of 11.2 centners. The sort “Vekhovskaya” surpassed the sort “Viceroy” only by 1 centner. The yield increase was 66% against the control.
Nitrogen fertilizers in their pure form and against the background of P90 insignificantly, but nevertheless, increased the productivity of sorts by 1.43 centners for sorts "Krapinka" and "Vekhovskaya". The sort "Viceroy" showed the greatest demand for nitrogen. The yield increase was 4.6-5.3 centners.
In the severely arid 2019, the productivity of the variety against the natural background ranged from 1.8 c / ha for the Krapinka variety to 3.8 c / ha for the sort Vehhovskaya. Viceroy had an average position of 2.7 kg / ha.
The varieties reacted differently to the fertilization applied. 

Table 13 - Influence of fertilizers on the productivity of lentil varieties, c / ha
	Introduced
kg a.i. / ha
	Krapinka
	Verkhovskaya
	Viceroy

	
	Productivity, c / ha
	increase to "O"
	Productivity, c/ha
	 Increase to «О»
	Productivity, c/ha
	Increase to «О»

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

	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	2018 год

	«О»
	11,5
	-
	100
	16,7
	-
	100
	15,6
	-
	100

	Р60
	15,1
	3,5
	131
	20,0
	3,3
	119
	20,5
	4,9
	131

	Р90
	15,2
	3,6
	132
	23,7
	7,0
	141
	22,3
	6,7
	142

	Р120
	16,0
	5,6
	148
	23,8
	7,1
	142
	25,4
	9,8
	162

	Р150
	17,1
	5,5
	147
	24,8
	8,1
	148
	25,1
	9,5
	160

	Р180
	17,0
	4,5
	139 
	27,8
	11,1
	166
	26,8
	11,2
	171

	Р90N30
	16,6
	5,1
	144
	24,7
	8,0
	147
	26,9
	11,3
	108

	P90N60
	16,3
	4,8
	141
	25,0
	8,3
	149
	26,8
	11,2
	171

	P90N90
	18,2
	6,7
	158
	26,4
	9,7
	158
	27,6
	12,0
	176


Table 13 - Influence of fertilizers on the productivity of lentil varieties, c / ha
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	N30
	13,3
	1,8
	115
	18,0
	1,3
	107
	17,4
	1,8
	111

	average
	15,6
	4,6
	 
	23,1
	7,1
	 
	21,4
	8,7
	 

	НСР 0,95
	
	1,3
	
	
	1,5
	
	
	1,6
	

	m, %
	
	3,1
	
	
	3,4
	
	
	3,6
	

	2019 

	О
	1,8
	-
	100
	3,8
	-
	100
	2,7
	-
	100

	Р60
	2,1
	0,3
	117
	4,1
	0,3
	108
	2,9
	0,2
	107

	Р90
	2,4
	0,6
	133
	4,2
	0,4
	111
	3,4
	0,7
	126

	Р120
	2,6
	0,8
	144
	4,5
	0,7
	118
	3,7
	1,0
	137

	Р150
	2,5
	0,7
	139
	4,3
	0,5
	113
	4,1
	1,4
	152

	Р180
	2,5
	0,7
	139
	4
	0,2
	105
	3,5
	0,8
	130

	Р90N30
	2,8
	1,0
	156
	4,2
	0,4
	111
	4,1
	1,4
	152

	P90N60
	2,5
	0,7
	139
	3,9
	0,1
	103
	4,2
	1,5
	156

	P90N90
	2,9
	1,1
	161
	4
	0,2
	105
	4,2
	1,5
	156

	N30
	2,1
	0,3
	117
	4,7
	0,9
	124
	3,5
	0,8
	130

	average
	2,4
	0,7
	 
	4,2
	0,4
	 
	3,6
	1,0
	 

	НСР 0,95
	 
	0,23
	 
	 
	0,31
	 
	 
	0,2
	 

	m, %
	 
	3,32
	 
	 
	0,15
	 
	 
	0,1
	 

	2020 

	О
	15,0
	
	100
	19,9
	
	100
	17,2
	
	100

	Р60
	18,2
	3,2
	121
	23,1
	3,2
	116
	24,3
	7,1
	141

	Р90
	21,0
	6,0
	140
	25,3
	5,4
	127
	25,8
	8,6
	150

	Р120
	23,4
	8,4
	156
	28,4
	8,5
	143
	28,4
	11,2
	165

	Р150
	21,1
	6,1
	141
	27,5
	7,6
	138
	26,5
	9,3
	154

	Р180
	18,6
	3,6
	124
	26,6
	6,7
	134
	26,2
	9,0
	152

	Р90N30
	23,7
	8,7
	158
	26,6
	6,7
	134
	27,8
	10,6
	162

	P90N60
	22,8
	7,8
	152
	29,1
	9,2
	146
	23,8
	6,6
	138

	P90N90
	21,5
	6,2
	141
	27,4
	7,5
	138
	22,7
	5,5
	132

	N30
	18,5
	3,5
	123
	22,9
	3,0
	115
	19,4
	2,2
	113

	average
	20,4
	5,9
	136
	25,7
	6,4
	133
	24,2
	7,8
	145

	НСР 0,95
	
	2,22
	
	
	1,08
	
	
	1,53
	

	m, %
	
	3,22
	
	
	1,36
	
	
	2,13
	



The maximum yield by varieties from the introduction of phosphorus fertilizers, respectively, was 2.6; 4.5 and 4.1 c / ha, increasing productivity by 44, 18 and 52%. As can be seen from the table, the Viceroy cultivar was the most responsive to the conditions of phosphorus nutrition under the conditions of the most severe drought - 52% to the control on the P150 background, the second place was taken by Krapinka - 44% on the P120 background, which showed the greatest resistance to drought. The most sensitive to drought was the sort Vekhovskaya. The maximum yield increase is 18% against the background of P120.
The varieties also reacted differently to the application of nitrogen fertilizers.
The most responsive variety turned out to be Viceroy, which provided a 56% increase in yield for the P90N30 variant, which is 23% higher than for the background - P90. The sort Vekhovskaya did not respond to the application of nitrogen against the background of phosphorus fertilizers, but with the application of pure nitrogen at a dose of N30, it increased the yield by 24%. The sort Viceroy showed the highest nitrogen demand, providing a 30% increase from pure nitrogen, against the background of P90 - 26%.
But in general, the yield of lentils in the extremely dry 2019 was 4-5 times lower than the harvest in 2018. The results obtained only confirm the tendency of the attitude of soybeans to nutritional conditions and applied fertilizers.
In a relatively favorable 2020, the productivity of varieties against a natural background was similar to 2018: the variety Vekhovskaya (19.9 centners) also had the highest productivity, the variety Viceroy (17.2 centners) was in second place and the lowest productivity of the variety Krapinka (15.0 c / ha).
The introduction of fertilizers, improving the conditions for both nitrogen and phosphorus nutrition, for all varieties and for all variants gave a significant increase in yield. The highest yield increases for all sorts were obtained for the P120 option (from 8.5 centners for the variety Vekhovskaya , 11.2 for the variety Viceroy  and up to 8.4 centners / ha for the variety Krapinka). Nitrogen fertilizers, as well as phosphorus fertilizers, gave significant increases in yield, which amounted to 2.2-3.5 c / ha from N30. Against the background of phosphorus, the nitrogen gains were slightly lower.
As a result, the results of three-year studies showed that the studied lentil sorts under the same conditions formed different levels of yield and showed different responsiveness to fertilizers, which indicates the biological characteristics of the sorts. So, the most biologically productive sort is the variety Vekhovskaya, the average yield of which for 2018, 2020. amounted to 24.4 c / ha (2019 is not typical - all sorts, due to the lack of moisture in the soil, stopped growing in July with an average yield of 2.4-4.2 c). On the second place is the variety “Viceroy” with a yield of 22.8 c / ha, the third is Krapinka - 18.0 c / ha.
But it is also obvious that the same variety in different years formed the best harvest against the background of different doses of fertilizers, in particular phosphorus. This was determined by the different deficiency of phosphorus over the years and hence the different need for additional fertilization.
The best result in terms of productivity was formed against the background of that dose of fertilizers, which ensured bringing phosphorus in the soil to the level required for a given variety. And since the experiments were carried out on different sites, with different initial phosphorus content, the phosphorus deficit over the years developed in different ways, this predetermined the different effectiveness of the same dose.
The creation of different levels of phosphorus in the soil due to natural variegation and applied fertilizers is extremely important for answering the main question - what level of phosphorus content in the soil requires this or that sort, in order to subsequently determine what dose of fertilizer should be applied in order to bring the content to the required culture of the optimum.
To evaluate the sorts of lentils as a legume crop, an important indicator, in addition to productivity, is the quality of the grain.
The results of studies on the chemical composition of lentil seed sorts and the effect of fertilizers on quality are shown in Tables 14, 15. Full information is in Table B.1.
Table 14 - The effect of phosphorus fertilizers on the chemical composition and quality of lentil seeds,%
	Introduced, kg a.i. / ha
	Krapinka
	Verknovskaya
	Viceroy

	
	N
	P2O5
	K2O
	prote-in
	N
	P2O5
	K2O
	protein
	N
	P2O5
	K2O
	prote-in

	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13

	2018 

	О
	3,01
	1,17
	2,66
	16,8
	3,3
	1,36
	2,79
	18,5
	3,12
	1,4
	2,44
	17,5

	Р60
	3,06
	1,40
	2,69
	17,1
	3,17
	1,38
	2,75
	17,7
	3,33
	1,49
	2,53
	18,6

	Р90
	3,11
	1,50
	2,72
	17,4
	3,4
	1,45
	2,69
	19,0
	3,42
	1,31
	2,46
	19,1

	Р120
	3,0
	1,60
	2,68
	16,8
	3,48
	1,45
	2,75
	19,5
	3,42
	1,43
	2,60
	19,1

	Р150
	3,14
	1,53
	2,72
	17,6
	3,32
	1,44
	2,70
	18,6
	3,38
	1,57
	2,46
	18,6

	Р180
	3,15
	1,52
	2,51
	17,6
	3,43
	1,46
	2,71
	19,2
	3,45
	1,65
	2,47
	19,3

	average
	3,08
	1,45
	2,66
	17,22
	3,35
	1,42
	2,73
	18,75
	3,35
	1,48
	2,49
	18,70

	2019 

	О
	3,4
	1,8
	2,37
	19
	3,31
	1,79
	2,74
	18,5
	3,45
	1,68
	2,37
	19,3

	Р60
	3,75
	1,82
	2,36
	21
	3,55
	1,91
	2,78
	19,9
	355
	1,81
	2,30
	19,9

	Р90
	3,8
	1,87
	2,30
	21,3
	3,64
	1,99
	2,75
	20,4
	3,64
	1,75
	2,29
	20,4

	Р120
	3,76
	1,94
	2,27
	21,1
	3,6
	2,25
	2,66
	20,2
	3,68
	1,68
	1,98
	20,6

	Р150
	3,53
	2,01
	2,24
	19,8
	3,45
	1,98
	2,59
	19,3
	3,65
	1,89
	2,18
	20,4

	Р180
	3,48
	2,14
	2,21
	19,5
	3,43
	1,85
	2,70
	19,2
	3,89
	1,8
	2,21
	21,8

	average
	3,62
	1,93
	2,29
	20,28
	3,50
	1,96
	2,70
	19,58
	3,64
	1,77
	2,22
	20,40

	2020 

	О
	2,51
	1,00
	2,51
	14,1
	3,08
	0,91
	2,22
	17,2
	2,58
	0,99
	2,18
	14,4

	Р60
	2,57
	1,03
	2,52
	14,4
	3,12
	0,95
	2,25
	17,5
	2,90
	1,01
	2,22
	16,2

	Р90
	2,76
	1,10
	2,55
	15,5
	3,14
	0,97
	2,31
	17,6
	2,95
	1,12
	2,29
	16,5


Table 14 - The effect of phosphorus fertilizers on the chemical composition and quality of lentil seeds,%
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13

	Р120
	2,82
	1,14
	2,54
	15,8
	3,19
	1,02
	2,42
	17,9
	2,99
	1,24
	2,29
	16,7

	Р150
	2,75
	1,17
	2,53
	15,4
	3,21
	1,04
	2,46
	18,0
	3,09
	1,23
	2,22
	17,3

	Р180
	2,45
	1,08
	2,59
	13,7
	3,27
	1,07
	2,43
	18,3
	2,72
	1,19
	2,21
	15,2

	averagе
	2,64
	1,09
	2,54
	14,8
	3,17
	0,99
	2,35
	17,7
	2,87
	1,13
	2,24
	16,1

	Aver.for 3 g
	3,11
	1,49
	2,50
	17,4
	3,34
	1,46
	2,59
	18,7
	3,29
	1,46
	2,32
	18,4



As can be seen from the table, the chemical composition of lentil seeds differs significantly from the chemical composition of plants during the growing season. The plants in the flowering phase had the highest percentage of potassium, 2-2.5 times more than nitrogen. In the seeds, on the contrary, the potassium content is much less, phosphorus is more. The first place in terms of concentration is taken by nitrogen, the content of which in all sorts and in all years is more than 3%. The nitrogen content of the variety Krapinka was slightly lower. Thus, the average nitrogen content over three years for all backgrounds in the grain of the variety Krapinka was 3.11%, for the variety Vkehovskaya 3.34% and Viceroy 3.29%. Moreover, even in the non-fertilized control variant, the nitrogen content was within 3%.
The application of phosphorus fertilizers increased the absorption of nitrogen by the sorts of lentils without a significant difference between them, but a higher concentration was noted for the variants with the application of nitrogen fertilizers, Table 15.
So, % of nitrogen against the background of P90 varied by varieties:
        Krapinka Vekhovskaya           Viceroy 
          on   Р  - toNP    on Р  - toNPon Р  - toNP
in 2018.: from  3,11 to 3,44%;       3,4 – 3,74%;        3,42 – 3,59%     
in 2019 г.: from  3,8 to 4,04%;         3,64 - 3,76%;        3,64 - 4,46%                     
in 2020.: from 2,76 to 3,27%;        3,14 - 3,43%;        2,95 - 3,34%                          
As can be seen, for all varieties of nitrogen-phosphorus variants, a higher concentration of nitrogen was noted. In more favorable 2018 and 2020 in terms of nitrogen content, the variety Vekhovskaya was distinguished, Viceroy was in second place and Krapinka was in third.



Table 15 - Influence of nitrogen fertilizers on the chemical composition and quality of lentil seeds,%
	Introduced, kg a.i. / ha
	Krapinka
	Vekhovskaya
	Viceroy

	
	N
	P2O5
	K2O
	prote-in
	N
	P2O5
	K2O
	protein
	N
	P2O5
	K2O
	prote-in

	2018

	Р90- background
	3,11
	1,50
	2,72
	17,4
	3,4
	1,45
	2,69
	19
	3,42
	1,31
	2,46
	19,1

	Р90N30
	3,23
	-
	2,79
	18,1
	3,48
	1,51
	2,62
	19,5
	3,43
	1,27
	2,47
	19,2

	Р90N60
	3,39
	1,31
	2,54
	19,0
	3,61
	1,49
	2,96
	20,2
	3,56
	1,59
	2,43
	19,9

	Р90N90
	3,44
	1,44
	2,49
	19,3
	3,74
	1,52
	2,73
	20,9
	3,59
	1,27
	2,38
	20,1

	N30
	3,26
	1,32
	2,43
	18,2
	3,53
	1,23
	2,70
	19,8
	3,35
	1,4
	2,39
	18,8

	average
	3,29
	1,39
	2,59
	18,40
	3,55
	1,44
	2,74
	19,88
	3,47
	1,37
	2,43
	19,42

	2019

	P90-background
	3,8
	1,87
	2,30
	21,3
	3,64
	1,99
	2,75
	20,4
	3,64
	1,75
	2,29
	20,4

	Р90N30
	3,81
	1,93
	2,20
	21,3
	3,65
	2,09
	2,75
	20,4
	3,78
	1,69
	2,16
	21,2

	Р90N60
	3,94
	2,0
	2,19
	22,1
	3,7
	2,1
	2,62
	20,7
	3,98
	1,72
	2,11
	22,3

	Р90N90
	4,04
	1,91
	2,14
	22,6
	3,76
	1,84
	2,52
	21,1
	4,16
	2,17
	2,11
	23,3

	N30
	3,55
	1,81
	2,20
	19,9
	3,53
	1,54
	2,71
	19,8
	3,75
	1,66
	2,18
	21

	average
	3,83
	1,90
	2,21
	21,44
	3,66
	1,91
	2,67
	20,48
	3,86
	1,80
	2,17
	21,64

	2020

	P90-background
	2,76
	1,10
	2,55
	15,5
	3,14
	0,97
	2,31
	17,6
	2,95
	1,12
	2,29
	16,5

	Р90N30
	2,63
	1,03
	2,64
	14,7
	3,34
	0,98
	2,40
	18,7
	3,20
	1,14
	2,26
	17,9

	Р90N60
	2,99
	0,99
	2,53
	16,7
	3,37
	1,00
	2,47
	17,5
	3,23
	1,23
	2,2
	18,1

	Р90N90
	3,27
	1,25
	2,51
	18,3
	3,43
	1,00
	2,40
	19,2
	3,34
	1,15
	2,24
	18,7

	N30
	2,77
	1,01
	2,54
	15,5
	3,18
	0,88
	2,37
	17,6
	2,97
	1,04
	2,36
	16,6

	average
	2,88
	1,08
	2,55
	16,14
	3,29
	0,97
	2,39
	18,12
	3,14
	1,14
	2,27
	17,56

	Aver.for 3 y
	3,33
	1,45
	2,43
	18,6
	3,50
	1,44
	2,60
	19,50
	3,49
	1,44
	2,29
	19,5



However, the hydrothermal regime of 2019 had the greatest impact on the nitrogen content in grain. Under conditions of the most severe drought, the nitrogen concentration was significantly higher for all sorts, with the advantage of the Krapinka, which once again emphasizes its higher drought tolerance.
The nitrogen content in the grain was directly reflected in the protein content, in the same pattern, tables 14, 15.
In 2018, the highest nitrogen concentration (on average by experience) was obtained for the varieties "Vekhovskaya" and "Viceroy", respectively, and the protein content is 1.5-1.2% higher. The highest protein content for all varieties was noted for nitrogen-phosphorus variants.
In severely arid 2019, the highest nitrogen concentration was obtained for the Krapinka and Viceroy sorts from 3.4 to 3.8-3.9%, and with the introduction of nitrogen fertilizers up to 4.0-4.2%, which determined protein content for these sorts, from 19 to 21% for phosphorus backgrounds, up to 23% for nitrogen-phosphorus variants. Moreover, against the background of P90 due to nitrogen, the protein content in the Krapinka increased by 1.3%, and in the Viceroy by 3%. While, according to Vekhovskaya, the nitrogen content in the grain increased against phosphorus backgrounds from 3.3 to 3.6%, and in combination with nitrogen up to 3.8%. Accordingly, the protein content on an unfermented background, i.e. in the control it was 0.5-0.8% lower and increased due to phosphorus by 1.7%, and with increasing doses up to 90 kg. At higher backgrounds, the protein content decreased from 20.4 to 19.2%. And for the Viceroy cultivar, this indicator was stable and remained at elevated phosphorus levels.
In 2020, the Krapinka reacted better than other varieties to the application of nitrogen fertilizers, increasing the nitrogen content by 0.76% and, accordingly, the protein content increased to 18.3% compared to 14.1% in the control.
As noted above, lentils among legumes are characterized by the highest nutritional and other advantages of not only grain, but also straw, being a high-quality feed.
The effect of fertilizers on the chemical composition of straw during the years of research is shown in Table B.2.
Research results have shown that lentil straw contains a high percentage of nitrogen and reflects the same pattern in varieties as in grain.
It was found that most of all in lentil straw contains potassium - 4.46-5.20%, least of all phosphorus - 0.33-1.18%.
Nitrogen is in second place - 1.3-1.5 in favorable up to 2.43% in an acutely arid year. This ensures high quality lentil straw. The protein content in years favorable for moisture was on average about 8-10% according to experiments, and in acutely arid years up to 12-15% of crude protein, with the highest content according to the variety Krapinka.
Thus, studies have shown that different varieties have different requirements for the conditions of mineral nutrition. They respond relatively well, although in different ways, to fertilization, due to which different levels of the content of elements and, accordingly, nutrition is created in the soil. The biological characteristics of varieties in their resistance to drought were clearly manifested. The variety Vekhovskaya differed from other varieties in higher productivity, it is characterized by the lowest drought resistance, the variety Krapinka has a relatively lower productivity, but higher drought resistance, and in this respect deserves special attention.
But to realize the productivity potential of lentil varieties that are promising for the dry-steppe zone of Kazakhstan, it was necessary to determine the optimal parameters of the main soil properties that ensure its realization.

3.5 Method of purposeful management of soil fertility and productivity of lentil varieties

From the characteristics of main properties of the soil, it was found that the studied soils have sufficiently favorable physical and chemical properties.
But studies have also shown a very high dependence of lentil productivity on the combined effect of soil and climate factors. The years of studies on hydrothermal conditions were very different, which determined the feature of crop development and the effect of fertilizers. But for any combination of factors, the level of mineral nutrition was the determining factor. Each variety, due to its biological characteristics, requires a certain amount and ratio of elements in the soil.
It was established that the determining factors in the formation of crop yields in the rain-fed conditions of Northern Kazakhstan are: the biology of the crop and its individual requirements for growing conditions and soils. Among the factors limiting the formation of the crop are the moisture supply and availability of crops with phosphorus and nitrogen (high potassium content in the soil does not limit the yield.
A high correlation was established between the content of nutrients in the soil and the productivity of the crop for all varieties, which made it possible to determine the optimal levels of the content of nutrients in the soil, which ensured the formation of the maximum possible yield under the prevailing meteorological conditions during the years of studies.
In all the years of studies the most productive variety was a sort of "Vekhovskaya". In 2018, the optimum phosphorus content was not reached.
Hydrothermal conditions in 2019 (severe drought) did not allow to realize the potential of varieties. The yield was for the Vekhovskaya variety from 3.7 to 4.6, Viceroy - 2.7-4.2, Krapinka - 1.8-2.9 c/ha.
In 2020, favorable for moisture, the highest yield and efficiency of fertilizers was obtained. The highest yield was also obtained for the Vekhovskaya variety - 25.7 c/ha on average for the experience, slightly inferior to the Viceroy variety - 24.2 c/ha and in third place Krapinka-20.4 c ha, which is significantly higher than the productivity of the year 2018. This underlines the importance of the results of 2020 for determining the optimal parameters for soil properties, in particular for phosphorus and nitrogen. They made it possible to clearly determine the quantitative relationship between the level of elements in the soil and the productivity of varieties and to determine their optimal levels with a high correlation coefficient, Figures 7-12.



Figure 7 shows the correlation between the productivity of the Vekhovskaya variety and the content of mobile phosphorus in the soil. As seen, the maximum yield at the level of 28.5 centners was formed with a phosphorus content of 28 mg/kg of soil. The same level is optimal for the Viceroy variety, Figure 8.
For the Krapinka variety, which is characterized by lower productivity, the optimal level of phosphorus content is 26 mg/kg of soil, Figure 9.


Figures 10-12 show the results of correlation analysis of the relationship between the productivity of varieties with the nitrogen content of nitrates in the 0-40 cm layer
In a favorable year of 2020, the Krapinka variety produced the maximum yield with a nitrogen nitrate content in the soil at the level of 13-15 mg/kg, Figure 10.
13 mg is the lower limit to which the nitrogen content of nitrates in the soil should be adjusted, ensuring a high return on fertilizer costs. 15 mg is the upper limit which is not advisable to bring the content of N-NO3, as, 0.5 c may not recoup the costs of additional fertilizers, as nitrogen fertilizers is not keptin the soil, not retained, are mobile in the soil solution and can easily move through the soil profile in depth, in contrast to the phosphorus, which does not move in the soil, is kept by chemical absorption and therefore phosphorus of fertilizers remains in the soil. But this process is reversible, due to which phosphorous fertilizers have a long aftereffect [11].
The Vekhovskaya variety produced the highest yield against the background of 15-17 mg N-NO3 per kg of soil.
For the “Viceroy” variety, in 2020, the effectiveness of nitrogen fertilizers was manifested only in one variant from the introduction of N30 against the background of P90. This is not enough to construct a correlation line. But a high correlation was obtained in 2018, Figure 12. This shows that for Viceroy the optimal level of nitrogen content in the soil is in the range of 13-15 mg/kg of soil, where 13 is the level to which it is advisable to bring the nitrogen content in the soil, preserving the guarantee of their effectiveness.
The optimal ratio of phosphorus to nitrogen for lentils is at the level 2:1.
Thus, the correlation-regression analysis made it possible to determine the optimal levels of phosphorus and nitrogen content in the soil for different varieties of lentils.
It remains to decide the question of how to create these levels, how much fertilizer is needed to bring the content of elements in the soil to the required level, taking into account the initial content of elements in the soil. It should be borne in mind that the effectiveness of nitrogen fertilizers depends not only on the requirements of the crop and the initial content, but also on the moisture supply, as it was established in previous long-term studies.
To solve this problem, it is proposed to use the optimization formulas Chernenok V.G. [62, 11], allowing to purposefully manage soil fertility.
Knowing the optimal levels of phosphorus in the soil for a given crop and the actual phosphorus content in the soil in the pre-sowing period, it is possible to most accurately determine its deficiency in the soil and the dose of fertilizers using the formula (Chernenok):
DР = (Рopt - Рfact) ∙ 10,                                                                 (1)
where Рopt- a certain optimal level of phosphorus for the crop;
Рfact - an actual content of phosphorus in the soil;
10 - the equivalent of P2O5 fertilizers 1 mg of phosphorus deficiency in the soil.
For varieties Vekhovskaya and Viceroy it will be: Dr = (28 - Рfact) ∙ 10
For the Krapinka variety: DР = (26 - Рfact) • 10
To determine the nitrogen dose, it is proposed to use the formula:
DN= (Nopt - Nfact) • 7.5 • PKuvl,                                                                                     (2)
Where Nopt- a certain optimal level of nitrogen for the crop;
Nfact– an actual nitrogen content in the soil;
7.5 - the equivalent of fertilizers per 1 mg of N-NO3 deficiency in the soil in the 0-40 cm layer.
The doses calculated according to the formula shall ensure the bringing of the most important crop-limiting factors in the soil to the optimal level, thereby ensuring the purposeful management of soil fertility.
The proposed method for managing soil fertility and optimizing the nutrition of lentils is the most accurate of all known, ensures the realization of the cropsproductivity potentialand obtaining maximum yield with a high recoupment of costs. The proposed method makes it possible to exclude unproductive waste of fertilizers and to save huge amounts of money on this. It guarantees high efficiency and environmental safety.

3.6 Economic efficiency of using fertilizers for lentils

Introducing new techniques and methods for managing soil fertility and crops productivity, especially if it is associated with certain costs, it is very important to give an economic assessment of the feasibility and effectiveness of these techniques.
The most important indicators of economic efficiency at this stage shall be net income from the applied techniques and cost recoupment. This is especially important when using fertilizers with different periods of their effective action, depending on the amount of fertilizers applied.
The calculation of the economic efficiency of the use of mineral fertilizers was carried out according to the method of Menshikov N.F. [61].
To calculate the efficiency of fertilizers application, the following indicators are taken. The cost of 1 centner of lentil seeds is 10,000 tenge.
The costs item includes the cost of fertilizers applied at the purchase prices of the current year, plus additional costs for storage, transportation, fertilization and additional processing of the additional harvest in the amount of 20% of the cost of fertilizers.
The calculation took into account the duration of the fertilizer aftereffect (P), established in long-term stationary studies (Chernenok, 2009) [11]: for nitrogen - 2 years, for phosphorus: P60 - 4 years, P90 - 5-6 years, P120 - 7-8 years). In this case, for all doses of phosphate fertilizers, a minimum validity period of 4 years is adopted.
Total costs (З) calculated according to the formula:
C = [P x Dtuk + 0.2 x (P x Dtuk)] / D, (3)
where C - total costs, tg;
C - fertilizers price, tg/c;
Dtuk - the dose of fertilizers in c/ ha of physical weight;
0.2–20% of the costs of the cost of fertilizers used for transportation, storage, application and processing of fertilizers;
D-the duration of the fertilizers action.
The calculation of economic efficiency was carried out annually, which was presented in the annual reports. The expanded economic efficiency based on the results of 2020 is presented in Table G.1.
Table 16 presents the results for the main options, showing that the dose of fertilizers that ensured bringing the content of nutrients to the optimal level gave the highest net income, with a high return on costs.
In 2020, a high economic effect was obtained for all varieties and variants. Against the background of a low soil supply with mobile phosphorus and nitrogen of nitrates, all applied fertilizers gave a significant increase in yield, but a different economic effect.
The highest economic effect - net income and recoupment of costs - was obtained for the Р120 background, which ensured bringing the phosphorus content in the soil to the optimal level. Net income for the Vekhovskaya variety was 102375 tg/ha, with a recoupment of 13.6 tg, for the Viceroy variety - 137,475 tg, with a recoupment of 17.9 tg, for the Krapinka variety - 101,075 tg and a recoupment of 13.4 tg.
Table 16 - Economic efficiency of fertilizers use in 2020
	Applied,
kg d.v.
	Produc-tivity,
c/ha 
	Increase, c/ha
	Cost of additional products, tenge
	Costs for fertilizerstenge
	Net income, tenge
	Costrecoup-ment, tg
	Profita
bility,%

	1
	2
	3
	4
	5
	6
	7
	8

	Vekhovskaya

	O
	19,9
	 
	 
	 
	 
	 
	 

	Р90
	25,3
	5,4
	70200
	7313
	62888
	9,6
	860

	Р120
	28,4
	8,5
	110500
	8125
	102375
	13,6
	1260

	Р150
	27,5
	7,6
	98800
	10188
	88613
	9,7
	870

	Р90N30
	26,6
	6,7
	87100
	14873
	72227
	5,9
	486

	P90N60
	29,1
	9,2
	119600
	22973
	96627
	5,2
	421

	N30
	22,9
	3,0
	39000
	7560
	31440
	5,2
	416

	Viceroy

	O
	17,2
	 
	 
	 
	 
	 
	 

	P60
	24,3
	7,1
	92300
	4875
	87425
	18,9
	1793

	Р90
	25,8
	8,6
	111800
	7313
	104488
	15,3
	1429

	Р120
	28,4
	11,2
	145600
	8125
	137475
	17,9
	1692


Table 16 - Economic efficiency of fertilizers use in 2020
	1
	2
	3
	4
	5
	6
	7
	8

	Р150
	26,5
	9,3
	120900
	10188
	110713
	11,9
	1087

	Р90N30
	27,8
	10,6
	137800
	14873
	122927
	9,3
	827

	P90N60
	23,8
	6,2
	80600
	22973
	57627
	3,5
	251

	N30
	19,4
	1,8
	23400
	7560
	15840
	3,1
	210

	Krapinka

	O
	15,0
	 
	 
	 
	 
	 
	 

	Р90
	21,0
	6,0
	78000
	7313
	70687
	10,7
	967

	Р120
	23,4
	8,4
	109200
	8125
	101075
	13,4
	1244

	Р150
	21,1
	6,1
	79300
	10188
	69112
	7,8
	678

	Р90N30
	23,7
	8,7
	113100
	14873
	98277
	7,6
	660

	P90N60
	22,8
	7,8
	101400
	22973
	78427
	4,4
	341

	N30
	18,5
	3,5
	45500
	7560
	37940
	6,0
	502



In this case, when calculating the economic efficiency, the minimum duration of aftereffect of phosphorus fertilizers was taken into account.
But even if all the costs were taken for one year, then the net income for the Vehovskaya variety would be 71,350 tg/ha, with a recoupment of 2.82 tg, for the Viceroy variety, respectively 106,450 tg/ha and a recoupment of 3.72 tg, and for the Krapinka variety, 70,050 tg/ ha, with a recoupment of 2.79 tg.
Improving the conditions of nitrogen nutrition for all varieties gave a tangible economic effect both with the introduction of pure nitrogen and against the background of P90. But the demand for fertilizers was much less, due to the better supply of varieties due to nitrogen in the soil.
Thus, the calculation of economic efficiency showed that bringing the content of nutrients to the optimal level and, above all, phosphorus, as the most important factor limiting the yield, ensures the maximum productivity of the variety, realization of its potential possibilities. And determination of doses according to the optimization formulas, ensures high accuracy, which guarantees high economic efficiency, environmental safety and are the most perfect and accurate in demand, especially in the precision farming system.

CONCLUSION
Management of soil fertility and crops productivity is impossible without improving the methods of soil diagnostics, establishing the main agrochemical factors that determine the formation of productivity and determining their optimal parameters. Determination of optimal parameters of basic properties of the soil and development of ways for their achievement shall allow to optimize the conditions of mineral nutrition and ensure the realization of the crops potential productivity and at the same time improvement the quality of products.
Studies conducted on dark chestnut calcareous light clay soils of the dry steppe zone of Kazakhstan on "the development of methods for realizing the productivity potential of lentil varieties promising for the dry steppe zone of Kazakhstan, based on determining the parameters of agrochemical properties of the soil optimal for them and ways for their achievement", took place in difficult climatic conditions.
The years of studies differed, first of all, in the hydrothermal regime, the amount and nature of distribution of rainfalls. 2018 and 2020 years were relatively favorable in terms of a combination of factors. 2019 was characterized by the most severe drought. During the growing season, with an excess of heat and an acute deficit of moisture: during the growing season (May-August), only 56.9 mm fell with an average annual 165 mm. The reserves of productive moisture in the meter profile by the flowering phase decreased from 149 mm to 55-72 mm, and in the 0-20 cm layer they amounted to 1.2 - 3.6 mm. Under these conditions, lentils stopped growing at the end of July. This explains the very low productivity (1.8-3.8 c/ha) and the efficiency of fertilizers (+ 0.4-1 c/ha).
Studies of 2018, 2020 years showed that the productivity of lentil varieties was determined by the hydrothermal regime during the growing season and the initial content of phosphorus and nitrogen in the soil. Different varieties of lentils differed in the intensity of development and formation of productivity. The most productive was the Vekhovskaya variety. Average yield for 2018, 2020 amounted to 24.4 c/ha, in the second place was "Viceroy" 22.8 c / ha and in the last one was "Krapinka" 18 c/ha. The “Viceroy” variety is more responsive to fertilizers, and the Krapinka variety is more responsive to drought resistance.
Fertilizers increased not only productivity, but also the quality of seeds. The most significant effect on the protein content was exerted by nitrogen fertilizers and especially by the hydrothermal regime of the growing season. In hyperarid 2019, the protein content was 2% higher compared to others.
Studies have shown that the most promising varieties for the conditions of North Kazakhstan are Vekhovskaya and Viceroy.
A high relationship has been established between the content of elements in the soil and the productivity of varieties. Using the method of correlation-regression analysis, the optimal levels of Р2О5 content were determined, which ensured maximum productivity: for the Vekhovskaya and Viceroy varieties, the optimal level of mobile phosphorus in the soil is 28 mg P2O5 / kg soil, for the Krapinka variety 26 mg/kg soil. In terms of nitrogen, the optimal level of N-NO3content in the 0-40 cm layer is: for the Vekhovskaya variety within 15-17 mg/kg of soil, for the Viceroy and Krapinka varieties, 13-15 mg/kg of soil.
To solve an equally difficult problem - how to determine the deficiency of an element in the soil and the dose of fertilizers that must be applied in order to bring their initial content to the optimal level, Chernenok optimization formulas are proposed:
DР = (Рopt - Рfact) • 10,
Where Рopt- a certain optimal level of phosphorus for the crop;
Рfact–an actual content of phosphorus in the soil;
10 - the equivalent of Р2О5 fertilizers 1 mg of phosphorus deficiency in the soil.
For the varieties Vekhovskaya and Viceroy it will be: DР = (28 - Рfact) • 10
For the Krapinka variety: DР = (26 - Рfact) • 10
To determine the nitrogen dose, it is proposed to use the formula:
DN = (Nopt - Nfact) • 7.5 • PKuvl,
Where Nopt- a certain optimal level of nitrogen for the crop;
Nfact- an actual nitrogen content in the soil;
7.5 -  the equivalent of fertilizers per 1 mg of N-NO3 deficiency in the soil in the 0-40 cm layer.
The doses calculated according to the formula shall ensure the bringing of the most important crop-limiting factors in the soil to the optimal level, thereby ensuring the purposeful management of soil fertility.
The proposed method for managing soil fertility and optimizing the nutrition of lentils is the most accurate of all known, it has no analogues; it ensures the realization of the crops productivity potential and obtaining maximum productivity with a high recoupment of costs. The proposed method makes it possible to exclude unproductive consumption of fertilizers, guarantees their high efficiency and environmental safety.
The method is the most perfect for a precision farming system.
The methods of purposeful management of soils and productivity of lentil varieties are described. All tasks of the schedule have been completed (Appendix E).
A patent for a useful model No. 5289 "Method for predicting the efficiency of nitrogen fertilizers" dated 14.08.2020 was received (Appendix H).
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APPENDIX A
The Condition of mineral nutrition

Table A.1 - Influence of fertilizers on the nitrogen content of nitrates in the soil in the 0-40 cm layer before sowing lentils, mg/kg soil
	Introduced, kg of active substance / ha
	Soillayer, cm
	Krapinka
	Vekhovskaya
	Viceroy

	
	
	2018
	2019
	2020
	2018
	2019
	2020
	2018
	2019
	2020

	«О»
	0-20
	9,0
	9,2
	10,0
	8,0
	9,5
	10,8
	7,6
	9,9
	11,6

	
	20-40
	9,5
	7,7
	6,1
	9,0
	8,2
	5,8
	7,4
	8,6
	5,6

	
	0-40
	9,3
	8,5
	8,0
	9,0
	8,8
	8,3
	7,6
	9,2
	8,6

	Р60
	0-20
	8,8
	10,0
	12,5
	9,1
	9,7
	11,2
	9,3
	9,4
	10,0

	
	20-40
	8,9
	8,1
	6,3
	8,8
	7,7
	8,2
	8,4
	7,4
	10,1

	
	0-40
	8,8
	9,0
	9,4
	8,9
	8,7
	9,7
	8,8
	8,4
	10,1

	Р90
	0-20
	9,7
	10,2
	13,1
	9,6
	10,1
	12,4
	9,4
	10,0
	11,7

	
	20-40
	10,0
	8,5
	7,7
	9,8
	10,1
	9,0
	9,2
	11,6
	10,4

	
	0-40
	9,8
	9,3
	10,4
	9,6
	10,1
	10,7
	9,4
	10,8
	11,0

	Р120
	0-20
	11,6
	11,3
	13,9
	11,1
	11,2
	14,1
	10,4
	11,1
	14,2

	
	20-40
	12,6
	8,7
	7,6
	10,8
	10,7
	8,4
	8,9
	12,8
	9,2

	
	0-40
	12,1
	10,0
	10,7
	10,9
	11,0
	11,2
	9,6
	11,9
	11,7

	Р150
	0-20
	9,9
	10,3
	14,6
	9,7
	11,7
	14,0
	9,5
	13,1
	14,3

	
	20-40
	12,0
	9,8
	8,0
	9,7
	11,2
	8,9
	7,4
	12,6
	9,7

	
	0-40
	11,0
	10,0
	11,3
	9,7
	11,4
	11,5
	8,4
	12,8
	12,0

	Р180
	0-20
	11,6
	11,5
	14,5
	11,2
	13,7
	15,1
	10,8
	15,9
	14,7

	
	20-40
	14,9
	12,5
	8,6
	12,2
	11,0
	9,1
	9,4
	9,6
	10,0

	
	0-40
	13,2
	12,0
	11,6
	11,7
	12,3
	12,1
	10,1
	12,8
	12,3

	Р90N30
	0-20
	18,5
	19,0
	15,9
	16,0
	15,1
	15,6
	13,4
	11,2
	15,3

	
	20-40
	10,2
	8,7
	8,2
	10,4
	9,0
	10,9
	10,6
	9,2
	13,6

	
	0-40
	14,4
	13,8
	12,1
	13,2
	12,1
	13,2
	12,0
	10,2
	14,4

	P90N60
	0-20
	27,2
	18,7
	22,5
	22,9
	20,5
	21,4
	18,7
	12,1
	21,6

	
	20-40
	9,4
	12,8
	10,6
	9,7
	12,5
	13,3
	9,9
	12,0
	15,2

	
	0-40
	18,3
	15,7
	16,5
	16,7
	16,5
	17,3
	15,5
	17,1
	18,4

	P90N90
	0-20
	35,9
	20,5
	29,0
	29,9
	22,9
	27,1
	23,9
	25,4
	27,8

	
	20-40
	9,3
	20,0
	12,9
	11,0
	19,5
	15,7
	12,8
	19,0
	16,8

	
	0-40
	22,6
	20,3
	21,0
	20,5
	21,2
	21,4
	18,4
	22,2
	22,3

	N30
	0-20
	17,3
	8,9
	15,8
	15,2
	9,0
	16,2
	13,0
	9,1
	16,7

	
	20-40
	10,4
	16,5
	7,9
	10,0
	15,0
	9,6
	9,6
	13,5
	11,3

	
	0-40
	13,8
	12,7
	11,8
	12,5
	12,0
	12,9
	11,3
	11,3
	14,0




Table A.2 - Influence of fertilizers on the content of K2O before sowing lentil varieties in a layer of 0-20 cm, mg / kg soil
	Introduced, kg of active substance / ha
	Krapinka
	Vekhovskaya
	Viceroy

	
	2018
	2019
	2020
	2018
	2019
	2020
	2018
	2019
	2020

	«О»
	840
	957
	822
	834
	978
	824
	829
	971
	824

	Р60
	826
	964
	820
	824
	963
	824
	823
	965
	820

	Р90
	829
	969
	822
	854
	986
	818
	880
	990
	824

	Р120
	843
	930
	828
	863
	945
	830
	883
	963
	842

	Р150
	822
	919
	838
	840
	939
	844
	859
	960
	852

	Р180
	830
	946
	868
	841
	931
	866
	852
	916
	866

	Р90N30
	829
	908
	800
	848
	917
	840
	868
	927
	880

	P90N60
	835
	927
	824
	853
	932
	846
	872
	936
	870

	P90N90
	838
	901
	822
	856
	905
	830
	875
	910
	840

	N30
	855
	913
	830
	843
	457
	828
	831
	977
	828




APPENDIX B
Influence of mineral nutrition conditions on the development of lentil varieties

Table B.1 - Influence of fertilizers on the accumulation of dry matter by lentils in the flowering phase, g/100 plants
	Introduced, kg a.i. / ha
	Flowering phase

	
	Sort Krapinka
	Sort Vekhovskaya
	Sort Viceroy

	
	г
	% c «0»
	g
	% к «0»
	g
	% c «0»

	2018 

	О
	54,4
	100
	75,6
	100
	65,4
	100

	Р60
	75,8
	139
	130,2
	172
	120,0
	183

	Р90
	100,6
	185
	149,4
	198
	138,4
	212

	Р120
	113,4
	208
	165,4
	219
	188,2
	288

	Р150
	116,4
	214
	166,8
	221
	176,4
	270

	Р180
	119,6
	220
	200,8
	266
	165,6
	253

	Р90 N30
	97,0
	178
	154,8
	205
	166,6
	255

	Р90 N60
	100,4
	184
	217,0
	287
	155,2
	237

	Р90 N90
	102,8
	198
	193,2
	256
	156,0
	239

	N30
	72,0
	132
	115,0
	152
	103,4
	158

	average
	93,4
	180,4
	156,8
	207
	143,6
	220

	2019

	О
	73,2
	100
	82,5
	100
	53,9
	100

	Р60
	77,3
	106
	86,5
	105
	60,3
	112

	Р90
	84,3
	115
	89,4
	108
	63,8
	118

	Р120
	88,8
	121
	97,0
	118
	66,5
	123

	Р150
	85,2
	116
	97,7
	119
	69,4
	129

	Р180
	94,9
	130
	102,9
	125
	76,9
	143

	Р90 N30
	99,3
	136
	95,6
	116
	61,2
	114

	Р90 N60
	98,4
	134
	113,5
	138
	74,3
	138

	Р90 N90
	98,5
	135
	100,7
	122
	68,3
	127

	N30
	74,2
	101
	88,3
	107
	54,9
	102

	average
	87,4
	119,4
	95,41
	115,8
	64,95
	120,6

	2020 

	О
	92,8
	100
	110,8
	100
	78,0
	100

	Р60
	106,4
	114,7
	119,6
	107,9
	85,6
	109,7

	Р90
	121,2
	130,6
	120,4
	108,7
	87,8
	112,6

	Р120
	134,8
	145,3
	142,4
	128,5
	99,6
	127,7

	Р150
	118,0
	127,2
	141,2
	127,4
	98,2
	125,9

	Р180
	119,2
	128,4
	139,2
	125,6
	92,7
	118,8

	Р90 N30
	118,5
	127,7
	108,8
	98,2
	89,6
	114,9

	Р90 N60
	97,0
	104,5
	109,6
	98,9
	96,0
	123,1

	Р90 N90
	102,0
	109,9
	93,6
	84,5
	95,2
	122,1

	N30
	86,5
	93,2
	92,0
	83,0
	67,6
	86,7

	average
	109,6
	118,1
	117,8
	106,3
	89,0
	114,1




APPENDIX C
Impact of fertilizers on productivity and quality of lentils

Table B.1 - Influence of fertilizers on the chemical composition of seeds and quality of lentils,%

	Introduced, kg a.i. / ha
	Krapinka
	Vekhovskaya
	Viceroy

	
	N
	P2O5
	K2O
	protein
	N
	P2O5
	K2O
	protein
	N
	P2O5
	K2O
	protein

	2018 

	О
	3,01
	1,17
	2,66
	16,8
	3,3
	1,36
	2,79
	18,5
	3,12
	1,4
	2,44
	17,5

	Р60
	3,06
	1,40
	2,69
	17,1
	3,17
	1,38
	2,75
	17,7
	3,33
	1,49
	2,53
	18,6

	Р90
	3,11
	1,50
	2,72
	17,4
	3,4
	1,45
	2,69
	19,0
	3,42
	1,31
	2,46
	19,1

	Р120
	3,00
	1,60
	2,68
	16,8
	3,48
	1,45
	2,75
	19,5
	3,42
	1,43
	2,60
	19,1

	Р150
	3,14
	1,53
	2,72
	17,6
	3,32
	1,44
	2,70
	18,6
	3,38
	1,57
	2,46
	18,6

	Р180
	3,15
	1,52
	2,51
	17,6
	3,43
	1,46
	2,71
	19,2
	3,45
	1,65
	2,47
	19,3

	Р90N30
	3,23
	1,50
	2,79
	18,1
	3,48
	1,51
	2,62
	19,5
	3,43
	1,27
	2,47
	19,2

	Р90N60
	3,39
	1,31
	2,54
	19,0
	3,61
	1,49
	2,96
	20,2
	3,56
	1,59
	2,43
	19,9

	Р90N90
	3,44
	1,44
	2,49
	19,3
	3,74
	1,52
	2,73
	20,9
	3,59
	1,27
	2,38
	20,1

	N30
	3,26
	1,32
	2,43
	18,2
	3,53
	1,23
	2,70
	19,8
	3,35
	1,4
	2,39
	18,8

	average
	3,18
	1,42
	2,66
	17,8
	3,45
	1,43
	2,79
	19,3
	3,4
	1,44
	2,46
	19,0

	2019 

	О
	3,4
	1,8
	2,37
	19,0
	3,31
	1,79
	2,74
	18,5
	3,45
	1,68
	2,37
	19,3

	Р60
	3,75
	1,82
	2,36
	21,0
	3,55
	1,91
	2,78
	19,9
	355
	1,81
	2,30
	19,9

	Р90
	3,8
	1,87
	2,30
	21,3
	3,64
	1,99
	2,75
	20,4
	3,64
	1,75
	2,29
	20,4

	Р120
	3,76
	1,94
	2,27
	21,1
	3,6
	2,25
	2,66
	20,2
	3,68
	1,68
	1,98
	20,6

	Р150
	3,53
	2,01
	2,24
	19,8
	3,45
	1,98
	2,59
	19,3
	3,65
	1,89
	2,18
	20,4

	Р180
	3,48
	2,14
	2,21
	19,5
	3,43
	1,85
	2,70
	19,2
	3,89
	1,8
	2,21
	21,8

	Р90N30
	3,81
	1,93
	2,20
	21,3
	3,65
	2,09
	2,75
	20,4
	3,78
	1,69
	2,16
	21,2

	Р90N60
	3,94
	2,00
	2,19
	22,1
	3,7
	2,10
	2,62
	20,7
	3,98
	1,72
	2,11
	22,3

	Р90N90
	4,04
	1,91
	2,14
	22,6
	3,76
	1,84
	2,52
	21,1
	4,16
	2,17
	2,11
	23,3

	N30
	3,55
	1,81
	2,20
	19,9
	3,53
	1,54
	2,71
	19,8
	3,75
	1,66
	2,18
	21,0

	average
	3,7
	1,9
	2,20
	20,8
	3,6
	1,9
	2,70
	20,0
	3,9
	1,8
	2,20
	21,0

	2020 

	О
	2,51
	1,00
	2,51
	14,1
	3,08
	0,91
	2,22
	17,2
	2,58
	0,99
	2,18
	14,4

	Р60
	2,57
	1,03
	2,52
	14,4
	3,12
	0,95
	2,25
	17,5
	2,90
	1,01
	2,22
	16,2

	Р90
	2,76
	1,10
	2,55
	15,5
	3,14
	0,97
	2,31
	17,6
	2,95
	1,12
	2,29
	16,5

	Р120
	2,82
	1,14
	2,54
	15,8
	3,19
	1,02
	2,42
	17,9
	2,99
	1,24
	2,29
	16,7

	Р150
	2,75
	1,17
	2,53
	15,4
	3,21
	1,04
	2,46
	18,0
	3,09
	1,23
	2,22
	17,3

	Р180
	2,45
	1,08
	2,59
	13,7
	3,27
	1,07
	2,43
	18,3
	2,72
	1,19
	2,21
	15,2

	Р90N30
	2,63
	1,03
	2,64
	14,7
	3,34
	0,98
	2,4
	18,7
	3,20
	1,14
	2,26
	17,9

	Р90N60
	2,99
	0,99
	2,53
	16,7
	3,37
	1,00
	2,47
	18,9
	3,23
	1,23
	2,20
	18,1

	Р90N90
	3,27
	1,25
	2,51
	18,3
	3,43
	1,00
	2,40
	19,2
	3,34
	1,15
	2,24
	18,7

	N30
	2,77
	1,01
	2,54
	15,5
	3,18
	0,88
	2,37
	17,8
	2,97
	1,04
	2,36
	16,6

	average
	2,75
	1,08
	2,54
	15,4
	3,23
	0,98
	2,37
	18,1
	3,00
	1,12
	2,25
	16,8

	averagefor 3kg. 
	3,21
	1,47
	2,47
	18,0
	3,43
	1,44
	2,62
	19,1
	3,43
	1,45
	2,30
	18,9




Table B.2 - Effect of fertilizers on the chemical composition of lentil straw,%
	Introduced, kg a.i. / ha
	Krapinka
	Vekhovskaya
	Viceroy

	
	N
	P2O5
	protein
	K2O
	N
	P2O5
	protein
	K2O
	N
	P2O5
	protein
	K2O

	2018 

	О
	1,28
	1,10
	8,0
	3,78
	1,58
	1,06
	9,9
	4,85
	1,56
	0,93
	9,8
	4,30

	Р60
	1,40
	1,20
	8,8
	4,21
	1,46
	1,02
	9,1
	5,36
	1,60
	1,02
	10,0
	4,57

	Р90
	1,48
	1,22
	9,3
	5,32
	1,62
	1,02
	10,1
	5,55
	1,68
	1,04
	10,5
	4,56

	Р120
	1,51
	1,24
	9,4
	5,02
	1,66
	1,03
	10,4
	5,32
	1,72
	1,09
	10,8
	4,29

	Р150
	1,55
	1,11
	9,7
	4,51
	1,76
	1,05
	11,0
	5,76
	1,76
	1,17
	11,0
	4,72

	Р180
	1,37
	1,08
	8,6
	5,05
	1,87
	1,13
	11,7
	5,97
	1,90
	1,25
	11,9
	4,56

	Р90N30
	1,53
	1,28
	9,6
	4,79
	1,88
	1,05
	11,8
	6,03
	1,73
	1,02
	10,8
	4,54

	Р90N60
	1,67
	1,10
	10,4
	4,50
	1,50
	1,04
	9,4
	5,01
	1,77
	1,22
	11,1
	4,19

	Р90N90
	1,72
	1,05
	10,8
	4,58
	1,83
	1,04
	11,4
	5,16
	1,81
	1,39
	11,3
	4,67

	N30
	1,49
	1,43
	9,30
	4,57
	1,59
	1,12
	9,9
	5,99
	1,82
	0,97
	11,4
	4,17

	average
	1,50
	1,18
	9,4
	4,63
	1,68
	1,06
	10,5
	5,50
	1,74
	1,11
	10,8
	4,46

	2019

	О
	2,14
	0,69
	13,4
	4,93
	1,10
	0,40
	6,9
	5,32
	1,81
	0,51
	11,3
	4,45

	Р60
	2,30
	0,68
	14,4
	4,98
	1,56
	0,69
	9,8
	5,40
	1,88
	0,52
	11,8
	4,69

	Р90
	2,53
	0,75
	15,8
	5,04
	1,73
	0,86
	10,8
	5,05
	1,79
	0,58
	11,2
	4,51

	Р120
	2,46
	0,71
	15,4
	4,89
	2,01
	0,79
	12,6
	5,26
	1,99
	0,60
	12,4
	4,74

	Р150
	2,34
	0,72
	14,6
	5,08
	2,12
	0,80
	13,3
	5,31
	1,97
	0,54
	12,3
	4,69

	Р180
	2,46
	0,73
	15,4
	4,87
	2,00
	0,70
	12,5
	5,41
	1,94
	0,53
	12,1
	4,93

	Р90N30
	2,52
	0,70
	15,8
	4,99
	2,25
	0,74
	14,1
	5,24
	1,97
	0,62
	12,3
	4,55

	Р90N60
	2,57
	0,64
	16,1
	5,00
	2,35
	0,78
	14,7
	5,05
	2,01
	0,64
	12,6
	4,44

	Р90N90
	2,63
	0,64
	16,4
	4,87
	2,62
	0,70
	16,4
	5,03
	2,15
	0,57
	13,4
	4,77

	N30
	2,35
	0,68
	14,7
	4,96
	2,15
	0,50
	13,4
	5,10
	1,80
	0,55
	11,3
	4,63

	average
	2,43
	0,69
	15,2
	5,00
	1,99
	0,70
	12,4
	5,20
	1,93
	0,57
	12,1
	4,60

	2020

	О
	1,01
	0,51
	6,31
	4,61
	0,99
	0,30
	6,19
	4,68
	1,12
	0,41
	7,0
	4,57

	Р60
	1,10
	0,54
	6,88
	4,61
	1,04
	0,32
	6,50
	4,75
	1,23
	0,43
	7,69
	4,61

	Р90
	1,26
	0,54
	7,88
	4,64
	1,13
	0,35
	7,06
	4,85
	1,31
	0,44
	8,19
	4,69

	Р120
	1,34
	0,55
	8,38
	4,84
	1,15
	0,37
	7,19
	4,68
	1,43
	0,47
	8,94
	4,62

	Р150
	1,34
	0,51
	8,38
	4,63
	1,25
	0,37
	7,81
	4,83
	1,49
	0,52
	9,31
	4,62

	Р180
	1,38
	0,53
	8,63
	4,69
	1,03
	0,30
	6,44
	4,68
	1,49
	0,53
	9,31
	4,59

	Р90N30
	1,34
	0,47
	8,38
	4,76
	1,18
	0,32
	7,38
	4,63
	1,27
	0,46
	7,94
	4,61

	Р90N60
	1,39
	0,50
	8,69
	4,81
	1,24
	0,34
	7,75
	4,84
	1,20
	0,45
	7,50
	4,75

	Р90N90
	1,39
	0,53
	8,69
	4,97
	1,30
	0,33
	8,13
	4,63
	1,10
	0,45
	6,88
	4,84

	N30
	1,30
	0,51
	8,13
	4,83
	1,13
	0,31
	7,06
	4,84
	1,27
	0,43
	7,94
	4,76

	average
	1,29
	0,52
	8,06
	4,74
	1,14
	0,33
	7,13
	4,74
	1,29
	0,46
	8,06
	4,67




APPENDIX D
The economic efficiency of using fertilizers for lentils

Table D.1 - Economic efficiency of fertilizer use (2020)
	Introduced, kg a.i. / ha
	Productivity,
c/ha
	Increase, c / ha
	Additionalcostproducts, tg
	Fertilizercosts, tg
	Netincome, tenge
	Returnoncosts, tg
	Profitability,%

	Vekhovskaya

	O
	19,9
	 
	 
	 
	 
	 
	 

	P60
	23,1
	3,2
	41600
	4875
	36725
	8,5
	753

	Р90
	25,3
	5,4
	70200
	7313
	62888
	9,6
	860

	Р120
	28,4
	8,5
	110500
	8125
	102375
	13,6
	1260

	Р150
	27,5
	7,6
	98800
	10188
	88613
	9,7
	870

	Р180
	26,6
	6,7
	87100
	12188
	74913
	7,1
	615

	Р90N30
	26,6
	6,7
	87100
	14873
	72227
	5,9
	486

	P90N60
	29,1
	9,2
	119600
	22973
	96627
	5,2
	421

	P90N90
	27,4
	7,5
	97500
	30533
	66967
	3,2
	219

	N30
	22,9
	3,0
	39000
	7560
	31440
	5,2
	416

	Viceroy

	O
	17,2
	 
	 
	 
	 
	 
	 

	P60
	24,3
	7,1
	92300
	4875
	87425
	18,9
	1793

	Р90
	25,8
	8,6
	111800
	7313
	104488
	15,3
	1429

	Р120
	28,4
	11,2
	145600
	8125
	137475
	17,9
	1692

	Р150
	26,5
	9,3
	120900
	10188
	110713
	11,9
	1087

	Р180
	26,2
	9,0
	117000
	12188
	104813
	9,6
	860

	Р90N30
	27,8
	10,6
	137800
	14873
	122927
	9,3
	827

	P90N60
	23,8
	6,2
	80600
	22973
	57627
	3,5
	251

	P90N90
	22,7
	5,1
	66300
	30533
	35767
	2,2
	117

	N30
	19,4
	1,8
	23400
	7560
	15840
	3,1
	210

	Krapinka

	O
	15,0
	 
	 
	 
	 
	 
	 

	P60
	18,2
	3,2
	41600
	4875
	36725
	8,5
	753

	Р90
	21,0
	6,0
	78000
	7313
	70687
	10,7
	967

	Р120
	23,4
	8,4
	109200
	8125
	101075
	13,4
	1244

	Р150
	21,1
	6,1
	79300
	10188
	69112
	7,8
	678

	Р180
	18,6
	3,6
	46800
	12188
	34613
	3,8
	284

	Р90N30
	23,7
	8,7
	113100
	14873
	98277
	7,6
	660

	P90N60
	22,8
	7,8
	101400
	22973
	78427
	4,4
	341

	P90N90
	21,5
	6,2
	80600
	30533
	50067
	2,6
	164

	N30
	18,5
	3,5
	45500
	7560
	37940
	6,0
	502
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APPENDIX E
Work schedule

	Task code, stage
	The name of works, activities for the implementation of project tasks under the Agreement and the main stages of its implementation 
	Period of execution
	Expected Result

	
	
	Beginning 
	completion of works
	

	2018 

	 1
	To study the biological characteristics of new varieties of lentils, their relation to the conditions of soil nutrition: To implement the project and solve the assigned tasks on the soils of the dry steppe zone of Northern Kazakhstan, field experiments will be laid for three years according to a 10-variant scheme with the introduction of various types of doses and ratios of fertilizers in order various levels of mineral nutrition (6 levels for phosphorus, 4 for nitrogen. A total of 3 experiments will be laid)

	Janua-ry 2018
	Septem-ber 2018
	Biological characteristics of new varieties of lentils, their relation to soil nutrition conditions will be studied: To implement the project and solve the assigned tasks on the soils of the dry steppe zone of Northern Kazakhstan, field experiments will be laid for three years according to a 10 variant scheme with the introduction of various types of doses and ratios of fertilizers with the purpose of creating different levels of mineral nutrition (6 levels for phosphorus, 4 for nitrogen. A total of 3 experiments will be laid).

	2
	To study the effect of various forms and rates of fertilizers on soil fertility, for which, annually before sowing and during the growing season, soil samples will be taken from 1 and 3 replicates every 20 cm to 1 m for control and all fertilized options up to 40 cm, in which it will be determined humus pH, absorbed bases, mineral forms of nitrogen, phosphorus, potassium.
	April 2018
	September 2018
	The effect of various forms and rates of fertilizers on soil fertility will be studied, for which every year before sowing and during the phases of vegetation, soil samples will be taken from 1 and 3 replicates every 20 cm to 1 m for control and all fertilized options up to 40 cm, in which there will be humus pH, absorbed bases, mineral forms of nitrogen, phosphorus, potassium are determined.

	3
	To study the influence of soil, climatic conditions and various forms and norms of mineral fertilizers on the growth, development and formation of plant productivity.  Every year during the growing season, plant samples will be taken from each option from 10 points on the plot in order to determine the growth rates of various varieties, the accumulation of dry matter.  On the basis of this, an assessment of the response of various varieties to the conditions of mineral nutrition will be given.
	Май 2018
	October  2018
	The influence of soil, climatic conditions and various forms and norms of mineral fertilizers on the growth, development and formation of plant productivity will be studied.  To do this, annually during the growing season, plant samples from 10 points on the plot will be taken from each option in order to determine the growth rates of various varieties, the accumulation of dry matter.  Based on the study of the growth and development rates of varieties, an assessment of the response of varieties to the conditions of mineral nutrition will be given, varietal characteristics of lentils and their relation to soil and fertilizers will be revealed.

	4
	To reveal the quantitative relationship of soil fertility indicators with the productivity of various varieties.  For this reason, 8 most important agrochemical indicators of soil properties will be determined in soil samples selected from all variants to a depth of 40 cm.  By the method of correlation analysis of indicators of soil properties and productivity, the closeness of the relationship will be revealed, on the basis of which the most important factors determining the value of the formation of crops in the conditions of 2018 will be identified.
	May 2018
	October 2018
	The quantitative relationship of soil fertility indicators with the productivity of various varieties will be revealed.  For this reason, 8 most important agrochemical indicators of soil properties will be determined in soil samples selected from all variants to a depth of 40 cm.  By the method of correlation analysis of indicators of soil properties and productivity, the closeness of the relationship will be revealed, on the basis of which the most important factors determining the value of the formation of crops in the conditions of 2018 will be identified.

	5
	Determine the optimal parameters of the agrochemical properties of soils, ensuring the realization of the potential productivity of the variety. Based on the establishment of a quantitative relationship between fertility factors and productivity, according to the results of the correlation analysis, the optimal parameters of the main soil properties for each variety will be determined, ensuring the realization of the productivity potential of the varieties and the formation of the maximum possible yield under the growing conditions in 2018..
	Sep-tem-ber 2018
	October 2018
	Будут определены  оптимальные параметры агрохимических свойств почв, обеспечивающих реализацию потенциальной продуктивности сорта. Ежегодно на основании установленой количественной взаимосвязи факторов плодородия с продуктивностью по результатам корреляционного анализа будут определяться оптимальные параметры основных свойств почв для каждого сорта, обеспечивающие реализацию потенциала их продуктивности и формирование максимально возможной урожайности в складывающихся в 2018 году условиях возделывания.

	6
	To develop methods of purposeful management of soil fertility, ensuring the optimization of nutrition and realization of the productivity potential of the studied varieties.   Based on the results of the mathematical analysis of the qualitative and quantitative relationship of fertility factors with the productivity of varieties, methods will be developed to achieve optimal parameters and methods of targeted management of soil fertility, which will optimize nutrition and realize the productivity potential of the studied varieties in the soil and climatic conditions of 2018.
	Sep-tem-ber 2018
	October 2018
	Methods of targeted management of soil fertility will be developed to ensure nutrition optimization and the realization of the productivity potential of the studied varieties based on the results of 3-year research.  Based on the results of the mathematical analysis of the qualitative and quantitative relationship of fertility factors with the productivity of varieties in 2018, methods will be developed to achieve optimal parameters and methods of targeted management of soil fertility, which will optimize nutrition and realize the productivity potential of the studied varieties in soil and climatic conditions in 2018.

	7
	To give an economic assessment, the recommended methods for realizing the productivity potential of varieties and identify the most promising and competitive lentil varieties for the dry steppe zone of Northern Kazakhstan.  Based on the analysis of the costs associated with the application of fertilizers and the income received, an economic assessment of the effectiveness of the studied methods, methods of managing nutrition and productivity of varieties will be given, and by a combination of quantitative, qualitative and economic indicators, the most promising and competitive for the dry steppe zone of Northern Kazakhstan will be determined in relation to the conditions of 2018 ...
	Octo-ber 2018
	1  Novem-ber 2018
	An economic assessment will be given, the recommended methods for realizing the productivity potential of varieties and identifying the most promising and competitive lentil varieties for the dry steppe zone of Northern Kazakhstan.  Based on the analysis of the costs associated with the application of fertilizers and the income received, an economic assessment of the effectiveness of the studied methods, methods of managing nutrition and productivity of varieties will be given, and by a combination of quantitative, qualitative and economic indicators, the most promising and competitive for the dry steppe zone of Northern Kazakhstan will be determined in relation to the conditions of 2018 . 

	2019

	 1
	To study the biological characteristics of new varieties of lentils, their relation to the conditions of soil nutrition: in the climatic conditions of 2019. To implement the project and solve the set tasks on the soils of the dry steppe zone of Northern Kazakhstan in the conditions of 2019, field experiments will be carried out according to a 10 variant scheme with the introduction of various types of doses and ratios of fertilizers in order to create different levels of mineral nutrition (6 levels for phosphorus, 4 for nitrogen.   There will be 3 experiences in total)
	Janua-ry 2019
	Septem-ber 2019
	Biological characteristics of new varieties of lentils, their relation to soil nutrition conditions will be studied: in the climatic conditions of 2019, to implement the project and solve the assigned tasks on the soils of the dry steppe zone of Northern Kazakhstan, in the conditions of 2019, field experiments will be carried out according to 10 variant schemes with the introduction of various types of doses and the ratio of fertilizers in order to create different levels of mineral nutrition (6 levels for phosphorus, 4 for nitrogen. A total of 3 experiments will be laid).

	2
	To study the influence of various forms and norms of fertilizers on soil fertility in the climatic conditions of 2019.  To do this, before sowing and during the growing season, soil samples will be taken from 1 and 3 replicates every 20 cm to 1 m on control and fertilized options up to 40 cm, in which moisture, humus, pH, absorbed bases, mineral forms of nitrogen will be determined, phosphorus, potassium.
	April 2019
	Septem-ber 2019
	The influence of various forms and rates of fertilizers on soil fertility in the climatic conditions of 2019 will be studied.  To do this, before sowing and during the growing season, soil samples will be taken from 1 and 3 replicates every 20 cm to 1 m on control and fertilized options up to 40 cm, in which moisture, humus, pH, absorbed bases, mineral forms of nitrogen will be determined, phosphorus, potassium.

	3
	To study the influence of soil, climatic conditions in 2019 and various forms and norms of mineral fertilizers on the growth, development and formation of plant productivity. For this, during the growing season, plant samples from 10 points on the plot will be taken from each option in order to determine the growth rates of various varieties, the accumulation of dry matter, and the chemical composition.  Based on this, an assessment of the impact of the climatic conditions of 2019 on the reaction of various varieties to the conditions of mineral nutrition will be given.
	June 2019
	October 2019
	The influence of soil, climatic conditions of 2019 and various forms and norms of mineral fertilizers on the growth, development and formation of productivity of lentils will be studied.
For this, in various variants of vegetation, plant samples will be taken from 10 points at the growth rate of various varieties, accumulation of dry matter, and chemical composition.  On the basis of this, an assessment of the influence of the climatic conditions of 2019 on the reaction of various varieties to the conditions of mineral nutrition will be given.

	4
	To reveal the quantitative relationship of soil fertility indicators with the productivity of various varieties in the conditions of 2019. For this reason, 8 most important agrochemical indicators of soil properties will be determined in soil samples selected from all variants to a depth of 40 cm. By the method of correlation analysis of indicators of soil properties and productivity, the closeness of the relationship will be revealed, on the basis of which the most important factors determining the value of the formation of crops in 2019 will be identified.
	May 2019
	October 2019
	The quantitative relationship of soil fertility indicators with the productivity of various varieties under the conditions of 2019 will be revealed. For this reason, 8 most important agrochemical indicators of soil properties will be determined in soil samples selected from all variants to a depth of 40 cm. By the method of correlation analysis of indicators of soil properties and productivity, the closeness of the relationship will be revealed, on the basis of which the most important factors determining the value of the formation of crops in 2019 will be identified.

	5
	Determine the optimal parameters of the agrochemical properties of soils, ensuring the realization of the potential productivity of varieties in the conditions of 2019.
Based on the establishment of the quantitative relationship of fertility factors with productivity, according to the results of the correlation analysis, the optimal parameters of the basic soil properties for each variety will be determined, ensuring the realization of the productivity potential of the varieties and the formation of the maximum possible yield under the growing conditions in 2019.
	Sep-tem-ber 2019
	October 2019
	The optimal parameters of the agrochemical properties of soils will be determined, ensuring the realization of the potential productivity of the variety in the conditions of 2019. Based on the establishment of a quantitative relationship between fertility factors and productivity, according to the results of the correlation analysis, the optimal parameters of the basic properties of soils for each variety will be determined, ensuring the realization of the potential of their productivity of varieties and the formation of the maximum possible yield under the growing conditions in 2019.

	6
	To develop methods of purposeful management of soil fertility, ensuring the optimization of nutrition and realization of the productivity potential of the studied varieties. Based on the results of the mathematical analysis of the qualitative and quantitative relationship of fertility factors with the productivity of varieties in 2019, methods will be developed to achieve optimal parameters and methods of targeted management of soil fertility, which will optimize nutrition and realize the productivity potential of the studied varieties.
	Sep-tem-ber 2019
	October 2019
	Methods of purposeful management of soil fertility will be developed to optimize nutrition and realize the productivity potential of the studied varieties.  Based on the results of the mathematical analysis of the qualitative and quantitative relationship of fertility factors with the productivity of varieties in 2019, methods will be developed to achieve optimal parameters and methods of targeted management of soil fertility, ensuring the optimization of nutrition and the realization of the productivity potential of the studied varieties.

	7
	To give an economic assessment, the recommended methods of realizing the productivity potential of varieties and to identify the most promising and competitive lentil varieties for the dry steppe zone of Northern Kazakhstan.  Based on the analysis of the costs associated with the application of fertilizers and the income received, an economic assessment of the effectiveness of the studied methods, methods of managing nutrition and productivity of varieties will be given, and by a combination of quantitative, qualitative and economic indicators, the most promising and competitive lentil varieties for the dry steppe zone of Northern Kazakhstan will be determined in the conditions of 2019
	Оcto-ber 2019
	Novem-ber 1, 2019
	An economic assessment will be given, the recommended methods of realizing the productivity potential of varieties and to identify the most promising and competitive lentil varieties for the dry steppe zone of Northern Kazakhstan. Based on the analysis of the costs associated with the application of fertilizers and the income received, an economic assessment of the effectiveness of the studied techniques, methods of managing nutrition and productivity of varieties will be given, and by a combination of quantitative, qualitative and economic indicators, the most promising and competitive lentil varieties for the dry steppe zone of Northern Kazakhstan will be determined in the conditions of 2019.

	8
	A patent application will be prepared
	Sep-tem-ber 2019
	Novem-ber 1, 2019
	A patent application will be prepared. 2 articles will be published in peer-reviewed foreign scientific journals with a non-zero impact factor and 1 article in journals recommended by the Committee for Control in Education and Science of the MES of the Republic of Kazakhstan.

	2020 

	 1
	To study the biological characteristics of new varieties of lentils, their relation to the conditions of soil nutrition: in the climatic conditions of 2020.  To implement the project and solve the assigned tasks on the soils of the dry-steppe zone of Northern Kazakhstan in 2020, field experiments will be carried out according to a 10-variant scheme with the introduction of various types of doses and ratios of fertilizers in order to create different levels of mineral nutrition (6 levels for phosphorus, 4 for nitrogen. There will be 3 experiences in total)
	Janua-ry 2020
	Septem-ber 2020
	Biological characteristics of new varieties of lentils, their relation to soil nutrition conditions will be studied: in the conditions of 2020, in order to implement the project and solve the assigned tasks on the soils of the dry steppe zone of Northern Kazakhstan, in the conditions of 2020, field experiments will be carried out according to 10 variant schemes with the introduction of various types of doses and fertilizer ratios in order to create different levels of mineral nutrition (6 levels for phosphorus, 4 for nitrogen. A total of 3 experiments will be used).

	2
	To study the influence of various forms and rates of fertilizers on soil fertility.  For this, under the conditions of 2020, before sowing and during the growing season, soil samples will be taken from 1 and 3 replicates every 20 cm to 1 m on control and fertilized options up to 40 cm, in which moisture, humus, pH, absorbed bases will be determined , mineral forms of nitrogen, phosphorus, potassium.
	April 2020
	Septem-ber 2020
	The influence of different forms and rates of fertilizers on soil fertility will be studied.
For this, under the conditions of 2020, before sowing and during the growing season, soil samples will be taken from 1 and 3 replicates every 20 cm to 1 m on control and fertilized options up to 40 cm, in which moisture, humus, pH, absorbed bases will be determined , mineral forms of nitrogen, phosphorus, potassium.

	3
	To study the influence of soil, climatic conditions in 2020 and various forms and norms of mineral fertilizers on the growth, development and formation of plant productivity.  For this, during the growing season, plant samples from 10 points on the plot will be taken from each option in order to determine the growth rates of various varieties, the accumulation of dry matter, and the chemical composition.  On the basis of this, an assessment of the influence of climatic conditions of 2020 on the reaction of various varieties to the conditions of mineral nutrition will be given.
	June 2020
	October 2020
	The influence of soil, climatic conditions of 2020 and various forms and norms of mineral fertilizers on the growth, development and formation of plant productivity will be studied.
For this, during the growing season, plant samples from 10 points on the plot will be taken from each option in order to determine the growth rates of various varieties, the accumulation of dry matter, and the chemical composition.  On the basis of this, an assessment of the influence of climatic conditions of 2020 on the reaction of various varieties to the conditions of mineral nutrition will be given, and varietal features of lentils in their relation to soil and fertilizers in the conditions of 2020 will be identified. Results for three years are summarized.

	4
	To identify the quantitative relationship of soil fertility indicators with the productivity of various varieties in 2020.  For this reason, 8 most important agrochemical indicators of soil properties will be determined in soil samples selected from all variants to a depth of 40 cm. By the method of correlation analysis of indicators of soil properties and productivity, the closeness of the connection will be revealed, on the basis of which the most important factors determining the value of the formation of yields in 2020 will be identified.
	May 2020
	October 2020
	The quantitative relationship of soil fertility indicators with the productivity of various varieties in 2020 will be revealed.  For this reason, 8 most important agrochemical indicators of soil properties will be determined in soil samples selected from all variants to a depth of 40 cm.  By the method of correlation analysis of indicators of soil properties and productivity, the closeness of the connection will be revealed, on the basis of which the most important factors determining the value of the formation of yields in 2020 will be identified.
The analysis was carried out for three years.

	5
	Determine the optimal parameters of the agrochemical properties of soils, ensuring the realization of the potential productivity of the variety in the conditions of 2020.
Based on the establishment of the quantitative relationship of fertility factors with productivity, according to the results of the correlation analysis, the optimal parameters of the basic soil properties for each variety will be determined, ensuring the realization of the productivity potential of the varieties and the formation of the maximum possible yield in the growing conditions in 2020.
	Sep-tem-ber
 2020
	October 2020
	The optimal parameters of the agrochemical properties of soils will be determined, ensuring the realization of the potential productivity of the variety in the conditions of 2020.  Based on the establishment of the quantitative relationship of fertility factors with productivity, according to the results of the correlation analysis, the optimal parameters of the basic properties of soils for each variety will be determined, ensuring the realization of the potential of their productivity of varieties and the formation of the maximum possible yield under the growing conditions in 2020.

	6
	To develop methods of purposeful management of soil fertility, ensuring the optimization of nutrition and realization of the productivity potential of the studied varieties.  Based on the generalization of the results of the mathematical analysis of the qualitative and quantitative relationship of fertility factors with the productivity of varieties for three years, methods will be developed to achieve optimal parameters and methods of targeted management of soil fertility, ensuring the optimization of nutrition and the realization of the productivity potential of the studied varieties.
	Sep-tem-ber
2020
	October2020
	Methods of purposeful management of soil fertility will be developed to optimize nutrition and realize the productivity potential of the studied varieties.  Based on the generalization of the results of the mathematical analysis of the qualitative and quantitative relationship of fertility factors with the productivity of varieties for three years, methods will be developed to achieve optimal parameters and methods of targeted management of soil fertility, ensuring the optimization of nutrition and realization of the productivity potential of the studied varieties.

	7
	To give an economic assessment, the recommended methods of realizing the productivity potential of varieties and to identify the most promising and competitive lentil varieties for the dry steppe zone of Northern Kazakhstan. Based on the analysis of the costs associated with the application of fertilizers and the income received, within three years, an economic assessment of the effectiveness of the studied techniques, methods of managing nutrition and productivity of varieties will be given, and the most promising and competitive varieties for the dry steppe zone of Northern Kazakhstan lentils.     
	Octo-ber
2020 
	1st of Novem-ber
2020  

	An economic assessment will be given, the recommended methods for realizing the productivity potential of varieties and the most promising and competitive lentil varieties for the dry steppe zone of Northern Kazakhstan will be identified.  Based on the analysis of the costs associated with the application of fertilizers and the income received within three years, an economic assessment of the effectiveness of the studied methods, methods of nutritional management and the productivity of varieties will be given, and the most promising and competitive for the dry steppe zone of Northern Kazakhstan, lentil varieties.

	8
	Based on the results of three years, a report has been prepared, at the end of which an assessment of the studied varieties will be given in terms of productivity and prospects for Northern Kazakhstan and methods for purposeful management of soil fertility and productivity of lentil varieties will be outlined.
	Sep-tem-ber 2020
	1st of Novem-ber
2020  



	Based on the results of three years, a report will be prepared, at the end of which an assessment of the studied varieties in terms of productivity and prospects for Northern Kazakhstan will be given and methods of purposeful management of soil fertility and productivity of lentil varieties will be outlined.
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3 Chernenok V.G. Method for predicting the efficiency of nitrogen fertilizers. // Patent of the Republic of Kazakhstan, No. 5289. Registration date 14.08 (rus).

Professor          V.G. Chernenok
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Figure  7 -  Relationship between the yield of the Lentil variety Vekhovskaya and Р2О5 
in the soil, 2020 y., R = 0,95

15.3	21.5	25.2	28.1	31.1	33.5	19.899999999999999	23.1	25.3	28.4	27.5	26.6	Р2О5, мг/кг 

Crop yield c/ha


Figure 8 - Relationship between the yield of the Lentil variety Viceroy and Р2О5 
in the soil,  2020  y., R = 0,98

15.3	21.5	25.9	28.6	31.5	34	17.2	24.3	25.8	28.4	26.5	26.2	
Crop yeild c/ha


Figure 9  - Relationship between the yeid of the Lentil variety Krapinka and Р2О5, in the soil,
2020 y., R = 0,90

15.4	21.5	24.5	26.7	30.8	33	15	18.2	21	23.4	21.1	18.600000000000001	Р2О5, мг/кг 

Crop yield c/ha


Figure10 - Relationship between the yield of the Lentil variety Krapinka and N - NO3 in the soil layer 0-40 sm, 2020 y., R = 0,87

10.4	13.1	16.5	21	21	23.7	22.8	21.5	N - NO3, мг/кг 

Crop yield c/ha


Figure  11 - Relationship between the yeild of the Lentil variety Vekhovscaya N - NO3 in the soil layer 0-40 sm, 2020 y., R = 0,96

10.7	13.2	17.3	21.4	25.3	26.6	29.1	27.4	N - NO3, мг/кг 

Crop yeild c/ha


Figure 12  - Relationship between the yeil of the Lentil variety Viceroy and N - NO3 in the soil layer 0-40 sm, 2018 y,  R = 0,93

9.4	12	15.5	18.399999999999999	22.3	26.9	26.8	27.6	N - NO3, мг/кг
Crop yeild c/ha
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Abstract
“Thepresen study examined the bilogica characteristcsand nutiionalreqirments of la snd utlined the st important
sarochemicalindicators ofsoilferily. Th sudy simed o determine  range ofsil parameters suitble fo grovwing o under
conditions ofinreasing watc content. The intendon was o rach th full genetc potential nd high yields of the given crop
‘without causing damage o the oil. The sluton provided for Highretuens on money spent o reach these parameters, The studies
‘wereconducted on dark-chestnut ight soils with the resence of crbonate i he dry stpe region of Nordhen Kazaklstan,Soil

ametes were 290 to 2955 humus, 0.175% total nitogen, 0.156% phosphorus,over 60 m of mbil potsssum per 100  of
sl slighty akaline pH at8.08-8.1 and Ca* + Mg® ot 20-22 mg-cq/100 g soil. Graphs depicting a quaniasive relatonship
between sofl ety and flx productiity were addressed (o dtermine the optimum leve of mabile phosphorus i th soil,
‘whichcouldensur the maximum yieds offlax. An optimisaton formula and fertlsaton methods roposed inhe presrt study
o maximise ield may be relevant or othe temperate Seppe 0ncs

Keywords Soil ety - Fruse lemeots - Flax plant - Opeimal parameters-Felisers - Vielding abiliy

Introduction

Long-pracised extenive agrculure led o soil degradaton
and, consequenty, o declne of it productive capacity
(Gomicro 2016). The 65 United Natons (UN) Gene
Assembly declared 2015 the Inernational Year of Soi
(United Naions 2013). Soils constte th foundarion for -
riultural developmens, essentil ecosysiem functions and
Jood security and hence are key to sustaining I on Eath,
the UN noted. This declaration recogniscs that proper land
management resuls n sustainable agricultre and food-

cure cconomy. Given the aforementoned stitade, ol e
iy improvement became a essentil condition for st
ablc agriculure in the county.

Most crops are culdivated n steppe regions due 1 th
gty slopng landsapes, temperte climate and optmal sl

Rl Bdr Vo Cherchot

PR —
Chemenaka it chmenak2 sy

N Sutan, Kk
ks Sute Acudryof A, Gk, Repblic B

composion. Geographicaly, sicppe zones ae mainly ocated
i e emperat atiudes of the Norther and Souhern hemi-
spheres. In Eurasia, seppes cover mst of the temiorie of
Russia, Kazakhstan, Mongolia and Ukraine. In the
Americis, seppe zoncs dominate the USA and Argentina.
Stappe il are generaly chesnut sl

‘Among crops grown i the seppe region, flax s highly
demanded o the market due o a broad range of spplications
i diffrent industrcs, from food o texile,and medicine. Tis
ique plant i  source of valusble o, high-grade vegsiable
procin, itamins, microclements and fibre For example, lax
Seads contain 30-48% of o and are rich n unsaurted iy
acid (Bl el 2015). This crop has  shot growing season
and resisance to crain pests and discases, which makes it
o0d for growing without he use of insceticdes and fungi-
cides (Zaja etal. 2012). Flax i culivatedin many counties
of Eurssi and North Americs the lrgest producers sre
Russia, Canada, China, Kazakhstan, the USA and India
Since i comm rop ofchoic, it ca seve s el
plant i the study of chracersis o the crop growth n the
stppe region

Today, most countics tendtoregulte thei and se inthe
sippe rgions. The quandiative and qualtative data regarding
the ferlsation in teppe conditons, a5 well as the sty of
ihei nflunce on the morphology (seed weght, ol amount.

pr—
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321, 2019 KLU AGKIAI BETETAUNA GAPLICLIIA AGYH-IaIbIH
cpitiift @31biFbs OiNILAIKTIN FTapAbKTai Toven Goaywha ceGon Gonaw. Maitabiit
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Daiisaza npoTews Noawcpi 10.73%. wait 2.59%. Kieraarka 31.91%. kant 0,34% Kypazi.
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Keratka 29,45, Kawt 18,0%. bya KpeeTkinepen naiisa cy1an woGinen 1.2%-Ke xorapsi
Mai, 2,46% KICTHATKA MOAEP] APTLIK BOLIb
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BHOTOTHYECKHE OCOBEHHOCTH YEYEBHILbI

Maryuenko A.C. . waeucmpanm
Kasaxexuis azpomesmueciuis yuusepcumen un. C.Ceiupyruna, 2. Hyp-Cyaman

Uesehita OHOTCTHEE PACTEHHE, PHRAIEAAINEE K comelicTRy GoGoRkX, BHcoTOl 30-
60 oM ¢ MPAMOCTORSIN M TIOMYIIEAAIIIN HCTHpEX TPAIIILIC CTeGneM. KomuecTno crebacit
MOACT OTINATLCA B TABMCHMOCTIH OT TYCTOTH CTUAMIA PACTEHIIL, it UEIOM HeNCBIla T0CTa-
Touio XOpOIIO KyeTHTCH, UeHeRHLa — HapALy ¢ TPAAHILIONLINI JEPHOBHMIT KYILTYpaN,
ABIACTCR. HCTOMHIIKOM HOAYUCHIA CCTECTREINOTO. M OMHOUCIIOND. PACTHICILHOTO Geilka,
PEI-CTARTAET BUCOKYIO AICTHUECKYIO UEMIOCTL. eHenunOil MyKe, ConepmiTen Gonuuoft
KOMIUTEKC HAGOP BIHTAMHIIOR, MHHEPAION  HESIMENMILX AMHHOKHCIOT [1]

B 3BHCHAMOCTH OF UBETA AEHEBHI ACNTER 1A 4 BILTA. TM CaMbIN 110 BHIOBHM KatecT-
M PAICIAIOT X 110 COPTAM: KPAGIIAs. JEICHAN, KOpiHIeBas  dpaiysckan seaenas. Toa-
PAVICIICHHE K ITOM HE JAKAIIHBIETCH, CYUIECTBYIOT I NOARILIN, KOTOPHX MOKIO PasHanTh
10 ceventofi po1yKTHBHOCTH, TTo (IOPNAN CEMAN HEUEBIILIB MOKHO OTIPEAEIINTS BEXOKECTH
1 IPOAYKTHBHOCTS KYISTYP, B OCHOBHOM GOTLUIAN BEXOKECTE Y MEAKOCEMANHLI HCEBHLL

KopHenan CHCTEN CHEBHILN CTEPAHEDaN, kb PASBITA. IPOHKAET B pyiit 20 | M. Ko-
el ToMKI, pasBETBAEHIAIL, ¢ GOTLUIN KOIMCCTBOM KOpeiLKon. Ha FIGBHOM 1 GOKOBLX
KopHAX OBpaIOBLBAOTER KAYGEHLEN [2]. OCHUBHA MACCA KOPHE PIIMEMaeTen B ¢10¢ 10 30
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S H. A Cepexnacs, B. 1. 3orkon®. I K. CruaGacs. A. A. Buitreaciona, H. K. Myxaros,
VpoaliHOCTS 3¢TCHOTi MACCH! MAiH Tl B SABCINOCTH OT CPOKOR TIOCERA B YCTOBIAX CYXOCTEN-
o somst Lienrpanuiioro Kasaxcrasa.

BHOJOTHYECKHE OCOREHHOCTH YEYEBHIIBI

Marywenro A.C. . sacucmpaim
Kasaxcwuis acpomesnuseckuat yuuacpeumen n. C.Ceipynana, &, Hyp-Cyaman

Uesenitia OOETHEE PACTENME, IPILLICKaTIEE K cemelicTny GoGomwx, mhcoroft 30-
60 G ¢ IPANOCTORHIN I TOAYICAILN ACTHPEXTpaIILIC CTednen. KomimiecTho creGnel
MOKCT OTIMATLEA 1 JAWHCHNOCTII OT FYCTOTIA CTONIA PACTCHIN, 1 UEIOM HEUCRIIA A0CTA-
TONIHO XOPOIIO KYCTHTEA. UEHCRILA ~ HAPALY © TPAINIHONNBIN ICPHOBHNIL KYALTYpaNt,
AWIETCH HCTOULIKON HOAYUEIIA CCTECTHEINIOND i HOTIOUCHNOND PACTITEARIOND Geilkd,
PC-CTARIACT BUICORYIO AICTHMECKYIO LEHHOCTL. Uleenmnof MyKe, cozepuirtea Gonuio
KoMILieKe HaGOPA BHTAMHIOR, MIHEDVION I HESINEIIMLX AMHHOKHEAT (1],

B S0BACHMOCTH OF LBETA HEHEIHI SCIHTSH 12 4 BILTY, TEM COMBIN 10 BILIOBAM KaeeT-
st PAYACIAIOT WX 110 COPTAM: KPACHIAA. C1CHAA, KOPHIIICHa 1 hpanttyscKan sezena. Tlon-
DRLIGACINE 1 JTOM e KIKUINHRACICH, CYUICCTBYI0T I IOARILLL, KOTOPbIX MOKIIO PAsiiTs
10 ceenioi npoaYKTHBHOCTH. TT0 (IOPNAN CEMAH HEHERIILIB MOKHO ONIPCAEIINTY BEXOKECTS
W NORYKTHBHOCTS KyATYpb, B OGHOBHON GOTHIIIA BCOACCTD Y MEKOCEMANIIX UEHEHL

KopHieBan CHETEN {CHCUILLL CTEPANEN, O4€il PASHITA, NPONKKIET B FpYHT 40 1 . Ko-
el TOHKITL, PasBETBTENTbL, ¢ GOABILIN KOICCTROM KOpeiuKon. Ha BIBHOM 1 GOKoBbX
Kopinx oGpasoni 2], Ocnomian Macea Kopiefi pasveiaeTes b caoe 10 30

e
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