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Report 40 pages, 15 tables, 54 references, 13 app.
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Objects of research: The types of soils (chernozems, dark chestnut and light chestnut) of the vertical zoning of the Ili Alatau. Long-term stationary experience, located on light chestnut irrigated soil, established in 1961 in an eight-field beet crop rotation and permanent sowing of sugar beet.

Goal of the work: Study of the phosphate fund of various types of soils in the Ili Alatau and the transformation of phosphorus fractions of organic compounds of the soil with prolonged and systematic use of fertilizers on permanent crops of sugar beet and in crop rotation.

Research methods: generally accepted methods in soil and agrochemical researches.

Results and their novelty: the results of research have shown that the total phosphorus content in the upper horizon of virgin mountain chernozem was 743.7 mg/kg, on arable land 809.2 mg/kg, in virgin dark chestnut soil 630.3 mg/kg, on arable land 844.6 mg/kg. The content of organic and mineral phosphorus also varies with the type of soil. 
The highest yield of sugar beet is observed in the treatment with the introduction of one and a half norm of phosphorus on the background of nitrogen-potassium fertilizers (background + Р1,5) - providing in the crop rotation a yield of 561.6 q/ha roots (control treatment (without fertilizers) -282 6 q / ha) with permanent sowing these values ​​were respectively 543.1 and 303.6 q/ha. The correlation coefficient between the phosphorus content of fulvic acids and the yield of sugar beet is R = 0.76 in the crop rotation and the coefficient of correlation between the phosphorus of LAS and the productivity of sugar beet is R = 0.81 in monoculture conditions. The highest conditionally net income was obtained when applying phosphorus fertilizers 443,680 - 543,125 tenge/ha in a crop rotation and 276,210 - 360,110 tenge/ha in monoculture. 

Implementation level - 2 recommendations for agricultural producers were issued.

Application area - agriculture.

Economic efficiency of work - calculations of economic efficiency are available.
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SYMBOLS AND ABBREVIATIONS

The following symbols and abbreviations are used in this report:

mg/100 g – milligram per 100 grams

mg/kg – milligram per kilogram

mg-eq 100 g –  milligram equivalent per 100 g of soil

%– percent

pH – medium reaction

N – nitrogen

P –  phosphorus

K – potassium

kg/ha – kilogram per hectare

q/ha –  quintal per hectare

Аar – arable horizon
w/f – without fertilizers

NK– nitrogen-potash fertilizers

NPK– nitrogen-phosphorus-potassium fertilizers
Р1–  single rate of phosphorus
Р1,5 – one and a half rate of phosphorus

Р2,0 – double dose of phosphorus
Plabile – phosphorus of labile organic substance
Phumic – phosphorus of humic acid
Pfulvic – phosphorus of fulvic acid
INTRODUCTION
Relevance. In Kazakhstan, the phosphorus problem is an overriding issue. So, according to the research data of the RSI "Agrochemical Service" of the Ministry of Agriculture of the Republic of Kazakhstan for 2010-2016, more than 56% of arable land is very poor in phosphorus, and 18-20% are poor [1].

At present, the required amount of phosphorus fertilizers for certain crops is mainly calculated on the basis of determining the content of mobile phosphates in the soil.

Analysis of the dependence of crop yield on the phosphorus content in the soil does not always give a real picture of their dependence. Therefore, the determination of the complex composition of the phosphate fund in the conditions of crop rotation in comparison with permanent sowing of sugar beet reflects the real picture and is of scientific and practical interest, being an urgent problem for the conditions of chestnut soils in the irrigated zone of southeast Kazakhstan.

The lack of experimental data on the study of the phosphorus composition of organic compounds and their transformation with prolonged use of fertilizers further exacerbates this problem.

The issue of studying the role of organic phosphorus in plant nutrition in relation to soil differences in Kazakhstan is absolutely new. Solving this issue will allow a new review of effective fertilizer standards in the direction of their rational use. In addition, the solution of this issue based on determining the degree of participation of individual forms of phosphorous compounds in plant nutrition will allow correcting the availability of mobile phosphorus in soils and the need for phosphorus nutrition in plants.

Practical significance: the data obtained as a result of research on the mobilization of phosphorous compounds in soils will allow rational use of expensive synthetically produced mineral fertilizers, especially phosphorous ones, based on the biological characteristics of crops and the conditions of their phosphorus nutrition.

Regulation of the phosphate regime of soils will make it possible to steadily maintain the yield levels of agricultural crops, including sugar beet.

The study of the transformation of the phosphorus fraction of organic compounds makes it possible to establish the dependence of the formation of the productivity of sugar beet not only on the content of mobile phosphorus in soils, but also on their fractions in the composition of mineral and organic forms.

The obtained experimental data will undoubtedly make a certain contribution to the development of soil science and agrochemical science in the Republic of Kazakhstan. The implementation of the results of the developed projects will improve the existing methods of analyzing the phosphate fund of soils, and the data on the mobilization of phosphorus from organic forms will make it possible to adjust the previously applied norms of phosphorus fertilizers for the planned yields of agricultural crops, towards their decrease. In economic terms, it is expected to receive 350-400 q/ha of sugar beet root crop and increase profitability by 18-20%.
Scientific novelty: 1 For the first time, using indicators of the phosphate regime of soils, new analytical data were obtained on the level of the phosphate fund of arable soils of vertical zoning (total, organic, mineral, fractional composition of mineral phosphates, phosphorus, organic compounds and their fractions), which will be used to determine effective doses phosphorus fertilizers by crops and soil zones;
2 Based on the data on the content of phosphorus in the composition of fulvic and humic acids and their ratios, a qualitative assessment will be given to organophosphates;

3 The established data on the mobilization of phosphorus of organic compounds will make it possible to adjust the norms to reduce the previously recommended phosphorus fertilizers for agricultural crops, in particular, sugar beet;

4 Correlation dependences of yield on the degree of mobilization of organic phosphates of the soil will be established.

Goal of the work: Study of the phosphate fund of various types of soils in the Ili Alatau and the transformation of phosphorus fractions of organic compounds of the soil with prolonged and systematic use of fertilizers on permanent crops of sugar beet and in crop rotation.

Main tasks of the project:

- Study and determination of reserves and group composition of phosphates in the soils of the foothill zone of the Ili Alatau;

- Study and determination of the qualitative and quantitative composition of phosphorus in organic (fulvic and humic acids) soil compounds;

- Identification of the nature of the transformation of phosphorus fractions of organic soil compounds during long-term and intensive use of fertilizers on sugar beet crops;

- Study the effect of changes in the qualitative and quantitative composition of organic phosphorus on the phosphate regime of soils and sugar beet productivity;

- Assessment of the economic efficiency of using fertilizers for sugar beet crops, taking into account the degree of mobilization of phosphorus of organic soil compounds.
Inventory numbers of reports: for 2018 - № 0218RK00596; for 2019 - № 0219RK00646.
MAIN PART
1 State of knowledge of the problem and choice of research direction
In the conditions of agricultural intensification, the problems of soil fertility management and the development of methods for its expanded reproduction are significantly increasing.

According to many researchers, the phosphate level of soils is a sign of their fertility and its increase is an indicator of improvement and cultivation [2-6].

If the problem of nitrogen in biological agriculture to some extent is solved by the structure of sown areas, increasing the share of legumes in crop rotation, creation of conditions for active symbiotic nitrogen fixation, the balance of phosphorus, potassium, micronutrients is more stress [7].

In this regard, the study of the transformation of food elements, in particular phosphorus, depending on soil types in different climatic conditions, agrotechnical techniques, and the use of fertilizers is very relevant.

It is known that organophosphate compounds of the soil make up a significant part of the total phosphorus. According to I. I. Sinyagin, their share in the arable layer accounts for about 30-85% of the total phosphorus content in the soil [2].

Recently, more and more attention has been paid to the problem of organic phosphorus as a potential reserve of phosphorus assimilated for plants.

Back in the 70s of the last century, there were different opinions about the forms of organic phosphates in the soil. Some researchers believed that organophosphates are in the form of compounds of individual nature: phytin, phosphatides, nucleic acids, etc. [3,4].

Others noted that they contain compounds in the soil that arose during humus formation [5,6].

The use of mineral and organic fertilizers in different types of soils led in some cases to an increase in the content of organic phosphates  while in others it remained unchanged or even decreased [7,8].

Despite the high content of phosphorus associated with organic matter (30-50% of the total content), it is poorly used by plants. Even earlier Dushechkin A. I. comparing the ratio of organic and mineral phosphates of various soils with the efficiency of fertilizers, noted that the phosphorus of organic matter is little available to plants [9].

At the same time, other researchers (Dmitrienko P. A.) and others [10] believe that organic matter under the influence of microorganisms and chemical processes is one of the permanent sources of plant nutrition, including phosphorus. Some authors [11-14] note an increase in the amount of organophosphates during fertilizer application, while in other studies [15,16] mineral fertilizers and even organic fertilizers did not increase, and sometimes reduced their content.

Thus, according to data of P. Levenec, G. M. Krivonosova [15], who non-humified (non - specific) organophosphorus compounds were extracted from the soil with a sulfoacetate mixture, humified (specific) – with 0.3 N alkali solution, followed by division into humic acids and fulvic acids according to Kononova and Belchikova. It was found that the largest amount of phosphorus is accounted for by non-specific compounds: in powerful chernozem-about 50%, and in podzolized chernozem-about 30% of the amount of organic phosphates.
In the group of alkaline - soluble organophosphate compounds of the soil, most of the phosphorus is accounted for by fulvic acid and a small amount-by the humic fraction of organic matter.

This is explained by the fact that, being in a state of unused deposits, the soil was enriched with undecomposed plant and root residues, which after plowing began to intensively mineralize. This process was less pronounced on podzolized chernozem.

In both soils, there was a slight increase in the amount of fulvic acid phosphorus, especially in powerful chernozem, with a simultaneous decrease in the amount of humic acid phosphorus.

The application of mineral fertilizers to varying degrees changed the content of Р2О5 in the fractions of organophosphates.

A noticeable decrease in the amount of phosphorus of non-specific compounds was observed on the powerful chernozem in the second year of application and in the aftereffect.

The amount of phosphorus bound to fulvic acids in both soils increased both in comparison with the control (without fertilizers) treatment and their initial content, and the increase reached 1.2-6.2 mg Р2О5 per 100 g of soil.

Changes in the phosphorus content in humic acids are less pronounced.

In the studies of Wildflush I. R on the influence of mineral and organic fertilizers on the content of organic phosphates in long-term fertilized sod-podzolic soils, it was found that long-term systematic application of fertilizers on loamy and sandy loam soils led to an increase in the content of organic phosphorus. However, it is noted that the relative content of organic phosphorus in relation to the gross content on the fertilized treatments tended to decrease, which is due to the accumulation of phosphorus to a greater extent due to mineral forms than organic ones [6].

At the same time, on loamy soil, the content of organophosphate compounds extracted by sulfoacetate extract was 56.2 -61.5% of the total organic phosphorus content, and on sandy loam soil it was even higher - 66.2 - 75.1 %.

The problem of regulating phosphate mode associated with the definition of the level to which it is advisable to increase the content of soluble phosphates depending on soil type, content of natural phosphorus characteristics of the absorption and fixing it in the soil, composition of crops and other indicators [16-19].

As noted by I. N. Chumachenko, organic soil phosphates, especially nucleoproteins and nucleic acids, which depend on the humus content, play an important role in nutrition due to their mobility under certain conditions. They found that the use of phosphorus fertilizers practically did not affect the increase in the content of organic phosphates in the studied irrigated gray soils of Central Asia (light, typical, dark, old-irrigated) [19].

This is confirmed by Sushenica B. A. [20], saying that a special place in these soils is occupied by organophosphates, which are a close reserve of phosphorus nutrition in unfertilized soil, their content exceeds the sum of mobile mineral phosphates by almost two times. 3-year-old alfalfa, well fertilized with phosphorus, contributed to a sevenfold increase of organic phosphates.

The amount of organic compounds of individual nature (nucleic acids, phytin, phosphatides) in soils does not exceed 10-15% of the total humus stock [21, 22]. Their sources are plant residues and products of metabolism and synthesis of microorganisms.

The main source of organic phosphorus in the soil is the most stable organophosphorus compounds in plants – nucleoproteins, nucleic acids, phytin, phosphatides, and a number of derivatives of these compounds [23].

Recent studies have shown that most of the organic phosphates (up to 50-70% of the total content) are associated with humus substances in the soil [24-26]. Organophosphates are a reserve of forms of phosphorus directly available to plants in soils.

Makarov M. I. et al. [27] studying the distribution of Rrgs by granulometric fractions of sod-podzolic, gray forest and Chernozem soils came to the conclusion that over 70% of Porg of humus horizons were accounted for by silty and fine-dusty fractions. In fine fractions, organic matter was accumulated, relatively enriched in phosphorus, which caused a decrease in the C:P ratio in them.

In research, Heifetz D.M. et al. [3, 27, 29] showed that the amount of phosphorus bound to organic matter in the studied soils is different and ranges from 9 to 50% of the total content for different soils.

According to the results of research, the quantitative uncertainty of the concept of "fulvic acid phosphorus" follows from the high dependence of the concentration of P in fulvic acids on the method of isolation of this group of compounds [28-31].

In the conditions of Kazakhstan, studies [7-10, 32-36] found that the systematic use of phosphorous fertilizers significantly improves the phosphate regime of soils.

In the research of Chirkova R. A. and Kozybayeva F. E. [37] on the study of reserves and group composition of phosphates in the soils of the sub-mountain plains of the Zaili Alatau (meadow-gray, meadow, meadow-marsh), it is shown that the amount of organic forms of phosphorus is determined by the content of humus in the soil.

Thus, according to the results of studies conducted by Basibekov B. S. and Torshina O. B. [38] on irrigated light chestnut soil under crops of eight-day beet crop rotation, a significant change in the phosphate regime of the soil was shown after the first rotation.

Thus, the results of research on the transformation of organic phosphates presented in the literature review showed that this issue is sufficiently studied in the CIS countries and abroad, and such studies were not carried out sufficiently in various soil and climatic conditions of Kazakhstan. Therefore, research in the conditions of the foothill zone of the Ili Alatau to determine the participation of organic phosphorus in plant nutrition is very relevant today.
 2 Soil and climate conditions of the research area
Climate. The surveyed territories of the Ili Alatau belong to the steppe and desert-steppe zones of vertical zoning with a sharply continental climate.

The climatic conditions of the steppe and desert-steppe zones are characterized by low humidity, plenty of sunlight, and a short but rather cold winter.

The average annual temperature in the steppe zone ranges from 7.7 – 8.7 °C and in the desert-steppe zone it is equal to 6.6 -7.7 °C.

The transition of air temperature from positive to negative values can occur from the first decade of December. Stable snow cover is formed in late November and early December. The duration of the snow period is 85-100 days. The snow cover is uneven, its height is on average 18-35 cm during thaws, which are often observed in winter, there is a complete loss of snow cover. The absolute minimum temperature is 36°C. The average annual precipitation in the research area is 414.5 mm, of which 235.7 falls during the growing season (April - September).

The longest season of the year in the research areas is summer (120-180 days). The hot period may begin in the second decade of April, and continue until the second decade of October. The average temperature is +20 +23°C. The amplitude of daily fluctuations in daytime and nighttime temperatures is quite high and averages more than 20°C. The sum of positive temperatures for the summer period is 3450-3750°C, and the sum of temperatures for the period above 10 °C in the study areas ranges from 3100 to 3400°C.
Relative humidity decreases in early June due to a sharp increase in temperature and is 50.3-61.6 %, with the average annual values of 49.2-50 %. The amount of precipitation is significantly reduced.
Meteorological data for the growing period in 2018 according to the weather station Almalybak (Kazakh Research Institute of Agriculture and Crop Production) differed significantly from the long-term average indicators (table 1).

In 2018 during the growing season the average temperature was above the long-term of 1.3○С, and the amount of precipitation was 329,9 mm or 94.2 mm more than the long-term average (235.7 mm, table 1).

In 2019, during the growing season, the average monthly temperature was 1.9 ° C higher than the long-term one, and the average annual temperature was 4 ° C, and the annual precipitation was 706.4 mm or 291.9 mm more than the long-term average (414.5 mm, table 1).
A distinctive feature of the final year 2020 is a fairly high temperature regime both in January-March (-2.9; +1.8; +6.4) and during the growing season of agricultural crops (table 1).
According to the results of research, the amount of precipitation significantly exceeded the average annual norm in all months except January and June. In 2020, during the growing season, the average monthly temperature was 0.7 °C higher than the long-term one, and the amount of precipitation was 365.8 mm, or 130.1 mm more than the long-term average.

All this had a positive impact on the growth and development of crops during the growing season.
Relief. High ridges of the Tien Shan mountain range stretched in the South-East of Kazakhstan. The Ili Alatau is one of the largest ranges of the Northern Tien Shan chain. The ridge of the Ili Alatau extending from West to East forms a wide arc, facing the bulge to the South. It is about 300 km long and 35-40 km wide.

In the Central, most elevated part, the height of the ridge reaches 4000 m above sea level. To the East and West, the heights of the ridge decrease.

Soil and soil-forming rock. Due to the peculiarities of the mountainous terrain of Kazakhstan, soil-forming rocks of various Genesis and age are common. Of these, the most developed are elluvial-delluvial rocks – binomial, gravelly-loamy above, and gravelly below. In terms of the thickness of the upper loam cover, small and medium - sized ones predominate among them, and powerful ones are less common. These rocks cover the mountain slopes, which are composed of dense paleozoic deposits.

Loess and loess-like loam deposits are the most common parent rock of mountain chernozems and chestnut soils. These rocks were deposited mainly in the foothill zone, sometimes forming gentle hills, hills and foothill slopes. The latter, due to their position, are composed of different types of precipitation, and even now they are subject to increased dynamic work of exogenous forces. At the present time, in the foothill zone, large cones of pebbles – sand and coarse clay materials-are deposited on the bedrock by mudflows and flood waters of mountain rivers. The city of Almaty, which lies along the path of mudflow propagation, is located on one of these outflows. Due to this activity of mountainrivers, almost the entire foothill part of the Ili Alatau against the gorges is covered with pebbles and sand-clay outcrops. The remaining area of the foothills is occupied by loess-like loam massifs, sometimes underlain y alluvial deposits.
The loess of the foothill strip is a natural extension of mountain ridges, usually made up of the same loess.

Our research covered the following zones of foothills and foothill plains of the Ili Alatau.

Table 1 – Climatic characteristics of the area of research for 2018-2020 (meteorological Station Almalybak, Kazakh Research Institute of Agriculture and Crop Production)
	Years
	Months
	Average annual
	Vegetation

period

	
	I
	II
	III
	IV
	V
	VI
	VII
	VIII
	IX
	X
	XI
	XII

	
	

	Air temperature, ○С



	Average long-term
	-10.8
	-8.5
	0.7
	10.4
	16.4
	21.2
	24.1
	22.1
	16.0
	8.3
	- 0.9
	- 7.8
	7.6
	18.4



	2018
	-10.0
	-2.0
	8.4
	12.4
	16.3
	22.3
	25.2
	24.5
	17.3
	11.0
	0.0
	-2.8
	10.2
	19.7



	2019
	-2.1
	-0.5
	8.1
	12.4
	16.9
	22.3
	26.9
	24.9
	18.6
	11.5
	1.2
	-0.8
	11.6
	20.3

	2020
	-2.9
	1.8
	6.4
	14.2
	18.7
	16.5
	24.4
	24.1
	16.8
	-
	-
	-
	-
	19.1

	Precipitation, mm

	Average long-term
	19.8
	21.9
	48.8
	56.5
	61.6
	53.9
	26.6
	21.2
	15.9
	29.1
	30.1
	29.1
	414.5
	235.7



	2018
	24.3
	37.2
	123.8
	81.6
	124.9
	28.7
	32.3
	43.5
	18.9
	53.8
	60.8
	32.3
	662.1
	329.9



	2019
	38.1
	53.8
	31.5
	183.0
	39.3
	72.7
	25.7
	67.7
	67.2
	44.7
	32.6
	50.1
	706.4
	455.6

	2020
	16.7
	74.0
	52.7
	146.7
	73.5
	42.6
	38.1
	43.7
	21.2
	-
	-
	-
	-
	365.8


II. The foothill desert-steppe zone. Belt of foothill light-brown soils up to a height of 750-850 mm.

III-IV. Zone – foothill steppe. From 700-800 up to 1200-1400 m. In this zone there is a zone of foothill dark brown soils up to a height of 850-1000 m; foothill chernozems up to a height of 750-850 mm.

The main part of the foothill and mountain chernozems is used for pastures and hayfields, a small area is occupied by arable land.

According to many researchers [39, 40], virgin mountain chernozems are characterized by a large horizon thickness (A+B) of 60-70 cm, structure, humidity of the entire profile, abundance of caprolites and penetration into a significant depth of the root system.

The profile of arable mountain chernozems is characterized by a lower thickness of horizons A+B-49 cm, carbonate accumulations at a depth of 76-100 cm.

The mechanical composition of mountain chernozems is medium and heavy loamy. The content of humus in chernozems of the mountain ranges of 7.6-12.8% range.

Dark chestnut soils are distributed by a strip of foothill plains from East to West of the Ili Alatau. The total area of foothill dark chestnut soils in the Ili Alatau is 447 thousand hectares. They are divided into leached, carbonate and eroded.

Mountain chestnut soils differ from the chestnut soils of the plains. They have a lower thickness, almost no salinity, and a higher humus content of the upper horizon.

The humus content in the arable horizon is 1.60-2.25%. Total forms of nitrogen 0.198-0.197, phosphorus 0.200-0.220, potassium 2.40-2.35%. Mobile forms of mineral nitrogen 48.2-54.8, mobile phosphorus 65-75 and exchangeable potassium 390-475 mg/kg of soil.
The territory of the field station of the Kazakh research Institute of agriculture and crop production, where the field experiment was conducted in the reporting year with sugar beet, is located at the foot of the mountain ranges of the ili Alatau at an altitude of 700-800 m above sea level.

The soil-forming rock is loess-like loam. Ground water lies at a depth of 10 m or more. The soil cover of the experimental site is represented by foothill light chestnut soils.The soil-forming rocks are loess-like loams, deeply underlain by pebble deposits.
The light chestnut soils of the experimental site have a well-developed profile, humus horizon (Aarable +A1), are structured, poorly compacted, so it is quite favorable for the cultivation of many agricultural crops. The humus content is 2.27-2.35%, the total forms of nitrogen are 0.171-0.182, phosphorus is 0.200-0.210, and potassium is 1.62-1.75%. The content of mobile forms of nutrients in the arable horizon was 23.1-24.8, 20.2-27, and potassium 424-455 mg/kg of soil, respectively.
3 Research program, methodology and objectives

3.1 Research program
The solution of the tasks was carried out by laying sections, digging, sampling on the main sites of various types of soils (chernozems, dark chestnut and light chestnut) of the vertical zoning of the Ili Alatau, as well as on the site of long-term field experience under crops of eight-field beet crop rotation and permanent sowing of sugar beet.

The implementation of the tasks was carried out using the following treatments of long-term  stationary experience (since 1961) in crop rotation and permanent sowing of sugar beet.

In just 56 years, permanent sugar beet crops on light chestnut soil were introduced:

Single rate of phosphorus - N5600P3360K3360;

One and a half rate - N5600P5040K3360;

Double rate - N5600P6720K3360;

Experience scheme:
1 Without fertilizer (control)
2 NK- background
3 NK+P1(single rate)
4 NK+P1,5(one and a half rate)

5 NK+P2 (double rate)

The experiment was carried out in 4 replications, the area of the plot is 216 m2. As nitrogen fertilizer used urea (46% active substance), phosphate double superphosphate (47% active substance), potash – potassium chloride (60% active substance).

Annually made of phosphate fertilizers is a single dose of phosphorus 90 kg/ha, half - 135 kg/ha and double dose of 180 kg/ha.
3.2 Research methodology

In order to determine the agrochemical characteristics, reserves and group composition of phosphorus in the studied soils of the vertical zoning of the Ili Alatau, as well as to study the chemical composition of sugar beet, soil and plant samples were selected (Appendix E).
In soil samples, the following parameters were determined::

- agrochemical indicators of the studied soils (humus, total forms of NPK content, pH, etc.) using generally accepted classical methods;

- total content of organic phosphates – by the Meta method in the Ginzburg modification;

- composition of mineral phosphorus according to Ginzburg-Lebedeva;

- mobile phosphates by the Machigin method;

- fractional composition of organic phosphates by the Bauman and Cole method.

The coefficients of determination between the total content of organic phosphates and the fractions of humic and fulvic acids will be determined by the method of Fischer, J.Tukey et al.

In plant samples of sugar beet were determined the dry matter content of thermostatic-weighing method (at 1050С), the total content of NPK method of wet ashing by Ginzburg and Shcheglova with further stripping of nitrogen by Kjeldahl, phosphorus calorimetric, potassium on flame photometer. Qualitative analyses of sugar beet root crops (dry matter, total sugar, etc.) were carried out using conventional methods:

- dry matter – by weight method (drying);

- total sugar – according to Bertran method.

Chemical analyses of soils and plants were performed in the laboratories of the Department of Soil Science and Agrochemistry of the Kazakh national agrarian university, the U. Uspanov Kazakh Research Institute of Soil Science and Agrochemistry, the Kazakh Research Institute of Agriculture and Crop Production and the V. Dokuchaev Soil Institute (Moscow) (Appendixes B, G).
4 Research results
In the conditions of the foothill zone of the Ili Alatau, key sites for periodic selection of soil samples on various types of soils were identified and laid down.
4.1 Morphological and agrochemical characteristics of the studied soil types of the Ili Alatau

In the Northern part of the Ili Alatau, the steppe zone passes into the foothill plain, where almost a quarter of a million (250 thousand) hectares are occupied by dark chestnut and chestnut soils.

Dark chestnut soils are developed on loess-like carbonate loams.

The granulometric composition of the soil from the sections (1,2) laid on the experimental site of the Institute of potato and vegetable farming hospital is shown in Table 2, Appendix D.

These soils differ from the chernozem section 3,4 (Appendix D), where in the conditions of arable land in the upper layers there is a fairly high content of both physical clay (56,41%) and muddy (27.1%) fraction, while on virgin land these indicators are noticeably lower (49,8-55,0; 20,7-24,4%).

The difference in these indicators is even more noticeable in light chestnut soil, where in the upper layer these indicators are 39.56% and 15.91%. In general, all the studied soils are classified as heavily loamy (table 2).

The results of surveys of various types of soils over the years of research have shown the dynamics of agrochemical indicators depending on anthropogenic influences. Thus, the use of dark chestnut soils for a long time led to a noticeable decrease in the main indicator of fertility-humus from 3.26% in virgin land to 2.22% in arable land (table 3). As can be seen from the table on arable land, there is a relatively uniform decrease in humus along the soil horizons from 2.22% in arable to 0.51% in the layer of 100-128 cm.

On virgin soil, there is a higher humus content in the upper layers (0-10-38 cm) of 3.26-2.27% and a sharp decrease in the lower horizons – 0.54-0.47 %.

This pattern in the content of humus was also established on mountain chernozem, where in arable conditions its value decreased in the upper layer (0-25) to 3.73% in the second (25-55) to 2.06%, while on virgin land in the upper layer (0-10 cm) there was 5.20% of humus, in the second (10-38) - 3.56%, in the third (38-58) – 2.48%, in the 58-90 cm layer – 1.44%, and in the 90-117 cm layer there was 1.24% (table 3).
Table 2 - Granulometric composition of virgin and arable soils of the Ili Alatau (2018-2020)
	Soil
	Horizon depth, cm
	Absolute

dry

weight, % Н2О
	Fraction content in % on absolute dry soil

	
	
	
	Fraction size in mm

	
	
	
	Sand 
	Dust
	Silt 
	Phys. clay

	
	
	
	1.0-0.25
	0.25-0.05
	0.05-0.01
	0.01-0.005
	0.005-0,001
	(0.001
	(0.01

	Dark chestnut soil, arable land
	0-30
	2.26
	2.58
	8.62
	48.70
	2.05
	13.91
	24.15
	40.12

	
	30-47
	2.5
	0.53
	3.88
	38.15
	15.59
	16.41
	25.44
	57.44

	
	47-80
	2.46
	0.35
	27.88
	13.53
	19.27
	14.35
	24.61
	58.23

	
	80-100
	2.34
	0.33
	28.30
	13.40
	20.26
	14.60
	24.90
	58.56

	
	100-128
	2.22
	0.31
	28.52
	13.80
	20.53
	15.11
	25.30
	59.10

	Dark chestnut soil, virgin soil
	0-10
	2.54
	1.05
	5.38
	42.27
	15.60
	11.90
	23.81
	51.30

	
	10-38
	2.40
	0.39
	3.71
	42.21
	17.21
	14.75
	21.72
	53.69

	
	38-54
	2.18
	0.37
	3.23
	25.76
	13.09
	14.72
	22.90
	50.71

	
	54-98
	1.76
	0.16
	4.56
	42.35
	13.84
	17.10
	22.00
	52.93

	
	98-117
	1.67
	0.15
	3.99
	42.63
	14.20
	18.20
	22.56
	53.38

	Mountain chernozem, arable land
	0-25
	2.86
	0.12
	5.99
	37.47
	13.59
	15.65
	27.18
	56.41

	
	25-55
	2.1
	0.92
	6.74
	43.72
	11.44
	15.12
	22.06
	48.62

	
	55-95
	1.96
	1.25
	5.92
	38.76
	16.73
	12.24
	26.11
	55.08

	
	95-130
	1.84
	0.21
	6.44
	39.60
	17.40
	13.24
	25.83
	56.40

	Mountain chernozem, virgin land
	0-10
	3.68
	1.16
	12.87
	36.13
	16.20
	12.87
	20.76
	49.83

	
	10-38
	3.26
	0.37
	4.53
	40.11
	13.65
	16.95
	24.40
	55.00

	
	38-58
	2.44
	0.16
	4.04
	42.23
	14.35
	11.48
	27.47
	53.30

	
	58-90
	2.14
	0.12
	13.63
	41.28
	13.49
	7.77
	23.71
	44.96

	
	90-117
	1.96
	0.12
	14,10
	41.62
	13.81
	8.30
	24.61
	46.40

	Light chestnut soil, arable land
	0-33
	1.94
	8.40
	18,99
	33.04
	8.97
	14.69
	15.91
	39.56

	
	33-51
	2.86
	2.23
	46,15
	0.00
	13.93
	18.03
	19.66
	51.62

	
	51-68
	2.48
	0.92
	30,58
	23.38
	6.15
	20.92
	18.05
	45.12

	
	68-96
	2.24
	0.87
	31,30
	23.90
	6.09
	21.40
	18.30
	49.30

	
	96-132
	2.13
	0.91
	31,64
	24.30
	5.85
	21.64
	18.44
	50.11


In almost all the studied soils, the total nitrogen content is mainly in accordance with the amount of humus in them.

So, in dark chestnut soil on arable land, where the humus in the upper layer was 2.22%, the total nitrogen content was only 0.161%, while in virgin soil in this soil, with the humus content in the upper layer of 3.26%, the total nitrogen was 0.231%.

The same pattern is observed in mountain chernozem, where on arable land in the upper layer of soil (0-25 cm) with a humus content of 3.73% of total nitrogen was 0.252% and on virgin land, respectively, 5.20% and 0.490%.

In contrast to nitrogen the content of total phosphorus depends on the degree of application of fertilizers.

Thus, the content of total phosphorus in dark chestnut soil on arable land, where fertilizers were used for vegetable crops for a long time, the amount of total phosphorus ranged from 0.218% in the upper (0-30) to 0.148% in the lower (100-128) layer. In the virgin area of dark chestnut soil, its content is significantly lower and ranges from 0.169-0.131 in layers of 0-117 cm (table 3).

A slightly different picture is observed in the mountain chernozem, where in the conditions of virgin soil the amount of total phosphorus was 0.196% -0.136% over the entire profile, and on arable land where fertilizers were practically not used, the phosphorus content was within the limits of the virgin analog – 0.188-0.128%.

According to the content of total potassium, as can be seen from table 3, all the studied soils are almost identical to each other.

So, in dark chestnut soil on arable land, the potassium content varies throughout the profile in the range of 2.812-2.178%.

The same amount of total potassium in the profile of this soil was determined in the conditions of virgin land – 2,968-2,015%.

Chernozem and light chestnut soils also have a fairly high content of total potassium throughout the soil profile.

The content of mobile forms of the main elements of nutrition in the studied soils has its own characteristics.

All the studied soils along the entire profile are almost equally provided with easily hydrolyzed nitrogen, with the exception of arable land on light chestnut soil, where, on the contrary, the content of easily hydrolyzed nitrogen is reduced relative to others.

According to the content of mobile phosphorus, the studied soils differ both by type and by the degree of anthropogenic impact.
	Table 3 - Agrochemical characteristics of the surveyed virgin and arable soils of the Ili Alatau (2018-2020)
№

Soil Profile
	Soil
	Depth

horizon, cm
	Humus, %
	Nitrogen, %
	Phosphorus,%
	Potassium,%
	рН
	СО2,%
	Mobile forms, mg/kg

	
	
	
	
	
	
	
	
	
	Ne.h.
	Р2О5
	К2О

	1
	Dark chestnut

soil, arable land
	0-30
	2.22
	0.161
	0.218
	2.812
	8.34
	0.24
	29.4
	56.5
	370

	
	
	30-47
	1.46
	0.119
	0.202
	2.875
	8.39
	1.03
	30.8
	20.5
	225

	
	
	47-80
	1.03
	0.091
	0.196
	2.716
	8.67
	2.85
	29.4
	7.0
	180

	
	
	80-100
	1.25
	0.074
	0.173
	2.388
	8.78
	6.33
	24.4
	18.9
	145

	
	
	100-128
	0.51
	0.068
	0.148
	2.178
	8.85
	6.87
	18.6
	17.3
	125

	2
	Dark chestnut

soil, virgin land
	0-10
	3.26
	0.231
	0.169
	2.968
	8.46
	0.87
	35.0
	14.5
	710

	
	
	10-38
	2.27
	0.204
	0.140
	3.000
	8.47
	0.49
	32.2
	14.0
	730

	
	
	38-54
	1.30
	0.126
	0.172
	2.750
	8.72
	3.5
	35.0
	8.0
	355

	
	
	54-98
	0.54
	0.077
	0.140
	2.100
	8.93
	5.11
	29.4
	7.0
	115

	
	
	98-117
	0.47
	0.059
	0.131
	2.015
	8.99
	4.48
	22.3
	5.4
	107

	3
	Mountain chernozemarable land
	0-25
	3.73
	0.252
	0.188
	2.658
	8.53
	2.41
	36.4
	31.0
	260

	
	
	25-55
	2.06
	0.168
	0.168
	2.161
	8.74
	7.2
	43.4
	5.5
	145

	
	
	55-95
	0.79
	0.091
	0.114
	2.250
	8.82
	7.35
	33.6
	10.5
	100

	
	
	95-130
	0.43
	0.057
	0.128
	1.960
	8.93
	11.38
	30.08
	13.1
	112

	4
	Mountain chernozemvirgin land
	0-10
	5.20
	0.490
	0.196
	2.594
	7.48
	0.3
	47.6
	30.5
	590

	
	
	10-38
	3.56
	0.378
	0.182
	2.531
	7.72
	1.43
	43.4
	18.0
	345

	
	
	38-58
	2.48
	0.168
	0.148
	2.378
	8.03
	5.13
	43.4
	8.0
	205

	
	
	58-90
	1.44
	0.098
	0.056
	1.875
	8.85
	10.8
	33.6
	5.5
	105

	
	
	90-117
	1.24
	0.107
	0.136
	1.949
	8.90
	10.25
	30.9
	7.1
	112

	5
	Light chestnut soil, arable land
	0-33
	1.65
	0.098
	2.200
	2.50
	8.61
	1.95
	28.0
	12.0
	290

	
	
	33-51
	1.32
	0.084
	0.204
	2.56
	8.68
	3.25
	25.2
	10.0
	230

	
	
	51-68
	1.45
	0.126
	0.200
	2.50
	8.60
	3.57
	28.0
	6.0
	190

	
	
	68-96
	1.31
	0.118
	0.196
	2.41
	8.62
	3.64
	24.0
	5.5
	185

	
	
	96-132
	1.00
	0.109
	0.180
	2.30
	8.64
	3.8
	20.0
	5.2
	175


So, in the upper horizon of dark chestnut soil on arable land, the content of mobile phosphorus is 56.5 mg/kg, while in the virgin area of this soil, the upper layers (0-10 cm) (10-38 cm) contain only 14.5-14.0 mg/kg of dry soil.

In mountain chernozem, on arable land - 31.0 mg/kg, and on virgin land - 30.5 mg/kg.

Also, the amount of mobile phosphorus was lower in the upper horizon (12.0 mg/kg) of light chestnut soil, where fertilizers were not applied for many years.

The influence of anthropogenic impact on the soil is even more noticeable in the dynamics of the exchange of potassium in the studied soils.

Thus, in the upper layers of dark chestnut soil on arable land, the content of exchangeable potassium was 370-225 mg/kg, while on virgin land these indicators were in the range of 710-730 mg/kg of dry soil.

The same pattern is established on the mountain chernozem, where the content of exchangeable potassium in the arable land ranged from 260 mg/kg in the upper layer, and 590-345 mg/kg in the virgin land. The content of carbonates in the studied soils and their distribution also has its own characteristics.
So, in dark chestnut soil, both on virgin land and on arable land, the presence of carbonates is noted from the soil surface in a small amount and 0.5 meters they are washed and their high content is established from a depth of 0.5 m and further.

In mountain chernozem carbonates along the entire profile, in the 0-25 cm layer their content is 2.41% CO2, significantly increasing in depth – 7.35-11.38 % СО2.

In light chestnut soil on arable land, their content in the arable layer is not high -1.95% CO2, increasing with depth to 3.64-3.80%.

Thus, from this table 3 it can be seen that the main indicators that characterize a particular type of soil are mainly in accordance with natural (virgin) conditions, and at the same time noticeably changing under anthropogenic influences for the better or for the worse.

Determination of the absorbed bases in the studied soils shows that in all types, Ca and Mg predominate, which In dark chestnut soil in the upper layers of arable land Ca is 14.64 mg/eq, and Mg -2.93 mg/eq with a gradual decrease with the depth of the profile to 11.70 and 2.42 mg/eq, respectively, accounting for 80.6 and 16.1% of the total absorbed bases (table 4).

In dark chestnut soil under natural conditions (virgin land), the upper layers contain approximately the same amount of Ca and Mg and their ratio as in arable land. Only in the lower layers is there a difference. Thus, the table shows that the Ca content was 15.62 mg/eq, and Mg-3.42 mg/eq, which is a percentage of 77.5 and 17.0% of the total absorbed bases.

Even more Ca in the composition of absorbed bases in mountain chernozem, where in the conditions of arable land in the upper layer, its content was 21.22 mg/eq, and Mg was only 1.23 mg/eq. with depth, the amount of Ca decreases to 10.13 mg/eq, and Mg, on the contrary, increased to 3.53 mg/eq per 100 g of soil, which is a percentage of 71.7 and 25.0% of the amount of absorbed bases.
	Table 4 - Composition of absorbed bases of the surveyed virgin and arable soils of the Ili Alatau (2018-2020)
№

Soil Profile
	Soil
	Depth

horizon, cm
	Absorbed bases,

mg-eq, % 
	Absorption capacity, mg-eq per 100 g of soil

	
	
	
	Са2+
	Mg2+
	Na+
	K+
	

	1
	2
	3
	4
	5
	6
	7
	8

	1.
	Dark chestnut

soil, arable land
	0-30
	14.64

80.60
	2.93

16.1
	0.38

2.1
	0.23

1.2
	18.18



	
	
	30-47
	13.91

83.3
	2.21

13.2
	0.46

2.8
	0.12

0.7
	16.70

	
	
	47-80
	13.18

80.6
	2.44

15.0
	0.40

2.4
	0.33

2.0
	16.35

	
	
	80-100
	11.63

70.5
	2.75

16.7
	0.32

1.9
	1.79

10.9
	16.49

	
	
	100-128
	11.70

79.9
	2.42

16.5
	0.26

1.8
	0.27

1.8
	14.65

	2.
	Dark chestnut

soil, virgin land
	0-10
	15.62

77.5
	3.42

17.0
	0.44

2.2
	0.67

3.3
	20.15

	
	
	10-38
	13.91

76.3
	3.42

18.8
	0.37

2.0
	0.52

2.9
	18.22

	
	
	38-54
	11.96

69.8
	4.15

24.2
	0.77

4.5
	0.26

1.5
	17.14

	
	
	54-98
	8.54

65.5
	3.90

29.9
	0.44

3.4
	0.15

1.2
	13.03

	
	
	98-117
	7.65

56.0
	5.49

40.2
	0.39

2.9
	0.12

0.9
	13.65

	3.
	Mountain chernozemarable land
	0-25
	21.22

92.0
	1.23

5.3
	0.41

1.8
	0.21

0.9
	23.07

	
	
	25-55
	16.36

87.6
	1.71

9.2
	0.49

2.6
	0.11

0.6
	18.67

	
	
	55-95
	12.94

79.0
	2.93

17.9
	0.42

2.5
	0.10

0.6
	16.39

	
	
	95-130
	70.13

71.7
	3.53

25.0
	0.38

2.7
	0.09

0.6
	14.13

	4.
	Mountain chernozemvirgin land
	0-10
	21.97

83.6
	3.17

12.1
	0.44

1.7
	0.70

2.6
	26.28

	
	
	10-38
	20.99

83.1
	3.42

13.5
	0.45

1.8
	0.41

1.6
	25.27

	
	
	38-58
	15.37

73.6
	4.87

23.3
	0.48

2.3
	0.15

0.8
	20.87

	
	
	58-90
	13.40

84.6
	1.96

11.9
	0.47

2.9
	0.09

0.6
	16.42

	
	
	90-117
	12.57

78.5
	2.88

18.0
	0,44

2,7
	0.12

0.8
	16.01

	5.
	Light chestnut soil, arable land
	0-33
	10.69

83.1
	1.46

11.3
	0.44

3.4
	0.28

2.2
	12.87

	
	
	33-51
	11.66

79.3
	2.43

16.5
	0.44

3.0
	0.18

1.2
	14.71

	
	
	51-68
	13.61

83.8
	1.94

11.9
	0.54

3.3
	0.15

1.0
	16.24

	
	
	68-96
	13.40

83.1
	2.06

12.8
	0.49

3.0
	0.18

1.1
	16.13

	
	
	96-132
	13.21

82.2
	2.18

13.5
	0.47

2.9
	0.22

1.4
	16.08


In virgin land, the content of Ca and Mg, in contrast to arable land, decreases gradually with a depth from 21.97 to 12.57 mg/eq and from 3.17 to 2.88 mg/eq per 100 g of soil.

4.2 Study of the quantitative and qualitative composition of phosphorus in organic (fulvic and humic acids) soil compounds

The reserves and group composition of phosphates in the studied soils were determined by chemical analyses of soils.

A number of researchers [41-44] studied phosphate reserves and their group composition in the main types of soils on the Northern slope of the Ili Alatau.

Our researches had shown that loess and loess-like loam, which formed the soils of the foothill plain, contain 0.15 - 0.16% Р2О5.  

Analyses showed that in the upper horizon of mountain chernozem in the virgin land area, the total phosphorus content was 743.7 mg, mineral 89.9 mg, organic 653.8 mg, i.e. the share of mineral phosphorus is only 12.1%, and organic 87.9% (table 5). 

In the arable layer of mountain chernozem on arable land, total phosphorus was 809.2 mg, mineral – 232.3 and organic-576.9. The percentage of mineral phosphorus was 28.7%, and organic 71.3%.

As can be seen from table 5, with depth, the amount of total phosphorus on both virgin land and arable land gradually decreases to almost the same level – 477.2-527.4 mg. However, as we can see, with the depth of the horizons, the ratio between mineral and organic phosphorus in the composition of their total amount changes significantly.

Most of the total amount of phosphorus in the deep layers is mineral, and the proportion of organic decreases. So, in the mountain chernozem on virgin land in the horizon of 90-117 cm, the amount of mineral phosphorus from the total is 82.7%, and organic 17.3%. At the same depth, in the conditions of arable land (95-130 cm), mineral phosphorus was 76.5%, and organic phosphorus was 23.5%, respectively.

In table 5, the pattern is the same in dark chestnut soil, but the ratio between mineral and organic phosphorus is not as striking as in mountain chernozem.

So, in dark chestnut soil in virgin soil conditions, the upper layer (0-10 cm) contains 630.3 mg of total phosphorus, mineral 278.7 mg and organic 351.6 mg, which is a percentage of 44.2% and 55.8%, respectively, i.e. not as much difference as in chernozem.

The ratio gradually changes in the other direction with the depth of the soil. So, in the horizon of 98-117 cm, the percentage of mineral phosphorus was 77.6%, and organic phosphorus was 22.4%. In dark chestnut soil under arable conditions, there is an equal amount of mineral and organic phosphorus in the upper layers of the soil. So, with the total amount of phosphorus equal to 844.6 mg, mineral and organic in their composition was the same, respectively 420.9 and 423.7 mg, i.e. 49.8 and 50.2 %. Mineral phosphorus also prevails with depth, making up 78.2% of the total amount in the 100-128cm layer.

Table 5 - Content and ratio of phosphorus forms in different types of soils of the Ili Alatau (2018-2020)
	№ 
	Soil type
	Depth, 
cm
	Phosphorus, mg/kg of soil
	Phosphorus,%

	
	
	
	Total
	Mineral 
	Organic 
	Mineral 
	Organic 

	1
	2
	3
	4
	5
	6
	7
	8

	1
	Mountain chernozem (virgin land)
	0-10
	743.7
	89.9
	653.8
	12.1
	87.9

	
	
	10-38
	696.2
	108.0
	588.2
	15.5
	84.5

	
	
	38-58
	548.6
	255.2
	293.4
	46.5
	53.5

	
	
	58-90
	499.1
	390.5
	108.6
	78.2
	21.8

	
	
	90-117
	477.2
	394.8
	82.4
	82.7
	17.3

	2
	Mountain chernozem (arable land)
	0-25
	809.2
	232.3
	576.9
	28.7
	71.3

	
	
	25-55
	725.9
	247.8
	478.1
	34.1
	65.9

	
	
	55-95
	280.2
	149.5
	130.7
	53.4
	46.6

	
	
	95-130
	527.4
	403.2
	124.2
	76.5
	23.5

	3
	Dark chestnut (virgin land)
	0-10
	630.3
	278.7
	351.6
	44.2
	55.8

	
	
	10-38
	487.1
	198.4
	288.7
	40.7
	59.3

	
	
	38-54
	670.8
	359.3
	311.6
	53.6
	46.4

	
	
	54-98
	578.8
	445.9
	132.9
	77.0
	23.0

	
	
	98-117
	724.5
	562.1
	162.4
	77.6
	22.4

	4
	Dark chestnut (arable land)
	0-30
	844.6
	420.9
	423.7
	49.8
	50.2

	
	
	30-47
	860.2
	446.9
	413.4
	52.0
	48.0

	
	
	47-80
	764.0
	476.6
	287.4
	62.4
	37.6

	
	
	80-100
	675.9
	454.5
	221.5
	67.2
	32.8

	
	
	100-128
	604.4
	472.6
	131.8
	78.2
	21.8


In addition, it should be noted that the content of total phosphorus in the upper layers of dark chestnut soil on arable land is quite high (0-30 cm-844.6 mg; 30-47 cm – 860.2 mg) relative to the virgin analog, where the amount of total phosphorus in the upper layers was (10-28 cm – 487.1 mg/kg of soil.

The amount of mineral phosphorus depends on the type of soil and ranges from 89.9 to 420.9 mg/kg of soil. The maximum content of mineral phosphorus (420.9 mg/kg) was found in the upper horizon of arable dark chestnut, and the minimum content of 89.9 mg/kg in virgin mountain chernozem (table 5).

Our studies have shown that the content of loosely bound phosphates (Са-РI) in the arable layer (0-30 cm) of the studied soils ranges from 26.5 to 36.0 mg/kg of Р2О5 of soil. According to the soil profile, the phosphate content of this fraction gradually decreases (Appendix Zh.1).

The fraction of dissimilar calcium phosphates (Са-РІІ) in soils contains much more than the fraction (Са-РI). The amount of different-base calcium phosphates in the upper horizon of soils of the chernozem series is 260-280 mg/kg, dark chestnut 310-345, light chestnut 250-260 mg/kg (Appendix Zh.1).

The highest content of the fraction (Са-РІІ) is observed in the arable layer of dark chestnut soil (320 mg/kg), and in Chernozem soils contains 270-280 mg/kg, and in light chestnut soil 262 mg/kg of multi-base phosphates.

The decrease in the soil profile of the fractions of different bases (Са-РІІ) is more gradual, in comparison with the fractions of loosely bound phosphates. The difference in soil content of fractions of different-base calcium phosphates (Са-РІІ) remains stable throughout the depth (Appendix Zh.1).

High-base calcium phosphates occupy a significant place in the background of "active" mineral phosphates, but their availability is extremely limited, since they are mainly represented by primary minerals such as appatite.

On chernozem soils in the upper horizon, the content of high-base phosphates (Са-РІІІ) is 715-855 mg/kg, dark chestnut 747-758, light chestnut 742 mg/kg of soil and gradually decreases with depth. The maximum content of this group of phosphates (855 mg/kg) was observed on virgin chernozem soils.

As the soil carbonate content increases, the amount (relative) of Apatite-type high-base calcium phosphates (Са-РІІІ) increases. The content of aluminum and iron phosphate fractions, depending on the type of soil, is: black earth soil-80-85 mg/kg, dark chestnut soil-70-75 mg/kg, light chestnut soil -130 mg/kg of soil (Appendix Zh.1).

The amount of mineral phosphates also depends on the type of soil studied. So, on virgin Chernozem soils, the amount of mineral phosphates in the upper horizon is - 1261.0 mg/kg, arable chernozems - 1104.6 mg/kg, on virgin dark chestnut soils-1173.2 mg/kg, arable dark chestnut-1197.7 mg/kg and arable light chestnut-1168.5 mg/kg of soil.
Studies have shown that chernozem soils differ from chestnut soils with a high content of sedentary and low content of the most mobile fractions of mineral phosphates.

It is known that the organophosphate compounds of the soil make up a significant part of the total phosphorus, as shown above.
Recently, much attention has been paid to the problem of organic phosphorus as a potential reserve of phosphorus assimilated for plants. It is necessary to pay attention not only to the total content of organic phosphates in the soil, but also to the components of the phosphorus compounds composing this group in the soil.

Along with organophosphorus compounds of individual nature (nucleic acids, phytin, phosphatases, etc.), the soil contains specific phosphorus-containing compounds, fulvo and humic acids that have arisen in the process of humus formation.
The study of phosphates formed during humus formation shows that the highest content of phosphates of labile organic substances was observed in the mountain сhernozem on the virgin land, where its content fluctuated in the layer of 0-58 cm in the range of 0.97-1.05 mg per 100 g of soil.

In mountain сhernozem under arable conditions, these values were significantly higher – 1.35-0.54 mg (table 6).

Table 6 - Phosphorus content in organic compounds (labile organic matter, fulvic and humic acids) of various soil types in Ili-Alatau (2018-2020)

	№ 
	Soil type
	Depth, cm
	Phosphorus mg per 100 g of soil

	
	
	
	Labile organic matter
	Humic acid
	Fulvic acid

	1
	Mountain chernozem (virgin land)
	0-10
	0.97
	2.15
	3.74

	
	
	10-38
	1.05
	3.45
	1.31

	
	
	38-58
	1.02
	1.31
	0.21

	
	
	58-90
	0.01
	-
	-

	
	
	90-117
	-
	0.04
	-

	2
	Mountain chernozem (arable land)
	0-25
	1.35
	1.65
	3.89

	
	
	25-55
	0.54
	0.115
	0.15

	
	
	55-95
	0.44
	0.16
	0.45

	
	
	55-130
	0.37
	1.43
	-

	3
	Dark chestnut (virgin land)
	0-10
	4.09
	0.26
	1.57

	
	
	10-38
	2.61
	1.02
	0.88

	
	
	38-54
	0.44
	1.76
	0.44

	
	
	54-98
	0.68
	0.01
	4.89

	
	
	98-117
	-
	0.42
	0.63

	4
	Dark chestnut (arable land)
	0-30
	3.57
	0.47
	4.44

	
	
	30-47
	1.22
	0.31
	3.80

	
	
	47-80
	0.70
	0.33
	1.46

	
	
	80-100
	0.75
	0.97
	3.78

	
	
	100-128
	-
	0.05
	5.92


The content of phosphorus, a labile organic substance, in dark chestnut soil both on arable land and on virgin land was significantly higher compared to сhernozem.

Determination of humic acid phosphorus showed that a significant part of it is contained in the composition of fulvic acids.

Thus, in the mountain Chernozem on the virgin land, the humic acid phosphorus in the upper layers (0-58 cm) of the soil is in the range of 1.31-3.45 mg, while in the composition of fulvic acids it is slightly more – 1.31-3.74 mg/100 g.

In the conditions of arable mountain сhernozem in a layer of 0-55 cm, the content of phosphorus fulvic acids is even higher – 3.89 mg, while in humic acids only 0.11-1.65 mg.

Such a high content of phosphorus in the fulvic acid fraction is also observed in other types of soils.

The table shows that the content of fulvic acid phosphorus in a half-meter layer of dark chestnut soil in a virgin area ranges from 1.57-4.89 mg, and humic acid phosphorus 0.26-1.76 mg per 100 g of soil (table 6).
In the dark chestnut soil on arable land in the 0-80 cm layer, the phosphorus content of fulvic acid fraction ranged from 1.46 to 4.44 mg, and the amount of humic acid phosphorus was not high in the upper layer (0-47 cm) - 0.31- 0.47 mg.

4.3 Revealing the transformation of phosphorus of organic and mineral compounds with prolonged and intensive use of fertilizers on sugar beet crops

Based on the results of experimental studies, it was possible to identify 4 groups of processes that affect the transformation of phosphates in the soil: geochemical, biological, chemical and anthropogenic. Each of the identified groups has its own specificity and leads to rather peculiar forms of manifestation of phosphorus compounds in the soil.

Phosphorus introduced into the soil is transformed, as a result of which its mobility changes over time; therefore, it is of interest to compare the long-term dynamics of various forms of phosphates with prolonged and systematic use of fertilizers, in particular, phosphorus fertilizers [45, 46].

n other studies [47-50], the long-term use of fertilizers on weakly leached chernozem contributes to a significant accumulation of relatively readily soluble phosphates of alkali and alkaline earth metals in the soil, the content of the fraction of iron and aluminum phosphates increases, and the content of the fraction of highly basic calcium phosphates changes significantly.

Organophosphorus compounds make up a significant part of the gross reserves of soil phosphorus. They play an important role in soil biochemical processes and in providing plants with available phosphorus during mineralization. Researches of Eleshev R.E. [51-53] showed that the soils of the piedmont zone of the Ili Alatau contain 0.15-0.16% phosphorus.

The results of our research on light chestnut soil showed that the content of mobile phosphorus in the soil under sugar beet depends on the rate of applied phosphorus and the biological characteristics of the crop, which consumes a lot of phosphorus to create marketable products.

When cultivating sugar beets in crop rotation, the treating of full mineral fertilization, where a single rate of phosphorus was 90 kg/ha, provided an increase in mobile phosphorus in the phase of 5-6 leaves (in the 0-20 cm layer) to 49.0 mg/kg of soil, on the control and NK (background) treatment, the content of mobile phosphorus did not exceed 20.7 and 23.7 mg/kg of soil. At treating of one and a half (135) and double rates of phosphorus fertilizers, the content of mobile phosphorus in the 0-20 cm soil layer increased from 51.9 to 59.0 mg/kg of soil. Where complete mineral fertilizer was used and 60 tons of manure (option 6), the content of mobile phosphorus in the upper horizon (0-20 cm) was 58.3 mg/kg. The content of mobile phosphorus decreases significantly on depth (20-40)  (Appendix Zh.2).

With permanent cultivation of sugar beet, the treating of mineral fertilizers also increases the content of mobile phosphorus in the soil. The introduction of a full mineral fertilizer, where a single rate was 90 kg/ha, provided an increase in mobile phosphorus in the phase of 5-6 leaves (in a layer of 0-20 cm) to 55.9 mg/kg of soil, in the control and NK treatment (background), the mobile content was 44.0 and 46.2 mg/kg of soil. When applying a one-and-a-half rate (Р1,5) of phosphorous fertilizers, the content of mobile phosphorus increased to 56.4 mg/kg of soil. The combined application of a full rate of NRK and 60 tons of manure increases the content of mobile phosphorus in the arable layer to 58.6 mg/kg of soil. In the sub-arable layer (20-40 cm), the content of mobile phosphorus in the control and NK treatments decreased 39.0-41.7 mg/kg, and in the fertilized variants 47.1-50.6 mg/kg of soil, respectively (Appendix Zh.3).

The study of the fractional composition of light-brown soil using the Ginzburg-Lebedeva method showed that long-term and systematic application of phosphorus fertilizers in crop rotation and permanent sugar beet crops led to an increase in the amount of "active phosphates". The amount of loosely bound (Са-РI) and polybasic (Са-РІІ) calcium phosphates increased not only in absolute, but also in relative terms to the total phosphorus.

Thus, in the crop rotation on sugar beet crops (0-20 cm layer) on fertilized treatments: a single rate of phosphorus (Р90) increases the content of loosely bound (Са-РI) and polybasic (Са-РІІ)  to 89 and 265 mg/kg or 6.7 and 19.9% of the total fraction of phosphates. The one-and-a-half rate (P135) increased to 104 and 296 mg/kg by 7.4 and 21.1%, respectively (Appendix E. 2).

On permanent crops of sugar beet 0-20 cm soil layer, the content of loosely bound (Са-РI) and polybasic (Са-РІІ) phosphates on the treatment of a single rate (Р90) of phosphorus fertilizers was 94.0 and 279.0 mg / kg or 6.8 and 20.3%, one and a half rate (Р135) 106.0 and 297.0 mg / kg or 7.5 and 20.9%, and in the variant where the full rate of NPK and 60 tons of manure was used 102.0 and 285 mg / kg or 7.3 and 20.4%, respectively (table 9).

These indicators in 0-20 cm soil on the control and background treatments (NK) did not exceed 25-34 mg/kg and 223-333 mg/kg in the crop rotation, 32-40 mg/kg and 223-333 mg/ kg on permanent crops of sugar beet and 32-40 mg / kg and 238-245 mg / kg of soil (Appendix Zh.3).

If the first two fractions of mineral phosphate (Са-РI+Са-РІІ) play an important role in plant nutrition and their dynamics during the growing season of sugar beet can vary from spring to autumn, the content and dynamics of highly basic (Са-РIІІ) mineral phosphate remains in the early growing season the same and, in autumn, their content may increase, which is associated apparently with the transition of soluble forms of phosphorus into insoluble tricalcium and two salts that are deposited in the soil. Their numbers are always higher than the first two fractions.
So, in light chestnut soil in the crop rotation, on sugar beet crops in the 5-6-leaf phase, the amount of high-base phosphates in the 0-20 cm soil layer increased on fertilized treatments from single, one-and-a-half and double phosphorus rates to 821-835-846 mg/kg of soil, respectively. These values in the control and background treatments (NK) were 785 and 795 mg/kg (Appendix Zh.2).
In permanent crops, these indicators are as follows: single-846 mg/kg, one and a half rate of phosphorus-857 mg/kg of soil. In the control and NK treatments, 788 and 808 mg/kg or 65.8 and 65.1 % (Appendix Zh.3).
Thus, long-term and systematic use of mineral fertilizers, in particular phosphorous, increases the content of total phosphorus in the soil. Determination of the fractional composition of mineral phosphates in crop rotation and permanent crops of sugar beet showed that the content of the most soluble fractions of calcium phosphates (Са-РI+ Са-РІІ) and high-base fractions of calcium (Са-РIІІ) increased from long-term and systematic use of single, one-and-a-half and double rates of phosphorus.

To harvest sugar beets reduced content of the first two fractions, and the content of highly basic calcium fraction increases, which is due to the fact that the first fraction loosely bound and polybasic forms of phosphate were used to create biological yield and dry biomass, increased as highly basic forms of mineral phosphates has occurred due to the transition of soluble forms of phosphorus in inaccessible form.
The study of the group and fractional composition of phosphates of long-term fertilized light chestnut soils was carried out on a stationary experiment of the Kazakh Research Institute of Agriculture and Crop Production under sugar beet crops cultivated in crop rotation and with its monoculture.

Studies have shown that on permanent sugar beet crops (monoculture) in the control variant, with the total phosphorus content in soil layers 0-20 and 20-40 cm equal to 984.2-961.8 mg, mineral phosphorus was 718.6-609.8 mg, and organic phosphorus was 265.6-352.1 mg, in a percentage ratio of 73.0-63.4 % and 27.0-36.6 %, respectively (table 7).

Table 7 – Content and ratio of phosphorus forms in sugar beet crops (2018-2020)
	№ 
	Treatments
	Depth, 
cm
	Phosphorus, mg/kg of soil
	Phosphorus,%

	
	
	
	Total
	Mineral 
	Total
	Mineral 
	Total

	Monoculture

	1
	Control (without fertilizers)
	0-20
	984.2
	718.6
	265.6
	73.0
	27.0

	
	
	20-40
	961.8
	609.8
	352.1
	63.4
	36.6

	2
	NK
	0-20
	1063.9
	691.1
	372.0
	65.0
	35.0

	
	
	20-40
	960.1
	623.5
	336.6
	64.9
	35.1

	3
	NK+P1
	0-20
	1080.6
	787.4
	293.2
	72.9
	27.1

	
	
	20-40
	964.6
	646.2
	318.4
	67.0
	33.0

	4
	NK+P1,5
	0-20
	1096.9
	791.2
	305.7
	72.1
	27.9

	
	
	20-40
	962.8
	704.9
	257.8
	73.2
	26.8

	5
	NPK+60t
Manure
	0-20
	1083.4
	757.1
	326.3
	69.9
	30.1

	
	
	20-40
	964.9
	644.8
	320.1
	66.8
	33.2

	Crop rotation

	1
	Control (without fertilizer)
	0-20
	921.6
	578.1
	343.5
	62.7
	37,3

	
	
	20-40
	914.8
	557.0
	357.8
	60.9
	39,1

	2
	NK
	0-20
	967.3
	567.4
	399.9
	58.7
	41.3

	
	
	20-40
	955.0
	576.0
	379.0
	60.3
	39.7

	3
	NK+P1
	0-20
	1039.3
	700.8
	338.5
	67.4
	32.6

	
	
	20-40
	956.4
	626.7
	329.7
	65.5
	34.5

	4
	NK+P1,5
	0-20
	1148.7
	752.9
	395.8
	65.5
	34.5

	
	
	20-40
	998.1
	648.4
	349.7
	65.0
	35.0

	5
	NK+P2,0
	0-20
	1108.4
	775.9
	332.5
	70.0
	30.0

	
	
	20-40
	1000.9
	689.7
	311.2
	68.9
	31.1

	6
	NPK+

60t Manure
	0-20
	1124.2
	728.8
	395.4
	64.8
	35.2

	
	
	20-40
	853.7
	546.2
	307.5
	64.0
	36.0


In the background treatment (NK), the total amount of phosphorus fluctuated within the control – 1063.9-960.1 mg and the ratio of mineral phosphorus to organic phosphorus was 65.0-64.9% and 35.0-35.1 % (table 7).

Long-term use of phosphorous fertilizers in a single or even one-and-a-half rate does not significantly increase the total phosphorus content and the ratio between mineral and organic phosphorus (table 7).

Additionally, the treating of manure periodically (60 t/ha) on the background of complete mineral fertilizer did not significantly increase the total phosphorus in the arable and sub-arable layers of the soil and the ratio of mineral and organic phosphorus.

The same pattern, as can be seen from table 7, is observed under the sowing of sugar beet, cultivated in the crop rotation.
4.4 Effect of the level of changes in the qualitative and quantitative composition of phosphorus organic compounds on the phosphate regime of soils and sugar beet productivity

Studies on the dynamics of specific (fulvic and humic acids) phosphorus-containing compounds in light chestnut soil with prolonged use of various types and combinations of fertilizers under sugar beet monoculture showed that in the arable and sub-arable layer of the control, the phosphorus content of labile organic substances ranged from 098-0. 24 mg and was slightly higher in the background treatment (NK) 1.71 mg per 100 g of soil (table 8). 

The amount of phosphorus of labile organic matter (LOS) in the soil under sugar beet sowing during monoculture was also not much higher when applying phosphorus fertilizers in the single and one-and-a-half rate, where these values ranged from 0.71-0.48 mg per 100 g of soil (table 8).
	Table 8 – Qualitative and quantitative composition of phosphorus of organic soil compounds (fulvic - and humic acids) under sugar beet cultivated in monoculture
№ 
	Treatments
	Depth, cm
	Total phosphorus

LOS mg/ 100 g 
	Phosphorus FA mg/ 100 g
	Phosphorus HA mg/ 100 g
	Ratio Р2О5 in FA:HA

	1


	Control (without fertilizer)
	0-20
	0.98
	0.01
	3.93
	0.003

	
	
	20-40
	0.24
	0.01
	3.05
	0.003

	2
	NK
	0-20
	1.71
	0.13
	0.22
	0.59

	
	
	20-40
	0.11
	0.34
	0.23
	1.48

	3
	NK+P1
	0-20
	0.74
	0.04
	0.21
	0.19

	
	
	20-40
	0.62
	0.45
	0.09
	5

	4
	NK+P1,5
	0-20
	0.48
	0.09
	1.89
	0.05

	
	
	20-40
	0.16
	2.32
	0.68
	3.41

	5
	NPK+

60t Manure
	0-20
	0.51
	4.61
	-
	-

	
	
	20-40
	0.44
	4.19
	0.14
	29.9


Even in the treatment of joint application of mineral and organic fertilizers, their content was 0.51-0.44 mg. A certain part of the phosphorus of organic compounds is occupied by the phosphorus of humic acids – fulvic and humic acids.

In the soil under permanent sowing of sugar beet, the amount of phosphorus in these acids during prolonged use of fertilizers changed in different ways, both their value and the ratio between them. 

Thus, table 8 shows that in the control the content of fulvic acid phosphorus in the arable and sub-arable soil layer was low 0.01 mg, and humic acid phosphorus, respectively, was 3.93-3.05, and the ratio of fulvic acid phosphorus to humic acid phosphorus was 0.003 (table 8).

On the background (NK) treatment, fulvic acid phosphorus was 0.13-0.34 mg, and humic acid phosphorus was 0.22 – 0.23, and the ratio between them was 0.59-1.48 (table 8).

When adding an additional single and one-and-a-half rate of phosphorus fertilizers, the amount of phosphorus fulvic acids does not change much, relative to the previous treatments (0.04-2.32 mg). But at the same time, the phosphorus content of humic acids decreases markedly – 0.21-1.89, respectively, and the ratio between them increases significantly – 0.05-5.00 (table 8).
The content of phosphorus in LOS soil under the sugar beet crop, cultivated in an eight-field crop rotation, does not differ much from the amount of it in the soil under the monoculture (table 9).

Thus, table 9 shows that on the control treatment, the content of fulvic acid phosphorus in the arable and sub-arable soil layer was low 0.02-0.06 mg, and humic acid phosphorus was 0.24-0.38, respectively, and the ratio of fulvic acid phosphorus to humic acid phosphorus was 0.08-0.16.

On the background (NK) fulvic acid phosphorus was 0.03-0.22 mg, and humic acid phosphorus was 2.42 – 0.34, and the ratio between them was 0.01-0.65.

Table 9 - Content and ratio of phosphorus of organic soil compounds (fulvic - and humic acids) under sugar beet cultivated in crop rotation
	№ 
	Treatments
	Depth, cm
	Total phosphorus

LOS mg/ 100 g
	Phosphorus FA 
mg/ 100 g
	Phosphorus HA

 mg/ 100 g
	Ratio Р2О5 in FA:HA

	1


	Control (without fertilizer)
	0-20
	1.16
	0.02
	0.24
	0.08

	
	
	20-40
	0.67
	0.06
	0.38
	0.16

	2
	NK
	0-20
	1.12
	0.03
	2.42
	0.01

	
	
	20-40
	1.51
	0.22
	0.34
	0.65

	3
	NK+P1
	0-20
	1.69
	0.3
	0.59
	0.51

	
	
	20-40
	2.2
	0.09
	0.23
	0.39

	4
	NK+P1,5
	0-20
	1.77
	0.1
	0.9
	0.11

	
	
	20-40
	1.79
	0.5
	1.71
	0.29

	5
	NPK+

60t Manure
	0-20
	2.38
	0.85
	4.22
	0.2

	
	
	20-40
	1.11
	0.03
	0.75
	0.04

	6
	NK+P2
	0-20
	0.95
	0.66
	0.9
	0.73

	
	
	20-40
	0.84
	0.72
	3.01
	0.24


When adding an additional single and one-and-a-half rate of phosphorus fertilizers, the amount of phosphorus fulvic acids does not change much (0.10-0.30 mg). The phosphorus content of humic acids is 0.23-1.71 mg, respectively, and the ratio between them is 0.11-0.51 (table 9).

The content of phosphorus of LOS in the soil under the sugar beet crop cultivated in an eight-field crop rotation does not differ much from the amount of it in the soil under a monoculture.

So, in the control, these values were 0.67-1.16 mg, in the nitrogen-potash variant (NK) – 1.12-1.51 mg when adding an additional single (P1) one-and-a-half (P1, 5) and double (P2) rates of phosphorus fertilizers, the difference was not large (1.69-2.20 mg).

As for the phosphorus of fulvic acids, their content was the same as under the monoculture and the difference between the variants was not significant. However, it should be noted that the phosphorus content of humic acids is noticeably low and the ratio between fulvic and humic acids is correspondingly high.

The level of crop productivity is the main criterion for evaluating the effectiveness of fertilizer use. Studies conducted over a long period of time by various researchers show that the productivity of agricultural crops, in particular sugar beet, is determined by the parameters of soil fertility, types of crop rotation and conditions of their phosphorus nutrition.


The research results show that the productivity of sugar beet both in crop rotation and in permanent crops depended on the level of the soil phosphate fund (table 10, 11, Appendix K, L, M).


The average yield of sugar beet grown in the crop rotation in the control for 3 years was 282.6 q/ha, in the background treatment only with nitrogen-potash fertilizers 318.2 q/ha. From the introduction of a single rate of phosphorus fertilizers P90 against the background of nitrogen-potash, the yield of sugar beet root crops increased to 507.8 q/ha and provided an increase in yield of 225.2 q/ha. In the treatment with a one-and-a-half rate of phosphorus fertilizer in combination with nitrogen-potash fertilizers, the yield of sugar beet root crops was 561.6 C/ha and the increase was 279.0 C/ha.

With an increase in the rate of phosphorus fertilizer (double rate), the yield was 557.8 q/ha, and the increase was 275.2 q/ha, i.e. not higher than the previous version. The maximum yield of sugar beet roots is 662.2 q/ha, and, accordingly, an increase of 379.6 q/ha is provided in the treatment where full NPK+60 tons of manure were used (table 10).

	Table 10 – Effect of the soil phosphate fund on sugar beet yield in crop rotation (2018-2020)
№ п/п
	Treatments 
	Average yield, q/ha
	Average for

3 years, q/ha
	Addition to yield, q/ha
	Sugar content, %
	Sugar collection for 3 years, q/ha

	
	
	2018 
	2019
	2020 
	
	
	
	

	1
	Control 
	196.7
	315
	336
	282.6
	-
	15.1
	42.7

	2
	NK-background
	276.7
	330
	348
	318.2
	35.6
	15.3
	48.7

	3
	NK+P1 (single rate)
	533.3
	504
	486
	507.8
	225.2
	16.1
	81.8

	4
	NK+P1,5 (one and a half rates)
	576.7
	568
	540
	561.6
	279
	16.3
	91.5

	5
	NK+P2(double rates)
	562.3
	556
	555
	557.8
	275.2
	16.3
	90.9

	6
	NPK+

60t Manure
	613.7
	737
	636
	662.2
	379.6
	15.9
	105.3

	
	LSD0,5, q/ha
	35.3
	37.8
	33.2
	 
	 
	 
	 

	
	Р,%
	4.6
	4.1
	3.8
	 
	 
	 
	 


The same pattern in the yield of sugar beet root crops is observed during its permanent cultivation (table 11).

So, in the control, the average yield of root crops for 3 years was 303.6 q/ha, in the background (NK) variant, the yield increases slightly to 324.6 q/ha and the increase did not exceed 21.0 q/ha. Improved conditions of phosphorus nutrition contributed to a sharp increase in the yield of root crops to 492.8 and 543.1 q/ha, increases ranged from 189.2-239.5 q/ha. The maximum yield of 551.9 q/ha of sugar beet root crops was provided by the introduction of NPK + 60 t of manure, the increase was 248.3 q/ha (table 11).

Phosphorous fertilizers have a significant impact on the quality indicators of sugar beet, in particular, sugar content.

Tables 10 and 11 show that the sugar content of sugar beet roots cultivated in the crop rotation increases from 15.1% in the control and 15.3% in the nitrogen-potash variant to 16.1-16.3% in the variants with the introduction of single, one-and-a-half and double rates of phosphorus fertilizers.

The same pattern of sugar accumulation in the roots, depending on phosphorous fertilizers, is also observed in the permanent cultivation of sugar beet.
Thus, the maximum yields of sugar beet root crops of the order of 550-560 q/ha both in crop rotation and on permanent crops (530-540 q/ha) with high quality indicators are provided when a one-and-a-half rate of phosphorous fertilizers is applied against the background of NK. The combined application of a complete mineral fertilizer NPK and 60 tons of manure exceeds this value (550-660 qha), that is, a certain part of the phosphorus is provided by organic compounds of manure.

Table 11 – Effect of the soil phosphate fund on sugar beet productivity during permanent cultivation (2018-2020)
	№ 
	Average yield, q/ha
	Average for

3 years, q/ha
	Addition to yield, q/ha
	Sugar content, %
	Sugar collection for 3 years, q/ha
	Average yield, q/ha

	
	
	2018 
	2019 
	2020 
	
	
	
	

	1
	Control 
	310.7
	320
	280
	303.6
	-
	15
	45.5

	2
	NK-background
	326.7
	340
	307
	324.6
	21
	15
	48.7

	3
	NK+P1 (single rate)
	503.3
	537
	438
	492.8
	189.2
	16
	78.8

	4
	NK+P1,5 (one and a half rates)
	561.3
	580
	488
	543.1
	239.5
	16.3
	88.5

	5
	NPK+

60t Manure
	575.7
	590
	490
	551.9
	248.3
	16.2
	89.4

	
	LSD0,5, q/ha
	24.7
	26.9
	34.6
	 
	 
	 
	 

	
	Р,%
	3.8
	3.78
	3.37
	 
	 
	 
	 


Correlation analysis of the relationship between the indicators of soil phosphate regime and sugar beet productivity showed that there is a fairly close relationship between the yield values and the content of mobile phosphorus and mineral phosphates (Са-РI  и Ca-PII) of the soil. The analysis data showed that there is a direct relationship and the correlation coefficient between the productivity of sugar beet and mobile phosphorus is 0.97, between the productivity and the sum of loosely bound and polybasic phosphates (Са-РI  и Ca-PII) is 0.98 in crop rotation, and with permanent cultivation it is 0.99 and 0.99, respectively (Appendix N).
Table 12 - Correlation between sugar beet productivity and phosphorus content of soil organic compounds (LOM, fulvic and humic acids) in crop rotation (2020)
	№ 
	Treatments 
	Depth, cm
	Total phosphorus

LOS mg/ 100 g
	Phosphorus FA 
mg/ 100 g
	Phosphorus HA

 mg/ 100 g
	Average yield, q/ha
	Addition to yield, q/ha
	Sugar collection, q/ha

	1
	Control 
	1.16
	0.02
	0.24
	336
	-
	52.4
	1.16

	2
	NK-background
	1.12
	0.03
	2.42
	348
	12
	54.6
	1.12

	3
	NK+P1 (single rate)
	1.69
	0.3
	0.59
	486
	150
	80.2
	1.69

	4
	NK+P1,5 (one and a half rates)
	1.77
	0.1
	0.9
	540
	204
	90.2
	1.77

	5
	NPK+

60t Manure
	2.38
	0.85
	4.22
	555
	219
	92.7
	2.38

	6
	NK+P2(double rates)
	0.95
	0.66
	0.9
	636
	300
	103.7
	0.95

	Correlation coefficient (R)
	0.30
	0.76
	0.14
	
	
	


Our research on the role of organic phosphorus has shown that there is a certain relationship between their content in the soil and the yield of sugar beet.

Thus, table 12 shows that when using phosphorus fertilizers, the amount of phosphorus of LOM, fulvic acids and humic acids increases, while the yield of sugar beet and the total sugar harvest from 1 ha increases.

At the same time, Appendix M shows that there is a direct correlation between the productivity of sugar beet cultivated in the crop rotation and the amount of phosphorus, fulvic and humic acids.

At the same time, the correlation coefficient (Appendix N) between phosphorus of LOM and yield was R=0.30, which indicates that there is no correlation between the effect on beet productivity.

Even higher is the correlation coefficient (Appendix N) between fulvic acid phosphorus and beet productivity (R=0.76), that is, the presence of a close relationship (determination coefficient 0.56).

The correlation coefficient between humic acid phosphorus and sugar beet productivity was lower (R=0.14), and there is no close relationship.

Table 13 -  Correlation between sugar beet productivity and the phosphorus content of soil organic compounds (LOM, fulvic and humic acids) on permanent sowing (2020)
	№ 
	Treatments 
	Depth, cm
	Total phosphorus
LOS/100 g
	Phosphorus FA 
mg/ 100 g
	Phosphorus HA

 mg/ 100 g
	Average yield, q/ha
	Addition to yield, q/ha
	Sugar collection, q/ha

	1
	Control
	0-20
	0,98
	0,01
	3,93
	280,0
	-
	43,1

	2
	NK-background
	0-20
	1,71
	0,13
	0,22
	307,0
	27,0
	47,6

	3
	NK+P1 (single rate)
	0-20
	0,74
	0,04
	0,21
	438,0
	158,0
	71,4

	4
	NK+P1,5 (one and a half rates)
	0-20
	0,48
	0,09
	1,89
	488,0
	208,0
	81,0

	5
	NPK+

60t Manure
	0-20
	0,51
	4,61
	-
	490,0
	210,0
	81,3

	Correlation coefficient (R)
	0,81
	0,50
	0,34
	
	
	


From the data in table 13 and (Appendix M), it can be seen that when applying phosphorous fertilizers in conditions of permanent cultivation of sugar beet for 58-60 years, with a high content of mobile phosphorus in the soil, the correlation between phosphorus of fulvic and humic acids and productivity is insignificant - R=0.50-0.34 and there is no noticeable effect on their yield.

As for the phosphorus of LOM, there is an inverse relationship. The correlation coefficient between phosphorus of LOM and sugar beet productivity is higher (R=0.81) than that of fulvic and humic acids. That is, in contrast to crop rotation, where the process of alternating crops (winter wheat, alfalfa) soil markedly enriched in organic matter, respectively, with phosphorus in its structure, at permanent cultivation of the soil gradually becomes depleted in organic matter and phosphorus organic with high content of mobile phosphorus mineral, hardly used.

When developing the doses of fertilizers used for agricultural crops, their economic efficiency should also be taken into account. The economic efficiency of fertilizers depends on the combination of natural, agrotechnical, agrochemical and organizational and economic conditions. It allows you to determine the degree of responsiveness of a particular crop to the use of fertilizers. Economic assessment makes it possible to compare the cost of production with costs and on this basis to identify the highest level of effect. It is characterized, along with the maximum production per unit of area with a high payment for each unit of nutrients, by the highest amount of income, the highest payback on additional costs for the use of fertilizers, while reducing the cost of production and increasing labor productivity.
Table 14 - Economic efficiency of application of mineral fertilizers for sugar beet, 2020
	№ 
	Treatments
	Root yield, q/ha
	The total cost, tenge
	Amount from sales, tenge.
	Conditional net income, tenge
	Profitability, %

	Monoculture

	1
	Control
	280
	367910
	476000
	108090
	29.4

	4
	NK
	307
	445400
	521900
	76500
	17.2

	5
	NPK
	438
	467890
	744600
	276710
	59.1

	7
	NK + 1.5P
	488
	479135
	829600
	350465
	73.1

	10
	NPK + 60 t/ha
	490
	472890
	833000
	360110
	76.2

	Crop rotation

	1
	Control
	336
	367910
	571200
	203290
	55.2

	4
	NK
	348
	460595
	591600
	131015
	28.4

	5
	NPK
	486
	483075
	826200
	543125
	71

	7
	NK + 1.5P
	540
	474320
	918000
	443680
	93.5

	10
	NPK + 60 t/ha
	555
	452075
	943500
	491425
	108.7

	16
	NK + 2P
	636
	469565
	1081200
	611635
	130.2


The main condition for the effectiveness of mineral fertilizers is the size of additional products; the higher the size of additional products with the lowest labor costs, the higher the economic efficiency of fertilizer use.

Calculations on the effectiveness of the use of fertilizers for sugar beet showed that this crop is an economically profitable crop with high profitability. According to the research Institute of Economics of the agro-industrial complex and rural development, the yield of sugar beet root crops over 30 t/ha provides a profitability of 32-33% [54]. In our studies, in the reporting year, when sugar beet was continuously cultivated, depending on the doses of mineral fertilizers, it ranged from 17.2 to 76.2%, and in crop rotation - from 28.4 to 130.2% (table 14).
In agrochemical studies, the effectiveness of fertilizers used is usually evaluated by the payback of tuks by the harvest. Data on the payback of a kilogram of the active substance of fertilizers used by sugar beet root crops are shown in table 15.
Table 15 - Efficiency of fertilizers for sugar beet, 2020
	Treatments
	Monoculture
	Crop rotation

	
	Yield q/ha
	Addition to yield, q/ha
	Rate of NPK,

кg/га
	payback, kg/kg
	Yield q/ha
	Addition to yield, q/ha
	Rate of NPK,

кg/га
	payback, kg/kg

	Control (without fertilizers)
	280
	-
	-
	-
	336
	-
	-
	-

	NK
	307
	27
	140
	19.3
	348
	12
	200
	6.0

	NPK
	438
	158
	200
	79.0
	486
	150
	260
	57.7

	NK + 1,5P
	488
	208
	230
	90.4
	540
	204
	290
	70.3

	NPK + 60 т/га
	490
	210
	200
	105
	555
	219
	260
	84.2

	NK + 2P
	-
	-
	-
	-
	636
	300
	320
	93.8


The calculated data showed that the payback of the applied fertilizers was quite high and amounted to 19.3 to 105.0 kg/kg for permanent sowing and 6.0 to 93.8 kg/kg for crop rotation, which is higher than the standard indicators.
CONCLUSION
1 The results of research for 3 years show that the survey of various types of soils in the foothill zone of the Ili Alatau by laying sections and digs in key areas and their description, determination of reserves and group composition of phosphates showed significant changes in the granulometric composition, agrochemical indicators depending on anthropogenic impacts. In all types of studied soils, Ca and Mg are predominant, which in arable mountain chernozem are 21.22 mg/eq and 1.23 mg/eq, dark chestnut soil 14.64 and 2.93 mg/eq, or in percentage terms 92.0 and 5.3%, 80.6 and 16.1%, respectively. The use of these soils for a long time led to a noticeable decrease in the main indicator of fertility – humus in mountain chernozem from 5.20% on virgin land to 3.73% on arable land, dark chestnut soil from 3.26% on virgin land to 2.22% on arable land of the upper soil layer.

2  It was found that the highest amount of total phosphorus (809.2 mg/kg) is contained in mountain chernozem on arable land and less in virgin soil (743.7 mg/kg), as well as in dark chestnut soils, the amount of total phosphorus is greater on arable land used for vegetable crops (844.6 mg/kg) than in virgin land (630.3 mg/kg of soil).
3 3 It was found that most of the total phosphorus in the upper layers of the studied soils is organic phosphorus (351.6-653.8 mg/kg). The content of organic forms of phosphorus in the upper horizon of virgin mountain chernozem was 653.8 mg/kg, on arable land 576.9 mg/kg, on virgin dark chestnut soil 351.6 mg/kg, on arable land 423.7 mg/kg the content of total and organic phosphorus gradually decreases with depth. The mineral phosphorus of the soil is also actively involved in the nutrition of plants and their content depends on the type of soil. On virgin mountain chernozem, the amount of mineral phosphates in the upper horizon was 89.9 mg/kg, arable Chernozem – 232.3 mg/kg, on virgin dark chestnut soil – 278.7 mg/kg, arable dark chestnut – 420.9 mg/kg.
4 The study of the quantitative and qualitative composition of organic phosphorus (fulvic and humic acids) compounds showed that a certain amount of it is in the composition of labile organic substance (LOS). Thus, the amount of phosphorus of LOS in the upper layers of chernozem ranged from 0.97-1.35 mg, to 3.57-4.09 mg in dark chestnut soil, and 0.98-1.16 mg in light chestnut soil. Phosphorus of fulvic acids (3.74-4.44 mg) in chernozem and dark chestnut soil prevails over the amount of it in humic acids of 0.26-2.15 mg. 
5 Determination of sugar beet productivity showed that under conditions of long-term use of fertilizers (59 years), phosphorus nutrition is the most effective. Found that the greatest yield of sugar beet is noted in the variant with the introduction of single intake of phosphorus on the background of nitrogen-potassium fertilizers (background+ P1,5) - provides rotation crop roots in 561,6 kg/ha when the value on the control (without fertilizers) – 282,6 kg/ha, at permanent cultivation of these values were respectively 543,1 and and 303.6 kg/ha.
6 It was found that there is a higher correlation between the content of fulvic acid phosphorus and the yield of sugar beet cultivated in crop rotation, in which the correlation coefficient is R=0.76, and the coefficient of determination is 0.58. Тhe correlation coefficients of phosphorous of LOS, humic acids and sugar beet yield do not exceed R=0.30 and R=0.14.

7 Under monoculture conditions, where the soil is depleted of organic matter, there is no positive dependence. The correlation coefficient between phosphorus of LOS and sugar beet productivity is higher (R=0.81) than that of fulvic and humic acids.

8 Calculations of the economic efficiency of using fertilizers for sugar beet showed a high profitability of their application, which ranged from 28.4 to 130.2% when cultivated in crop rotation and from 17.2 to 76.2% in the conditions of its monoculture.

At the same time, the highest conditional net income was obtained when treating phosphorus fertilizers 443680 – 543125 tenge/ha in crop rotation and 276210 – 360110 tenge/ha in monoculture.

The name of the work, the main stages and expected results for 2018-2020, provided for in the technical specification and the calendar plan of The contract No. 289 dated March 29, 2018, have been fully implemented.
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