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ESSAY
Report - 177, 22 figures, 25 - tables, 36 sources, 5 attachments.
PASTURES, MONITORING, DEGRADATION, INDICATORS, REMOTE GROUND SURVEILANCE, CARTOGRAPHIC MODEL, GEODATA BASE.
Object of research: pastures with various degradation stages of the desert, foothills semi-desert (vertical), semi-desert (latitudinal), dry-steppe, steppe and forest-steppe zones, on gray-brown, brown, gray soils, chestnut, dark chestnut and humus soils. 
Objective: to develop an information system for monitoring and assessing degradation level of pastures for desert, foothill semi-desert (vertical), semi-desert (latitudinal), dry-steppe, steppe and forest-steppe zones based on the results of studies on remote ground surveillance, field work studying indicators of physical and biological indicators of degradation.
Research methodology: field research methods at key sites; methods of zoning, system, indication, interpretation of remote sensing data, etc.
Research results: a cartographic model of varying degrees of degraded pastures was developed by using modern GIS technologies based on field research data to obtain physical and biological indicators for the desert, foothill semi-desert (vertical), semi-desert (latitudinal), dry-steppe, steppe and forest-steppe zones on scale 1: 750,000 .
Degree of implementation: the research results will be posted on the website www.kaznau.kz of the Kazakh National Agrarian University.
Forecast proposal about developing the object of research: a developed cartographic model of varying degrees of degraded pastures by using modern GIS technologies can be applied by various peasant households and farms with degraded pasture lands in the RK.
Scope of use: potential users of the research results are the Ministry of Agriculture of the Republic of Kazakhstan, akimats of administrative areas covered by the research, as well as agricultural units of all levels engaged in the development of grazing livestock in conditions of forest- steppe and steppe zones.
Economic efficiency: the results will make an additional contribution to the effective use of pasture lands for development of the republic's animal husbandry.
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DEFINITIONS

In this SR report, the following terms are used with the corresponding definitions:
Pastures - agricultural lands used systematically for grazing animal livestock.
Fodder reserves - means the total yield of fodder throughout the entire pasture area.
Livestock capacity - the number of hectares of pastures capable of providing feed for 1 head of an animal during the counted period.
Pasture load - the number of animals per unit of land area during the pasture period.
Geographic Information System (GIS) is an information system that provides collection, storage, processing, access, display, and distribution of spatial data.
Basic (system) software - ready-made software tools for the functioning of the system infrastructure.
Decryption of images - the process of recognizing objects, their properties, relationship of their image, characteristics. 
Web Map Servise – a standard protocol for serving over the Internet geographically images generated by a map server based on data from a GIS database.
Degradation of pastures - the process of changing something in the direction of deterioration; loss of previously existing properties.
Monitoring - observations with the purpose of cautioning against manifestation of negative processes that can take place wherever.














TERMINOLOGY AND ABBREVIATIONS

This scientific research report contains the following terminology and abbreviations:
AIC – Agricultural complex.
GDB - geodatabase.
RSD - data of remote sensing of the earth.
GIS - geographic information system.
IAS - identification-analytical system
R & D - research work.
OS – operational system
DM - digital map
c.f. units – centners of forage units 
WMS – web service of special objects that defines operations which allow to query and edit vectors and spatial data
SRW scientific research work
MARK – ministry of agriculture of the Republic of Kazakhstan 



















INTRODUCTION

Rationale and initial data for development. Pastures make up about 70% of the entire territory of the republic and are the main potential for the effective development of animal husbandry. Kazakhstan's pasture resources are very extensive, but they are far from being used rationally. Recently, due to continuous and irregular grazing of animals on the same areas of pastures from early spring to late autumn, and in a number of areas in winter, in a relatively short time, it led to the loss of valuable readily eaten plant species from the grass stand, to thinning vegetation cover, and later to failure and the appearance of wind soil erosion. At the same time, naturally, first of all, the condition of grass stands in pastures located around rural settlements and water sources worsened, while the radius of degraded areas reaches 3-5 kilometers. In recent years, this negative process tends spread further, since according to static data, the area of ​​desertified and degraded lands is more than 15% of the country's territory, out of 180 million hectares of pastures of extreme degradation (failure) they reached 27.1 million hectares [1 ]. In addition, the analysis of the state of development of the agro-industrial complex of Kazakhstan in recent years shows that the low productivity of forage lands, especially in unfavorable years in terms of moisture, does not allow sufficient supply of adequate feed for the existing livestock of farm animals. In this regard, there is a need, focused on the production of livestock products, to develop measures and outline ways to increase the productivity of forage lands by improving and rational use of pasture lands. One of the ways to prevent further degradation of pastures is the introduction of scientific and technological progress in pasture farming, namely the use of a geographic information system.
It should be noted that there is practically no monitoring system for the condition and efficient use of pastures in the republic. Development of such a system will allow improving the situation with the fodder base available to the farmer and will give an impetus to the growth of livestock and livestock productivity.
At the modern technical level, the problem of obtaining information and condition of ground surface is solved with use of remote sensing methods that allow to quickly obtain a fairly complete amount of information about condition of pasture ecosystems in the vast territory of the republic. Today, space testing has virtually no alternative as a method of operational and large-scale monitoring of agricultural lands.  Geographic information systems (GIS) enable people engaged in agriculture to easily integrate and use existing sources of tabular and cartographic information to improve the quality of their decisions. Systems give a powerful impetus to show the application of the principles of stable development and integrated management of feed resources, including and pastures.
The basis and initial data for the development were the “Messages of the President of the Republic of Kazakhstan - Leader of the Nation N.A. Nazarbayev to the people of Kazakhstan dated January 17, 2014 ”,“ Kazakhstan’s way 2050 - common goal, common interests, common future ”, implementation of state programs“ Development of export potential of meat for 2011-2020 ”,“ Development of agro-industrial complex in the Republic of Kazakhstan for 2010- 2014 ”, the sectoral development program of the agro-industrial complex (“Agrobusiness 2020”) for years 2013-2020.
Relevance. Implementation of the program "To develop an information system for monitoring and assessing degraded pastures of Kazakhstan, ensuring effective management of their restoration” is relevant both from a scientific and practical point of view. In conditions of further economic development of the republic, the agricultural sector and food security of the country takes important place. Research will provide an opportunity to scientifically substantiate and develop measures for practical solution of the most complex tasks such as conservation and rational use of natural forage resources within grazing areas, which will contribute to strengthening and expansion of agricultural production in general.
Research novelty. The novelty elements of research work, both fundamental and applied, include the methodology of sustainable management of pasture resources, based on the ability of pasture vegetation for annual renewal; new principles and approaches for assessing the state of forage grazing resources using land surveys and modern digital technologies, as a process of translating research into problems of a constructive form of practical tasks that contribute to environmental and food security.
In addition, the novelty of research is determined by the fact that for the first time scientifically-based requirements for managing degraded pasture forage resources using GIS systems will be developed for the Republic of Kazakhstan, and a specialized digital cartographic model for degraded pasture areas of the steppe and forest- steppe zones will be modeled.  
Scientific and practical value of research. In Kazakhstan, there are no scientific and practical provisions for management and monitoring of degraded pastures based on digital technologies. This development will allow to determine location of such lands by degree of degradation in steppe and forest- steppe zones. In addition, development of a cartographic model of degraded grasslands by taking into account the degrees of degradation makes it possible (taking into account the soil and climatic conditions) to develop optimal options for their restoration (improvement) with subsequent preservation of productive longevity.
Program aim. To develop a system of monitoring and assessment of the degree of degradation of pastures and their management in various regions of Kazakhstan based on the results of studies on remote sensing of land, field work and use of physical and biological indicators of degradation. 
Program tasks. The objectives of the third phase of research (2020) include:
- develop program and methodology of research;
- based on satellite images, establish the location of monitoring sites for conducting ground research and develop a working route in the desert, foothill semi-desert (vertical), semi-desert (latitudinal), dry-steppe, steppe and forest-steppe zones;
- carrying out research work in the desert, piedmont semi-desert (vertical), semi-desert (latitudinal), dry-steppe, steppe and forest-steppe zones on gray-brown, brown, gray soils, chestnut, dark chestnut and chernozem soils;
- define the indices of physical and biological indicators that will be used in determining degradation stages;
- adjust the indicators of physical and biological indicators that will be used to determine the degradation stage of pastures;
- development of an algorithm for remote assessment of degraded pastures, based on satellite data of medium and low resolution.
- development of a database for remote assessment of pasture degradation in the desert, piedmont semi-desert (vertical), semi-desert (latitudinal), dry-steppe, steppe and forest-steppe zones, based on satellite and ground data; 
- to prepare a digital cartographic material in scale ​​1: 1,000,000 on pasture degradation taking into account its levels for the desert, piedmont semi-desert (vertical), semi-desert (latitudinal), dry-steppe, steppe and forest-steppe zones.
- on the basis of the obtained 3-year results, develop a digital interactive electronic map M 1: 750,000 on pasture degradation, taking into account its degrees, based on a geospatial information system for monitoring and assessing the current state of degraded pastures in all research zones.
Information on patented research and conclusions made upon them: Patent research in the development of the Program took a coverage of 15-20 years. Technical and technological levels of development objects are defined in comparison with the best domestic and foreign analogues. The analysis of trends and science-based approaches to solving the problems of pasture degradation has been performed.
Information of metrological support of SR- work: The metrological support of the research work of the program was carried out with instruments, tools and equipment purchased at the beginning of the program activity, with a warranty period of three years.
Inventory numbers of interim reports: for 2018 - № 0218RK01035 dated October 29, 2018; for 2019 - № 0219RK00794 dated October 17, 2019.


MAIN PART OF RESEARCH REPORT 

1 Choosing direction of research 
Kazakhstan as a historically agrarian state has vast reserves for expanding forage base. 186.4 million hectares in Kazakhstan are taken just by natural pastures. Their annually renewed forage supply in nutritional value reaches 23.0 million or more tons of feed units. Pastures are the national treasure of the republic, foundation of population’s livelihood all historical periods, and we should not forget that in conditions of Kazakhstan, natural forage lands, which occupy huge spaces, act not only as a source of cheap and nutritious fodder, but also as an environment. Therefore, not only economic but also ecological well-being of the country depends on their condition.
However, today, according to official statistics, there are 27.1 million hectares of failed pastures in the territory of the republic. The failure of these lands occurred due to the large concentration of animals on a limited area, violation of the principles of seasonality and rotation of the areas used, failure to comply with the grazing load, terms of use, etc. There is no material on areas of degraded pastures (except for the failed ones) in official or other sources. However, the failure rates (10% of the entire country’s territory) speak of a very alarming situation on pasture land. And here the top-priority task is systematic work to identify degraded massifs and take radical measures to restore them.
Many domestic and foreign researchers and analysts O.S. Owen (2), Z.Sh. Shamsutdinov (3), M. Meigs (4), G. Schiffers (5), Zh.A. Zhambakin (6) and others agree that pasture degradation is an anthropogenic factor, and overgrazing is the cause of degradation.
Grazing has a very strong effect on the plant organism, causing a variety of morphological and physiological changes, violates the patterns in the onset of phenological phases, as well as in the composition of populations. In addition, frequent alienation is caused not only by a decrease in pasture yields, but also by a strong decrease in soil moisture and mineral salts in the soil. The power of underground organs is an indicator of the vital state of plants, as well as their peculiarities in the accumulation of carbohydrate reserves. All this indicates that when using pastures, it is necessary to apply the grazing rate that provides plants with the opportunity to create such an amount of reserve nutrients so that plants can complete the entire cycle of physiological and reproductive processes [7].
The negative impact of grazing can be reduced to three main phenomena: changes in vegetation, its functioning (ecological and physiological processes) and disturbance of the environment. Initially, grazing leads to an increase in productivity and intensification of metabolic processes in the "soil - plant" system, but excessive grazing leads to suppression of the herbage and a change in the soil cover. With an increased pasture load exceeding the established size of the removal of plant mass, a radical reorganization of the ecology of desert communities, their structure and productivity is observed [8]. At the same time, the main area of ​​degraded land, as a rule, is confined to settlements, since the bulk of farm animals are in private use. At the same time, the concentration of livestock on these lands turns them into barren areas, since they have been grazed for decades without any mode of use [9].
B.N. Nasiev and others [10] believe that the main factors influencing the processes of desertification and degradation of forage lands are: natural - changes in soil cover (dehumification, salinization), increased influence of the arid climate; anthropogenic - the result of a negative human impact, population density, overloading of grazing lands by livestock due to an increase in livestock, non-observance of optimal grazing periods, impact on natural ecosystems of the road transport network, including highways and roads, power lines.
In the republic, more than 80% of farm animals are owned by a small private owner, who, due to a number of circumstances, is not able to conduct mobile livestock breeding. Therefore, the maximum concentration of animals around settlements and watering places led to a violation of the sanitary and ecological situation in the places where people live, land degradation, and the loss of pastures as agricultural land. The limitedness of open water sources and watering places also contributes to the degradation of pastures, since in both the first and second cases, the permissible environmentally safe norms of the load on the used watered area exceed the optimal ones by 3-5 and more times. The progressive development of animal husbandry is constrained by an acute shortage of stall fodder. Lack of winter forage reserves causes additional grazing, which, in turn, contributes to increased pasture degradation [11, 12, 13]
Rasomakhin I.T. and others [14] write that the world has 2 billion hectares, or 23% of the land used by man, which are subject to degradation to one degree or another. The loss of balance between livestock and pasture resources has a negative impact on the condition and productivity of pastures, the yield of livestock products and their quality. Privately owned or long-term leased rangelands are usually not used rationally. The main reason for this is the absence of a scientifically grounded organization of the pasture area, which should ensure that the typology of pastures is taken into account, the possibility of their rational use, taking into account the change of grazing areas, watering and optimal load, regulation of the start and end of grazing, compliance with the maximum level of completeness of herbage use. The main economic consequences of land degradation are a decrease in crop yields and pasture productivity, a decrease in the number of animals and their productivity, and a decrease in the export potential of agriculture.
According to A.N. Bayrashev [15], the main reason for the formation of degraded pastures and strong contamination of natural forage lands by non-food and poisonous plant species is the unsystematic use and reloading of water-supplied areas by livestock. This is evidenced by the studies conducted in the southeastern region of Kazakhstan by A.A. Torekhanov and I.I. Alimaev [16], showing that unregulated grazing worsens the water-physical properties of soils, reduces their fertility and negatively affects the productivity of land.
S. Robinson, E. Milner, I. Alimaev [17], revealing the reason for the degradation of pastures in Central Asia, point to the root cause of this negative phenomenon. In their opinion, which is based on the analysis of long-term statistical and experimental data, the reason for desertification of grazing areas is non-observance of a set of measures: load, methods and terms of grazing, coefficient of completeness of pasture use and others. Also, the authors emphasize the dominant negative role of overloading pastures with livestock.
Professor Z.Sh. Shamsutdinov [18], emphasizes that arid regions unfavorable for the population and inconvenient for the development of animal husbandry in recent years have deteriorated even more ecologically under the pressure of anthropogenic and technogenic factors. The ecological unsustainable exploitation of pastures has led to the fact that beef cattle breeding and sheep breeding become economically unstable branches of animal husbandry. In this situation, it is necessary to develop measures and means to prevent the threat of desertification, exacerbation of degraded processes, ensuring the growth of productivity and sustainability of pasture farming and pasture animal husbandry in general.
The above factors have led to the fact that in the republic pastures are completely destroyed on area of ​​more than 27.1 million hectares, and 48.0 million hectares are in varying degrees of degradation.  This means that yields have decreased 2-3 times, protein content in feed has decreased by 3-6%, useful plants have been replaced by weeds and poisonous ones, soil fertility has decreased due to the loss of the humus layer of the soil [19, 20].
Numerous scientific searches and developments carried out on pastures in various natural zones of the world show that, in order to maintain the ability of pastures to constant seed and vegetative renewal and reproduction of the required level of forage resources, they should be exploited in ecologically accessible modes. The first ecological principle of the rational use of pastures is the correspondence between their natural capacity and the number of grazed livestock. Violation of this principle negatively affects the development of pasture farming in general.
L. Ya. Kurochkina [21], on the basis of many years of research, came to the conclusion that in order to reduce the negative consequences of the use of pastures, it is necessary to develop rational methods of using ecosystems only on the basis of taking into account natural and pasture changes. She believes that this issue is not only of practical, but also theoretical interest, as it allows to elucidate the mechanism of changes in vegetation cover and assess the role of exogenous and endogenous influences, as well as to identify indicators of plant resistance in the process of changes.
The practical experience of using pasture fodder resources, accumulated during the period of pasture animal husbandry, shows that in any case, there is a desire to use pastures, adapting to seasonal changes. The theoretical basis for this main thesis was laid by B. Fedorovich [22] and D. Ellis [23]. In their opinion, the spatial distribution of various and very diverse plant associations makes it possible to use fodder resources most productively during the seasonal change of pastures. The authors point out the advantages of using seasonal pastures for cattle. In conditions of Mongolia, which are similar to Kazakhstan, preference is also given to the seasonal use of pastures [24].
However, it should be noted that the seasonal use of pastures is not always a guarantee of the preservation of lands from degradation. In this case, it is necessary to introduce an additional element of rational grazing - intra-seasonal pasture rotation or the use of pastures in micro-seasons. For example, I.S. Amelin [25] recommended that each seasonal pasture be divided into several sections and used alternately with an optimal grazing load.
The same opinion is shared by Zh. A. Zhambakin [26], noting that a prerequisite for using natural seasonal pastures is the observance of alternation: spring, then summer, and, subsequently, autumn. That is, if this year the pasture area was used in the spring, then next year the animals must graze on it in autumn. If this sequence is observed, some negative aspects of spring use are leveled out due to grazing of animals after the completion of the annual cycle of plant development.
In historical report on pasture’s use in Kazakhstan, conducted by A. A. Torekhanov et al. [27], it is shown that Kazakh nomads while changing pastures, passed with their livestock through different natural zones with different types of vegetation, landscapes, and therefore should have been familiar with these territories and their features. At the same time, the change of pastures, the use of vast territories is a necessity for nomadic cattle breeding. Due to the specifics of their production, nomads could not use the same area for economic purposes, since they were not able to extract more feed from it for their livestock than nature provided, and therefore they were forced to constantly roam. In this regard, the nomads derived more benefit from the land, the less they stayed in one place. It follows that the maximum ecological and economic effect from use can only be obtained by mobile livestock raising with the use of seasonal use, by creating pasture rotation with an optimal load on pastures.
Today, according to official statistics, there are 27.1 million hectares of failed pastures in the territory of the republic (failure is the last stage of degradation). At the same time, pasture productivity decreased by almost 50% [1]. Due to grass stands thinning, the decline in share of the most valuable and productive grass species, value of pasture territory is lost, the equilibrium of a pasture-animal changes, with provision of self-renewal and self-regulation of natural environment. There is no material on areas of degraded pastures (except for the failed ones) in official or other sources. However, the failure rates (10% of the entire country’s territory) speak of a very alarming situation on pasture land. And here the top-priority task is systematic work to identify degraded massifs and take radical measures to restore them.
The vast size of the territory, the peculiarities of natural and geographical conditions and infrastructure development on the territory of Kazakhstan induce to consider remote, and especially satellite, observations as one of the priority sources of data on the state of ecosystems and the dynamics of their changes. The information efficiency of using remote sensing data from satellites for solving a wide range of tasks for monitoring processes occurring on the earth's surface is now beyond doubt among the majority of scientists and specialists working in this field. Nevertheless, due to the influence of a number of factors, they still have not found proper practical application, adequate to their potential capabilities. Insufficient development of methods and technologies for thematic processing of satellite images could be attributed to the number of objective constraining factors.
Over the past three decades, there has been a significant increase in the number of space satellites and works with thematic information on the state of the ground cover [28, 29, 30]. At a low spatial resolution (1–8 km), a map of the global vegetation cover was produced by the Eros Data Center (USGS) located at the University of Maryland [31]. NASA's MODIS work group has released a global map of the earth's surface [32], including vegetation dynamics (phenology) and tree canopy coverage (VCF) [33]. Map of disturbances (felling, fires) between 1990-2000 for terrestrial ecosystems of North America (USA and Canada) was developed using the LEDAPS program (Landsat Ecosystem Disturbance Adaptive Processing System) and the Landsat satellite imagery archive [34]. The results of the study indicate that the disturbance index calculated on the basis of the dynamics of changes in the images after the Tasseled Cap transformation is 2-3% annually for the United States and Canada.
Among other developments in mapping the vegetation cover of Eurasia we should highlight the map of the earth's surface SPOT-VEGETATION [35] and the atlas of border forests by World Forest Watch. Despite the rise in land cover recognition techniques, the production of accurate maps of regional land use changes and monitoring of forests and natural vegetation remains a complex issue. Global generalizations (compilations) of regional projects to study changes in land cover reveal the problem of their incompatibility [36] and indicate the need to improve mapping land cover and its changes, as well as to understand the reasons for such transformations. At the same time, information support for the developed methods and technologies of space monitoring should be based on ground-based observations and data on spectral and physical characteristics and features of studied objects. 
Summarizing the literature review, the following provisions can be noted that determine the direction of the research.The pastures of Kazakhstan are diverse in terms of geographic zonal position and vegetation. The main factor determining the state of these lands is the grazing of farm animals. The concentration of livestock around human habitats causes degradation of soil and vegetation cover. The specificity of this phenomenon is a decrease in the phytosynthetic activity of plant associations, a decrease in the productivity of phytomass quality, and a loss of the landscape-stabilizing function of vegetation. In these conditions, a new strategy for the use of the republic's pasture resources is needed, which should radically change the increasingly rooted tendency of ecologically irregular land use.
The research in 2018-2020 covered pasture areas of the desert, foothills semi-desert (vertical), semi-desert (latitudinal), dry-steppe, steppe and forest-steppe zones. Based on these studies, a digital interactive electronic map M 1: 750,000 was developed on pasture degradation, taking into account its degrees using modern GIS technologies, based on a geospatial information system for monitoring and assessing the current state of degraded pastures in all research zones.



















2 Research methodics
The methodology, methods and forms of scientific research that will be used in this program correspond to the main trends of advanced scientific research. The methodology of pasture research is based on systemic, natural-historical, landscape-ecological and natural-aesthetic approaches, which make it possible to view pasture resources as open dynamic systems that ensure sustainable functioning and ecological well-being of human life, economic and natural components of natural-agricultural systems. The program is interdisciplinary. In the course of its implementation, the methods and methodology of agricultural science and the science of space research will be used. Main forms of scientific research are empirical and theoretical forms of research, which imply: problem statement; development of an action program for tasks implementation with definition of basic hypotheses and priorities; selection and justification of theoretical and methodological framework, adapted tasks performance; the factual and experimental collection of materials on retrospective and current state of the territory of degraded pastures; creation of real cartographic models; obtaining results, their approbation and popularization. Research on degradation of the steppe and forest-steppe zones pastures is supposed to be performed on a fundamentally new methodological and methodological basis by using field data and digital technologies (Fig. 1). 
For the first time, all stages of research are based on the local characteristics of degraded pastures. In this study, the cartographic method is the leading method for displaying degraded rangeland resources and includes the study of rangelands in their relationship with other components of natural-agricultural systems.
[image: ]
Figure -1   Scheme of program implementation

Much attention will be given to the method of deciphering remote sensing data, which will allow to quickly solve the tasks of sustainable management of pasture resources and manifestation of degradation processes in them as well as establishment and clarification of the boundaries and characteristics of their state. In the field of assessment of pasture resources, application of methods for remote sensing of digital technology and field research will allow assessing pasture resources for their condition and possibilities of restoration, which is necessary to address the issue of increasing the productivity of livestock, sustainable land use and food security of the republic.
One of the main forms of studying pasture resources will be a field expedition survey, including various research methods at key sites and their profiling. 
Geographic method for assessing and analyzing dynamic states of grasslands shall be used in the process of research as well as methods for assessing agricultural development, ecological status and anthropogenic disturbance of pastures using integrated and private indicators of indicators; laboratory test methods (soil and vegetation); mathematical modeling and mathematical methods of processing and static data; methods of functional sensing of the territory; methods of environmental restriction and regulation; methods of forecasting and assessing the risks of development of pasture degradation; method of demonstration and popularization of program results, etc.
Field research. At each base field line (selected by satellite images), studies will be conducted on indicators of physical (soil) and biological (plant) indicators. Data acquisition is carried out in the base areas on 4 levels of pasture degradation: 1- weak, 2-medium, 3-strong and 4th-failure.
The list of indicators for biological indicators:
- name of the plant community (background);
- species composition (for 1m 2) and botanical composition of plants (%);
- poisonous and inadequate plant species (% in yield),
- projective cover of soil by plants (%);
- yield of pastures (centnetrs / ha with natural moisture);
- quality of feed (feed units);
- the presence of grazing (yes/no).
The program has compiled a form of geobotanical description and anthropogenic modification of the background community, which indicates the digital indicators of biological indicators. The distance between the boundaries of the plant contours (km) of varying degrees of pasture degradation is measured and recorded.
The research work related to the biological indicator is carried out according to the following approved methodology guidelines:
- Amenov M.Sh. Geoecological monitoring of the territory of Kazakhstan in the interests of sustainable development. // Vestnik KazNU. Biological series. Almaty 2014;
- Medeu A.R., Plohih R.V. Methodological basis of environmental assessments and mapping. // Questions of geography and geo-ecology. Almaty, 2012;
- Instructions and methods for conducting a botanical and forage survey of hay and pasture lands in Kazakhstan. Alma-Ata, 1969;
- Instructions for the production of agrometeorological and zoo-meteorological observations in areas of grazing livestock. Leningrad, 1978;
- Methods of experiments on hayfields and pastures, part 1, part 2, Moscow, VIC, 1971;
- Methods of field experience, Moscow, Kolos, 1968;
- Method for determining the state of pastures, University of California, USA, 1997.
The research on the physical indicator is based on traditional methods. At the stage of conducting field research, morphological methods shall be carried out. Laboratory and analytical studies of soils shall be performed according to generally accepted methods. The compilation of a soil map shall be made by mapping using remote sensing materials using GIS technologies. The following indicators shall be used:
- determination of the humus horizon thickness;
- humus content in humus horizons;
- determination of the amount and composition of exchange cations;
- determination of the particle size distribution of the soil along the soil horizons;
- determination of soil pH;
- definition of mobile nutrients of the soil (N, P, K)
In the course of field studies, full-profile soil cuts will be set, their profiles will be described, and samples of soil on genetic horizons will be selected. In areas of varying degrees of degradation, samples are taken from depths of 0-10, 10-20, and 20-30cm. Soil analyzes and nutritional evaluation of the feed will be carried out in licensed specialized laboratories with the appropriate certificates.
Field studies to study the extent of pasture degradation in the desert, foothill semi-desert (vertical), semi-desert (latitudinal), dry steppe, steppe and forest-steppe zones were carried out along the route passing through the territory of Almaty, Zhambyl, Turkestan, Kyzylorda, Karaganda, West-Kazakhstan, Aktau Kostanay, North Kazakhstan, Akmola, Pavlodar and East Kazakhstan regions in designated areas selected on the base of satellite images.
Research by data obtained via RSD. Defining degradation by means of distance ground surveillance. 
а) Initial data. Program GIS is created with involvement of all available cartographic material on the territory of the study and replenishment of it with thematic maps obtained as a result of satellite data processing. 
Mapping material. Raster data includes cartographic material and space images. So, the database will include topographic maps of scales 1: 200000, 1: 100000 and 1: 50,000. Thematic maps: soil map, hydrogeological, forage land map. A map of forage lands of 1: 1,000,000 scale will be used as the basis and geobotanical map as a specifying basis for vegetation. When interpreting medium resolution satellite images, geobotanical maps of small scale are most appropriate for practical use. The territory of the demonstration plots should be covered with maps of large-scale forage lands. All data will be converted to a single geographical projection
Data from distant ground surveillance. Space images are selected according to the catalog for the growing season. The data from satellites of medium resolution (Landsat 8 and Sentinel 2) will be used for the purposes of sub-satellite studies (determining the degree of degradation and conducting a detailed classification of polygons, followed by verification of ground-based and space information). 
Vector data. Thematic layers contain the data of digitization of thematic maps with the necessary attribute information. The field research data is entered in the form of polygon objects with a GPS receiver and replenished with attribute information from field notebooks and forms.
Methods of remote sensing of the Earth. The method of processing satellite images to identify and assess the foci of soil degradation (shedness).
The calculation method is based on use of two spectral indices (LDI-NDVI, LDI-TCW), designed to assess soil degradation. Considered separately, these indices are not highly informative in the Kazakhstan desert. A method for calculating foci of degradation using satellite images based on them takes into account parameters such as the nature and dynamics of vegetation cover (via NDVI), surface moisture (TCW) and surface brightness in the red satellite image channel, where open soils have the highest brightness characteristics.
The study of this method of calculation in different areas shows that for Landsat 8 and Sentinel 2 satellite data there is a certain range of index values ​​that determines the areas with a constantly reduced soil cover, which are found on images regardless of the time or year of the survey. At the same time, a range of index values ​​describing seasonal changes in soil cover, for example, drying up of the coast and the bottom of temporary reservoirs, is highlighted.
Land cover degradation is the reduction of plant biomass and total projective cover (RPF), the outcrop of soil is due to natural or anthropogenic factors.
The degradation index consists of three components, each of which is associated with a specific parameter of land cover change: derived from surface moisture (NDTCW), derived from the vegetation state (NDNDVI) and a red satellite image channel, in which soils lacking vegetation cover have the strongest signal. The general equation of the index is:

                                                                    (1)
		
Verification of this index from ground-based data showed a high correlation of calculations made according to Landsat data with ground-based measurements.
The expression used to calculate the degree of disturbance (degradation) for Landsat OLI is:			Land Degradation (%) = 687,99*NDLDI – 388,6,	
with a standard deviation coefficient R² = 0,8565.
This index can be used independently to identify foci of soil and plant cover disturbances, as well as to quantify the degree of disturbance.
The method of processing satellite images to highlight the main classes of surface
To determine the degradation, special spectral brightness indices are used, developed taking into account the wavelength of the visible and infrared spectra of a given class that has a minimum and maximum absorption. The main satellite indices used for calculation are:
- NDVI (Normalized Difference Vegetation Index)
- SAVI (Vegetation Index adjusted for soil)
- BareSoilIndex (Open Soil Index)
- SalinityIndex (Salinity Index)
- Top-SoilGrainSizeIndex (Index of sand fractions)
Taking into account the above indices, the following types of surface are distinguished:
vegetation is thick, sparse, temperate, downed, near-water, reeds;
- soils (clay, sandy, takyr and salt marshes;
- downed soil (slightly, moderately, strongly);
- water, swamps, shoals.
The method of processing satellite images using the "year-analog"
Methods of research feed stock pasture areas in the spring, summer and autumn periods.
As part of the planned work on program for the current year, the method of the year –analogue for assessing seasonal pasture productivity will be developed based on comparing the NDVI vegetation index for the current year by using separate contours of various pasture types with multi-year NDVI values; determining correction factors and calculating productivity using the following formulas:
                              К=( NDVIтек- NDVIмах)/ (NDVIмах- NDVIмin).                                 (2)
                                                   Yтек=Ymin+K*(Yмах-Yмin).                                             (3)
Where, K is the correction factor: NDVItek is an integral value calculated as the sum of the ten-day NDVI maximum values ​​for each season of the current year: NDVImax, NDVImin are the integral values ​​calculated as the sum of the ten-day maximum and minimum values ​​of the NDVI for each season in the period from 2001 to 2012; Ytek is the pasture yield for a given plant association by the seasons of the studied year, Yмin is the minimum pasture yield for a given plant association in studied season of the year, Ymax is the maximum pasture yield for a given plant association in studied season of the year.

3 Research results 
The study of the state of soil and plant indicators on degraded rangelands in the desert, foothill semi-desert (vertical), semi-desert (latitudinal), dry-steppe, steppe and forest-steppe zones was carried out at the base points along the route: Lepsy, Koksu, Koskudyk and Aidarly in Almaty region, Zhambyl, Moyinkum and Akkol in Zhambyl region, Kyzylkum sands in Kyzylorda and Turkestan regions, Gulshat, Akshatau, Aksu-Ayuly and Atasu in Karaganda region, Zhalgyztau and Furmanov in Kostanay region, Tasty-Taldy and Pirechny region in Akkamol ) in the Pavlodar region, Shar and Zhangyztobe in the East Kazakhstan region; Tasmola and Almaznoe in the West Kazakhstan region, Martuk and Khlebodarovka in the Aktobe region, Adai and Pereleski in the Kostanay region, Andreevka in the North Kazakhstan region, Atameken and Bozaigyr in the Akmola region, Yubileiny and Peschanoe in Pavlodar region in the Semenovka and Vostochno Kazakhstan oblast, a total of 33 monitoring sites in 12 oblasts with determination of the degree of pasture degradation at each monitoring site (Figures 2, 3, 4).
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Figure 2 - Scheme of movement route during the ground survey of degraded pastures for 2018
[image: маршрут на 2019]
Figure 3 - Scheme of movement route during the ground survey of degraded pastures for 2019
[image: ]
Figure 4 - Scheme of movement route during the ground survey of degraded pastures for 2020

In 2018, the studies were carried out on the territory of the desert, foothill semi-desert (vertical) zones at the base points along the route: Lepsy-Koksu-Koskuduk-Aydarly-Zhambyl-Moinkum-Akkol in Almaty and Zhambyl regions, total 7 monitoring sites.
Research spot №1- Lepsy. The research was conducted on 06.10.2018. On Sarkand district territory of Almaty region. The site relief is a hilly plain. Landscape aspect is greyish yellow. 
Section № 1 was laid 4 km in the north-west of Lepsy on gray-brown low-carbonate light loamy soil (Figure 5). Macro-relief of the Balkhash plateau. Mesorelief, leveled area between smooth chains of hills ~ 10m high. The land is a slightly degraded pasture. Coordinates: 46º15.870', 078º57.156'. 

	[image: G:\Проект документы\фото экспедиции по пустынной зоне  6-9.10.2018\Лепси 6.10.18\IMG_1227.JPG]

	A 0-10, Pale-gray with a brownish tinge, dry, slightly compacted, fragile lumpy-silty structure, sandy loam, permeated with small feather grass roots, clear transition in density;
В1 10-27, Grayish-brownish, dry, compacted (the knife hardly penetrates), permeated with small roots, finely porous, weakly crushed, lightweight light loam, rare gypsum crystals, gradual transition in color;
B2 27-62, Brownish-gray, dry, weakly compacted, fragile lumpy-silty, fine-root, fine-porous, light loamy, gradual transition in color;
ВС 62-82, Grayish brown, fresh, permeated with small roots, fragile lumpy, finely porous, gradual transition in color; 
С 82 and deeper, Grayish brown, fresh, compacted, fragile lumpy-silty, sandy loam, single rubble



Figure 5 - Description of the profile structure of low-carbonate gray-brown soil
Below are chemical composition indicators of gray-brown low carbonate light loamy soils, depending on their degradation level (table 1). 

Table 1 - Soil indicators on degraded pasture plots of Lepsy, Almaty region.
	Indicators
	Depth, cm
	Degradation stage

	
	
	very strong (failure)
IV stage
	strong
III stage
	moderate
II stage
	weak
I stage (background)

	Humus horizon (А+В1), cm
	
	-
	18
	24
	27

	Humus content, %


	0-10
10-20
20-30
0-30
	-
-
-
-
	0,39
0,61
0,52
0,51
	0,45
0,86
0,50
0,60
	0,66
0,91
0,50
0,69

	Amount of absorbed bases (mEq per 100g of soil) and their composition (Ca, Mg, Na,% of the amount)
	0-10
10-20
20-30
0-30
	-
-
-
-
	4,8
8,9
6,0
-
	5.0; 78; 14.8
9.8; 93; 3.4
7.8; 78; 9.13 
-
	5.1; 75.16; 9
11.4; 93.3; 4
7.2; 82.6; 12
-

	Content of physical mud  (%)

	0-10
10-20
20-30
0-30
	-
-
-
-
	10,2
17,8
18,0
15,3
	12,1
18,3
16,6
15,7
	14,2
18,5
16,0
15,2

	Content of water-soluble salts (%)
	0-10
10-20
20-30
0-30
	-
-
-
-
	0,08
0,09
0,22
0,13
	0,08
0,08
0,21
0,12
	0,06
0,07
0,19
0,11

	рН of water suspension


	0-10
10-20
20-30
0-30
	-
-
-
-
	8,2
8,2
8,3
8,2
	8,0
8,0
8,2
8,1
	8,0
8,0
8,2
8,1

	Content of mobile nutrients (mg per kg of soil)
	Nhydr.
	0-10
10-20
20-30
0-30
	-
-
-
-
	4,1
5,6
6,1
5,3
	8,5
8,5
8,6
8,5
	8,9
8,3
8,9
-

	
	P2O5

	0-10
10-20
20-30
0-30
	-
-
-
-
	2,0
1,6
1,4
1,7
	2,3
1,5
1,4
1,7
	2,1
1,4
1,3
1,6



Analyzing table 1 data, we can say that humus content in humus horizon (A + B1) of gray-brown low-carbonate light loamy soils is insignificant - 0.75%, with its thickness of 27 cm, which decreases as degradation level increases to 0.5% and 18 cm respectively. 
These changes affect, albeit weakly, facilitation of particle size distribution, decrease in the absorption capacity and content of easily hydrolyzed nitrogen, but do not affect content of salts, mobile phosphorus and pH of environmental soil.
When studying biological indicators on a degraded pasture of Lepsy site at Sarkand district of Almaty region, attention is drawn to an increase in projective cover of soil with vegetation (from 6% to 55%) in areas with 1st stage of degradation (Table 2).
The name and structure of a plant community yield clearly varies depending on degradation stage. Ceratocarpus and Sagebrush type in case of natural pastures’ failure and Sagebrush-Ceratocarpus- Feather grass on area with 1st stage of degradation. The boundaries of degradation contours: with a very strong degradation- -N: 46014158,11and Е: 0,78056161,51; with strong degradation –N:46015116,91and Е: 078056143,91; with medium degradation –N:46015134,01 and Е:078057105,91 and with weak degradation- N: 46015152,71 and Е:078057106,21.

Table 2 - Indices of biological indicators on degraded pasture at Lepsy site in the autumn period.
	Indicators
	Degradation stage

	
	very strong (failure)
IV stage
	strong
III stage
	moderate
II stage
	weak
I stage (background)

	Projective cover,%
	6-8
	35-40
	40-45
	55-60

	Name of plant community
	Sagebrush, Ceratocarpus,
	Sagebrush, Ceratocarpus, Feather grass
	Sagebrush, Ceratocarpus, Feather grass
	Sagebrush, Ceratocarpus, Feather grass 
with ephemeras

	Species composition, dominants
	Ceratocarpus, bluegrass, sagebrush
	Sagebrush, Ceratocarpus, Feather grass
	Sagebrush, Ceratocarpus, Feather grass
	Sagebrush, Kochia Ceratocarpus, Feather grass, 

	Botanical composition, %
	Ceratocarpus-45, Sagebrush-20, Bluegrass-15 others -20
	Sagebrush-50, Feather grass-20, Ceratocarpus-30
	Sagebrush-50, Feather grass-40, Ceratocarpus-10
	Sagebrush-30, Feather grass-40, Ceratocarpus-30

	Poisonous and unconsumable kinds
	Peganum harmala, single shrubs
	Peganum harmala, single shrubs
	Peganum harmala, single shrubs
	Peganum harmala, single shrubs

	Yield of pasture feed, t / ha
	0,40
	0,48
	0,53
	0,89

	Presence of grazing
	Strong
	Strong
	Present
	Present




The spectral characteristics of vegetation’s reflection are influenced by the following factors: reflectivity and “transparency” (permeability) of individual leaves of vegetation; the order of dimension of the leaf surface, assessed as a whole in connection with this interaction; location of leaves in relation to total surface of plant cover and verticality, the ability and nature of reflection and transparency of radiation flux in different parts - leaves, stem; at different levels of height (shrubs, grasses, leaf cover of the soil, its type, composition, moisture, thickness, substrate rocks, and finally, total moisture of soil surface); standing of Sun (height and azimuth that change during the day and year), as well as direction and height of survey. 
All these factors can vary not only from one survey area to another, but also within the same contour. It hinders study and classification of objects, first of all the existence of different types of shadows, which is observed even in the same shooting conditions, and even more so in different periods of observation. When studying vegetation, when vegetation cover is not uniform, it is very difficult to make the right spectrographic characterization of the community.
The change in spectral images of vegetation in desert zone, is expressed quite strongly depending on degradation stage (Figure 6, sheet 2).
 Thus, in our studies, strongly degraded areas are similar by spectral reflection to bare soil graphs. Open soil and remnants of vegetation are mainly involved in spectrum. The average and weak degradation in autumn period also has the character of a bare plot. Only a small jump was noted in red region of the spectrum at a wavelength of λ = 625-740 nm. It is quite difficult to assess the state of vegetation from autumn photos.
 If we take into account the reflectivity in near infrared range, then good state of plant community is marked on contours with weak degradation. But most plant communities do not have changes in red spectrum. This means that most of the plants have finished their growing season. Thus, based on spectral characteristics, according to degradation stage of soil-plant communities, four degradation stages were identified: failure, strong degradation stage, medium and weak (Figure 6, sheet 2).
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Figure 6, sheet 1 - Spectral characteristics of the study point № 1 - Lepsy
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A - very strong IV-degree (failure), B - strong degradation III-degree, C - average degradation II-degree, D - weak degradation I-degree (background).

Figure 6, sheet 2 - Spectral characteristics of the study point №1 – Lepsy
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A - very strong IV-degree (failure), B - strong degradation III-degree, C - average degradation II-degree, D - weak degradation I-degree (background).

Figure 6, sheet 2 - Characteristics of the study point № 1 – Lepsy by degradation stages
Research spot №2 – Koksu. The research was conducted on 06.10.2018 on territory of Koksuy district of Almaty region, at western part of Koksu settlement. The site relief is a hilly plain. Landscape aspect is grayish. 
Below are chemical composition indicators of sandy desert (weakly degraded pasture), sandy gray (moderately degraded pasture) and gray saline (strongly degraded pasture) (table 3).
From table 3 data it seems that pasture plot soil composition is mixed, where sandy desert soils, sandy gray soils and gray saline soils are prevalent. The humus content is low, especially in sandy desert soils (0.15%).

Table 3 - Soil indicators on degraded pasture plots of Koksu, Almaty region.
	Indicators
	Depth, cm
	Degradation stage

	
	
	very strong (failure)
IV stage
	strong
III stage
	moderate
II stage
	weak
I stage (background)

	Humus horizon (А+В1), cm
	
	
	30
	35
	21

	Humus content, %


	0-10
10-20
20-30
0-30
	-
-
-
-
	0,71
0,45
0,33
0,53
	1,10
0,95
0,67
0,91
	0,12
0,25
0,22
0,20

	Amount of absorbed bases (mEq per 100g of soil) and their composition (Ca, Mg, Na,% of the amount)
	0-10
10-20
20-30
0-30
	-
-
-
-
	9,7; 84,11,5
10.4; 78,12,10
10.4; 77,11,12
10.2; 80,11,9
	9,2; 87,11,2
10,3; 87,10,3
10,1; 89,10,1
9.9; 88,10,2
	2; 86,10,4
4; 85,11,4
3; 87,9,4
3; 86,10,4

	Content of physical mud  (%)

	0-10
10-20
20-30
0-30
	-
-
-
-
	30,8
34,1
38,6
34,5
	13,2
15,7
16,8
15,2
	1,7
3,8
3,4
3,0

	Content of water-soluble salts (%)
	0-10
10-20
20-30
0-30
	-
-
-
-
	0,18
0,32
0,34
0,28
	0,08
0,10
0,11
0,10
	0,07
0,09
0,10
0,09

	рН of water suspension


	0-10
10-20
20-30
0-30
	-
-
-
-
	8,2
8,5
8,5
8,4
	8,2
8,5
8,5
8,4
	8,1
8,1
8,2
8,1

	Content of mobile nutrients (mg per kg of soil)
	Nhydr.
	0-10
10-20
20-30
0-30
	-
-
-
-
	
	15,4
12,6
10,8
12,9
	2,1
3,7
1,1
2,3

	
	P2O5

	0-10
10-20
20-30
0-30
	-
-
-
-
	43,6
24,9
24,7
31,0
	20,1
15,1
10,2
15,1
	3,1
5,4
3,7
4,1


The thickness of humus horizon, depending on soil, varies from 21 to 35 cm. At the same time, according to humus content (~ 1%) and humus layer thickness (A + B1 = 35 cm), sandy gray soils with moderate degradation turned out to be more fertile than the soils of weak and strong degradation stage.
Section 5 was laid on desert sandy soil (Koksu landfill). An indulgence, a weakly grazed pasture (Figure 7). Relief, inter-hilly depression. Coordinates: 44º59.793 ', 077º51.737'.
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	A 0-8, Gray, fresh, free-flowing, weakly fixed by plant roots, sandy, radicular transition;
В 8-21, Gray, fresh, sandy, radicular, slightly compacted, fixed by roots, gradual transition;
ВС 21-52, Gray, moistened, permeated with large safora roots, sandy, gradual transition in grain size distribution;
C 52-80, Grayish, moist, sandy loam.



Figure 7 – Description of desert sandy soil’s profile composition

When studying biological indicators on degraded pasture at Koksuisky district of Almaty region, the projective soil cover with vegetation under weak degradation is 55-60%, under average - 45-55%, under strong - 35-40% and under strong degradation - 10-15% (table 4).

Table 4 - Biological indicators on degraded pasture areas of Koksu, Almaty region
	Indicators
	Degradation stage

	
	very strong (failure)
IV stage
	strong
III stage
	moderate
II stage
	weak
I stage (background)

	1
	2
	3
	4
	5

	Projective cover,%
	10-15
	35-40
	45-50
	55-60

	Name of plant community
	Ceratocarpus, bluegrass,
	Ceratocarpus, 
Peganum harmala, Alhagi
	Ceratocarpus, junk ephemer grasses with sagebrush
	Ceratocarpus, junk ephemer grasses


Continuation of table 4
	1
	2
	3
	4
	5

	Species composition, dominants
	Ceratocarpus, bluegrass, Alhagi
	Ceratocarpus, Peganum harmala,  Alhagi
	Sagebrush, Ceratocarpus, Bluegrass, sophora 
	Ceratocarpus, Bluegrass, sophora, Xanthium  

	Botanical composition, %
	Ceratocarpus-60, Bluegrass-30 Peganum harmala -10
	Ceratocarpus-60, Alhagi-30 Peganum harmala -10
	Ceratocarpus-45, Junk grasses-40 Ephemera -15
	Sophora-40, Xanthium-20 Ceratocarpus -15

	Poisonous and unconsumable kinds
	Alhagi, Sophora, Carduus 80%
	76.6%
	75%
	Sophora-40, Xanthium-20

	Yield of pasture feed, t / ha
	0.08 c / ha of edible mass, total - 0.67 c/ ha
	0.65 c / ha of edible mass, total 2.78c/ha
	0.43 c / ha of edible mass, total 1.61c/ha
	0.48 c / ha of edible mass, total 1.51c/ha

	Presence of grazing
	Strong
	Strong
	Present
	Present
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Figure 8, sheet 1 - Spectral characteristics of the study point № 2 - Koksu
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A - very strong IV-degree (failure), B - strong degradation III-degree, C - average degradation II-degree, D - weak degradation I-degree (background).

Figure 8, sheet 2 - Spectral characteristics of the study point № 2 - Koksu

The coordinates of the center of degradation (reference point): under very strong degradation - N: 44004176,11and Е: 077024146,31; under strong degradation – N:45000124,31and Е: 077053137,91; under medium degradation –N:45000174,01 and Е:077052140,11and under weak degradation - N: 44059147,21 and Е:077051144,91. There is an abundance of poisonous and weeds, especially in areas of failure. The contours of failure and 3rd degree of degradation have lost their economic importance as pastures.
SBC of a very strong IV-stage (failure) and a strong degradation of the III-stage community in the autumn, in red region of the spectrum and the NIR range, approaches the spectrum of bare soil (Figure 8). Autumn spectrometry characterizes soil cover rather than plant vegetation. Minor changes in red region of the spectrum λ = 625-740 nm, characterize residual vegetation of plants. With a decrease in projective cover, proportion of open soil in spectral characteristic of a community increases. Thus, by autumn spectrometry, it is possible to reliably determine the state of soil cover at studied region.
The results of the remaining 5 monitoring points are given in Attachment A.
Along with determination of pasture degradation effects on composition and yield of vegetation in key areas, we also determined the quality of forage (Table 5).

Table 5 - Nutritional value of feeds at monitoring sites, feed units (kg) in terms of natural moisture, per 1 hectare
	Name of villages
	State of degradation

	
	IV- failure
	III - strong
	II-moderate
	 I-weak

	1
	2
	3
	4
	5

	Koksu
	-
	8,0
	8,6
	9,6

	Koskydyk
	-
	8,6
	22,3
	49,6

	Aydarly
	-
	3,6
	4,9
	12,4


Continuation of table 5
	1
	2
	3
	4
	5

	Zhambyl
	-
	6,6
	29,6
	49,6

	Moyinkum
	-
	4,8
	69,8
	69,6

	Akkol
	-
	7,0
	16,0
	17,0

	Lepsy
	2,0
	9,6
	10,6
	16,6



Based on results of laboratory analyzes of plants by nutritional value definition of feed, it can be seen that an increase in nutritional value of feed from center of degradation to periphery is generally observed. The percentage increase in nutritional value ranges from 344% to 1450%. In areas of downed pastures, food, as such, is absent, with the exception of the village. Lepsy, where on IV -degree of degradation (failure) is 2.0 kg of feed units per hectare.
Based on the results of ground and space research, a map of degradation stage of the desert, foothill semi-desert (vertical) zones of the Republic of Kazakhstan was made in M 1: 1 000 000 (Figure 9).
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Figure 9 - Map of degradation stage of soil and vegetation cover on natural desert and semi-desert pastures of Kazakhstan

The study of soil and plant condition indicators of pastures on territory of semi-desert and dry-steppe zones was done in 2019 at the base points along the route: Gulshat - Akshatau –Aksu – Ayuly –Atasu – Zhalgyztal – Furmanovo – Tasty – Taldy – Prirechnaya – Kalkaman – Akku – Shar – Zhalgyztobe, total of 12 monitor sites.
Research spot №1 – Gulshat. The study was conducted on territory of Balkhash district of Karaganda region. The zone is semi-desert. The relief is a weakly wavy plain. The aspect of the landscape is greenish-grayish.
The analysis of  morphological features of profiles and indicator indicators of desert sandy soils of Gulshat site showed their susceptibility to significant changes as the degree of pasture degradation increases (Table 6, Figure 10). They are manifested in a decrease in humus thickness  (A + B1) horizon from 40 cm, with a weak degree of degradation to 17 cm, with a very strong one, which leads to a more than twofold decrease in the humus content of the 0-10 cm layer (from 1.78% to 0.70% ), the loss of dusty-silt fractions (from 6.0% to 4.1% and 8.0% to 4.6%, respectively) and the facilitation of particle size distribution from bound sand to loose. These changes had a decreasing effect on absorption capacity and content of easily hydrolyzable nitrogen in the 0-30 cm layer, respectively, from 30.8 to 22.4 mg per kg of soil and from 4.29 to 3.78 mEq per 100 g of soil. The degree of pastures’ degradation did not affect the content of water-soluble salts and soil pH.
Section No. 26 was laid (23.05.2019) on a slightly wavy plain in the Balkhash district of the Karaganda region. Section coordinates 46 ° 39.089 ', 074 ° 22.279'. Pasture with weak grass coverage. Vegetation is represented by sagebrush, quinoa, sedge, feather grass, Pamiran winterfat, wheatgrass with a projective cover of 65-70%. The soil surface is characterized by an abundance of coarse sand d = 1-2mm. The following genetic horizons are distinguished in the profile of the fixed desert-sandy soil.
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	А 0-15, Light yellowish-brown (10YR 6/4), moist, loose, sandy with brightly distinguished coarse sand and grit d = 1-2mm, permeated with fine roots, boils violently from HCl, fixed by the root system of natural vegetation, clear transition in moisture content;
B 15-40, fawn-brown (10YR 6/3), fresh, loose, sandy with a predominance of coarse sand, single lumps, bonded with carbonates, small-root, boils violently with HCl, gradual transition in color;
 С1 40-63, pale brown (10YR 6/3), fresh, loose, single fragile lumps, sandy with large grains of d ~ 1mm, small roots, boils violently from HCl, carbonates weakly cement grains of sand, sometimes carbonates in the form of horizontal lines, the transition is gradual according to the presence of roots;
С2 63 and deeper, pale brown (10YR 6/3), fresh, loose, sandy, abundant coarse sand, single roots, single fragile lumps due to carbonates, boils violently from HCl.



Figure 10 – Profile description of sandy – desert soil (Gulshat) 
Table 6 - Soil indicators on degraded pastures of Gulshat village, Balkhash district, Karaganda region
	Indicators
	Depth, cm
	Degradation stage

	
	
	very strong (failure)
IV stage
	strong
III stage
	moderate
II stage
	weak
I stage (background)

	Humus horizon (А+В1), cm
	
	17
	37
	39
	40

	Humus content, %


	0-10
10-20
20-30
	0,70
0,69
0,36
	1,24
0,44
0,36
	1,24
0,58
0,47
	1,78
0,98
0,31

	Amount of absorbed bases (mEq per 100g of soil) and their composition (Ca, Mg, Na,% of the amount)
	0-10
10-20
20-30

	4,01; 3,5
4,17; 4,4
3,12; 4,5
	4,12; 4,0
4,18; 4,4
3,11; 4,7
	4,17; 4,1
4,58; 4,7
3,14; 5,1
	4,34; 4,8
4,89; 4,9
3,63; 5,6

	Content of physical mud  (%)

	0-10
10-20
20-30
	4,1; 4,6
4,2; 5,1
4,1; 6,3
	4,6; 5,8
4,2; 7,7
4,1; 8,0
	5,3; 7,2
4,1; 8,1
4,1; 8,8
	6,0; 8,0
4,0; 8,6
4,1; 9,7

	Content of water-soluble salts (%)
	0-10
10-20
20-30
	0,03
0,03
0,04
	0,03
0,04
0,05
	0,03
0,04
0,05
	0,04
0,04
0,04

	рН of water suspension


	0-10
10-20
20-30
	8,3
8,6
8,8
	8,3
8,7
8,9
	8,4
8,8
8,9
	8,5
8,8
8,9

	Content of mobile nutrients (mg per kg of soil)
	Nhydr.
	0-10
10-20
20-30
	19,6
22,4
25,2
	25,2
28,0
30,8
	33,6
28,0
25,2
	33,6
30,8
28,0

	
	P2O5

	0-10
10-20
20-30
	48
13
5
	27
13
8
	10
5
5
	20
5
5



Table 7 - Indices of biological indicators of degraded pastures of Gulshat village, Balkhash district of Karaganda region
	Indicators
	Degradation stage

	
	very strong (failure)
IV stage
	strong
III stage
	moderate
II stage
	weak
I stage (background)

	1
	2
	3
	4
	5

	Projective cover, %
	25%
	35%
	40%
	65-70%

	Name of plant community
	One year salsola, Eremopyrum,  Peganum harmala, 
	Sagebrush–Ceratocarpus-Carex with Peganum harmala
	Sagebrush– Feather grass-Pamirian winterfat with Carex
	Sagebrush- Pamirian winterfat with Carex

	Species composition, dominants
	Eremopyrum, Ceratocarpus, Climacoptera, Peganum harmala, Atriplex, Astragalus, Noneya
	Sagebrush, Ceratocarpus, Carex, Climacoptera, Nanophyton erinaceum, Peganum harmala
	Sagebrush, Feather grass, Pamirian winterfat, Carex, Astragalus, iris, ephedra, tulip
	Sagebrush, Atriplex, Carex, Feather grass, Kochia, Pamirian winterfat, Agropyron


Continuation of table 7
	1
	2
	3
	4
	5

	Botanical composition, %
	Peganum harmala - 30%
Ceratocarpus-20%
Eremopyrum-30%
Climacoptera-20%
	Sagebrush-60%, Ceratocarpus -25%,
Climacoptera-10%,
Carex – 5%
	Sagebrush- 40%, Feather grass-30%, Pamirian winterfat – 25%, Carex – 5%
	Sagebrush-40%, Pamirian winterfat-30%, Feather grass-20%, Agropyron-5%, Carex – 10%

	Poisonous and unconsumable kinds
	Peganum harmala, single shrubs
	Peganum harmala, single shrubs
	Peganum harmala, single shrubs
	-

	Yield of pasture feed, t / ha
	1,35
	9,9
	12,0
	14,9

	Presence of grazing
	Very strong
	Strong
	Moderate
	Weak



During study of biological indicators in a degraded pasture site of Gulshat village, Balkhash district of Karaganda region, it was found that projective soil cover with vegetation in the area with a weak degree of degradation reaches 65-70%, while in case of very strong degradation (1V degree, failure) it is at 25%. (Table 7). In addition, a regular decrease in yield of degraded pastures from 12.0 c / ha with average degradation, 9.9 c / ha with severe degradation and 1.35 c / ha with failure is noteworthy. In the background, i.e. with weak degradation, this indicator amounted to 14.9 c / ha of pasture mass. The species composition also changes in a similar way - from the annual salsola on failure, to the Sagebrush- Pamirian winterfat-granary in the area with a weak degree of degradation.
Based on collected ground data on the test plots, carto-schemes of land cover degradation were constructed (Figure 11).
[image: Карагандинская ,  п]
Figure 11 - Contours layout of of study point № 1 - Gulshat: with very strong degradation - failure; with severe degradation; with moderate degradation and with weak degradation

The boundaries coordinates of contours of study point № 1 - Gulshat: with very severe degradation (failure), the beginning of the contour N46º26’38,4; E074º21’15.9; with severe degradation - N46º38’14.4; E074º21’46.3; with average degradation - N46º38’25.5; E074º22’10.6 and with slight degradation - N46º38’55.64; E074º22’21.6.
For each contour (degree of degradation), graphs of vegetation index values NDVI were derived for vegetation period from May to September 2019, according to Landsat 8 (Figure 12).

[image: ]
Figure 12 - Values of vegetation index NDVI of point №1, for the period from May to September 2019, based on satellite images of Landsat 8

The Gulshat test site is characterized by rather low values ​​of vegetation index NDVI. The contour with weak degradation has values ​​of vegetation index NDVI for the period May-June-0.093, these are rather low indicators of vegetation cover. The vegetation index NDVI of highly and very degraded pasture contours ranges from 0.062 to 0.068; these values ​​are close to the values ​​of open soil. From May to September, a further decrease in the vegetation index NDVI is observed. That is, the rate of degradation is increasing. The transition of contours with weak and medium pasture degradation to the category of strong and very degraded pastures is monitored.
Thus, on the basis of ground-based and space-based data, the Gulshat test site is most susceptible to degradation of soil and vegetation cover. And the pace of the onset of degradation processes increases during the growing process. A sharp decrease in productivity is observed from 14.9c / ha on weakly degraded contours to 1.35c / ha on very strongly degraded contours.
Study point № 2 Aksu-Ayuly, Shetsky district, Karaganda region. The relief is a hilly plain. The aspect of the landscape is greenish. Dry steppe zone. 
Section № 33 was laid (May 24, 2019) on a gentle lowland of the interhill, slightly wavy plain of the Shetsky district of the Karaganda region. The section coordinates are 48 ° 44.094 ', 073 ° 39.648'. The absolute height is 731m. Pasture with weak grass coverage. Vegetation is represented by fescue, feather grass with sagebrush. The projective cover is 85%. The soil surface is fractured with rare fragments of milk quartz. The profile of the meadow-light chestnut soil consists of the following genetic horizons.
	[image: C:\Users\457---1\Desktop\21.05.-10.06.2019\1. Карагандинская область\Точка №1. Гульшат\IMG_1341.JPG]

	Ag 0-8, Brown (10YR 5/3) (brownish) with gray ~ 1cm fragile crust, fresh, compacted, turfed, fine lumpy, finely porous, medium loamy, many small roots decomposed in places, single fragments of quartz, does not boil with HCl, transition gradual in color;
A 8-20, Brown (10YR 5/3) (brownish), moist, compacted, fine lumpy, heavy loamy, finely porous, permeated with rare decomposed small roots, does not boil with HCl, the transition is gradual in color;
В1 20-47, Brown (10YR 5/3) (brownish), moist, compacted, sticks to the shovel, lumpy, from heavy loamy to clayey, small roots, accumulation of black spots, which are visible when structural units are broken, does not boil from HCl, gradual transition in color;
C 47-70, Light yellowish brown, moist, compacted, lumpy, black accumulations, sticks to a shovel, weak gleying, heavy loam, single small roots, does not boil with HCl.



Figure 13 – Profile description of a meadow- light chestnut soil (Aksu- Ayuly site) 

The soil cover of light chestnut soils of the pasture plot of the village of Aksu-Ayuly, located in the southern part of the dry-steppe zone (or desert-steppe), unlike soils of Gulshat village pastures, has a higher potential fertility. It is manifested by more dense vegetation (projective cover 80%), a thick, fine-grained layer (more than 1 m), which led to the development of a rather powerful (47 cm) humus (A + B1) horizon with turf (Ag 0-8 cm) and humus-accumulative (A 8-20 cm) by subhorizons (table 8, figure 13).

Table 8 - Soil indicators on degraded pastures of Aksu-Ayuly village, Shetsky district, Karaganda region
	Indicators
	Depth, cm
	Degradation stage

	
	
	very strong (failure)
IV stage
	strong
III stage
	moderate
II stage
	weak
I stage (background)

	1
	2
	3
	4
	5
	6

	Humus horizon (А+В1), cm
	
	-
	14
	17
	47

	Humus content, %

	0-10
10-20
20-30
	-
-
-
	3,12
3,05
2,33
	2,69
1,49
1,42
	3,20
2,58
1,81



Continuation of table 8
	1
	2
	3
	4
	5
	6

	Amount of absorbed bases (mEq per 100g of soil) and their composition (Ca, Mg, Na,% of the amount)
	0-10
10-20
20-30

	-
-
-

	15,4; 3
14,2; 4
13,16; 4
	14,08; 4
16,00; 3
16,12; 4
	20,09; 4
18,62; 3
16,20; 3

	Content of physical mud  (%)

	0-10
10-20
20-30
	-
-
-
	30,2; 31,3
27,1; 29,2
28,7; 28,0
	30,1; 35,1
29,3; 28,7
27,9; 27,7
	43,8; 59,1
43,0; 66,1
44,2; 71,1

	Content of water-soluble salts (%)
	0-10
10-20
20-30
	-
-
-
	0,070
0,110
0,100
	0,065
0,110
0,100
	0,065
0,100
0,095

	рН of water suspension

	0-10
10-20
20-30
	-
-
-
	8,0
8,1
8,2
	7,8
7,9
8,2
	7,7
7,9
8,2

	Content of mobile nutrients (mg per kg of soil)
	Nhydr.
	0-10
10-20
20-30
	-
-
-
	44,8
42,0
39,2
	39,2
36,4
33,6
	42,0
44,8
39,2

	
	P2O5

	0-10
10-20
20-30
	-
-
-
	16
10
10
	20
5
5
	13
10
5



Prolonged unsystematic use of pasture plot, which led to vegetation cover degradation, in turn, was reflected in soil cover. The location of pasture site in the area with a shallow topography influenced the heterogeneity of its soil cover. At the same time, on small hills directly adjacent to the village, medium loamy light chestnut soils of varying graveliness were developed, and intergrowth depressions were meadow light chestnut soils of a heavier particle size distribution. The latter are removed from the village and therefore are slightly degraded. They are characterized by a more powerful (47 cm) humus horizon with a humus content in the 0-10 cm layer of 3.20%. Soils of moderately and severely degraded pasture lands of small hills have a low-power humus horizon of 17 and 14 cm with a humus content in the 0-30 cm layer of 1.87 and 2.83%, respectively. The higher humus content of highly degraded pastures soils can be explained by test point location on the northern slope of the small hills. Pasture soils are poorly available with accessible forms of nitrogen and phosphorus. Soils are non-solonetz and have a slightly alkaline reaction.
Projective coverage of grass decreases with a decrease in grazing load and on the contour where a low level of grazing was carried out, it reaches 80-83%. The species composition also varies depending on degree of degradation. So, if the species composition of plants in a circuit with a strong degree of degradation mainly consists of Sagebrush and partially sedge and forbs, then with a weak degree of degradation, grass stand consists of feather grass, fescue, and wheat grass. At the same time, yield of fodder mass is also higher on the contour with a weak degree of degradation - 13.6 c / ha, whereas on the contour with strong grazing of grass stand, it was 6.0 c / ha (table 9).

Table 9 - Biological indicators on degraded pastures of Aksu-Ayuly village, Shetsky district, Karaganda region
	Indicators
	Degradation stage

	
	very strong 
IV stage
	strong
III stage
	moderate
II stage
	weak
I stage (background)

	Projective cover, %
	-
	55-58%
	65-70%
	80-83%

	Name of plant community
	
-
	Sagebrush–fescue-Carex with motley grass, meadow-sweet, Caragana
	Fescue-Sagebrush- Carex with motley grass, Caragana
	Sod-granary-Sagebrush- motley grass, meadow-sweet, Caragana

	Species composition, dominants
	
-
	Sagebrush, fescue, Carex, Astragalus, thinfoot, meadowsweet, jaundice, Сaragana, Linosyris villosa
	Fescue, Sagebrush, Feather grass, Carex, thinfoot, bluegrass, Astragalus, meadow-sweet 
	 Feather grass, Sagebrush, fescue, limonium, bluegrass, icteric, caragana, meadowsweet, dandelion

	Botanical composition, %
	
-
	Sagebrush-60%, 
fescue- 6%
 Carex-20%
 motley grass -14%
	fescue-50% Sagebrush-40%, Carex – 7%, Astragalus -3%,
	Feather grass-20%,
Sagebrush-30%,
Motley grass – 10%,
fescue-40%

	Poisonous and unconsumable 
	
-
	-
	-
	-

	Yield of pasture feed, t / ha
	
-
	6,0
	11,0
	13,6

	Presence of grazing
	-
	Strong
	Moderate
	Weak



[image: Карагандинская ,  п]
Figure 14 – Contours layout of study point № 2 - Aksu-Ayuly: with severe degradation; with moderate degradation and with weak degradation
Using ground-based data and satellite information from Landsat 8 and Modis Terra spacecraft, three degradation contours were constructed for the Aksu-Ayuly test site (Figure 14). The coordinates of contours boundaries beginning: with severe degradation - N48º45’27.6; E073º39’58.0; with average degradation - N48º44’53.6; E073º40’05.1 and with slight degradation - N48º44’21.0; E073º39’50.6.
To assess the soil-plant study area, graphs were constructed based on the NDVI vegetation index (Figure 15).
[image: ]
Figure 15 - Values of vegetation index NDVI of point 3, for the period from May to September 2019, based on satellite images of Landsat 8

Values of vegetation index NDVI, at the time of survey, were in range of 0.23-0.27, the projective coverage of contours was 55-58% in highly degraded areas and 80-83% in poorly degraded pastures. A decrease in values of vegetation index NDVI was noted until the first ten days of July, then an increase in biomass occurred until September. That is, at the Aksu-Ayulya landfill, a natural increase in plant mass is observed.
The results of the remaining 10 monitoring points are given in Attachment B.
The analysis of plant indicators in studied 12 basic areas of the semi-desert (latitudinal) and dry steppe in the period from 20.05 to 10.06 shows:
1) There are no vivid features of pasture failure. The areas of failure (IV degree of degradation) are identical in terms of indicators to the III stage of degradation (severe degradation).
2) In all cases, degradation of the studied pastures at semi-desert and dry steppe zones is determined by:
- modification (change towards deterioration) of pasture vegetation, when the type of background pasture is completely different than on the site of the III stage of degradation;
- the yield of pasture fodder of the background pasture by 5 or more centners per hectare differs from the yield of a highly degraded area.
Table 10 - Nutrient value of feed at natural moisture content in the base plots (per 100 kg of feed), feed units 
	Name of base sites
	Degradation stage

	
	IV - failure
	III – strong
	II - moderate
	I - weak

	Gulshat
	18
	20
	22
	22

	Akshatau
	-
	20
	22
	24

	Aksu- Aiuly
	-
	21
	24
	24

	Atasu
	-
	20
	23
	25

	Zhalgiztal
	-
	22
	24
	28

	Furmanova
	-
	27
	27
	28

	Tasty- Taldy
	-
	20
	23
	25

	Prirechnaya
	-
	23
	23
	28

	Kalkaman
	-
	26
	26
	28

	Akku
	-
	23
	23
	29

	Shar
	-
	26
	27
	26

	Zhangiztobe
	-
	22
	26
	28



The nutritional value of forage is also directly dependent on the state of pastures (Table 10).
From the data obtained, it can be seen that in the area with a low degree of degradation of pastures, the nutritional value of forage is higher than in the area with a strong degree of degradation, which is natural. A distinctive feature of the reporting year is the rather low yield of pastures, which is determined by insufficient air and soil temperature in conditions of sufficient soil moisture.
Based on the results of ground and space research, a map of the degree of degradation of the semi-desert (latitudinal) and dry-steppe zones of the Republic of Kazakhstan in M ​​1:1 000 000 was built (Figure 16).
[image: маршрут на 2019_лето1]

Figure 16 - Map of degradation stage of soil and vegetation cover at natural semi-desert and dry steppe pastures of the Republic of Kazakhstan
In 2020, the state of soil and plant indicators on degraded rangelands in the steppe and forest-steppe zones was studied at the base points along the route: Tasmola - Almaznoye in the West Kazakhstan region, Martuk - Khlebodarovka in the Aktobe region, Adai - Pereleski in the Kostanay region, Andreevka in the North Kazakhstan region, Atameken - Bozaigyr in the Akmola region, Yubileiny - Peschanoe in Pavlodar region and Semenovka - Kurshim in the East Kazakhstan region, a total of 13 monitoring sites in 7 regions with determination of pastures’ degradation stage at each monitoring site.
Research spot №1 – Tasmola village. The study was carried out on the territory of Shyngyrlau district of West Kazakhstan region. Steppe zone, dark chestnut soil. The relief is a slightly wavy plain. The aspect of the landscape is greenish.
Section № 66 was laid on June 7, 2020. on the Utva-Ilek slightly undulating watershed of the Poduralsky plateau. Section coordinates: 50 ° 47.139 ', 054 ° 09.916'. The absolute height is 127m. The area is a pasture with weak grass coverage. The vegetation cover is represented by a cereal-sagebrush-ephemeral association, which includes feather grass, wheat grass, fescue, sagebrush, bluegrass, beetroot, field grass, and Euphorbia. The projective cover is 80%. Poorly differentiated into genetic horizons (Figure 17).
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	A 0-20 cm, upper 0-9 cm slightly soddy brown (10YR 5/3), weakly compacted, fragile-lumpy, sandy loam, insect passages; from brown to dark brown (10YR 4/3), fresh, lumpy, compacted, light loamy, finely porous, small roots, does not boil from hydrochloric acid, the transition is gradual in color;
В1 20-38 cm, Dark grayish brown (10YR 4/2), fresh, lumpy, compacted, finely porous, light loamy, permeated with small roots, does not boil from hydrochloric acid, gradual color transition;
B2 38-59 cm, Yellowish-brown (10YR 5/4), fresh, compacted, lumpy, light loamy, finely porous, single small roots, does not boil, the transition is gradual in color;
ВС 59-78 cm, Yellowish-brown (10YR 5/3), fresh, lumpy, moderately compacted, finely porous, single small roots, does not boil from hydrochloric acid, dark brown spells with weak effervescence and sandy loam granular composition, the transition is clear;
C 78 cm and deeper, Very pale brown (10YR 7/3), moist, slightly compacted, lumpy, medium loamy, finely porous, piece roots, boils violently from hydrochloric acid.



Figure 17 - Description of profile structure of deeply boiling dark chestnut soil
The analysis of the profile structure and their soil indicators of the dark chestnut soil of the Tasmola pasture area showed (Table 11) their low potential fertility, where the humus content practically in all studied degraded areas does not exceed 1%. On the plots, small changes in the humus content downward are clearly manifested, especially on highly degraded ones. The same pattern is manifested in the content of mobile phosphorus in 0-10 cm layer. On the other hand, the soil of highly degraded areas is better provided with easily hydrolyzable nitrogen (on average 41.0 mg / kg in the 0-30 cm layer) than weakly and moderately degraded ones (on average 31.0 and 28.0 mg / kg, respectively, in the 0-30 cm layer). They are also manifested in a slight decrease in the thickness of the humus horizons (A + B1) of highly degraded areas in comparison with slightly degraded ones. These soils were formed on the rocks of sandy loam and light loamy granulometric composition, as evidenced by the data of physical clay (in the 0-30 cm layer in weakly, moderately and highly degraded, respectively 13.16, 18.90 and 26.41%) and the data of the field description of the morpho-genetic characteristics of the genetic horizons . For this reason, the profile of the described soils is stretched and poorly differentiated into genetic horizons; it is also washed out of readily soluble salts and carbonates. Violent boiling of the latter begins from a depth of 78 cm.

Table 11 - Soil indicators of Tasmola pasture area
	 Indicators
	Depth, cm
	Degradation stage

	
	
	very strong (failure)
IV stage
	strong
III stage
	moderate
II stage
	weak
I stage (background)

	1
	2
	3
	4
	5
	6

	Humus horizon (А+В1), cm
	
	-
-
	36
	39
	38


	Humus content, %


	0-10
10-20
20-30
	-
-
-
	0,63
0,69
0,66
	0,99
1,12
1,09
	0,79
0,63
0,69

	Amount of absorbed bases (mEq per 100g of soil) and their composition (Ca, Mg, Na,% of the amount)
	0-10


10-20

20-30

	-

-

-
	7,70; 84,42;
6,49;5,97;3,12

14,01; 78,52;
17,84;3,28;0,36

10,81; 83,26;
13,88;2,87;0,00
	5,51; 72,60;
18,15;8,35;0,91

7,46; 73,73; 20,12;6,17;0,00

12,81; 85,87;
11,71;2,42;0,00
	5,24; 66,79;
19,08;8,78;5,34

6,02;74,75;
16,61;7,64;1,00

6,31;79,24; 15,85;4,91;0,00

	Content of physical mud  (%)

	0-10
10-20
20-30
	-
-
-
	23,824
30,612
24,787
	11,270
15,729
29,705
	12,869
10,865
15,748

	Content of water-soluble salts (%)
	0-10
10-20
20-30
	-
-
-
	0,049
0,030
0,038
	0,018
0,021
0,015
	0,017
0,021
0,027

	рН of water suspension
	0-10
10-20
20-30
	-
-
-
	8,23
8,27
8,23
	7,10
7,23
7,26
	6,87
7,03
7,24


Continuation of table 11
	1
	2
	3
	4
	5
	6

	Content of mobile nutrients (mg per kg of soil)
	Nhydr.
	0-10
10-20
20-30
	-
-
-
	36,4
42,0
44,8
	19,6
33,6
39,2
	25,2
28,0
30,8

	
	P2O5

	0-10
10-20
20-30
	-
-
-
	17
14
11
	27
14
8
	33
5
5



In soils of all levels of pasture degradation, the content of water-soluble salts does not exceed 0.1%, which indicates the absence of salinity. Calcium predominates in the composition of the soil AUC, the share of absorbed sodium in the upper layers is within 6-8% of the total of absorbed bases, which corresponds to their weak alkalinity. On a highly degraded area, plant growth proceeds under conditions of a medium alkaline reaction of the medium (pH 8.2) than weakly and moderately degraded (pH 7.0 and 7.2).
When studying biological indicators on a degraded pasture in the village of Tasmola, Shyngyrlau district, West Kazakhstan region, it was revealed that the projective soil cover with vegetation in a site with a low degree of degradation is 80%, while with a strong degradation (III-degree) it is at 50% level (table 12). 

Table 12 - Biological indicators of degraded pasture at Tasmola village, Shyngyrlau district, West Kazakhstan region
	Indicators
	Degradation stage

	
	strong
III stage
	moderate
II stage
	weak
I stage

	Projective cover,%
	50%
	60%
	80%

	Name of plant community
	Sagebrush – ephemerae
	Sagebrush – cereal- ephemeral
	Cereal – sagebrush – ephemeral

	Species composition, dominants
	Sagebrush, Ceratocarpus,  Ceratocephala, Alyssum, Eremopyrum, Carex
	Sagebrush, wheatgrass, feathergrass, Alyssum, Kochia, Koeleria, Ceratocephala, bluegrass
	Sagebrush, feathergrass, fesque, Poaceae, Euphorbia

	Botanical composition, %
	Sagebrush-80%, ephemeras-20%
	Sagebrush-50%, cereals-40%, ephemeras-10%
	cereals-60%, Sagebrush-20%,  ephemeras-20%

	Poisonous and unconsumable kinds
	Euphorbia
	Ceratocephala
	Euphorbia, Alyssum

	Yield of pasture feed, t / ha
	12c/ha
	14,5c/ha
	23,5c/ha

	Presence of grazing
	Strong
	Mild
	Weak
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Figure 18 - Scheme of contours location of research point № 1 - settlement. Tasmola: with severe degradation; at medium degradation and at low degradation

The boundaries coordinates of research spot №1 Tasmola contours - with severe degradation - N50º47'53.3; E054 ° 10'05.1; with average degradation - N50º47'32.2; E054º10'05.7 and with low degradation - N50º47'09.0; E054º09'58.3.
In addition, attention is drawn to the regular decrease in the yield of degraded pastures, depending on the degree of degradation. So, if a site with low degradation stage had the yield of pasture mass 23.5 c / ha, then with a strong degradation it was at the level of 12.0 c / ha. An intermediate position is occupied by the yield of pastures with an average degree of degradation, where it amounted to 14.5%. Similarly, the botanical composition changes, where, with a strong grazing of pastures, it mainly consists of 80% sagebrush and 20% of ephemerals. However, as the level of degradation decreases, the amount of sagebrush and ephemerals decreases, and along with them cereals appear - feather grass, fescue and wheatgrass.
Research spot № 2 – settlement Almaznoye. The study was carried out on the territory of Shyngyrlau district of West Kazakhstan region. The zone is steppe, the soil is chestnut. The relief is a slightly wavy plain. The aspect of the landscape is greenish-yellowish-grayish.
Section 69 was laid (08.06.2020) on a gentle plain with hills, on the slopes of which there are chalk outcrops. The section coordinates are 50 ° 16.794 ', 054 ° 19.013'. The absolute mark is 172m. Macro-relief: Utva-Kalbygaytinsky watershed of the Subural plateau. Pasture has weak grass coverage. The vegetation cover is characterized by the following species composition: feather grass, wheat grass, fescue, sagebrush, thin-legged, milfoil, bed-grass, highlander, and blades. The projective cover is 75%.
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	A 0-25cm, turfed on top, dark grayish-brown (10YR 4/2), fresh, slightly compacted, lumpy-powdery, medium loamy, finely porous, permeated with small roots, insect passages, boils violently with hydrochloric acid, the transition is clear in color ;
В1 25-49cm, Very pale-brown (10YR 7/3, 7/4), fresh, strongly compacted, lumpy-nutty, medium loamy, fine pores, single small roots, boils violently from hydrochloric acid, insect passages, gradual transition color;
B2 49-64cm, Very pale brown (10 YR 7/3), fresh, highly compacted, lumpy nutty, medium loamy, finely porous, abundant carbonate precipitates in the form of large spots, boils violently from hydrochloric acid, single dead roots, gradual transition the nature of carbonate new formations;
ВС 64-85cm, Very pale-brown (10 YR 7/4), fresh, less compacted than Вк, lumpy, medium loamy, finely porous, piece roots, accumulations of carbonates in the form of veins and powder, boils violently from hydrochloric acid



Figure 19 - Description of profile structure of the calcareous chestnut soil

The study of carbonate chestnut soils of the pasture area of ​​the Almaznoye settlement, in contrast to the soils of the above-described pastures, have a higher potential fertility, characterized by a higher humus content, but a slightly lower thickness of the humus horizon (A + B1) and effervescence from carbonates from the surface to carbonate loess-like sediments (table 13, figure 19). Long-term unsystematic use of the pasture area, which led to the degradation of vegetation, in turn, was reflected in the soil cover. As the degradation of pastures increases, there is a slight decrease in the humus content, where it averaged 1.8, 1.5 and 1.5% in the 0-30 cm layer in the weakly, moderately and strongly degraded areas, respectively. The same tendency is observed in the content of easily hydrolyzable nitrogen in addition to the values of mobile phosphorus. The soils of the Almaznoye village are characterized by a medium loamy granulometric composition (particles <0.01 mm 30-43%) and as the degradation of pastures increases, they are medium (44 mg / kg), very low (27 and 29 mg / kg) with available forms of nitrogen and medium (23, 17.6 and 18.6 mg / kg) with phosphorus in a layer of 0-30 cm. The soils are non-saline (<0.1%) and have a moderately alkaline reaction (pH 8.0-8.1) in weakly and strongly degraded areas and slightly alkaline in moderately degraded areas (pH 7.4).

Table 13 - Soil indicators of the Almaznoye pasture area
	Indicators
	Depth, cm
	Degradation stage

	
	
	very strong (failure)
IV stage
	strong
III stage
	moderate
II stage
	weak
I stage (background)

	Humus horizon (А+В1), cm
	
	-
	22
	23
	25 

	Humus content, %

	0-10
10-20
20-30
	-
-
-
	1,62
1,52
1,36
	1,89
1,52
1,02
	2,02
1,68
1,65

	Amount of absorbed bases (mEq per 100g of soil) and their composition (Ca, Mg, Na,% of the amount)
	0-10


10-20


20-30
	-

-

-
	12,85; 77,82
15,56;1,25;5,37

13,74; 87,34
7,28;2,26;3,13

14,66; 85,27
13,64;1,09;0,00
	16,91; 70,96;
23,65;1,71;3,67

16,61;75,26; 
21,07;1,87;1,81

21,31; 58,66;
39,89;1,45;0,00
	17,69; 81,97;
11,31;2,60;4,13

16,36; 94,74;
3,06;1,89;0,31

15,81; 91,71;
6,32;1,96;0,00

	Content of physical mud (%)

	0-10
10-20
20-30
	-
-
-
	32,238
28,980
33,102
	38,887
43,603
42,361
	36,505
35,369
42,998

	Content of water-soluble salts (%)
	0-10
10-20
20-30
	-
-
-
	0,048
0,031
0,047
	0,041
0,025
0,038
	0,060
0,046
0,047

	рН of water suspension


	0-10
10-20
20-30
	-
-
-
	8,09
8,13
8,14
	7,33
7,43
7,44
	7,97
8,04
8,14

	Content of mobile nutrients (mg per kg of soil)
	Nhydr.
	0-10
10-20
20-30
	-
-
-
	28,0
33,6
25,2
	33,6
28,0
19,6
	47,6
30,8
53,2

	
	P2O5

	0-10
10-20
20-30
	-
-
-
	40
8
8
	37
8
8
	47
11
11



Calcium predominates in the composition of absorbed cations, and the fraction of absorbed sodium does not exceed 3% of the total absorbed bases in all levels of degraded pastures. The proportion of absorbed magnesium in the layer of 20-30 cm of moderately degraded areas is ~ 40% of the total absorbed bases, which is significant in terms of alkalinization, but the only one at this level in the cation composition of the analyzed soils of pastures.
Conducting field studies to study biological indicators on a degraded pasture in the village of Almaznoye, Shyngyrlau district of West Kazakhstan region showed that the projective soil coverage with vegetation on pastures is: with a strong degree of degradation - 50%, with an average degree - 65% and with a weak one - 75% The data obtained show that the maximum yield of pasture mass was formed by plant communities with cereal-sagebrush-motley grass vegetation - 21.5 centners / ha, and the lowest yield was obtained on sagebrush-Ceratocarpus-bluegrass type of pastures - 7.5 centners / ha. On a pasture with an average degree of degradation, the yield of pasture fodder was 12.0 c / ha. At the same time, it should be noted that in the botanical composition of plants, the amount of sagebrush in the area with strong degradation is 50%, while with weak degradation only 40%. In the species composition of plants with low degradation, in addition to sagebrush, such plants as feathergrass, fesque and wheatgrass appear (table 14)

Table 14 - Biological indicators of degraded pasture at Almaznoye village, Shyngyrlau district, West Kazakhstan region
	Indicators
	Degradation stage

	
	very strong (failure)
IV stage
	strong
III stage
	moderate
II stage
	weak
I stage (background)

	Projective cover,%
	50%
	65%
	75%
	50%

	Name of plant community
	Sagebrush-Ceratocarpus-bluegrass with Kochia and Tanacetum
	Sagebrush-fesque-Carex with bluegrass and Tanacetum
	cereals-sagebrush- motley grass
	Sagebrush- Ceratocarpus-bluegrass with Kochia and Tanacetum

	Species composition, dominants
	Sagebrush, Ceratocarpus, bluegrass, Kochia, Tanacetum, feathergrass
	Sagebrush, fesque, feathergrass, Carex, bluegrass, Tanacetum, Astragalus, Phomis, Achillea
	feathergrass, wheatgrass, fesque, Sagebrush, Koeleria, Achillea, Gallium, Polygonum, Syrenia
	Sagebrush, Ceratocarpus, bluegrass, Kochia, Tanacetum, feathergrass

	Botanical composition, %
	Sagebrush-50%, Ceratocarpus-30%, bluegrass-10%, Kochia-5%, Tanacetum-5%
	Sagebrush-40%, fesque-35%, Carex-10%, bluegrass-10%, Tanacetum-5%
	cereals-40%, Sagebrush-40%, motley grass-20%
	Sagebrush-50%, Ceratocarpus-30%, bluegrass-10%, Kochia-5%, Tanacetum-5%

	Poisonous and unconsumable kinds
	Tanacetum, Ceratocephala
	Tanacetum, Achillea
	Syrenia, Achillea
	Tanacetum, Ceratocephala

	Yield of pasture feed, t / ha
	7,5c/ha
	12,0c/ha
	21,5c/ha
	7,5c/ha

	Presence of grazing
	Strong
	Mild
	Weak
	Strong



Coordinates of Almaznoye research spot №2 contour boundaries - in case of severe degradation - N50º16'01.1; E054 ° 17'29.7; with average degradation - N50º16'12.0; E054º17'58.6 and with low degradation - N50º16'48.1; E054º19'01.3.
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Figure 20 - Scheme of contours location of research point № 2 - settlement. Almaznoye: with severe degradation; at medium degradation and at low degradation.

The results of the remaining 11 monitoring spots are shown in Attachment С. 
During field research, along with determining the pasture mass at all 13 base spots, we took plant samples for chemical analysis of plants in order to determine the quality of pasture fodder. Based on the chemical analysis of plants, it was revealed that the nutritional value of forage is also directly dependent on the state of pastures (Table 15).

Table 15 - Nutrient value of feed at natural moisture content at base spots (per 100 kg of feed / feed units)
	Name of research spots
	Degradation stage

	
	Strong
	Moderate
	Weak

	Tasmola
	0,23
	0,28
	0,29

	Almaznoye
	0,24
	0,30
	0,31

	Martuk
	0,27
	0,30
	0,32

	Khlebodarovka
	0,22
	0,25
	0,27

	Aday
	0,22
	0,27
	0,29

	Pereleski
	0,20
	0,23
	0,25

	Andreevka
	0,21
	0,24
	0,27

	Atameken
	0,24
	0,33
	0,34

	Bozaygir
	0,24
	0,27
	0,29

	Yubileyny
	0,29
	0,31
	0,33

	Peschanoye
	0,22
	0,42
	0,45

	Semenovka
	0,22
	0,29
	0,31

	Kurshim
	0,24
	0,28
	0,29



From the data obtained, it can be seen that in the area with a low degree of pasture degradation, the nutritional value of forage is higher than in the area with a strong degree of degradation, which is natural. In the reporting year, the steppe and forest-steppe differ, from previous years, in a rather low yield of pastures, which is associated with insufficient air and soil temperature in the spring.
Based on the results of ground and space research, a map of degradation stage of the steppe and forest-steppe zones of the Republic of Kazakhstan in M 1: 1 000 000 was made (Figure 21).
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Figure 21- Map of degradation stages of the steppe and forest-steppe zones of Kazakhstan

Based on the research performed during 2018-2020, we have developed a geographic information map of degraded pastures with various degrees of degradation (Figure 22).
On the basis of the Arcgis software, an interactive online map was developed, into which the studied states of soil and biological indicators were integrated on degraded rangelands in the desert, foothills semi-desert (vertical), semi-desert (latitudinal), dry-steppe, steppe and forest-steppe zones was carried out at the base points, along the route: Lepsy, Koksu, Koskudyk and Aidarly in the Almaty region, Zhambyl, Moyinkum and Akkol in the Zhambyl region, the Kyzylkum sands in the Kyzylorda and Turkestan regions, Gulshat, Akshatau, Aksu-Ayuly and Atasu in the Karaganda region and Zhalgyztau in the Zhalgyztau region , Tasty-Taldy and Prirechny in Akmola region, Kalkaman and Akku (Lebyazhye) in Pavlodar region, Shar and Zhangyztobe in East Kazakhstan region; Tasmola and Almaznoye in the West Kazakhstan region, Martuk and Khlebodarovka in the Aktobe region, Adai and Pereleski in the Kostanay region, Andreevka in the North Kazakhstan region, Atameken and Bozaigyr in the Akmola region, Yubileiny and Peschanoye in Pavlodar region in the Semenovka and Vostochno Kazakhstan oblast, a total of 33 monitoring sites in 12 oblasts with the determination of the degree of pasture degradation at each of the monitoring sites. ArcGIS is a system for working with online maps and related geographic information. 
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Figure 22 - Geographic information map of degraded pastures of the Republic of Kazakhstan with various degradation stages
With ArcGIS, its possible to create an interactive map that displays, integrates, and synthesizes significant layers of geographic and descriptive information from a variety of sources. ArcGIS maps are interactive windows that can be used to visualize, explore, and analyze this information. To visit portal, one needs to use the following link: http://arcg.is/Cau5e, the map with the toolbox is available at the following address https://arcg.is/0mqHPC, to go to the soil map with the toolbox, copy this address: https //arcg.is/vuuvT.
The maps interactively show zones of degraded pasture surfaces, soil, botanical data and measures for their management, the location of deserts, rivers, lakes, solonetzs and other objects with built-in attributive information. Changes in spectral images of vegetation in desert and semi-desert zones are shown, depending on the degree of degradation, which is quite vivid.In these studies, heavily used areas approach the nature of the spectral reflection to the graphs of bare soil. The spectrum is dominated by open soil and vegetation remains. Medium and low degradation in the autumn period also has the character of a bare area.
It is rather difficult to assess the state of vegetation from autumn images. Taking into account the reflectivity in the NIR range, a good state of the plant community is noted on the contours with low degradation. However, most plant communities have no changes in the red range of the spectrum. This means that most of the plants have finished their growing season. 
Thus, on the basis of spectral characteristics, according to degradation stage of soil and plant communities, four stages of degradation were identified: failure, strong degree of degradation, medium and weak.
In the steppe, dry-steppe and forest-steppe zones, on the basis of spectral characteristics, according to the degradation stage of soil-plant communities, three degrees of degradation have been identified: a strong, medium and weak. 
With the homogeneity of the soil cover, the influence of various degrees of pasture degradation on the thickness of the humus horizon (decrease from 75 to 65 cm), the content of humus in it (decrease from 0.9 to 0.6%) is quite clearly manifested, which had a noticeable reducing effect on the other indicators of elements soil fertility, except for the content of water-soluble salts. On the plots, there is a low projective soil cover with vegetation, this is especially clearly seen on the contour, where a very strong grazing was carried out (10% in the failure contour).
With a decrease of load on pastures, the projective cover of the soil with grass stand also increases on the contour, where a weak degree of grazing is noted, it reaches 70%. This interactive map, collected in a single portal, is a qualitatively new information product that combines reliable data and tools for analysis, visualization and data management of a professional GIS system. These tools include attribute reports, a variety of thematic displays, informative pop-ups, dynamic charts, time sliders, template-based smart data collection, and geostatistics and geoprocessing. 
As an addition, a special interface was created for the convenience of using the card not only on a personal computer or laptop, but also when using smartphones or tablets. 
There was also a built-in function for printing the map in various formats by pressing the special symbol "print" and available navigation on the map for personal choice of the angle, approach or distance. In addition, such tools for working with the map have been added, such as switching layers on the map, choosing the type of basemap and the ability to share this map with other users.

3.1 Measures for managing pasture resources with varying degrees of degradation by geographic zones of Kazakhstan
IV-degree of degradation (failure). This activity is carried out in accordance with the recommendations for the radical improvement of pastures with the creation of seeded pastures. Fundamental improvement is a rather costly measure and it should be carried out only on those degraded downed pastures, which, according to the survey results, have lost their ability to natural regeneration. 
There are 27.1 million ha of such degraded pastures in Kazakhstan. The procedure and list of work on the radical improvement of degraded pastures are detailed in the zonal recommendations available in each region. The manual presents the main elements of activities in a zonal aspect.
- Forest-steppe zone. The forest-steppe zone includes the North Kazakhstan region. According to statistics, there are 468 thousand hectares of knocked down pastures (IV - stage) of degradation in the zone.

Table 16 - Recommended measures for the forest-steppe zone
	Indicators
	Activities

	Soil preparation
	by the type of moldboardless steam, processing depth 18-20cm.
 In the spring, it is necessary to carry out disking, followed by rolling the soil and sowing

	Recommended cultures for improving soil
	Alfalfa, Onobrychis, Bromus Inermis, wheatgrass and their mixes

	Norms of sowing. 
Net crops, kg / ha
	alfalfa - 12; Onobrychis - 70; Bromus inermis - 25-30; wheatgrass - 14-16. Net crops, kg / ha

	Depth of planting seeds, cm
	alfalfa, Bromus , wheatgrass-2-3, Onobrychis-4-5

	Method of planting
	continuous row sowing with 15 cm row spacing without cover with post-sowing packing

	Terms of sowing
	Spring (beginning of May or end of June)


- Zone of steppe and dry steppe. The steppe and dry steppe zone includes the West Kazakhstan, Kostanay, Aktobe, Karaganda, Pavlodar, East Kazakhstan, Akmola regions. In the zone there are 10649 thousand hectares degraded (IV-stage of degradation) pastures.

Table 17 - Recommended measures for the steppe and dry steppe zone
	Indicators
	Activities

	Soil preparation
	moldboard plowing to a depth of 18-20 cm, or processing with a disc harrow (or a similar tool) to a depth of 15-18 cm. The soil is prepared by the type of fallow or early plowing. On lands with a danger of wind erosion, strip placement of crops with a width of no more than 50 m located across the prevailing winds is used.

	Recommended cultures for improving soil
	alfalfa blue and yellow , sandy Onobrychis, Leymus, wheatgrass wideleaf and thinleaf, Bromus inermis.

	Norms of sowing
Net crops, kg / ha
	alfalfa -8-10; Onobrychis- 40-45; wheatgrass- 10-12; Leymus- 7-10; Bromus inermis-12-14.

	Depth of planting seeds, cm
	alfalfa, Leymus, Bromus , wheatgrass – 2-3 см, Onobrychis – 4-5см.

	Method of planting
	continuous row sowing with 15 cm row spacing after sowing packing. A hairline can be sown with a row spacing of 30-45cm.


	Terms of sowing
	early - spring, with the first opportunity to begin field wors




- Saline lands. More than 60 million hectares of solonetzes or solonetz complexes are used for grazing animals. Measures to improve pastures on such lands have their own characteristics.

Table 18 - Recommended measures for alkaline soils	
	Indicators
	Activities

	Soil preparation
	moldboard processing by the type of steam to a depth of 30-35cm, processing with a disc harrow and 2-fold soil harrowing and sowing.

	Recommended cultures for improving soil
	Melylotus,Leymus, alfalfa, wheatgrass, couch grass, winter rye as a predecessor culture

	Norms of sowing
Net crops, kg / ha
	on solonetzs, the seeding rates of perennial (two-year) grasses are increased by 25% compared to zonal soils:alfalfa - 12,5; Melylotus - 12,5;Leymus – 12,5; wheatgrass – 15,0; couch grass – 17,5; winter rye – 80-100.

	Method of planting
	early-spring, with the first opportunity to start field work. Winter rye - 1st decade of September.

	Terms of sowing
	solid row with spacing of 15 cm, Leymus - with a row spacing of 30 cm.



It is recommended to apply manure for the main tillage at the rate of 40 t / ha.
- Arid pastures. Semi-desert and desert zone. Kyzylorda, South Kazakhstan, Zhambyl, Almaty, Atyrau, Mangystau regions, there are 14674 thousand hectares of degraded pastures.
– On clay soils:

Table 19 - Recommended activities for semi-desert and desert zones
	Indicators
	Activities

	Soil preparation
	moldboard processing depth 20-22 cm according to the principle of steam or plowing, harrowing with simultaneous packing. With a small humus soil layer, it is necessary to perform non-moldboard tillage to a depth of 15-18 cm.

	Recommended cultures for improving soil
	wheatgrass, Kochia, Salsola, Camphorosma, Pamiran winterfat, sagebrush, Haloxylon, Salsola subaphylla, Salsola Richteri 

	Norms of sowing
Net crops, kg / ha
	wheatgrass – 15, Kochia-15, Salsola-8, Camphorosma-6, Pamiran winterfat-20, sagebrush-4, Haloxylon-10, Salsola subaphylla-10, Salsola Richteri-12, in regard to 100% farming usage.

	Method of planting
	all of the listed improver plants are sown in the period November-January.

	Terms of sowing
	all of these plants are sown for 0.5-1.5 cm for seeding into the soil. Seeding is done after sowing by rolling with ring rollers.

	Soil preparation
	continuous row sowing, Haloxylon, Salsola subaphylla and Salsola Richteri with row spacing of 45-60 cm. Sowing is carried out with a special SST-3 seeder and SZT-3,6 seeder



- on sandy pastures:
Unlike agricultural techniques for improving degraded pastures on clay soils, in sands, tillage is reduced to surface loosening of the soil to a depth of 10-12 cm. The width of cultivated strips is 5-6 m, alternating with untreated strips of a similar width. The rest of the elements of agricultural technology are similar to agricultural activities on clay soils.
III-degree of degradation (strong degradation). On pastures where there was a strong grazing of herbage, dominants and subdominants of the plant community have not yet lost their generative ability (III - degradation stage), it is recommended to introduce a three-season four-year pasture rotation scheme with alternating plots. The load on the pasture is 10% lower than the calculated one. The grazing rate is up to 60% of the total pasture mass.

Table 20 – schedule of using pasture sites by year.
	Year
	Terms of usage

	
	1st site
	2nd site
	3rd site
	4th site

	1st 
	spring
	summer
	autumn
	idle

	2nd 
	idle
	spring
	summer
	autumn

	3rd 
	autumn
	idle
	spring
	summer

	4th 
	summer
	autumn
	idle
	spring



It should be noted that in some areas where there are pastures with sparse grass, it is necessary to re-sow valuable forage grasses, i.e. it is necessary to carry out surface improvement of pastures. With surface improvement, the existing natural vegetation of the forage area is partially changed. On such forage lands, the biodiversity of grass stands increases, while the quality of forage improves and the productivity of pastures increases. Surface improvement of these lands is carried out as follows:
- Forest-steppe zone (North Kazakhstan region).

Table 21 - Recommended measures for the forest-steppe zone
	Indicators
	Activities

	Soil preparation
	tillage with a disc harrow to a depth of 8-10 cm with harrowing angle of 150. Sowing should be done with a disc seeder, which ensures penetration of seeds into the soil

	Recommended cultures for improving soil
	alfalfa, Onobrychis, Bromus inermis, wheatgrass broad-headed and mixtures thereof. On pastures, it is better to use two or three component mixtures

	Norms of sowing
Net crops, kg / ha
	alfalfa - 8; Onobrychis - 50; Bromus inermis - 17-21; wheatgrass - 10-11, When sowing herbs in mixtures, the seeding rate of each crop is reduced by half of the norm

	Method of planting
	alfalfa, Bromus , wheatgrass-2-3, Onobrychis-4-5

	Terms of sowing
	continuous row sowing with 15 cm row spacing, without cover with post-sowing packing

	Soil preparation
	spring (early May or late June)




- The steppe and dry steppe zone includes the West Kazakhstan, Kostanay, Aktobe, Karaganda, Pavlodar, East Kazakhstan, Akmola regions.

Table 22 - Recommended measures for the steppe and dry steppe zone
	Indicators
	Activities

	Soil preparation
	tillage with a disc harrow to a depth of 8-10 cm with harrowing angle of 150. Sowing should be done with a disc seeder, which ensures penetration of seeds into the soil

	Recommended cultures for improving soil
	alfalfa blue and yellow, sandy Onobrychis, Leymus, wheatgrass wideleaf and narrow-leaf, Bromus inermis

	Norms of sowing
Net crops, kg / ha
	alfalfa - 6-8; Onobrychis - 30-40; wheatgrass - 8-10;Leymus - 7-10; Bromus inermis - 10-12. When sowing herbs in mixtures, the seeding rate of each crop is reduced by half of the norm

	Method of planting
	alfalfa,Leymus, Bromus , wheatgrass - 2-3 см,Onobrychis - 4-5 см 

	Terms of sowing
	continuous row sowing with 15 cm row spacing, without cover with post-sowing packing

	Soil preparation
	Leymus can be sown with a row spacing of 30-45 cm. Early-spring, with the first opportunity to start field work



- Semi-desert and desert zone. (Kyzylorda, South Kazakhstan, Zhambyl, Almaty, Atyrau, Mangystau)

Table 23 - Recommended activities for semi-desert and desert zones
	Indicators
	Activities

	Soil preparation
	tillage with a disc harrow to a depth of 4-6 cm with harrowing angle of 150. Harrowing should be done on sandy soils. Sowing should be done with a disc seeder, which ensures penetration of seeds into the soil 

	Recommended cultures for improving soil
	wheatgrass, Kochia, Salsola, Camphorosma, Pamiran winterfat, , Haloxylon, Salsola subaphylla, Salsola Richteri 

	Norms of sowing
Net crops, kg / ha
	wheatgrass – 12, Kochia -12, Salsola - 8, Camphorosma - 6, Pamiran winterfat - 16, sagebrush - 4, Haloxylon - 10, Salsola subaphylla - 10, Salsola Richteri - 12, with regard to 100% farming usage

	Method of planting
	all of the listed plants are sown with a depth of 0.5-1.5 cm for seeding into the soil. The seeding is done after sowing by rolling with ring rollers

	Terms of sowing
	continuous row sowing, Haloxylon, Salsola subaphylla and Salsola Richteri with a row spacing of 45-60 cm. Sowing is carried out with a special SST-3 seeder and SZT-3.6 seeder

	Soil preparation
	all the listed plants - improvers are sown in the winter and winter periods, November-January



II- degree of degradation (medium degradation). When improving pastures, with such a degree of degradation, it is necessary to use a three-season, three-year pasture rotation with the obligatory use of intra-seasonal pasture rotation.

Table 24 - Three-year three-season with the use of intra-seasonal pasture rotation
	Year
	Seasons and terms of usiong pastures

	
	Spring pasture
	Summer pasture
	Autumn pasture

	
	I-section
	II-section
	III-section
	I-section
	II-section
	III-section
	I-section
	II-section
	III-section

	1 год
	Start
	Middle
	End
	Start
	Middle
	End
	Start
	Middle
	End

	2 год
	Middle
	End
	Start
	Middle
	End
	Start
	Middle
	End
	Start

	3 год
	End
	Start
	Middle
	End
	Start
	Middle
	End
	Start
	Middle



To do this, each seasonal pasture area is divided into three areas, and cattle grazing is carried out sequentially, i.e. livestock on the seasonal pasture is grazed first on the first plot, and then transferred to the second and then to the third plot, and then it moves to the summer pasture. The following year, grazing starts at the second site and ends at the first site. The same division of plots is carried out on summer and autumn pastures. The load on the pasture is lower than the calculated one - by 10%. The grazing coefficient is 60% of the pasture mass.
In areas with sparse grass stand - provision of rest for 1-2 years. Such improvement of pastures with a moderate degree of degradation is applicable in all zones of Kazakhstan.
 I - the degree of degradation (weak grazing). With this degree of degradation, a three-season, three-year pasture rotation should be used to improve pastures. The load on the pasture is optimal, the utilization rate of herbage is 70% of the total mass. The use of pastures is once a season.

Table 25 - Three-seasonal three-division pasture rotation
	Year
	Terms of usage

	
	1st site
	2nd site
	3rd site

	1st
	spring
	summer
	autumn

	2nd
	summer
	autumn
	spring

	3rd
	autumn
	spring
	summer




Generalization and evaluation of research results for 2018-2020
The research performed on the monitoring sites of settlements’ pasture lands at the desert, foothills semi-desert (vertical), semi-desert (latitudinal), dry-steppe, steppe and forest-steppe zones of the republic showed their almost ubiquitous degradation, especially of the desert and semi-desert (latitudinal) zones.
 At the same time, the degree of pasture degradation increases with approaching settlements, which is quite a natural phenomenon, since rural residents, due to their poor supply, cannot use distant pastures. It should be noted that the climatic features of these zones are low precipitation and high average annual temperature.
Analysis of the vegetation index NDVI, for 33 sites in the desert, foothill semi-desert (vertical), semi-desert (latitudinal), dry-steppe, steppe and forest-steppe zones of the republic for 2018-2020 confirms the data on degradation obtained by ground-based studies. The noted decrease and increase in VI values ​​are characterized by the average overgrazing of livestock, vegetation characteristics of plant communities, and soil and climatic conditions. 
Based on the created database, which includes ground survey data and satellite information of medium and low resolution, maps of degradation of pastures of desert, foothill semi-desert (vertical), semi-desert (latitudinal), dry-steppe, steppe and forest-steppe zones of Kazakhstan were built 1: 1 000 000 Which are the basis for the development of a map of pasture degradation throughout the territory of the Republic of Kazakhstan.



SUMMARY

The set goals and objectives of research work under the Program "Develop an information system for monitoring and assessing degraded pastures in Kazakhstan, ensuring effective management of their restoration" for years 2018 - 2020 are fully implemented. The results of the study lead to the following conclusions:
1. A program and methodology for ground and space monitoring of pastures’ condition in the desert, foothill semi-desert (vertical), semi-desert (latitudinal), dry-steppe, steppe and forest-steppe zones of the republic has been developed. The introduction of this technique allows to quickly evaluate condition of pasture’s feed resources, their changes, objectively and in a timely manner to choose measures for their rational use, provision of suspension and improvement.
2. The problem study was carried out through field work along the routes covering the territory of 13 administrative regions of the republic. Soil and botanical-fodder description of the state of pastures at 33 base points was carried out, depending on degradation stage. The monitoring sites located in the desert and semi-desert (latitudinal) zones are most susceptible to degradation, which is natural, since the climatic conditions in this territory are more severe with a low amount of precipitation, as well as with a higher concentration of farm animals. Therefore, all four degrees of degradation are observed at these monitoring sites.
3. The data obtained by the Program in the desert, foothill semi-desert (vertical), semi-desert (latitudinal), dry-steppe, steppe and forest-steppe makes it possible to determine on a specific territory degraded pasture lands with different levels of degradation; localize the further spread of degradation through the use of technology for the restoration and improvement of degraded areas.
4. A database on the desert, foothill semi-desert (vertical), semi-desert (latitudinal), dry-steppe, steppe and forest-steppe zones has been compiled, which includes the following indicators: by a physical indicator - soil type, morphology and texture, humus content in the soil layer 0-30 cm, etc.; according to the biological indicator - botanical composition, species composition of herbage, productivity and projective soil cover with vegetation.
5. On the basis of ground surveys and satellite data of medium and low resolution, schematic maps of 33 polygons were built, broken down into vegetation contours by the degree of degradation. The analysis of the vegetation index NDVI for the vegetation period of 2018- 2020 was carried out separately for each polygon in the context of degradation contours.
6. A map of pastures’ degradation stages in the desert, foothill semi-desert (vertical), semi-desert (latitudinal), dry-steppe, steppe and forest-steppe zones of Kazakhstan has been developed on a scale M 1: 1,000,000, which will be the basis for creating a digital map of pasture degradation in the republic on a scale M 1: 750,000.


Introduction of scientific achievements into production and their promotion 
The data of 2018-2020, obtained as a result of ground research and space monitoring on the degradation of pasture lands, is needed for all economic entities engaged in grazing livestock in the desert, foothills semi-desert (vertical), semi-desert (latitudinal), dry-steppe, steppe and forest-steppe zones of the republic.
Studies carried out in 2018-2020 showed the presence of negative processes on pastures located in the desert and semi-desert (latitudinal) zones, which is natural, since in this territory the climatic conditions are more severe with a low amount of precipitation, and with haphazard grazing. The amount of information received makes it possible to determine and use the optimal scheme for the development of pasture animal husbandry in the studied areas.
Availability of field research results in 2018-2020 allowed to develop a map on the levels of pasture degradation (weak, medium, strong, failure) in the desert, foothill semi-desert (vertical), semi-desert (latitudinal), dry-steppe, steppe and forest-steppe zones, and in the whole republic.
A full-scale implementation of the program results will be carried out through the use of digital information on pasture degradation in the zonal aspect of the republic on the website www.kaznau.kz of the Kazakh National Agrarian University.
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ATTACHMENT А
Results of 5 monitoring points, desert, foothill semi-desert (vertical) zones along the route: Koskuduk-Aydarly-Zhambyl-Moinkum-Akkol in Almaty and Zhambyl regions (2018)

Research spot №1 – Koskudyk. Located on land belonging to Kapshagay city of Almaty region. Research conducted on 07.10.2018. The relief is plain, landscape aspect is greyish yellow. Site disturbance is strong. Below are the chemical composition indicators of light-gray muddy soils with varying degrees of degradation (table А.1, figure А.1).

Table A.1 - Soil indicators on degraded pasture sites of Koskudyk, Almaty region.
	Indicators
	Depth, cm
	Degradation stage

	
	
	very strong (failure)
IV stage
	strong
III stage
	moderate
II stage
	weak
I stage (background)

	Humus horizon (А+В1), cm
	
	65
	70
	73
	75

	Humus content, %


	0-10
10-20
20-30
0-30
	0,55
0,62
0,40
	0,69
0,68
0,42
	0,99
0,76
0,48
	1,09
0,85
0,54
0,83

	Amount of absorbed bases (mEq per 100g of soil) and their composition (Ca, Mg, Na,% of the amount)
	0-10
10-20
20-30
0-30
	6,1
5,7
5,7
5,8
	6,5
6,0
6,0
6,2
	6,9
6,0
6,0
6,3
	7.1; 74,24,2
5.2; 75 23,2
6.2; 73 23,6
6.2; 74,23,3

	Content of physical mud  (%)

	0-10
10-20
20-30
0-30
	22,0
26,3
25,2
24,5
	24,7
26,1
25,0
25,3
	25,2
26,0
24,2
25,1
	27,3
25,6
22,1
24,9

	Content of water-soluble salts (%)
	0-10
10-20
20-30
0-30
	0,06
0,05
0,06
0,06
	0,06
0,04
0,06
0,05
	0,04
0,05
0,05
0,05
	0,05
0,06
0,06
0,06

	рН of water suspension


	0-10
10-20
20-30
0-30
	8,4
8,4
8,4
8,4
	8,2
8,3
8,4
8,3
	8,2
8,2
8,2
8,2
	8,0
8,1
8,1
8,1

	Content of mobile nutrients (mg per kg of soil)
	Nhydr.
	0-10
10-20
20-30
0-30
	8,5
8,4
8,5
8,5
	9,0
9,0
9,0
9,0
	8,9
10,1
9,5
9,5
	11,0
12,6
9,5
11,0

	
	P2O5

	0-10
10-20
20-30
0-30
	17,7
12,2
9,9
13,3
	21,2
13,0
11,2
15,1
	22,6
15,4
12,7
16,9
	26,5
17,7
13,1
19,1



From the data of table A.1 it can be vividly seen that with soil cover homogeneity, the influence of various degrees of pasture degradation on humus horizon thickness (decrease from 75 to 65 cm), the content of humus in it (decrease from 0.9 to 0.6%), show a significant reducing effect on other indicators of elements of soil fertility, with the exception of the content of water-soluble salts.
Section 11 was laid 12 km north of the village. Shengeldy and south of st. Koskuduk, on a slightly undulating hilly plain. The pasture has weak grass coverage. Coordinates: N44º02 "490 ', E077º25" 140'. The soil is light, weakly deflated, light loamy gray soil.
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	Ad 0-4, Grayish brown, fresh, slightly compacted, finely porous, layered-scaly, slightly sodden with small roots, lumpy-powdery-silty, light loamy, the transition is noticeable in color;

	
	А 4-17, Brownish-gray, fresh, compacted, earthworm tunnels, lumpy-powdery-silty, permeated with roots, light loamy, gradual transition in color;

	
	В1 17-73, Brownish-grayish with a yellowish tinge, fresh, silty-slightly lumpy, fine-porous, lightweight light loam, single small roots, rare carbonate neoplasms in the lower part, gradual transition in carbonate content;

	
	Bk 73-93, Lighter than the previous horizon, fresh, light loamy, an accumulation of carbonate white chunks;

	
	C 93 and deeper, Yellowish fawn, fresh, loess-like loam.


Figure А.1 – Profile composition of light gray soils

The plots have a low projective soil cover by vegetation, this is especially clearly seen on the contour with very strong grazing of the grass stand (10% in the contour failure). With a decrease of load on pastures, projective cover of soil by the grass stand also increases on contour, where a weak degree of grazing is noted reaching 70% (Table A.2).

Table A.2- Biological indicators on degraded pasture areas of Koskudik, Almaty region
	Indicators
	Degradation stage

	
	very strong (failure)
IV stage
	strong
III stage
	moderate
II stage
	weak
I stage (background)

	1
	2
	3
	4
	5

	Projective cover,%
	10-15
	45-50
	60
	70

	Name of plant community
	Ceratocarpus, bluegrass,
	Ceratocarpus, 
Sagebrush, Bluegrass
	Ceratocarpus, junk ephemer grasses with sagebrush
	Sagebrush, ephemera


Continuation of table А.2
	1
	2
	3
	4
	5

	Species composition, dominants
	Ceratocarpus, bluegrass, Alhagi
	Bluegrass, Sagebrush, Carex
	Sagebrush, Ceratocarpus, Bluegrass, Carex 
	Sagebrush Bluegrass, Carex, fenugreek  

	Botanical composition, %
	Ceratocarpus-60, Bluegrass-30 Peganum harmala -10
	Bluegrass-40,
Ceratocarpus-30, Sagebrush-30 
	Sagebrush-50, Ephemera -45,
Ceratophagus -5
	Sagebrush-80, Ephemera -20


	Poisonous and unconsumable kinds
	Peganum harmala 88%
	20% Rhaponticum
	-
	Occasional few ones

	Yield of pasture feed, t / ha
	0.18 c / ha of edible mass, total - 0.71 c/ ha
	0.43 c / ha of edible mass
	1.13 c / ha of edible mass
	1.48 c / ha of edible mass

	Presence of grazing
	Strong
	Strong
	Present
	Present



The obtained data shows that species composition of plants varies depending on degree of degradation. So in case of very strong degradation stage, species composition mainly consists of Ceratophagus and partially bluegrass and Peganum harmala, while under low degree of degradation, composition of grass stand consists of sagebrush, bluegrass, rump and fenugreek. At the same time, the yield of fodder mass is also higher on the contour with a low degree of degradation - 1.48 c / ha of the feed mass, whereas on the contour with heavy grazing it was at the level of 0.18 c / ha.
The coordinates of degradation center (place of reference): under very strong degradation- – N: 44004177,11and Е: 077024146,31; under strong degradation – N:44003127,91and Е: 077025110,81; under medium degradation –N:44003122,91 and Е:077025119,21 and under weak degradation - N: 44002149,21 and Е:07702514,91.
The spectral characteristics of the Ceratocarpus-Bluegrass community, as in previous communities, do not provide a general picture of vegetation state (Figure A.2). From spectral images, it can be noted with confidence that percentage of plant vegetation is approaching 0. The share of open soil participation is high. Changes in the NIR range and in red part of the spectrum are not noted.
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A - very strong IV-degree (failure), B - strong degradation III-degree, C - average degradation II-degree, D - weak degradation I-degree (background).

Figure A.2 - Spectral characteristics of the study point № 1 - Koskydyk

Research spot №2 – Aydarly. Located at Zhambyl district of Almaty region. The relief is a low-wavy plain, landscape aspect is greyish yellow. State of pastures is very badly disturbed. Below are the chemical composition indicators of light gray soils with sandy composition depending on degradation stage (table A.3).

Table A.3 - Soil indicators on degraded pasture plots of Aydarly, Almaty region.
	Indicators
	Depth, cm
	Degradation stage

	
	
	very strong (failure)
IV stage
	strong
III stage
	moderate
II stage
	weak
I stage (background)

	Humus horizon (А+В1), cm
	
	31
	35
	40
	43

	Humus content, %


	0-10
10-20
20-30
0-30
	0,68
0,60
0,50
0,59
	0,90
0,61
0,50
0,67
	0,97
0,60
0,51
0,69
	1,03
0,63
0,49
0,72

	Amount of absorbed bases (mEq per 100g of soil) and their composition (Ca, Mg, Na,% of the amount)
	0-10
10-20
20-30
0-30
	5,7; 88,6,6
7,1; 91,2,7
6,0; 92,3,5
6,3; 90,4,6
	6,0; 88,6,6
7,5; 92,2,6
6,1; 93,2,5
6,5; 91,3,6

	6,1; 90,6,4
7,8; 93,1,6
6,1; 92,2,6
6,7; 92,3,5
	6,1; 89,7,4
7,4; 94,no,6
5,0; 93,no,7
6,2; 92,2,6

	Content of physical mud  (%)

	0-10
10-20
20-30
0-30
	9,7
13,7
9,5
10,9
	12,0
14,9
9,6
12,7
	12,7
15,0
8,7
12,1
	13,5
14,4
8,6
12,2

	Content of water-soluble salts (%)
	0-10
10-20
20-30
0-30
	0,07
0,07
0,06
0,07
	0,06
0,06
0,06
0,06
	0,05
0,06
0,06
0,06
	0,05
0,06
0,06
0,06

	рН of water suspension


	0-10
10-20
20-30
0-30
	8,3
8,4
8,5
8,4
	8,2
8,3
8,4
8,3
	8,2
8,3
8,4
8,3
	8,2
8,3
8,3
8,3

	Content of mobile nutrients (mg per kg of soil)
	Nhydr.
	0-10
10-20
20-30
0-30
	16,9
17,1
17,7
17,2
	17,6
17,6
18,0
17,7
	18,0
18,1
20,1
18,7
	17,9
18,4
19,6
18,6

	
	P2O5

	0-10
10-20
20-30
0-30
	17,7
18,1
Traces
11,9
	20,7
18,0
6,8
15,2
	22,1
18,2
8,1
16,1
	22,5
17,7
8,9
16,4



Table A.3 data shows that in case of homogeneous soil cover with lightweight particle size distribution of light gray soils, the effect of degradation is manifested in all soil indicators, except for the content of water-soluble salts and soil pH. As the degree of degradation increases, the thickness of the humus horizon (A + B1) decreases from 43 to 31 cm, the content of humus in it falls from 0.80 to 0.64%, which in turn affected reduction of physical clay, in the surface 13.5 to 9.7%. This indicates presence of deflation on pastures with a very high degree of degradation. In general, potential soil fertility is low fertile.
The main role in spectrum formation belongs to plant residues and turf covering the soil. The difference of the CSB in Ceratocarpus-bluegrass community in comparison with bluegrass-sagebrush-Ceratocarpus community in the NIR range is 4-5%. The difference in GPC of about 30% also affects spectral characteristics. Changes in NIR range are almost absent, which indicates heavy grazing, almost open ground.
Section № 15 was laid on the territory of the KazNII LiP station, located east of the Aydarly village. Bazoy plateau, the relief is a slightly wavy plain. The site is a pasture with weak grass coverage. Soil - light sandy loam, slightly gravelly gray soil. The soil surface is covered with small fragments of primary minerals. Coordinates: 44 ° 08.732 ', 075 ° 51.181'.
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	Аi1 0-5, Grayish-brown, dry, slightly compacted, permeated with roots, layered-scaly-silty, finely porous, permeated with roots, weak rubble, lightweight light loam, clear transition in structure;


	
	Аi2 5-17, Grayish brown, fresh, compacted, finely powdery, finely porous, permeated with roots, weak rubble, the underside is covered with carbonate sediment, lightweight light loam, gradual transition in color;

	
	В1 17-43, Brownish-gray, fresh, compacted, insect holes, small roots, lumpy-silty, finely porous, crushed stone with a diameter of 2-3 mm, sandy loam, clear transition in color and constitution;


	
	В2к 43-70, Brownish-gray with a whitish tint, dry, dense, breaks down into dense lumps, finely porous, 80-90% of the horizon is represented by carbonates;


	
	Ск 70 and deeper, carbonate-rich parent rock.


Figure А.3 – Profile structure of light- gray soil

On the basis of ground-based studies, it was found that at the site of failure (4th degree of degradation), fodder vegetation is absent, it is mainly replaced by Peganum harmala. The root vegetation (sagebrush-ephemeral) is modified to the border of the 1st degree of degradation (Table A.4).
Projective soil cover with vegetation under 4th degree of degradation is 20-25%, under severe degradation - 35%, under average degradation - 55% and under weak degradation - 67%. In this case, the species composition under very strong degradation mainly consists of Peganum harmala with solitaire cases of Ceratocarpus, Sagebrush and Eremopyrum, while under weak 1st degree of degradation, feed palatability improves, since this variant has 80% share of Sagebrush. Borders of degradation contours - N: 44010149,11 and Е: 075050186,31; under severe degradation – N:44010113,11 and Е: 075050156,11; under moderate degradationn – N:44008152,71 and Е:075051115,21 and under weak degradation - N: 44008144,21 and Е:075051110,71.

Table A.4 - Biological indicators on degraded pasture plots of Aydarly, Almaty region.
	Indicators
	Degradation stage

	
	very strong (failure)
IV stage
	strong
III stage
	moderate
II stage
	weak
I stage (background)

	Projective cover,%
	20-25
	35
	55
	67

	Name of plant community
	Ceratocarpus, Sagebrush, Peganum harmala, ephemeras
	Ceratocarpus, ephemeras, Peganum harmala, Salsolacollina 
	Ceratocarpus, ephemeras, Salsolacollina
	Sagebrush, ephemera, white soils

	Species composition, dominants
	Peganum harmala, Ceratocarpus, Sagebrush, Eremopyrum
	Bluegrass, Ceratocarpus , Sagebrush, Peganum harmala, Alyssum
	Sagebrush, Ceratocarpus, Bluegrass, Salsolacollina, Fenugreen 
	Sagebrush Bluegrass, Carex, fenugreek  

	Botanical composition, %
	Ceratocarpus-45, Peganum harmala -35, Sagebrush -20
	Ceratocarpus-40, Ephemera-30,
Peganum harmala -30 
	Ephemera -70,
Ceratophagus -20,
Fenugreen- 10 
	Sagebrush-80, Ephemera -20


	Poisonous and unconsumable kinds
	Peganum harmala 
	Peganum harmala
	-
	-

	Yield of pasture feed, t / ha
	-
	0.18 c / ha of edible mass, total - 0.66 c/ ha
	0.23 c / ha of edible mass
	0.62 c / ha of edible mass

	Presence of grazing
	Strong
	Strong
	Moderate
	Weak



CSB of Ceratocarpus, Peganum harmala, Sagebush and ephemera (Figure A.4 sheet 2), in the autumn period approaches the spectrum of bare soil in red region of the spectrum and NIR range. The change in projective cover is insignificant.Autumn spectrometry characterizes soil cover rather than nature of plant vegetation. Minor changes in red region of the spectrum λ = 625-740 nm, characterize residual vegetation. The share of open soil in spectral characteristics of community is quite high. Thus, by autumn spectrometry, it is possible to reliably determine the state of soil cover of studied region.
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A - very strong IV-degree (failure), B - strong degradation III-degree, C - average degradation II-degree, D - weak degradation I-degree (background). 

Figure A.4 sheet 1 - Spectral characteristics of the study point № 2 – Aydarly, 
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A - very strong IV-degree (failure), B - strong degradation III-degree, C - average degradation II-degree, D - weak degradation I-degree (background).

Figure A.4 sheet 2 - Characteristics of the study point № 2 – Aydarly by degradation stage

Research spot №3 – Zhambul village, located at Moyinkumsky district of Zhambyl region. The field research was conducted on 08.10.2018. The relief is a terrara plain, an aspect of the landscape: yellowish-greenish. Pasture vegetation is severely depressed. Below are chemical composition indicators of alluvial-meadow soils, depending on degradation stage (table A.5, figure A.5).
Section № 18. Section № 5 was laid in the Zhambyl region northwest of the Zhambyl village on the above-floodplain terrace of the Chu River on a weakly grazed pasture. The soil is alluvial-meadow desertifying medium loamy. Coordinates: 44 ° 19.580 ', 73 ° 02.212'. The soil surface is polygonally cracked. Land is an old-irrigated deposit used as a pasture.
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	Ак 0-10, Light gray dense dry crust, layered and porous below, sparse passages of invertebrates, structureless, loamy, the transition is noticeable in structure and rootiness;

	
	В1 10-47, Gray with a brownish tint, dry, poorly compacted, riddled with roots, fine lumpy-powdery, loamy, rusty spots, clear transition in grain size distribution;

	
	47-55, Dark gray, fresh, rusty spots, dead roots, sandy, clear transition in grain size distribution;

	
	55-78, Dark gray, fresh, lumpy, rusty spots, sandy loam, large dead black roots of dead Haloxylon, clear transition;

	
	78 and deeper, dark gray, wet, sandy, rusty spots.


Figure A.5 - Profile structure of desertifying alluvial meadow soil
Table A.5 - Soil indicators on degraded pasture plots in Zhambyl, Zhambyl region.
	Indicators
	Depth, cm
	Degradation stage

	
	
	very strong (failure)
IV stage
	strong
III stage
	moderate
II stage
	weak
I stage (background)

	Humus horizon (А+В1), cm
	
	
	42
	47
	47

	Humus content, %


	0-10
10-20
20-30
0-30
	
	1,8
1,5
0,9
1,3
	2,0
1,0
0,9
1,3
	2,5
3,1
1,8
2,5

	Amount of absorbed bases (mEq per 100g of soil) and their composition (Ca, Mg, Na,% of the amount)
	0-10
10-20
20-30
0-30
	
	10,7; 89,5,7
12,4; 85,7,8
7,0; 85,5,10
10,0; 86,6,8
	11,1; 88,6,6
7,8; 92,4,4
10,7; 85,6,9
9,9; 86,6,8
	12,8; 90,4,6
16,3; 91,3,6
9,8; 88,5,7
13,0; 90,4,9

	Content of physical mud  (%)

	0-10
10-20
20-30
0-30
	
	27,1
26,8
21,1
25,0
	33,0
9,1
30,2
24,1
	33,7
34,6
31,5
33,3

	Content of water-soluble salts (%)
	0-10
10-20
20-30
0-30
	
	0,18
0,35
0,35
0,29
	0,15
0,07
0,30
0,17
	0,12
0,28
0,31
0,24

	рН of water suspension


	0-10
10-20
20-30
0-30
	
	8,3
8,4
8,4
8,4
	8,2
8,1
8,3
8,2
	8,1
8,3
8,3
8,2

	Content of mobile nutrients (mg per kg of soil)
	Nhydr.
	0-10
10-20
20-30
0-30
	
	35,4
18,8
18,1
24,1
	42,4
25,6
22,2
30,7
	56,2
64,7
48,1
56,3

	
	P2O5

	0-10
10-20
20-30
0-30
	
	12,0
9,2
7,1
9,4
	12,6
6,0
7,1
8,4
	15,1
18,9
7,6
13,8



The data on structure (morphological description of profiles) and chemical composition (table 13) of alluvial-meadow desertification soils indicate presence of obvious changes as degree of pasture degradation increases, where humus horizon is quite strong (A + B1 = 47 cm) and decreases strongly to 42cm, with a corresponding decrease in humus from 2.8 to 1.7%. They, in turn, are reflected in decreases of absorption capacity (from 12.8 to 10.7 mEq per 100g of soil), physical clay content in surface horizon (from 33.7 to 27.1%), and mobile forms of nitrogen and phosphorus. It should be noted that soils of floodplains are distinguished by high potential fertility.
The study of obtained experimental data showed that there is no failure at this site, since it is an overgrown deposit. Projective soil cover with vegetation with a high degree of degradation is 30%, with an average - 58-60% and with a weak - 60%. At the same time, there is a change of dominants in plant associations depending on the level of degradation (Table A.6).

Table A.6 - Biological indicators on degraded pastures in Zhambyl plots, Zhambyl oblast.
	Indicators
	Degradation stage

	
	very strong (failure)
IV stage
	strong
III stage
	moderate
II stage
	weak
I stage (background)

	Projective cover,%
	-
	50
	62
	65-70

	Name of plant community
	-
	Azhek, climacoptera, weed perennials
	Alhagi, climacoptera, haloxylon with saltwort 
	Alhagi, climacoptera, haloxylon with saltwort and shrubs, tamarix

	Species composition, dominants
	-
	Azhek, climacoptera, thistle, chicory, hemp, Coopus, tamarix
	Alhagi, climacoptera, haloxylon with saltwort , teresken, kermek, Eremopyrum
	Alhagi, climacoptera, haloxylon, saltwort , teresken, kermek, Eremopyrum, tamarix, orach

	Botanical composition, %
	-
	Azhek-40, Climacoptera-30, weeds -30
	Alhagi-35, climacoptera-30, haloxylon- 20, saltwort -15
	climacoptera-45, Alhagi-30, saltwort-20, bushes-5

	Poisonous and unconsumable kinds
	- 
	Chicory, Xanthium, Thistle, tomarix, 1.20 c / ha
	Kermek, saltwort, 0.30c/ha 
	parminter, kermek, itsegek

	Yield of pasture feed, t / ha
	-
	0.33 c / ha of edible mass, total - 1.53 c/ ha
	2.78 c / ha of edible mass, total 3.38 c/ha
	3.08 c / ha of edible mass

	Presence of grazing
	
	Present with saline. Overgrow takes place. 



The botanical composition consists mainly of Alhagi, climacopters and shrubs. The yield of pasture mass ranges from 0.33 to 3.08 centners / ha of the eaten mass, depending on level of degradation. It should be noted that in this area a lot of poisonous and nepodedae plants are found. The boundaries of the degradation contours under severe degradation– N:44017153,21 and Е: 073001112,41; under moderate degradation –N:44018130,01 and Е:073002124,31 and under weak degradation - N: 44019134,91 and Е:073002112,71 (Figure A.6).
The change in CSB in autumn period is marked by weak vegetative activity. At the time of spectral shooting, in the autumn period, the CSB graph is approaching the open soil plot. That is, in  overall composition of community, the percentage of vegetation in autumn period is almost minimal. Almost naked ground area is marked on the first site
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Figure A.6 - Spectral characteristics of the study point № 3 – Zhambul village 
A - strong degradation III-degree, B - average degradation II-degree, C - weak degradation I-degree (background).
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A - very strong IV-degree (failure), B - strong degradation III-degree, C - average degradation II-degree, D - weak degradation I-degree (background).

Figure A.6  - Characteristics of the study point № 3 – Zhambyl by degradation stage
Research spot №6 – Moyinkum village It is located in Moyinkum district, Zhambyl region. The relief is the floodplain of Shu river, landscape aspect is greenish-yellowish. The indicators of soil profile structure and chemical composition of alluvial-meadow soils, depending on degree of their degradation, are similar to those of Zhambyl village site (table A.7).
Section №20 was laid on the above-floodplain terrace of the Chu River in the Moyynkum region. The site is a pasture with weak grass coverage. The soil is alluvial meadow medium loamy. Coordinates: 44 ° 16.378 ', 073 ° 01.496'.
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	0-5, Gray, dry, slightly compacted, penetrated with small roots, lumpy, vertical spongy voids of decomposed roots, loamy, clear transition in structure;

	
	5-21, Dark gray, dry, compacted, lumpy, finely porous, small roots, dotted salts, loamy, dead roots of Haloxylon, clear transition in color;

	
	21-33, (buried humus) Dark gray with a brown tint, fresh, slightly compacted, finely lumpy-powdery, finely porous, small roots, salts in the form of spots and veins, loamy, color transition;

	
	33-42, Gray with a brownish tinge, from fresh to wet, permeated with small roots, salts in the form of streaks and stains, rusty spots of iron hydroxide, gradual color transition;

	
	42-52, Grayish-brown, moist, slightly compacted, single small roots, salts in the form of spots, rusty spots, loamy, clear transition in color;

	
	52-76 and deeper, Dark gray, moist, poorly compacted, rare roots, rusty spots, salts in the form of single veins, sandy loam.


Figure A.7 - The structure of the profile of the alluvial meadow soil

Studies of biological indicators show that projective soil cover with herbage under high degree of degradation is 30%, under average degradation 60% and under weak degradation 65-70% under failure site (4th degree degradation) vegetation is almost completely absent. By species composition of plants dominant position is occupied by: chingil, Alhagi, haloxylon, climacoptera, etc. (table А.7, figure А.8, sheet 2).
At the site of severe degradation botanical composition consists of chingil, climacopters and sagebrush; with an average degradation — same but with Alhagi, climacopter and Suaeda and under weak degradation — also same with Alhagi, Suaeda and climacopter but with chingil, and ephemeras. The yield of pasture mass ranges from 0.24 to 3.49 c / ha, depending on level of degradation. Borders of degradation contours - under severe degradation– N:44017124,71 and Е: 072058105,01; under moderate degradation –N:44016112,11 and Е:073001110,81 and under weak degradation - N: 44016122,91 and Е:073001129,41.

Table A.7 - Biological indicators on degraded pasture areas of Moyinkum, Zhambyl region.
	Indicators
	Degradation stage

	
	very strong (failure)
IV stage
	strong
III stage
	moderate
II stage
	weak
I stage (background)

	Projective cover,%
	-
	30
	60
	65-70

	Name of plant community
	-
	Chingil, climacoptera, sagebrush, tomarix, ajrek
	Alhagi, climacoptera, Suaeda with chingil inclusions
	Alhagi, Suaeda, climacoptera, with chingil and ephemera

	Species composition, dominants
	-
	Chingil, climacoptera, sagebrush, tomarix, ajrek, zygophyllum, Carduus
	Alhagi, Suaeda, climacoptera, with chingil, sagebrush
	Alhagi, Suaeda, climacoptera, chingil, Eremopyrum, Kochia

	Botanical composition, %
	-
	Chingil-40, climacoptera-35, sagebrush-15, tomarix-5,    ajrek-5
	Alhagi-45, climacoptera-30, Suaeda-20, ephemera-5
	Alhagi-40, climacoptera-30, Suaeda-20, chingil-5, ephemera-5

	Poisonous and unconsumable 
	- 
	zygophyllum, tomarix, kermek
	zygophyllum
	zygophyllum

	Yield of pasture feed, t / ha
	-
	0.24 c / ha of edible mass
	2.38 c / ha of edible mass, total 3.38 c/ha
	3.49 c / ha of edible mass

	Grazing
	
	Weak 
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A - very strong IV-degree (failure), B - strong degradation III-degree, C - average degradation II-degree, D - weak degradation I-degree (background).

Figure A8 sheet 1 – Spectral characteristics of the study point № 6 – Moyinkum village
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A - very strong IV-degree (failure), B - strong degradation III-degree, C - average degradation II-degree, D - weak degradation I-degree (background).

Figure A8 sheet 2 – Spectral characteristics of the study point №6 – Moyinkum village

So in general, almost all contours have a spectral image quite common to desert pastures. That is, we noted a slight participation of vegetation in general spectrum. The slope of the curve in wavelength range of 680–740 nm characterizes participation of vegetation in CSB.
Research spot №7 – Akkol village is located at Talas district of Zhambyl region. Relief hilly plain, landscape aspect: grayish-brown. Disturbance of pasture - moderate. Below are chemical composition indicators of light-colored gray soils, depending on degree of their degradation (table A.8, figure A.9).
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	АD 0-3, Gray, dry, poorly compacted, lumpy-silty, strongly permeated with roots, finely porous, sandy loam, passages of insects, the transition is clear in structure;

	
	A1 3-16, Gray with a brownish tinge, dry, compacted, scaly-lumpy, permeated with roots, salts in the form of dots, sandy loam, gradual transition in color;

	
	 В1 16-28, Grayish brown, dry, compacted, lumpy, finely porous, small roots, light loamy, salt in the form of dots, gradual transition in color;

	
	B2 28-44, Brown, moist, slightly compacted, lumpy, single roots, light loamy, rare salts, gradual transition in color;

	
	ВС 44-62, Brown, wet, weakly compacted, lumpy, finely porous, insect passages, loamy, small roots, abundance of salts in the form of dots and veins, gradual transition in color;

	
	C 62 and deeper, Light brown, moist, slightly compacted, lumpy, small roots, salts in the form of dots and veins, loamy.


Figure A.9 - Structure of the profile of low-carbonate light gray soil
Section №25 was laid to the north of the village. Akkol of Zhambyl region. The relief is a slightly undulating plain. The pasture has weak grass coverage. Coordinates: 43 ° 27.261 ', 070 ° 50.637'. Soil, light low-carbonate light loamy gray soil.

Table A.8 - Soil indicators on degraded pasture areas of Akkol, Zhambyl region.
	Indicators
	Depth, cm
	Degradation stage

	
	
	very strong (failure)
IV stage
	strong
III stage
	moderate
II stage
	weak
I stage (background)

	Humus horizon (А+В1), cm
	
	
	42
	47
	47

	Humus content, %


	0-10
10-20
20-30
0-30
	17
	20
	25
	28

	Amount of absorbed bases (mEq per 100g of soil) and their composition (Ca, Mg, Na,% of the amount)
	0-10
10-20
20-30
0-30
	0,71
0,61
0,52
0,61
	0,80
0,74
0,61
0,72
	0,95
0,92
0,90
0,92
	1,05
0,94
0,91
0,97

	Content of physical mud  (%)

	0-10
10-20
20-30
0-30
	12,7
19,0
18,6
16,8
	13,1
19,0
19,1
17,0
	14,2
19,8
18,7
17,6
	15,1
18,2
18,0
17,1

	Content of water-soluble salts (%)
	0-10
10-20
20-30
0-30
	0,13
0,25
0,31
0,23
	0,11
0,24
0,27
0,21
	0,10
0,20
0,25
0,18
	0,08
0,18
0,22
0,16

	рН of water suspension


	0-10
10-20
20-30
0-30
	8,4
8,6
8,7
8,6
	8,4
8,5
8,7
8,5
	8,4
8,5
8,6
8,5
	8,3
8,5
8,6
8,5

	Content of mobile nutrients (mg per kg of soil)
	Nhydr.
	0-10
10-20
20-30
0-30
	12,1
10,7
8,1
10,3
	14,1
12,3
10,1
12,2
	16,2
16,0
12,1
14,8
	16,2
16,7
12,1
15,0

	
	P2O5

	0-10
10-20
20-30
0-30
	17,1
11,7
9,1
12,6
	19,8
19,0
10,7
16,5
	22,3
20,7
11,0
18,0
	23,8
21,1
11,1
18,7



The data of field soil studies of the pasture area in Akkol indicate low humus horizon (A + B1 = 28 cm) and its low humus content (~ 1%) of light loamy bright- gray soils, which with increasing degree of grazing pastures are relatively easily degraded, during which there is a noticeable decrease in physical clay in surface layer 0-10 cm (from 15.1 to 12.7%), which is generally manifested in decreases of absorption capacity (from 9.5 to 6.6 mEq per 100 g of soil), the content of available forms of nitrogen and phosphorus. The exception is the content of water-soluble salts and soil pH. The study of biological indicators showed that the site of Akkol village clearly has a dependence of pastures’ state from grazing intensity. Projective soil cover with vegetation at the failure site is 10-15%, 3rd degree of degradation - 35%, 2nd degree of degradation - 50% and 1st degree of degradation - 80% (table A.9). 
The species composition at the site of failure (4th degree of degradation) mainly consists of weed vegetation, identically there is bluegrass, seldom Alyssum and sagebrush. On the site with a strong degradation of pastures, along with weed vegetation, there is Carex, bluegrass, sagebrush and Ceratocarpus. In case of moderate grazing (2nd degree of degradation), except for those noted in the previous one, there is presence of grass, moss, feathergrass, and other minors. 

Table A.9 - Biological indicators on degraded pasture areas of Akkol, Zhambyl region.
	Indicators
	Degradation stage

	
	very strong (failure)
IV stage
	strong
III stage
	moderate
II stage
	weak
I stage (background)

	Projective cover, %
	10-15
	35
	50
	80

	Name of plant community
	Weeds, ephemera, sagebrush, Ceratocarpus 
	Weeds, ephemera, sagebrush, Ceratocarpus
	Weeds, ephemera, sagebrush, feathergrass
	Sagebrush, ephemera, ozhek, Alhagi, Salsolacollina

	Species composition, dominants
	Peganum harmala, Carduus, Carex, bluegrass, sagebrush, Kochia
	Ceratocarpus, Carduus, Carex, bluegrass, sagebrush, Kochia
	Moss, Carduus, Carex, bluegrass, sagebrush, Kochia
	Climacoptera, Carduus, Carex, bluegrass, sagebrush, ephemera

	Botanical composition, %
	weeds-70, ephemera-20, sagebrush-10
	ephemera-50, sagebrush-30, weeds- 15, Ceratocarpus-5
	sagebrush-40, ephemera-30, weeds-20, feathergrass-10
	sagebrush-35, ephemera-35, ozhek-20, Alhagi-5

	Poisonous and unconsumable kinds
	Peganum harmala, Salsolacollina, Poterium
	Peganum harmala, Salsolacollina, Poterium
	Peganum harmala, Salsolacollina, Poterium, Moss
	Kermek, Salsolacollina

	Yield of pasture feed, t / ha
	-
	0.35 c / ha of edible mass, total 0.85 c/ha
	0.80 c / ha of edible mass
	1.19 c / ha of edible mass

	Presence of grazing
	Failure
	strong                moderate             weak



On the site with weak degradation, except for those noted, there are Alhagi, Poterium and kermek. Similarly, depending on degree of degradation,  pasture yields also vary: from the absence of fodder vegetation as in failure case, to 1.19 centners per hectare on area of weak grazing. Borders of degradation contours - under failure case N: 43025158,61 and Е: 070047149,61; under strong degradation – N:43026108,71and Е: 070048108,01; under moderate degradation –N:43026137,61 and Е:070049128,21 and under weak degradation- N: 43027116,21 and Е:070050137,31
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A - very strong IV-degree (failure), B - strong degradation III-degree, C - average degradation II-degree, D - weak degradation I-degree (background). 
Figure A.10 sheet 1 – Spectral characteristics of the study point № 7 – Akkol village
Kyzylkum sands (Kyzylorda and Turkestan regions). The main soil types in test areas of the northern part of the Kyzylkum desert (Kyzylorda region) were:
- desert-sandy with hilly-ridge-cellular relief and inter-hill closed depressions;
-alluvial-meadow desertified heavy loam (transition zone between the Kyzylkum plateau and ancient channels of Syrdarya river);
- takyr-shaped, light loamy, with saline soils reaching the surface of the soil.
In  Kyzylkum desert, the following main types of pastures were marked on the plots:
- sagebrush with teresken;
- sagebrush-ephemeral;
- ephemeral-grass with haloxylon;
- ephemeral grass – granary plants;
- sagebrush-Carex- with bushes and Haloxylon;
- sagebrush-ephemeral with grass mixtures;
- ephemeral-forb grass-Carex with Haloxylon;
- ephemeral-grass with dzhuzgun;
- Carex-Ceratocarpus with haloxylon;
- sagebrush-ephemeral with haloxylon;
- ephemeral-grass with haloxylon;
- semi-shrub Carex.
During the survey period in northern Kyzylkum (Kyzylorda region), the soils were sufficiently wetted (wetting depth up to a meter), while there were signs of a lack of thermal resources. On the pasture there was a weak regrowth of green biomass of herbs and young shoots from dwarf shrubs. In some areas, dzhuzgun recorded damage to the young greenery by spring frosts, and therefore the dying of the tops of the branches and the absence of flowering were observed, and in some places even the destruction of the bushes. Frost damage has also been observed in some legume types of vegetation. It is known that these heat-loving plants can be damaged by low-intensity frosts: minus 1-3 ° C.
In the surveyed areas, vegetation was sparse, with a small projective cover, mostly up to 20–30%. During the spring survey, up to 5-10 sprouts were observed in dwarf shrubs and bushes (sagebrush, Salsolacollina, juzgun, tomarix, haloxylon, etc.), and in haloxylon shrubs up to 10–20 cm. Carex usually had fruitage with 10–15 cm height of grass.
In the surveyed area, a lot of old broken branches were observed near semi-shrub vegetation, as well as capture of vegetation-free sandy areas by mosses, which indicates pasture degradation. In general, vegetation in pilot sites was assessed as satisfactory and poor.
Grazing in desert areas is of great importance for seed renewal of plants, it promotes shedding of ripened seeds with their simultaneous incorporation into the soil, improves composition of vegetation, density of its cover, which suppresses spread of mosses, increases productivity and longevity of pastures. The state of pastures in northern Kyzylkum region by taking into account different projective cover and degree of degradation, are presented in Figures 8.1-8.2.
Section #30 was laid in the southern part of the Eastern Kyzylkum. The relief is ridge-hilly-cellular. Ridges with a height of 15-20 m are oriented from NE to SW with an inter-ridge distance of about 3 km, filled with sandy hillocks 5-6 m in height with closed oval-shaped depressions from 20 to 50 m. The vegetation cover is represented by Haloxylon, zhuzgun, carex, beetroot, tulip, poppy, ebelek, fire. The projective cover varies from 15 to 40%, decreasing from the bottom of basins and troughs to watersheds. At the northeastern exposures in the vegetation cover, the place of sedge is replaced by white-earth sagebrush, which has a higher projective cover. The surface horizon of the soil developed under the sedge is represented by a weakly bonded blown sand layer (4-6 cm), and under the sagebrush it is represented by bonded sand with a fractured surface. Below is the shape of the profile of the sandy desert soil, formed under the pachystyl sedge and poppy, growing among Haloxylon and zhuzgun. The projective cover is 45-50% (Figure A.11).
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	А11 0-2, Light brownish-grayish (2.5Y 6⁄2 on the Munsell scale), dry, compacted, sedge stems extending from the tillering node, the transition is clear by rootiness;

	
	А12 2-11, Light brownish-grayish (2.5Y 6⁄2), dry, slightly compacted, sandy, strongly penetrated and intertwined with roots, fastening the soil mass into sod, easily freed from sand particles by shaking, the transition is gradual in the degree of rootiness;

	
	В 10-38, Light yellowish brown (2.5 6⁄4), dry, slightly compacted, fragile, lumpy, sandy, permeated with roots, gradual transition in color;

	
	С 38-140, Light yellowish brown (2.5 6⁄3), dry, slightly compacted, sandy.



Figure A.11 - The profile structure of desert-sandy soil

Grazing in desert areas is of great importance for seed renewal of plants, it promotes shedding of ripened seeds with their simultaneous incorporation into the soil, improves composition of vegetation, density of its cover, which suppresses spread of mosses, increases productivity and longevity of pastures. The state of pastures in northern Kyzylkum region by taking into account different projective cover and degree of degradation, are presented in Figure A.12.
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Pastures in the sands of Kyzylkum Kyzylorda region with a weak degree of degradation.
	[image: ]
	[image: C:\Users\Nurlan\Documents\пастбища тараз\рабочая_2014\Results1\K-orda\0012\K_orda_12_sp_28_41.jpg]

	А

	[image: ]
	[image: C:\Users\Nurlan\Documents\пастбища тараз\рабочая_2014\Results1\K-orda\0012\K_orda_12_sp_98_111.jpg]

	B



Figure A.12 – Vegetation state on test plots of Kyzylorda region with varying degrees of degradation: A) The transition zone between the Kyzylkum plateau and the ancient channels of the Syrdarya river as heavily impacted by cattle grazing; B) The northern part of  Kyzylkum sands with an average degree of degradation.

Active vegetation of pasture plants was observed in studied Kyzylkum territory of Turkestan region due to sufficient humidity and heat supply during spring period. The projective cover of soil with vegetation was in areas of 30–40%, in some places 40–50% and more. There was observed a more dense development of ephemeral-grass vegetation and flowering forbs, as well as growth of shoots in dwarf shrubs and shrubs. Juzgun in the South Kazakhstan region was in much better condition, compared with the northern Kyzyl Kum. The shrub had active development of young shoots and widespread flowering. In forbs, flowering was noted predominantly, at a plant height of 15–25 cm, Ceratocampus had shoot growth, beginning of budding, at a height of 5-10 cm, and in cereals (wild barley, wheat grass) - earing, at a height of 20–40 cm.
The pastures of the southern Kyzylkum are actively used for grazing, therefore, at the observation points, a predominantly satisfactory condition was noted with an average and a low degree of downfall. Figure A.13 shows the test plot № 2 with an average degree of degradation of pasture grass stand. Due to large loads of animals on pasture in previous years, there is a noticeable decrease in vegetation in the upper and middle tier (shrubs) and spread of low-growing ephemeral grasses and Ceratocarpus in the lower tier. 
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Figure A.13 - Pastures with an average pasture degradation (spot № 2, Turkestan region)
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Figure A.14 - Pastures with weak pasture degradation (spot №3, Turkestan region)


At the same time, we carried out observations in areas with a weak degree of overgrowing pastures, with a predominance of semi-shrub and ephemeral-grass vegetation. Figure A.14 shows the spring state of pasture with a low degree of degradation in plot № 3.

The results of spring survey in Betpakdala desert. On the test sites of Betpakdala desert, gray-brown soils are light and medium loamy, sometimes sandy with a mechanical composition, with exudates and efflorescences of salts reaching the soil surface from weak to strong degree. At spot № 2 there is an exit to the soil surface of plate rocks. The relief is characterized by a hilly-wavy or low-sloping slightly inclined plain with closed depressions and watercourses. Height above sea level at the observation points ranged from 311 to 407 m.
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Figure A.15 - Different degrees of pasture degradation in the desert Betpak-Dala, Zhambyl oblast: A) Strong degradation, projective cover 15%; B) Degradation is average, projective cover, section No. 3; C) Degradation is weak, projective cover 40-45

Figure A.15 shows individual survey points with varying degrees of pasture degradation in the desert of Betpak-Dala, Zhambyl Oblast.
In the desert Betpakdala the following types of vegetation were marked:
- sagebrush- Salsolacollina;
- shrub- Salsolacollina-sagebrush;
- sagebrush with bushes-Salsolacollina;
- sagebrush- Alyssum;
- teresken-sagebrush;
- Keyreuk with teresken;
- shrub-sagebrush of different kinds;
- Keyreuk-teresken (with small complexes of shrubs and grasses);
- sagebrush Ceratocarpus;
–sagebrush- Alyssum with teresken.
Surveys and observations were carried out at sites with varying degrees of degradation:
- strong (spots 14, 4, 2), the projective cover is mainly 15–25%, the yield of dry mass of  grass is 2, 1– 3.2 t / ha;
- average (spots 1 (2), 3, 5), the projective cover is mainly 25–45%, the yield is 3.1–3.6 centners / ha;
- weak (points 10, 13, 1 (1), 6), projective cover - 30–45%, dry weight yield 3.8–4.0 c / ha.
In the predominant species of semi-shrub vegetation (sagebrush, Alyssum, teresken) and Salsolacollina (Keireuk), shoots grew, the length of young shoots was 5–15 cm, with a total height of bushes of 20–30 cm, the astragalus had a phase budding, in ephemera and rare cereals - earing. The state of pastures on test plots varied from satisfactory - poor to good. The poor condition of pastures was characterized by a strong thinning of the grass stand and a weak foliage of plants, a small projective cover of the soil by vegetation. 










ATTACHMENT B

Results of 10 monitoring points, semi-desert (latitudinal) and dry steppe zones along the route: Akshatau - Atasu - Zhalgyztal - Furmanovo - Tasty-Taldy - Prirechnaya - Kalkaman - Akku - Shar - Zhalgyztobe, in Karaganda, Kostanay, Akmola, Pavlodar and East Kazakhstan regions (2019 year)

Study point № 1 – Akshatau, Shetsky district, Karaganda region. The zone is semi-desert. Relief - small hills, hilly undulating plain. The aspect of the landscape is greenish.
Section № 30 was laid (05/23/2019) on a slightly undulating upland in the territory of Shetsky district of Karaganda region. Section coordinates 47 ° 57.692 ', 074 ° 02.052. The absolute height above sea level is 714m. The land is a slightly etched pasture. Vegetation: feather grass, fescue, Pamirian winterfat, ferula, Carex and Kochia. Projective coverage 65-70%. The surface of the soil is almost completely covered with crushed stone with a color from dark blue to black. The genetic horizons of brown underdeveloped gravelly (coarsely skeletal) soil is characterized by the following morphological features.
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	A 0-6, Light yellowish-brown (10YR 6/4), fresh, finely porous, medium loamy, gravelly, penetrated by fine roots, does not boil from HCl, the transition is clear in color;
D1 6-31, Dense rock, brown (10YR 5/3), fresh, finely porous, medium loam, single small roots, an abundance of weakly weathered gravel (not large), weak weathering, does not boil from HCl, transition in size of gravel;
D2 31-40, Dense rock, marl, brown (10YR 5/3), fresh, single small roots, fairly large gravels that have carbonate deposits that boil from HCl, weak weathering. The debris are picked out only with the help of steel bar.



Figure B.1 - Profile of brown underdeveloped gravelly (coarsely skeletal) soil (point Akchatau)

Data on morphological features of genetic horizons and their indicator indices of brown semi-desert underdeveloped lightly loamy gravelly soils of pasture area of ​​ Akchatau village indicate (Table B.1, Figure B.1) their low potential fertility, which is facilitated by low thickness of fine-grained layer (only 6 cm), the lightness of granulometric composition (27 % of physical clay with strong chipping) with close litter (from 31 cm) of dense rock. Long-term use of pasture site had a negative impact not only on the state of its vegetation cover, but also on soil itself on which they grow. They manifested themselves in a decrease in the thickness of the fine-grained layer (from 6 to 3 cm) and its humus content (from 2.07 to 0.98%), the loss of dusty particles (from 26.3 to 21.3%) and physical clay (from 21 to 17 , 4%), i.e. the granulometric composition of the surface layer becomes lighter, turning from light loamy to sandy loam. 

Table B.1 - Soil indicators on degraded pastures of Akshatau village, Karaganda region
	Indicators
	Depth, cm
	Degradation stage

	
	
	very strong (failure)
IV stage
	strong
III stage
	moderate
II stage
	weak
I stage (background)


	Humus horizon (А+В1), cm
	
	-
	3
	5
	6

	Humus content, %
	0-10
10-20
20-30
	-
-
-
	0,98
0,87
0,50
	1,94
1,42
0,52
	2,07
1,27
0,58

	Amount of absorbed bases (mEq per 100g of soil) and their composition (Ca, Mg, Na,% of the amount)
	0-10
10-20
20-30

	-
-
-

	6,90; 2,1
8,71; 3,4
8,89; 2,8
	6,94; 2,2
8,75; 3,4
9,10; 2,8
	7,03; 2,3
9,51; 3,4
10,38; 2,8

	Content of physical mud  (%)

	0-10
10-20
20-30
	-
-
-
	21,3; 17,4
35,7; 27,1
42,4; 32,0
	24,7; 19,8
36,1; 27,1
42,0; 31,8
	26,3; 21,0
36,0; 27,0
42,6; 31,6

	Content of water-soluble salts (%)
	0-10
10-20
20-30
	-
-
-
	0,041
0,032
0,035
	0,040
0,032
0,036
	0,041
0,031
0,056

	рН of water suspension
	0-10
10-20
20-30
	-
-
-
	6,4
7,0
7,9
	6,1
6,7
7,8
	5,3
6,6
7,9

	Content of mobile nutrients (mg per kg of soil)
	Nhydr.
	0-10
10-20
20-30
	-
-
-
	33,6
30,8
26,1
	19,6
22,4
17,2
	33,6
30,8
19,6

	
	P2O5

	0-10
10-20
20-30
	-
-
-
	36
8
5
	27
8
5
	72
10
5



Pasture soils have a small absorption capacity (7-9 mEq per 100 g of soil), are not solonetz (total salt <0.040%), are poorly supplied with mobile forms of nutrients, and are poorly sensitive to pasture degradation.
The study of biological indicators in degraded pasture areas of Akshatau village, Shetsky district of Karaganda region showed that projective soil cover with vegetation in the area with weak degradation is 65-70%, with medium - 50% and strong - 40%. Productivity of pastures, depending on the degree of degradation, ranges from 6.4 c / ha to 13.4 c / ha. At the same time, it should be noted that the amount of Sagebrush in the area with strong degradation is 60%, while with weak - 30%.
Species composition of plants with a weak degree of degradation, in addition to Sagebrush include plants such as Feather grass, fescue, and Pamirian winterfat (table 5). It should be noted that when examining this pasture territory, we did not reveal a case with a IV degree (failure) of degradation. Based on ground-based data using satellite data from Landsat 8 and Modiss Terra spacecraft, contour maps were constructed with weak average and severe degradation of the land and vegetation cover of Akshatau test site for May - June 2019 (Figure B.2).

Table B.2 - Biological indicators on degraded pastures of Akshatau village, Shetsky district, Karaganda region
	Indicators
	Degradation stage

	
	very strong 
IV stage
	strong
III stage
	moderate
II stage
	weak
I stage (background)

	Projective cover, %
	-
	40%
	50%
	65-70%

	Name of plant community
	
-
	Sagebrush–Ceratocarpus-Carex
	Sagebrush-Carex-Kochia
	Sod- granary - Sagebrush-Carex 

	Species composition, dominants
	
-
	Sagebrush, Ceratocarpus, Carex, knotweed, alyssum, ephedra, Lappula, Kochia
	Sagebrush, Kochia, Feather grass, Ceratocarpus, Carex, fescue, Achnatherum, 
	 Feather grass, Sagebrush, fescue, Atraphaxis, Pamirian winterfat, ferula, Carex, Kochia, 

	Botanical composition, %
	
-
	Sagebrush-60%, Ceratocarpus-30%, Carex – 10%
	Sagebrush-50%, 
Carex – 40%,
Kochia-10%,
	Feather grass-40%,
Sagebrush-30%, 
Carex – 20%, fescue-10%

	Poisonous and unconsumable 
	
-
	-
	-
	ferula

	Yield of pasture feed, t / ha
	
-
	6,4
	10,4
	13,4

	Grazing
	-
	Strong
	Moderate
	Weak

	Images of pastures by degradation stages 
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The coordinates of contours boundaries with severe degradation - N47º58’38.7; E074º02’07.6; with average degradation - N47º58’07,2; E074º02’23.7 and with slight degradation - N47º57’52.3; E074º02’16.0. The soil and vegetation cover was assessed by NDVI vegetation index, separately for all contours of Akshatau test site for vegetation period of 2019 (Figure B.2).
Unlike the previous Gulshat test site, at Akshatau test site, the values ​​of vegetation index NDVI are in the range 0.18 - 0.25, at the time of the survey the end of May and the beginning of June. A decrease in values ​​of vegetation index for contours with strong average degradation is observed. Moreover, the circuit with average degradation goes into the category of severe degradation in late August and early September.
[image: Карагандинска , п]
Figure B.2 – Contours layout of study point №2 - Akshatau: with severe degradation; with moderate degradation and with weak degradation
[image: ]
Figure B.3 - Values of vegetation index NDVI of Akshatau test site, for the period from May to September 2019, based on Landsat 8 satellite images

The contour with weak degradation shows a natural decline until the second decade of June, a slight rise until the first decade of August and a sharp decline after the first decade of August. This is a natural graph of poorly degraded pastures, vegetative index NDVI. Thus, it can be noted that Akshatau landfill has a natural increase in vegetation cover for the contour with weak degradation, and transition of the contour with moderate degradation to the category of highly degraded pastures is apparently due to overgrazing.
Study point № 2 – Atasu, Zhana-Arkinsky district, Karaganda region. Dry steppe zone. The relief is plain. The aspect of the landscape is greenish-grayish. The landscape aspect is green.
The pasture plot of Atasu village is located in the desert steppe - a subzone of light chestnut soils. However, due to the fact that site territory is located within the valley of middle course of  Sarysu River, only alluvial-meadow soils are widespread here under the Achnatherum-grass-Carex-Sagebrush association, where  degradation effect of pasture vegetation is quite clearly manifested in morphological characters and indicators of soil composition and properties, especially in their surface layers (Table B.3, Figure B.4). 
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	0-8, Grayish-brown (10YR 5/2), fresh, layered-lumpy, slightly densified, medium loamy, finely porous, small roots, boils strongly from HCl, the transition is gradual in color;
8-13, Grayish-brown (10YR 5/2), fresh, compacted, powdery-lumpy, finely porous, medium loamy, penetrated by small roots, boiling violently from HCl, white tiny larvae, transition is clear in color;
13-20, Grayish brown (10YR 5/2), fresh, compacted, finely powdery, medium loamy, small roots, finely porous, boils from HCl, the transition is clear in color;
20-35, Grayish-brown (10YR 5/2), fresh, heterogeneous in color (light and dark tones vary), medium-dense, finely lumpy, finely porous, small roots with antennae, boils from HCl, the transition is clear in color;
35-45, Light brownish-gray (10YR 6/2), moist, compacted, lumpy, finely porous, heavier than the previous one, plenty of small roots, boil violently, the transition is clear in color;
45-57, Light brownish-gray (10YR 6/2), moist, heterogeneously colored (gray and yellow variations), compacted, small pores, lumpy, clay, small living and dead roots, black spots, boils violently from HCl , the transition is clear;
57-80, Light gray (10YR 7/2) with a yellowish tint, moist, compacted, clayey, finely porous, veins and points of water-soluble salts and carbonates, small (living and dead) plant roots, boils violently from HCl, the transition is sharp to ancient alluvial sand deposits;
80-100, Brownish-yellow (10YR 6/6), almost wet, sandy alluvial sediment, abundance of black spots, dead plant roots, slightly boils from HCl.


Figure B.4 - Profile of alluvial plain soil (point Аtasu)

Section № 36 was laid (May 25, 2019) on the alluvial plain of Sarysu River Valley, Karaganda Region. The section coordinates 48º37.459 ', 071º20.110'. The absolute height is 453m. The land is a slightly etched pasture. Vegetation by Leymus and Achnatherum bushes. Projective coverage 90%. The soil surface has excrements and traces of the hooves of small and cattle. Morphological and genetic features of alluvial meadow soil are as follows.

Table B.3 - Soil indicators of degraded pastures of the village of Atasu, Karaganda region
	Indicators
	Depth, cm
	Degradation stage

	
	
	very strong (failure)
IV stage
	strong
III stage
	moderate
II stage
	weak
I stage (background)

	Humus horizon (А+В1), cm
	
	-
	30
	34
	35

	Humus content, %

	0-10
10-20
20-30
	-
-
-
	1,85
3,02
2,58
	2,07
3,48
2,80
	3,12
4,00
2,98

	Amount of absorbed bases (mEq per 100g of soil) and their composition (Ca, Mg, Na,% of the amount)
	0-10
10-20
20-30

	-
-
-

	16,02; 4
19,75; 4
18,00; 3
	18,54; 4
21,00; 4
18,01; 3
	20,61; 4
21,15; 4
18,10; 3

	Content of physical mud  (%)

	0-10
10-20
20-30
	-
-
-
	40,1; 43,4
47,8; 50,1
49,6; 51,1
	44,6; 47,1
49,2; 51,1
49,7; 51,7
	47,9; 50,0
50,1; 52,5
51,0; 52,8

	Content of water-soluble salts (%)
	0-10
10-20
20-30
	-
-
-
	0,119
0,124
0,167
	0,120
0,128
0,166
	0,123
0,128
0,162

	рН of water suspension

	0-10
10-20
20-30
	-
-
-
	7,4
8,1
8,2
	7,4
7,9
8,2
	7,3
7,9
8,2

	Content of mobile nutrients (mg per kg of soil)
	Nhydr.
	0-10
10-20
20-30
	-
-
-
	33,6
39,2
42,1
	33,6
36,4
30,8
	36,4
33,6
30,8

	
	P2O5

	0-10
10-20
20-30
	-
-
-
	48
16
16
	27
8
8
	24
13
10



An increase in degradation degree of pastures leads to a significant reduction in thickness of humus layer (from 35 cm on weakly degraded to 30 cm on highly degraded) and the content of humus in the 0-20 cm layer (from 1.38% on weakly degraded to 0.70% on highly degraded). At the same time, on the surface of the latter under the thinned meadow- sweet-Eremopyrum-Peganum harmala association (projective layer 25%, and 70% on slightly degraded), a structureless loose dusty layer with a thickness of 3-5 cm is formed.
 In general, degradation of pastures leads to a relief in granulometric composition of soils, mainly of surface horizon. So, for example, if in loosely degraded areas of soil there was a heavy loamy composition, then in loosely degraded areas, medium loamy, where the content of physical clay was 50.0 and 43.4%, respectively. The aforementioned were reflected in soil absorption capacity, decreasing its value from 20.61 mEq per 100 g of soil in weakly degraded pastures to 16.02 mEq in soils of highly degraded pastures. The soils of the pasture plot are non-solonetz, not solonetzic, have a slightly alkaline environment, poorly provided with available nitrogen, are moderately provided with mobile phosphorus, and the degradation of pastures does not affect their performance.

Table B.4 - Biological indicators of degraded pastures of Atasu village, Zhana-Arkinsky district, Karaganda region
	Indicators
	Degradation stage

	
	very strong 
IV stage
	strong
III stage
	moderate
II stage
	weak
I stage (background)

	Projective cover, %
	-
	40%
	70%
	85%

	Name of plant community
	-
	Carex-Sagebrush-bluegrass with Achnatherum
	Achnatherum-Leymus-granary-Sagebrush
	Achnatherum- granary- carex-Sagebrush, motley-grass

	Species composition, dominants
	-
	Sagebrush, Carex, Achnatherum,  fescue, Kochia, bluegrass
	Achnatherum, Leymus, fescue, Sagebrush, Feather grass, bluegrass, Carex, sophora
	 Achnatherum, Leymus, fescue, bluegrass, Carex, Sagebrush, Koeleria

	Botanical composition, %
	-
	Sagebrush-40%, bluegrass -10%, Achnatherum– 10%, Carex – 40%
	Achnatherum-50%, Leymus-25%, fescue-5%, Sagebrush-5%, Carex – 5%, bluegrass-5%
	Achnatherum-50%, Leymus-20%, 
Carex - 10%, fescue-5%, Sagebrush-5%, bluegrass-5%, Koeleria-5%

	Poisonous and unconsumable 
	-
	Rosa persica
	sophora
	sophora (single)

	Yield of pasture feed, t / ha
	-
	5,5
	16,0
	18,3

	Presence of grazing
	-
	Strong
	Moderate
	Weak

	Images of pastures by degradation stages 
	-
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The results obtained in study of biological indicators on a degraded pasture in the area of  Atasu village, Zhana-Arkinsky district of the Karaganda region show that projective soil cover with vegetation makes up to 40% for the third degree of degradation, 70% for the second degree and for the first degree of degradation 85%. From the obtained data it is seen that with a decrease in grazing load on pasture, soil projective cover with vegetation as well as botanical composition of plants show improvement. 
Pasture mass productivity, depending on degradation degree, ranges from 5.5 t / ha to 18.3 t / ha. It should be noted that productivity of pasture mass on contours with an average and weak degree of degradation increases sharply compared to a contour with a strong degree of degradation (16.0 and 18.3 kg / ha versus 5.5 kg / ha). This is due to the fact that plant contour, with a strong degree of degradation, consists of sedge-Sagebrush-bluegrass type of pasture, whereas other contours along with these plants have Achnatherum, which occupy 50% of the total mass in the botanical composition (table B.4).
Based on ground-based information and data from Landsat 8 and Modis Terra spacecraft, maps of the degradation of the land and vegetation cover of the Atasu test site were constructed (Figure B.5).
[image: Карагандинская ,  п]
Figure B.5 - Contours layount of study point № 4 - Atasu: with severe degradation; with moderate degradation and with weak degradation

The coordinates of the beginning of contours boundaries: with severe degradation - N48º38’20.1; E071º22’07.0; with average degradation - N48º37’45.7; E071º21’14.2 and with weak degradation - N48º37’35.1; E071º20’27.0.
In the Arc Gis 10.5 software package, the vegetation index NDVI was evaluated for each contour of test site. Based on assessment results, graphs of the NDVI vegetation index were plotted, separately for each contour, for the vegetation period of 2019 (Figure B.6).
The values ​​of the vegetation index NDVI, at the time of survey examination corresponded to 0.26-0.31. The yield was 5.5 c / ha -18.3 c / ha. During the growing season of 2019, there was a decrease in vegetation cover until the first decade of June. Then vegetation growth was noted until the third decade of July. Then a further decrease in vegetation until September. The transition with a weak degradation to the category of strong degradation in the first decade of August was also noted. In general, the nature of growth and development of the test site does not correspond to the norms of vegetation index NDVI values, which is associated with a different level of pasture load.
[image: ]
Figure B.6 - Values of the vegetation index NDVI of study point 4, for the period from May to September 2019, based on Landsat 8 satellite images

The study point № 3 is Zhalgyztal, Arkalyksky district of Kostanay region. The relief is plain. The aspect of the landscape is light green. The zone is dry steppe.
Section № 39 was laid on the left-bank floodplain terrace of Bala-Terisakkan River in the Arkalyk district of Kustanai region (05.25.2019). The coordinates of the section 49º59.108 ', 067º14.057'. The absolute mark is 354m. The land is a slightly etched pasture. Natural vegetation is represented by tansy, feather grass, fescue, koeleria, leymus and sagebrush. Projective coverage 80-85%. There are small cracks on the surface of the soil. Below is the morphological description of chestnut carbonate soil profile.
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	A 0-12, Brown (7.5 YR 5/4), the top 5cm is soddy, fresh, lumpy, powdery, finely porous, medium compacted, penetrated by small roots, single small gravels, medium loamy, boils violently from HCl, the transition is gradual in color;
B1 12-22, Brown (7.5 YR 5/4), fresh, compacted, lumpy, nutty, powdery, finely porous, medium loamy, penetrated by fine roots, single pebbles, visible carbonates, boil rapidly from HCl, the transition is gradual in color;
B2 22-46, Brown (7.5 YR 5/4), fresh, very dense, nutty, sometimes very fine pebbles d = 2-5mm, loamy (medium to heavy), finely porous, small roots, transition is clear in color ;
C 46-65, Brown (7.5 YR 5/4), non-uniformly colored, fresh, very dense, in some places coarse sand with small pebbles, small pores, clayey, single small roots, boiling violently from hydrochloric acid.



Figure B.7 - Chestnut carbonate soil profile (point Zhalgyztal)
From the morphological characteristics of genetic horizons of section profiles and indicators of  chestnut soils’ composition and properties in Zhalgyztal pasture area of the Arkalyk region, it follows that degradation of pastures as a whole reduces soil fertility (Table B.5, Figure B.7).

Table B.5 - Soil indicators of degraded pastures of Zhalgyztal village, Arkalyk district of Kustanai region
	Indicators
	Depth, cm
	Degradation stage

	
	
	very strong (failure)
IV stage
	strong
III stage
	moderate
II stage
	weak
I stage (background)

	Humus horizon (А+В1), cm
	
	-
	27
	21
	22

	Humus content, %
	0-10
10-20
20-30
	-
	4,65
2,33
1,60
	2,18
1,34
1,56
	2,36
1,82
1,78

	Amount of absorbed bases (mEq per 100g of soil) and their composition (Ca, Mg, Na,% of the amount)
	0-10
10-20
20-30

	-
	29,81; 4
28,52; 3
25,81; 4
	26,51; 3
27,70; 3
30,16; 4
	28,62; 3
27,61; 4
30,00; 4

	Content of physical mud  (%)

	0-10
10-20
20-30
	-
	36,9; 62,7
37,6; 72,0
36,5; 73,0
	38,0; 64,7
38,1; 71,1
35,4; 72,0
	38,8; 65,6
37,2; 72,3
34,7; 71,8

	Content of water-soluble salts (%)
	0-10
10-20
20-30
	-
	0,092
0,100
0,157
	0,085
0,098
0,151
	0,080
0,094
0,140

	рН of water suspension


	0-10
10-20
20-30
	-
	8,0
8,0
8,1
	7,9
8,0
8,0
	7,9
8,0
8,0

	Content of mobile nutrients (mg per kg of soil)
	Nhydr.
	0-10
10-20
20-30
	-
	33,6
36,4
36,4
	33,6
36,4
30,8
	39,2
36,4
28,0

	
	P2O5

	0-10
10-20
20-30
	-
	66
24
20
	10
3
3
	5
3
3




However, with heterogeneous soil cover of the site, influence of growing degradation of pastures cannot adequately reflect in values ​​of soil indicators. In our case, it appears on the site of highly degraded pastures, located on the more moistened first floodplain terrace of the Bala-Terisakkan River, immediately adjacent to the settlement. Despite strong degradation degree of pasture's vegetation cover, the soil of this site has a more powerful humus horizon (27 cm) than medium and slightly degraded, amounting to 21 and 22 cm, respectively. 
The humus content of the upper soil horizons follows the above patterns. Soils of the pasture plot are clayey in terms of particle size distribution and the effect of degradation on it is manifested by a decrease in  dusty-silt fraction in surface horizon, although in a small amount. The soils are not solonetz, not solonetzic, have a slightly alkaline reaction and are poorly supplied with available nitrogen, and the effect of degradation on their indicators is not manifested.
The experimental data in study of biological indicators showed that there was no failure in this area. Projective vegetation soil cover with a strong degree of degradation is 50-55%, with an average of 75-80% and with a weak - 86%. Moreover, in plant associations, a change in dominants is observed depending on the level of degradation. So, if fescue and Sagebrush occupy 55 and 30% of the total mass in the vegetation cover with strong degradation, then with weak degradation, Feather grass appears instead of Sagebrush, which occupies - 50% of the total mass. The yield of pasture mass was: on the contour with a strong degree of degradation - 5.5 c / ha, with an average - 14.0 c / ha and with a weak - 17.5 c / ha (table B.6).

Table B.6 - Biological indicators of degraded pastures of Zhalgyztal village, Arkalyksky district of Kostanai region
	Indicators
	Degradation stage

	
	very strong 
IV stage
	strong
III stage
	moderate
II stage
	weak
I stage (background)

	Projective cover, %
	-
	50-55%
	75-80%
	86%

	Name of plant community
	
-
	Fescue-Sagebrush-Leymus-Carex
	Bluegrass-Sagebrush-motley- grass
	Feather grass- fescue- motley- grass

	Species composition, dominants
	
-
	Fescue, Sagebrush, Leymus, Carex, Tanacetum, Bluegrass, Limonium,
Lepidium, Achillea
	Bluegrass, Sagebrush, Phlomis, Achillea, Galatella, Ziziphora, Dandelion, 
motley- grass
	Feather grass,fescue, Koeleria, Leymus, Sagebrush , Phlomis,Carex, Achillea,
 motley- grass

	Botanical composition,%
	
-
	Fescue – 55%,
Sagebrush – 30%,
Leymus – 10%,
Carex – 5%
	Bluegrass – 50%,
Sagebrush – 40%,
motley- grass – 10%
	Feather grass – 50%,
fescue – 40%,
motley- grass – 10%

	Poisonous and unconsumable 
	-
	-
	-
	-

	Yield of pasture feed, t / ha
	-
	5,5
	14,0
	17,5

	Presence of grazing
	-
	Strong
	Moderate
	Weak

	Images of pastures by degradation stages 
	-
	
	
	



On the basis of ground information and data from Landsat 8 and Modis Terra spacecraft, map-diagrams of Zhalgyztal test site were constructed for three types of soil and vegetation cover degradation (Figure B.6). The coordinates of the beginning of contours boundaries: with severe degradation - N49º58’43.3; E067º14’57.3; with average degradation - N49º58’49.8; E067º14’26.0 and with slight degradation - N49º58’55.4; E067º14’17.5.
[image: Костанайская, п]
Figure B.8 - Layout of the contours of study point № 3 - Zhalgiztal: with severe degradation; with moderate degradation and with weak degradation

For a detailed study of degradation degree, the graphs of vegetation index NDVI values, for each circuit, for the vegetation period of 2019 (Figure B.9) were constructed at the Zhalgyztal test site.
[image: ]
Figure B.9 - Values of  vegetation index NDVI of point 5, for the period from May to September 2019, based on satellite images of Landsat 8

The values of vegetation index NDVI at the time of survey were in range 0.23-0.25 and continued to increase until the second decade of June to 0.24-0.27, respectively. Then a decrease was noted to 0.18-0-20. Moreover, a transition of the contour with weak degradation to the medium category was noted. In general, the landfill is characterized by moderate degradation.
Study point № 4 – Furmanovo, Arkalyksky district of Kostanay region. The relief is flat plain. Landscape aspect is light green. Dry steppe zone. The pasture plot is located in chestnut soil zone. A structural study of pastures’ soil profiles of varying degrees of degradation showed presence of a rather powerful A + B1 horizon (32 cm) in areas with a weak degree of degradation, decreasing as the degradation increases to 29 cm in moderate pastures and to 24 cm - a strong degree of degradation (Table B.7, Figure B.10).
Section № 42 was laid on the gently sloping plain of Arkalyk district of Kustanai region (05/25/2019). The coordinates of the section 50º29.712 ', 066º49.121'. The absolute height is 243m. The land is a poorly restored restored pasture. Vegetation is represented by tansy, wheatgrass, agropyron, sagebrush, feather grass. Projective coverage 70%. The surface of the soil is covered with polygonal cracks penetrating along the profile to a depth of 50 cm. The description of chestnut carbonate solonetz soil structure profile is as follows.

	[image: C:\Users\457---1\Desktop\21.05.-10.06.2019\2. Кустанайская область\Точка №6. Фурманово\IMG_1523.JPG]
	A 0-19, Brown (7.5 YR 5/4) with ~ 2 cm light gray brittle crust, fresh, slightly densified, finely lumpy-grained, finely porous, medium loamy, penetrated by fine roots, boils violently from HCl, the transition is gradual in color;
B1 19-32, Brown (7.5 YR 5/4), fresh, medium compact, lumpy, medium loamy, finely porous, small roots, single carbonates in the form of veins, boil rapidly from HCl, the transition is gradual in color;
B2 32-49, Brown (7.5 YR 5/4), fresh, highly densified, lumpy, lumpy, possibly plow soles in the past, small roots in places, carbonate neoplasms in the form of dots and white eyes, medium loamy, boiling violently from HCl, transition gradual in color;
BC 49-64, Yellowish-brown (7.5 YR 5/4), fresh, quite densely compacted, nutty, lumpy, finely porous, medium loamy, carbonates in the form of dots and white eyes, single oblate small roots, boiling violently from HCl, transition gradual in color;
Sk 64 and deeper, Yellowish-brown (7.5 YR 5/4), fresh, highly dense, medium loam, carbonates in the form of dots and white spots, boils from HCl.



Figure B.10 - Chestnut carbonate solonetz soil structure profile (point Furmanovo)



Table B.7 - Soil indicators of degraded pastures of Furmanovo village, Arkalyksky district, Kustanai region
	Indicators
	Depth, cm
	Degradation stage

	
	
	very strong (failure)
IV stage
	strong
III stage
	moderate
II stage
	weak
I stage (background)

	Humus horizon (А+В1), cm
	
	-
	24
	29
	32

	Humus content, %
	0-10
10-20
20-30
	-
	2,25
2,00
1,64
	2,07
2,10
2,58
	2,40
2,04
1,82

	Amount of absorbed bases (mEq per 100g of soil) and their composition (Ca, Mg, Na,% of the amount)
	0-10
10-20
20-30

	-
	25,15; 7
26,11; 14
27,19; 18
	27,18; 6
27,01; 14
27,36; 16
	28,21; 4
27,19; 12
27,76; 15

	Content of physical mud  (%)

	0-10
10-20
20-30
	-
	43,6; 68,1
46,8; 72,2
45,7; 75,1
	45,1; 70,0
47,1; 73,8
45,3; 75,9
	47,1; 71,1
46,3; 73,7
45,1; 75,2

	Content of water-soluble salts (%)
	0-10
10-20
20-30
	-
	0,088
0,100
0,118
	0,095
0,098
0,100
	0,096
0,098
0,108

	рН of water suspension


	0-10
10-20
20-30
	-
	8,1
8,1
8,3
	8,1
8,1
8,3
	8,0
8,1
8,3

	Content of mobile nutrients (mg per kg of soil)
	Nhydr.
	0-10
10-20
20-30
	-
	30,8
36,4
42,0
	36,4
36,4
33,6
	30,8
28,0
33,6

	
	P2O5

	0-10
10-20
20-30
	-
	10
5
5
	5
5
15
	24
5
5



A similar pattern is observed in humus content in horizon A, which decreases with growth of pasture degradation from 2.22% to 2.12%. An increase in degradation of pasture plots leads to destruction of structural aggregates and formation of surface horizons, which leads to an increase in deflationary processes, i.e. removal of dusty silt fractions from the territories. The soils of pasture area are not solonetz, but medium-solonetzic, the latter, in combination with clay particle size distribution, gives the soil negative water-physical properties: high density and fracture profile in dry and high swelling and viscosity in wet conditions, as well as low water permeability, which are the main restraint soil factor in formation of a “normal” pasture feed crop. An increase in degradation of pastures, decreasing the thickness of the supra-solonetzic eluvial humus horizon, brings it closer to daytime surface of solonetzic horizon, which enhances its effect on aforementioned negative properties, reducing soil fertility. The soils of pasture plot are not solonetz, are low provided with mobile forms of nitrogen and phosphorus and do not respond to changes in pasture areas degradation. Field studies performed to determine biological indicators showed that pastures of Furmanovo village are an overgrowing deposit and, therefore, Tanacetum with an insignificant participation of cereal plants dominates in the stand. Therefore, in botanical composition, depending on degree of degradation, it ranges from 50 to 60% of the total mass. The productivity of pasture mass ranges from 6.0 t / ha to 20.5 t / ha. It should be noted that in spite of high vegetation coverage of soil on the contour with severe degradation, the yield of forage mass is very low, only 6.0 cent / ha, which is associated with early grazing of this site (table B.8).

Table B.8 - Biological indicators of degraded pastures of Furmanovo village, Arkalyksky district of Kostanai region
	Indicators
	Degradation stage

	
	very strong 
IV stage
	strong
III stage
	moderate
II stage
	weak
I stage (background)

	Projective cover, %
	-
	-
	60
	65-70

	Name of plant community
	
-
	Tanacetum-granary with feather-grass and Ceratocarpus
	Tanacetum- bluegrass- feather-grass with  Agropyron and sagebrush
	Tanacetum-granary with sagebrush and feather-grass 

	Species composition, dominants
	
-
	Bluegrass, Agropyron, Feather grass, Ceratocephalus, Ceratocarpus, Tanacetum
	Tanacetum, bluegrass, Agropyron, Feather grass, Sagebrush, Astragalus, Tragus.
	Tanacetum, bluegrass, Agropyron, Sagebrush, Astragalus, Ceratocarpus, Tragus.

	Botanical composition, %
	
-
	Tanacetum-50%,
bluegrass – 30%,
Agropyron – 10%,
Feather grass – 5%,
Ceratocarpus – 5%
	Tanacetum-60%,
bluegrass – 20%,
Sagebrush – 10%
Agropyron – 5%,
Feather grass – 5%
	Tanacetum-60%,
bluegrass – 20%,
Agropyron – 10%,
Feather grass – 5%,
Sagebrush – 5%

	Poisonous and unconsumable 
	-
	Ceratocephalus
	-
	-

	Yield of pasture feed, t / ha
	-
	6,3
	15,5
	20,5

	Grazing
	-
	Strong
	Moderate
	Weak

	Images of pastures by degradation stages 
	
	[image: Фото2019май 038]
	[image: Фото2019май 037]
	[image: Фото2019май 039]



Based on ground-based surveys and information from Landsat8 and Modis Terra spacecraft, maps of land-plant cover degradation were constructed (Figure B.11). The contours coordinates of the beginning of the boundaries: with severe degradation - N50º29’55.5; E066º47’33.6; with average degradation - N50º29’49.5; E066º47’58.5 and with slight degradation - N50º29’46.4; E066º48’38.4.
[image: Костанайская, п]
Figure B.11 - Contours layout of study point № 4 - Furmanovo: with severe degradation; with moderate degradation and with weak degradation

The plots of NDVI values for each contour were made to monitor degradation during growing season of current year (Figure B.13).

[image: ]
Figure B.12 - Values of vegetation index NDVI of point 6, for the period from May to September 2019, based on satellite images of Landsat 8

At the time of survey, the values of vegetation index NDVI were in the range 0.195-0.205 and are characterized by low vegetation cover. In addition, based on the data, there is a further decrease in these values, until the third decade of August. That is, the vegetation index values approach the values of open soil. This landfill is characterized as quite degraded with a tendency to progressive degradation.

Study point № 5 – Tasty-Taldy, Derzhavinsky district of Akmola region. The relief is plain. The aspect of the landscape is greyish green. Dry steppe zone.
The pasture site Tasty-Taldy village, Derzhavinsky district of Akmola region is characterized by a flat plain relief with chestnut soil of weak and medium degree of solonetzicity. The soil profile of poorly degraded pastures has a rather powerful (40 cm) humus (A + B1) horizon, separated by a humus-eluvial (A) horizon and underlain by a solonetz (B1) horizon, containing 2.48 and 1.80% humus, respectively (table B.9, Figure B.13). 
Section № 45 was set on a gentle watershed of the slightly wavy plain of Zharkain district of Akmola region (05/28/2019). Section coordinates 50º43.111 ', 066º39.685'. The absolute height is 325m. The land is a slightly etched pasture. Vegetation is represented by feather grass, wheatgrass, tansy, motley grass. Projective coverage 75%. The soil surface is covered with a light gray crust with cracks, reaching a depth of 20cm. The profile of chestnut carbonate solonetz soil consists of 4 genetic horizons and has the following morphological features.

	[image: C:\Users\457---1\Desktop\21.05.-10.06.2019\3. Акмолинская область\Точка №7. Тасты-Талды\IMG_1539.JPG]
	A 0-20, Brown (10YR 5/3) on top with a gray 2cm brittle crust, fresh, fragile lumpy-powdery, almost friable, finely porous, medium loamy, penetrated by small plant roots, boils violently from HCl, the transition is gradual in color;
B1 20-40, Darker than the previous one, from brown to dark brown (10YR 4/3), fresh, compacted, lumpy-nutty-clumpy, dark streaks, medium loamy, finely porous, penetrated by roots, boils violently from HCl, gradual transition in color ;
B2 40-62, Inhomogeneously colored, yellowish-brown (10YR 5/4), fresh, compacted, nutty, finely porous, heavy loamy, single small roots, boiling violently from HCl, the transition is clear in color;
C 62-80, Yellowish-brown (10YR 5/4), fresh, medium-compact, finely porous, heavy loamy, possibly even clayey, single small roots, structureless, boils very violently from HCl, but carbonates do not appear visually, therefore, they are presented in as an impregnation.



Figure B.13 - Chestnut carbonate solonetz soil profile (point Tasty- Taldy)

An increase in degradation degree leads to a decrease in thickness of horizon A by 3 cm with a moderate and 5 cm strong degree of degradation, which is directly reflected in its humus content, leading to a decrease in humus content compared to pasture soil with a weak degree of degradation (2.18%), respectively, by 0 , 34 and 0.69%. 

Table B.9 - Soil indicators of degraded pastures of Tasty-Taldy village, Derzhavinsky district of Akmola region
	Indicators
	Depth, cm
	Degradation stage

	
	
	very strong (failure)
IV stage
	strong
III stage
	moderate
II stage
	weak
I stage (background)

	Humus horizon (А+В1), cm
	
	-
	35
	37
	40

	Humus content, %

	0-10
10-20
20-30
	-
	1,64
1,34
1,49
	1,96
1,71
1,67
	2,25
2,10
1,82

	Amount of absorbed bases (mEq per 100g of soil) and their composition (Ca, Mg, Na,% of the amount)
	0-10
10-20
20-30

	-
	24,31; 8
23,11; 12
25,10; 14
	25,17; 6
24,08; 10
25,10; 11
	26,75; 6
25,10; 9
25,15; 10

	Content of physical mud  (%)

	0-10
10-20
20-30
	-
	11,3; 57,6
17,7; 60,8
18,1; 66,0
	12,2; 58,1
16,8; 61,3
18,1; 65,9
	16,4; 60,3
17,4; 62,4
18,1; 66,8

	Content of water-soluble salts (%)
	0-10
10-20
20-30
	-
	0,094
0,090
0,125
	0,091
0,081
0,122
	0,086
0,072
0,119

	рН of water suspension


	0-10
10-20
20-30
	-
	8,2
8,2
8,3
	8,1
8,1
8,3
	8,1
8,1
8,3

	Content of mobile nutrients (mg per kg of soil)
	Nhydr.
	0-10
10-20
20-30
	-
	42,0
36,4
39,2
	33,6
39,2
39,2
	36,4
39,2
42,0

	
	P2O5

	0-10
10-20
20-30
	-
	13
8
5
	10
8
5
	22
8
7




The decrease in horizon A thickness in highly degraded pastures occurs due to thinning of the vegetation cover with the disappearance of feather grass and wheat grass, which have dense, fibrous and powerful, highly branched root systems, respectively. This circumstance leads to a decrease in structurality and development of deflationary processes. As a result, degraded pasture plots lose not only feed consumption, but also even more valuable soil fertility. 
It manifests itself in a decrease in thickness and humus content of horizon A, a deterioration in its structural state and structures, which, in conditions of a flat relief of the dry-steppe zone, contribute to deflationary removal of dusty silt particles from the soil surface. The presence of the latter is evidenced by the data of granulometric composition of 0-10 soil layers of pastures of varying degradation degrees, where the content of physical clay and dusty particles decreases with growth of pastures degradation from 60.3% and 16.4%, respectively, with a weak degree of degradation to 57.6 and 11.3% with strong. It should be noted that a decrease in thickness of horizon A brings it closer to the day surface of salinic horizon B, which has a number of unfavorable physical and water-physical properties. The soils of pasture plot, despite salinity, are not solonetz, have a medium alkaline environment, are poorly provided with accessible forms of nutrients, and degradation degree of pastures does not affect their value.
The analysis of biological indicators performed during the study showed that projective cover of soil with vegetation is satisfactory. On plant contours, with strong pasture degradation, this indicator was 65%, with an average of 70%, and with a weak - 75%. The species composition of plants is diverse, in plant contours, depending on the degree of degradation, Tanacetum, bluegrass, Eremopyrum, Sagebrush, bluegrass, fescue, Feather grass are found.

Table B.10 - Biological indicators of degraded pastures of Tasty-Taldy village, Derzhavinsky district of Akmola region
	Indicators
	Degradation stage

	
	very strong 
IV stage (failure)
	strong
III stage
	moderate
II stage
	weak
I stage (background)

	Projective cover, %
	-
	65%
	70%
	75%

	Name of plant community
	
-
	Ephemerae- Tanacetum-Sagebrush

	Feather grass- Tanacetum- Sagebrush- bluegrass with ephemerae
	Feather grass-bluegrass-Tanacetum with presence of Sagebrush and motley-grass 

	Species composition, dominants
	
-
	Tanacetum, bluegrass, Eremopyrum, Sagebrush, bluegrass, fescue, Astragalus
	Feather grass, Tanacetum,
bluegrass, Eremopyrum,
Sagebrush, Agropyron, 
Astragalus, Dandelion
	Feather grass, bluegrass, 
Tanacetum, Sagebrush, Astragalus, Dandelion, 
bluegrass,
Agropyron, 
Galatella

	Botanical composition, %
	
-
	Eremopyrum-50%,
bluegrass-10%,
Tanacetum-30%, Sagebrush-10%
	Feather grass – 45%,
Tanacetum-40%,
bluegrass – 5%,
Sagebrush – 10%
	Feather grass-40%, bluegrass – 35%,
Tanacetum-20%,
Sagebrush – 5%

	Poisonous and unconsumable 
	-
	-
	-
	-

	Yield of pasture feed, t / ha
	-
	6,5
	17,0
	24,9

	Presence of grazing
	-
	Strong
	Moderate
	Weak

	Images of pastures by degradation stages 
	
	[image: Фото2019май 042]
	[image: Фото2019май 041]
	[image: Фото2019май 043]


	
The type of pasture varies from Ephemeral-Tanacetum-Sagebrush to Feather grass-bluegrass-Tanacetum with Sagebrush and motley-grass. The highest yield of pasture mass was provided by a plant contour with a weak degree of degradation, where the yield was 24.9 c / ha (table B.10).
Based on the ground-based data and satellite information from Landsat 8 and Modis Terra spacecraft, maps of the NDVI vegetation indices for land-vegetation degradation were constructed (Fig. B.14). The contours coordinates of the beginning of boundaries: with severe degradation - N50º43’21.4; E066º38’10.6; with average degradation - N50º43’12.8; E066º38’41.8 and with slight degradation - N50º43’08.4; E066º38’23.3.
[image: Акмолинская]
Figure B.14 - Scheme of contours' location of the study point № 5 - Tasty-Taldy: with severe degradation; with moderate degradation and with weak degradation

To monitor the test site, three contours were analyzed using the NDVI vegetative index (Figure B.15). The values of indices are derived in separate graphs characterizing the change in soil and vegetation cover during the growing season.
Each plant community is characterized by its growth and development rates at certain stages of the growing season. Tasty-Taldy site has an increase in vegetative mass from May to the second decade of June. The maximums of vegetative indices fall on June 15-20, which is associated with an increase in perennial herbs, with a logical further decrease until the end of July. The transition of a contour with an average degree of degradation to the category of slightly degraded territories is noted. In general, the landfill is characterized as stable, without progressive degradation.
[image: ]
Figure B.15 - Values ​​of vegetation index NDVI of point 7, for the period from May to September 2019, based on satellite images of Landsat 8

Study point № 8 –Prirechny, Akmola region, Akmola region. The relief is a hilly plain. The aspect of the landscape is greenish. The zone is dry steppe.
Section 48 was laid (05/30/2019) on the left side of the Nursultan-Yereymentau-Pavlodar highway on a slightly undulating watershed of Silenti river valley (Akmola region). Section coordinates 51 ° 33.453 ', 071 ° 57.896'. The absolute height is 307m. The land is a slightly etched pasture. Vegetation has fescue, sagebrush, feather grass, etc. Projective cover 75%. Fracturing, spotting and the presence of a single crushed stone are manifested on the surface of the soil. Soil structure is cortical solonetz. The soil profile is characterized by the following morphological features.
	[image: C:\Users\457---1\Desktop\21.05.-10.06.2019\3. Акмолинская область\Точка №8. Приречное\IMG_1559.JPG]
	A 0-6, Dark brown (10YR 3/3), dry, dense, the upper part is sodden by the fescue root system, nutty-clumpy, medium loamy, small roots, pores are flooded, does not boil from HCl, the transition is noticeable in color;
B1 6-23, Dark brown (10YR 3/3), fresh, compacted, nutty-columnar, pores are not visible, the surface of structural units is covered with a humus-clay glossy film, penetrated by small roots, heavy loamy, does not boil from HCl, the transition is clear by color;
B2 23-44, Fawn-brown (10YR 7/4), fresh, compacted, structureless, finely porous, weakly penetrated by sparse roots, loamy, boils violently from HCl, the transition is clear in color;
BC 44-77, Yellowish-brown (10YR 5/6), fresh, slightly densified, structureless, finely porous, maximum accumulation of light finely crystalline carbonates and gypsum with black spots, individual plant roots, boil strongly from HCl, the transition is clear by the nature of the neoplasms;
C 77-90, Brownish yellow (10YR 6/6), fresh, slightly densified, finely porous, clayey, focal accumulation of finely crystalline gypsum, does not boil from HCl, no roots are visible.



Figure B.16 - Cortical solonetz profile (point Prirechnoye)

Pasture plots occupy a slightly undulating plain of the left-bank part of the Silenti River. The soil cover is represented by more fertile dark chestnut solonetzic soils and significantly less fertile solonetz soils, where the share of the latter in soil cover of pastures increases with distance from the village, and therefore their vegetation cover is less prone to degradation. Such a spread of soil and vegetation in pasture does not allow to detect a regular relationship between the physical and biological indicators of pastures when degradation of pastures changes (Table B.11, Figure B.16). 

Table B.11 - Soil indicators of degraded pastures of Prirechny, Akmola district, Akmola region
	Indicators
	Depth, cm
	Degradation stage

	
	
	very strong (failure)
IV stage
	strong
III stage
	moderate
II stage
	weak
I stage (background)

	Humus horizon (А+В1), cm
	
	-
	29
	27
	23

	Humus content, %

	0-10
10-20
20-30
	-
	3,27
1,67
2,40
	3,05
2,62
1,64
	2,25
1,67
1,34

	Amount of absorbed bases (mEq per 100g of soil) and their composition (Ca, Mg, Na,% of the amount)
	0-10
10-20
20-30

	-
	27,11; 2
22,12; 3
19,34; 2
	26,31; 4
19,12; 3
15,16; 2
	20,27; 6
24,23; 24
21,15; 19

	Content of physical mud  (%)

	0-10
10-20
20-30
	-
	39,3; 42,2
37,2; 44,7
39,3; 45,0
	38,0; 41,6
36,1; 42,1
38,7; 43,3
	25,8; 45,8
23,4; 57,1
25,9; 58,0

	Content of water-soluble salts (%)
	0-10
10-20
20-30
	-
	0,105
0,112
0,178
	0,091
0,100
0,175
	0,077
0,133
0,630

	рН of water suspension


	0-10
10-20
20-30
	-
	7,6
7,8
7,9
	7,2
7,5
7,8
	6,7
8,0
8,1

	Content of mobile nutrients (mg per kg of soil)
	Nhydr.
	0-10
10-20
20-30
	-
	36,4
30,8
30,8
	39,2
33,6
29,1
	33,6
30,8
28,0

	
	P2O5

	0-10
10-20
20-30
	-
	27
20
5
	8
5
5
	13
10
13



In our case, as degradation increases, an increase in the thickness of the A + B1 horizon from 23 cm to 29 cm and its humification from 1.75% to 2.44%, respectively, increases the absorption capacity. Pastures’ degradation does not affect the particle size distribution, the content of water-soluble salts, the pH of soil environment and availability of soils with mobile forms of nutrients.
Projective coverage of grass stands in a plot with a strong degree of degradation is 50-55%, with medium degradation - 70% and with weak degradation - 75-80%.  Plants such as fescue, Feather grass, Koeleria and Sagebrush dominate among species composition of plants. The yield of pasture mass ranges from 4.0 t / ha to 18.5 t / ha, while the maximum yield of pasture mass was obtained on the contour with a weak degree of degradation (table B.12). To study the dynamics of the state of the soil and vegetation cover, contour maps with different degrees of degradation were constructed (Figure 17). The coordinates of the beginning of contours boundaries: with severe degradation - N51º32’24.3; E071º56’45.8; with average degradation - N51º32’59.2; E071º57’33.9 and with slight degradation - N51º33’13.1; E071º57’43.3.

Table B.12 - Biological indicators of degraded pastures of Prirechny village, Akmola district, Akmola region
	Indicators
	Degradation stage

	
	very strong 
IV stage (failure)
	strong
III stage
	moderate
II stage
	weak
I stage (background)

	Projective cover, %
	-
	50-55%
	70%
	75-80%

	Name of plant community
	
-
	Granary – motley-grass with Carex and Sagebrush with  Filipendula
	Sod- granary- Sagebrush-
 motley-grass with Filipendula
	Fescue- Sagebrush- Feather grass with  Filipendula

	Species composition, dominants
	
-
	fescue, Koeleria, Sagebrush, Agropyron, bluegrass, Filipendulaа
	Feather grass, Sagebrush, fescue, Koeleria, Galium, Filipendulа, Potentillа, Kochia, Erysimum
	fescue, Sagebrush, Feather grass, Filipendulа, Koeleria, Phlomis, alfalfa, Potentillа

	Botanical composition, %
	
-
	Granary-60%, Sagebrush-20%,
motley- grass-10%,
Carex-5%,
Filipendulа-5%
	Feather grass – 35%,
fescue – 30%,
Sagebrush – 20%,
Filipendula – 5%,
motley- grass – 10%
	fescue-50%
Feather grass – 15%,
Sagebrush – 30%,
Filipendulа – 5%

	Poisonous and unconsumable 
	-
	-
	-
	-

	Yield of pasture feed, t / ha
	-
	4,0
	14,0
	18,5

	Presence of grazing
	-
	Strong
	Moderate
	Weak

	Images of pastures by degradation stages 
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Based on satellite data of medium and low resolution, for each studied contour, the NDVI vegetative index was estimated for the growing season of 2019. Data are given in the form of graphs (Figure B.17).
The values ​​of NDVI vegetative indexes at the time of the survey were in the range 0.2-0.24. According to the graphs, there has been an active increase in perennial plant mass until the third decade of June, then there is a decline until early September. The transition of a contour with an average degree of degradation to a category with a strong degree of degradation is noted. In general, the landfill is characterized as moderately degraded, without progressive degradation.
[image: Акмолинская]
Figure B.17 - Layout of contours of studypoint № 6 - Prirechnoe: in case of severe degradation; with moderate degradation and with weak degradation

[image: ]
Figure 18 - Values of vegetation index NDVI of point 6, for the period from May to September

Study point №7 – Kalkaman, Aksu district, Pavlodar region.
The relief is plain. The landscape aspect is greyish green. Dry steppe zone. Vegetation cover of pasture areas of Kudaykol village near the lake with same name (Kalkaman point) was formed on cortical and small salinity soils of chestnut subzone of dry steppe zone, which are characterized by low-grade, moderate humus content (2-3%) of the humus-eluvial over-solonetzic horizon (3 underlain by horizontally powerful, to a depth of 46 cm, alkalized B1 and B2 horizons with extremely low negative physical and water-physical properties (high density and low permeability st). Long-term use of sites as pastures had a negative impact on vegetation cover state, which in turn affected the soil cover (Table B.13, Figure B.19). 
Section № 51 in the territory of Aksu district of Pavlodar region on a gentle watershed (05/30/2019). Section coordinates 51 ° 55.984 ', 075 ° 58.559'. The absolute height is 108m. The land is a slightly etched pasture. Vegetation is represented by fescue, feather grass, sedge, Limonium, Filipendula, Phlomis, and motley grasses. Projective coverage 75%. The surface of the soil is fissured and patchy. The morphological description of cortical solonetz is given below.

	[image: C:\Users\457---1\Desktop\21.05.-10.06.2019\4. Павлодарская область\Точка №9. Калкаман\IMG_1584.JPG]
	A 0-5, Grayish-brown (10YR 5/2), dry, slightly densified, lumpy, sometimes layered, finely porous, medium loamy, penetrated by roots, does not boil from HCl, the transition is gradual in color;
B1 5-30, From brown to dark brown (10YR 4/3), moist, highly dense, prism-like lumpy, humus-clay glossy varnish on the surface of structural units, no pores, single roots, heavy loam, vertical cracks, does not boil from HCl, gradual color transition;
B2 30-49, From brown to dark brown (10YR 4/3), moist, strong, dense, coarse, single small roots, weak glossiness, heavy loam, vertical cracks, pores not visible, boils strongly from HCl, the transition is clear in color ;
BCK 49-65, Yellowish-brown (10YR 5/4), fresh, highly densified, structureless, small pores, powdery carbonate accumulations, heavy loamy, boils violently from HCl, the transition is clear in the amount of carbonates;
C 65 - 100, Light yellowish-brown (10YR 6/4), fresh, structureless, highly densified, powdery carbonate more than in the previous one, medium loamy, boiling violently from HCl.


Figure B.19 - Cortical solonetz profile (point Kalkaman)

	They are manifested in a decrease, although in small quantities, of the power of the humus layer (A + B1) from 30 cm to 27 cm, of the humus content and the content of dusty particles of the surface 0-10 cm layer, respectively, from 2.98% to 2.92% and 31.4% to 26.6%. The growth and development of pasture plants proceeds in the absence of salinity and from slightly acidic to neutral soil conditions. The influence of pasture degradation degree on these, as well as on the level of soil availability with available nitrogen, is not observed.


Table B.13 - Soil data of degraded pastures of Kalkaman village, Aksu district, Pavlodar region
	Indicators
	Depth, cm
	Degradation stage

	
	
	very strong (failure)
IV stage
	strong
III stage
	moderate
II stage
	weak
I stage (background)

	Humus horizon (А+В1), cm
	
	-
	27
	29
	30

	Humus content, %
	0-10
10-20
20-30
	-
	2,22
2,94
1,85
	2,58
2,22
1,53
	2,98
1,56
1,31

	Amount of absorbed bases (mEq per 100g of soil) and their composition (Ca, Mg, Na,% of the amount)
	0-10
10-20
20-30

	-
	19,71; 8
27,18; 25
26,01; 23
	21,15; 7
26,71; 26
25,01; 25
	20,39; 5
26,15; 25
24,12; 21

	Content of physical mud  (%)

	0-10
10-20
20-30
	-
	26,6; 51,1
18,3; 59,8
18,7; 59,1
	29,2; 53,4
18,1; 60,1
18,9; 58,7
	31,4; 52,2
18,2; 59,6
19,0; 59,2

	Content of water-soluble salts (%)
	0-10
10-20
20-30
	-
	0,201
0,124
0,135
	0,191
0,118
0,127
	0,180
0,110
0,100

	рН of water suspension


	0-10
10-20
20-30
	-
	7,1
7,3
8,1
	6,7
7,3
7,8
	5,9
6,8
7,8

	Content of mobile nutrients (mg per kg of soil)
	Nhydr.
	0-10
10-20
20-30
	-
	36,4
33,6
28,0
	44,8
42,0
39,2
	39,2
42,0
39,2

	
	P2O5

	0-10
10-20
20-30
	-
	42
5
10
	42
13
5
	10
8
5



The analysis of the results obtained in study of biological indicators showed that projective soil cover with grass stand is from 65% to 75%, depending on degradation degree. In this case, the type of pasture with Sagebrush-fescue-sedge is replaced by turfy-granary-sagebrush. On a site with a strong degree of degradation, botanical composition of plants mainly consists of sagebrush - 50% and sedge - 30%; with average degradation - also from sagebrush - 50%, wheat grass - 25% and sedge - 15% and with weak degradation - from fescue - 30%, feather grass - 20% and sagebrush - 20%. From the data obtained, it can be seen that in case with a weak degree of degradation, the grass stand consists mainly of granary plants. 
	The productivity of pasture mass ranges from 3.5 c / ha to 12.5 c / ha. It should be noted that the yield for the dry steppe zone of Pavlodar region is too low, which is explained by the fact that the lands of this settlement are repeatedly grazed with cattle over the pasture period (table B.14).
Table B.14 - Biological indicators on degraded pastures of Kalkaman village, Aksu district of Pavlodar region
	Indicators
	Degradation stage

	
	very strong 
IV stage (failure)

	strong
III stage
	moderate
II stage
	weak
I stage (background)

	Projective cover, %
	-
	65%
	75%
	75%

	Name of plant community
	
-
	Sagebrush-fescue-carex with Filipendula and motley- grass
	Sagebrush-granary-carex
	Sod-granary-sagebrush with carex and Filipendula.

	Species composition, dominants
	
-
	Sagebrush, fescue, Carex, Ephedra, Phlomis, Nanophyton, bluegrass
	Sagebrush, fescue, bluegrass, festuca, Feather grass, Carex, Filipendula
	Fescue, Feather grass, festuca, Sagebrush, bluegrass, Filipendula, Phlomis, Elaeagnus, Carex, Potentilla


	Botanical composition, %
	
-
	Sagebrush – 50%,
fescue – 10%,
Carex – 30%,
Filipendulaа – 5%,
motley- grass – 5%

	Sagebrush – 50%,
bluegrass – 25%,
fescue – 5%,
Carex – 15%,
Filipendulaа – 5%

	fescue – 30%,
Feather grass – 20%,
Sagebrush – 20%,
bluegrass – 10%,
Filipendulaа – 10%,
Carex – 10%

	Poisonous and unconsumable 
	-
	-
	-
	-

	Yield of pasture feed, t / ha
	-
	3,5
	9,5
	12,5

	Presence of grazing

	-
	Strong
	Moderate
	Weak

	Images of pastures by degradation stages 
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Based on data from medium and low resolution satellites and ground-based information, maps of land cover degradation of Kalkaman study site were constructed (Figure B.20). 
The coordinates of the beginning of countours boundaries: with severe degradation - N51º56’53.5; E076º00’10.6; with average degradation - N51º56’37.2; E075º59’42.7 and with slight degradation - N51º56’02.4; E075º58’48.5.
[image: Павлодарская, п]
Figure B.20 - Layout of contours of study point № 7 - Kalkaman: in case of severe degradation; with moderate degradation and with weak degradation

At the Kalkaman training ground, based on ground-based data, three contours were identified differing in degree of degradation. Based on these data, the soil and vegetation cover of the NDVI  vegetation index was monitored. The monitoring results are presented in graphs (Figure B.21).
[image: ]
Figure B.21 - Values of the vegetation index NDVI of point 9, for the period from May to September 2019, based on satellite images of Landsat 8

The graphs of the NDVI VI allow you to evaluate the process of changing the soil and vegetation cover during the growing season from May to September 2019. So in the second decade of May, the values of VI were in the range 0.26-0.29, then there is an increase in the biomass of vegetation until the second decade of June, with a further decrease. The analysis of VI suggests that the landfill as a whole is subject to a weak degree of degradation. But progressive degradation processes were not noted.
Study point № 10 – Akku (Lebyazhye), Akku district of Pavlodar region. The relief is plain. The aspect of the landscape is light greenish. Dry steppe zone. 
Section № 54 was laid in the territory of Pavlodar Oblast (06/01/2019) on the watershed on the left side (~ 1.5 km on NNE) from the Pavlodar-Semey highway. Section coordinates 51 ° 29.010 ', 077 ° 48.759'. The absolute height is 155m. The slope of terrain is towards Irtysh river. The land is a slightly etched pasture. Vegetation is represented by feather grass, fescue, Sagebrush, Astragalus, Koeleria, Phlomis, tavylga. Projective coverage 70%. The surface of the soil is fractured and mottled. The depth of the cracks is ~ 32 cm. The morphological description of the chestnut strongly solonetzic soil is given below.
	[image: C:\Users\457---1\Desktop\21.05.-10.06.2019\4. Павлодарская область\Точка №10. Акку (Лебяжье)\IMG_1659.JPG]
	A 0-6, Dark brown (10YR 3/3), fresh, upper 3cm weakly grained by the root system of the feather grass, but in the zones free of them between them, i.e. unfinished soil is walnut-prismatic, weakly densified in the zone of plant roots, and in the free zones between them the soil is medium-compacted, light loamy, penetrated by small roots, does not boil from HCl, the transition is gradual in color;
B1 6-18, Inhomogeneously colored, dark brown (10YR 3/3), fresh, coarse rhizome-prismatic, nuts are very hard, the edges are clearly formed, there is gloss, cemented, small pores along the paths of plant roots, the latter are flattened, loamy, in places sandy loam, penetrated by small roots, does not boil from HCl, the transition is clear in color;
В2к 18-34, Inhomogeneously colored, yellowish-brown (10YR 5/4), fresh, lumpy, finely porous, sandy loam, accumulations of carbonates, single roots, vertically located black spots (possibly fine particles of dust and silt from the humus horizon washed along the cracks), on foci of accumulation of carbonates it boils violently, but not on dark spots, the transition is clear in carbonate;
BCK 34-55, Light yellowish-brown (10YR 6/4), fresh, compacted, lumpy, finely porous, carbonates in the form of white eyes, sandy loam, boiling violently from HCl, the transition is clear in carbonate;
C 55-100, Ancient alluvial deposition, light yellowish-brown (10YR 6/4), almost moist, sandy, structureless, with small roots in places, boils weakly from HCl.



Figure B.22 - Chestnut strongly solonetzic soil profile (point Akku)

Pasture plots are located on the right bank of the Irtysh river. The relief is a flat lowland plain. Vegetation cover represented by the turfy-cereal-sagebrush-mixed grass community as a result of long-term and unsystematic use of pastures is subject to weak to severe degradation, which was reflected in the structure of the profiles of chestnut strongly solonetz soils and their indicator indicators (Table B.15, Figure B.22).

Table B.15 - Soil data of degraded pastures of Akku village, Akku district of Pavlodar region
	Indicators
	Depth, cm
	Degradation stage

	
	
	very strong (failure)
IV stage
	strong
III stage
	moderate
II stage
	weak
I stage (background)

	Humus horizon (А+В1), cm
	
	-
	15
	17
	18

	Humus content, %


	0-10
10-20
20-30
	-
	1,16
1,11
1,31
	1,53
0,98
0,65
	1,78
1,60
1,02

	Amount of absorbed bases (mEq per 100g of soil) and their composition (Ca, Mg, Na,% of the amount)
	0-10
10-20
20-30

	-
	16,15; 11
22,70; 20
21,01; 19
	14,01; 8
22,14; 19
19,35; 19
	14,31; 6
21,10; 17
17,21; 16

	Content of physical mud  (%)

	0-10
10-20
20-30
	-
	12,3; 25,8
10,4; 35,1
10,9; 28,7
	14,7; 27,3
11,8; 36,8
11,0; 30,1
	17,5; 29,2
12,7; 37,7
11,4; 29,3

	Content of water-soluble salts (%)
	0-10
10-20
20-30
	-
	0,066
0,117
0,090
	0,060
0,111
0,084
	0,056
0,110
0,080

	рН of water suspension


	0-10
10-20
20-30
	-
	7,4
8,0
8,5
	6,7
7,8
8,5
	5,8
7,3
8,6

	Content of mobile nutrients (mg per kg of soil)
	Nhydr.
	0-10
10-20
20-30
	-
	44,8
42,0
39,2
	39,2
39,2
33,6
	30,8
36,4
42,0

	
	P2O5

	0-10
10-20
20-30
	-
	39
5
13
	22
10
8
	15
8
25



So, for example, a decrease in the projective cover and species composition of vegetation on Akku village test site  with increasing degradation of pastures led to a noticeable decrease in the thickness of the humus-eluvial supra-solonetzic horizon A (from 18 cm to 15 cm), thereby approaching the surface of the strongly solonetzic horizon, which have dense constitution and high swelling, giving low water permeability in wet and shrinkage and fracturing of horizons A and B1 in dry conditions. 
In the areas, a decrease in the humus content in the 0-10 cm layer is clearly manifested as the degradation increases from 1.78% to 1.16%, respectively. The above is accompanied by a relief in the particle size distribution of the surface horizon due to a decrease in the content of both physical clay and dusty fractions in the 0-10 cm layer from 29.5% to 25.8% and from 17.5% to 12.5%, respectively. The soils of pasture plots are not solonetz, although they are strongly solonetz. Plant growth occurs under conditions of pH fluctuations from neutral to medium alkaline soils, with a low supply of mobile nitrogen and medium phosphorus.
The study of biological indicators showed that on all studied plant contours the projective cover of the soil with a grass stand is good and ranges from 70% to 80% showing stability for use of pastue. However, the productivity of pasture mass fluctuates significantly and in the area with strong grazing of pastures is only 4.5 c / ha, whereas, with weak grazing, this indicator is at the level of 12.0 c / ha, i.e. almost 2.5 times higher. This is explained by the fact that on a contour with severe degradation of pastures, grassland consists mainly of sagebrush and sedge, and they lag behind in growth due to intensive grazing, in addition, on a contour with weak degradation, the dominant vegetative position is feather grass and fescue, which provide high productivity pasture mass (table B.16).

Table B.16 - Biological indicators of degraded pastures of the village of Akku, Akku district of Pavlodar region
	Indicators
	Degradation stage

	
	very strong 
IV stage (failure)
	strong
III stage
	moderate
II stage
	weak
I stage (background)

	Projective cover, %
	-
	70%
	75%
	80%

	Name of plant community
	
-
	Sagebrush-Carex- granary
	Sod – granary- Sagebrush- Carex
	Sod-granary-Sagebrush- 
motley-grass 

	Species composition, dominants
	
-
	Sagebrush, Carex, bluegrass, fescue, Alyssum, Polygonum,  Feather grass, Kochia, Filipendula, Onobrychis, Astragalus
	Fescue, Feather grass, Sagebrush, Carex, Koeleria, bluegrass, Astragalus, Tanacetum, Syrenia, Erysimium
	Feather grass, fescue, Sagebrush, Astragalus, Koeleria, Kochia, bluegrass, Carex, Tanacetum, Tragus 

	Botanical composition, %
	
-
	Sagebrush – 50%,
Carex – 40%,
granary – 10%
	Fescue – 40%,
Feathergrass – 20%,
Sagebrush – 30%,
Carex – 10%
	Feather grass – 40%,
fescue – 30%,
Sagebrush – 20%,
motley- grass – 10%

	Poisonous and unconsumable 
	-
	-
	-
	-

	Yield of pasture feed, t / ha
	-
	4,5
	10,5
	12,0

	Presence of grazing
	-
	Strong
	Moderate
	Weak


On the basis of ground data, three contours were identified at the Akku test site, according to the degree of land cover degradation. Based on ground-based data and satellite information of medium and low resolution, map-schemes for  land cover degradation were constructed (Figure B. 23). The coordinates of the beginning of contours' boundaries: with severe degradation - N51º28’20.7; E077º47’38.6; with average degradation - N51º28’31.6; E077º48’06.0 and with slight degradation - N51º28’39.9; E077º48’43.0.
On the selected contours of the test site, the NDVI vegetation index analysis was performed for vegetation period of 2019. The data obtained during research are presented in the form of graphs (Figure B.24).
[image: Павлодарская, п]
Figure B.23 - Scheme of contours location of the study point № 8 - Akku: with severe degradation; with moderate degradation and with weak degradation 

[image: ]
Figure B. 24 - Values ​​of vegetation index NDVI of point 10, for the period from May to September 2019, based on satellite images of Landsat 8
At the time of survey, during the second decade of May, the values ​​of VI were in the range 0.29-0.31. The productivity of landfills ranged from 4.5-12 kg / ha. Until the second decade of June, a slight increase in vegetation was noted, then a sharp decline until mid-July. A slight increase in vegetative mass occured until the third decade of August, then began a decline in plant mass. In general, Akku test site is characterized as satisfactory. Transitions from the category of weak degradation to strong degradation are noted.
Study point №11 – Shar, Zharminsky district of East Kazakhstan region. The relief is plain. The aspect of the landscape is light green with a grayish tint. The zone is dry steppe.
The main section № 57 on the floodplain of Shar River (06/01/2019) in the territories of East Kazakhstan region. The coordinates of the section are 49 ° 35.879 ', 081 ° 04.081'. The absolute height is 376m. The land is a slightly etched pasture. Macrorelief: Shar River Valley. Vegetation is made by Fescue, Feather-grass, Kochia, Leymus, Bluegrass, Carex, lots of Achnatherum. Projective coverage 80%. The structure of the profile and morphological description of the genetic horizons of the meadow-chestnut soil are given below.

	[image: C:\Users\457---1\Desktop\21.05.-10.06.2019\5. Восточно-Казахстанская область\Точка №11. Шар (Чарск)\IMG_1677.JPG]
	Ag 0-10, Gray (10YR 5/1), sod on top 0-4cm, lumpy-powdery, fresh, strongly penetrated by small roots, loose, finely porous, medium loamy, boils strongly from HCl, the transition is clear in color;
A 10-32, Dark gray (10YR 4/1), moist, loose, lumpy-powdery, penetrated by small roots, finely porous, medium loamy, boils violently from HCl, the transition is gradual in color;
B1 32-53, Light gray (10YR 7/2), moist, lumpy, slightly densely packed, single roots, finely porous, boils violently from HCl, the transition is gradual in color;
B2 53-64, Light brownish-gray (10YR 6/2), raw, lumpy, finely porous, slightly densified, single small roots, single stones and pebbles are found, boils violently from HCl, the transition is clear in color,
C 64-95, Light brownish-gray (10YR 6/2) sand with stones, wet, structureless, sandy, boils from HCl.



Figure B.25 - Meadow-chestnut soil profile (point Shar)

Pasture areas of Shar village, East Kazakhstan region are located within the eponymous valley of river Shar which is the left tributary of Irtysh. The soil cover of plots is represented by meadow-chestnut soils, which are characterized by a rather powerful (32 cm) humus-accumulative horizon, which are separated on the turf (0-10 cm) and humus-accumulative (10-32 cm) subhorizons containing 5.12% and 4.42, respectively % of humus in poorly degraded pastures and rapidly decreasing in medium- and highly degraded pastures, respectively, up to 29 cm and 27 cm in power and up to 2.25% and 2.14% and up to 1.55% and 1.26% in humus (table B.17, Figure B.25 ). 

Table B.17 - Soil indicators on degraded pastures of Shar village, Zharminsky district of East Kazakhstan region
	Indicators
	Depth, cm
	Degradation stage

	
	
	very strong (failure)
IV stage
	strong
III stage
	moderate
II stage
	weak
I stage (background)

	Humus horizon (А+В1), cm
	
	-
	27
	29
	32

	Humus content, %

	0-10
10-20
20-30
	-
	2,14
1,56
0,94
	2,25
1,82
1,27
	5,12
4,91
3,93

	Amount of absorbed bases (mEq per 100g of soil) and their composition (Ca, Mg, Na,% of the amount)
	0-10
10-20
20-30

	-
	17,9; 5
18,17; 5
16,10; 4
	19,71; 4
18,82; 5
16,01; 4
	22,73; 5
19,25; 7
16,54; 7

	Content of physical mud  (%)

	0-10
10-20
20-30
	-
	41,8; 40,1
34,2; 37,2
30,2; 34,7
	45,6; 43,5
36,7; 40,1
30,1; 35,1
	47,2; 44,3
35,1; 39,6
29,6; 34,9

	Content of water-soluble salts (%)
	0-10
10-20
20-30
	-
	0,111
0,122
0,112
	0,107
0,117
0,107
	0,093
0,110
0,100

	рН of water suspension


	0-10
10-20
20-30
	-
	8,4
8,4
8,4
	8,3
8,3
8,4
	8,3
8,3
8,4

	Content of mobile nutrients (mg per kg of soil)
	Nhydr.
	0-10
10-20
20-30
	-
	33,6
28,0
30,8
	30,8
25,2
22,4
	33,6
30,8
28,0

	
	P2O5

	0-10
10-20
20-30
	-
	13
15
10
	25
20
22
	33
15
10



The increase in the degree of degradation of pastures also manifests itself in the facilitation of the granulometric composition of the surface 0-10 cm layer, where the content of dusty particles and physical clay decreases from 47.2% and 44.3% respectively for weakly degraded and to 41.8% and 40.1% for highly degraded . The soils of pasture plots are rich in gross forms of nitrogen (0.31%) and phosphorus (0.196%). The reaction of the soil is mid-alkaline. Soils are not solonetz (total salt <0.120%), moderately carbonate (5-6% CO2 carbonates). The availability of soil with accessible forms of nitrogen is weak, phosphorus is medium. The increase in degradation of pastures does not affect their values, with the exception of mobile phosphorus, where its content in the surface layer of 0-10 cm decreases as the degradation of pastures increases from high-income (33 mg Р2О5 per kg of soil) to low-income (13 mg per kg of soil).
The results obtained in determination of biological indicators showed that projective coverage of the grass stand in the area with strong grassing is 60%, with average grassing - 70%, with weak grassing - 80%. It should be noted that in the area with strong degradation in plant associations, the dominant position is occupied by 60%, while in the area with a weak degree of degradation, fescue is 50%. The productivity of the pasture mass, depending on the degree of degradation, ranges from 8.5 c / ha to 18.5 c / ha. It should be noted that a good harvest of pasture mass was provided by sites with an average degree of degradation of 12.0 kg / ha and with a weak degree of degradation of 18.5 kg / ha (table B.18).

Table B.18 - Biological indicators on degraded pastures of Shar village, Zharminsky district of East Kazakhstan region
	Indicators
	Degradation stage

	
	very strong 
IV stage (failure)
	strong
III stage
	moderate
II stage
	weak
I stage (background)

	Projective cover, %
	-
	60
	70
	80

	Name of plant community
	
-
	Achnatherum-granary-sagebrush with carex
	Fescue-feather grass-sagebrush with Achnatherum
	Granary-Sagebrush-Achnatherum

	Species composition, dominants
	
-
	Achnatherum, Sagebrush, Fescue, Leymus, Bluegrass, Puccinellia, Cortex, Kochia, Feather- grass, Potentillaа
	Fescue, Feather grass, Sagebrush, Achnatherum, Halimodendron, Carex, bluegrass, Koeleria
	Sagebrush, Achnatherum, Fescue, Feather grass, Leymus, bluegrass, cortex, Puccinellia

	Botanical composition, %
	
-
	Achnatherum – 60%,
granary – 20%,
Sagebrush – 15%,
Carex – 5%
	Fescue – 40%,
Feather grass – 30%
Achnatherum – 5%,
bluegrass – 5%, Sagebrush-20%
	Fescue – 50%,
Achnatherum – 15%,
bluegrass – 10%,
Sagebrush – 15%,
Leymus – 10%

	Poisonous and unconsumable 
	-
	-
	-
	-

	Yield of pasture feed, t / ha
	-
	8,5
	12,0
	18,5

	Presence of grazing
	-
	Strong
	Moderate
	Weak



Based on ground-based data, three contours with a strong, medium, and weak degree of degradation were identified and data of medium and low resolution, map-schemes for the degradation of land cover were constructed (Figure B.26). The coordinates of the beginning of contours boundaries are: with severe degradation - N49º35’26.3; E081º03’53.1; with average degradation - N49º35’34.2; E081º03’55.2 and with slight degradation - N49º35’46.4; E081º03’55.4.  For the selected contours of Shar site, the NDVI VI was monitored for the vegetation period of 2019. The obtained data are presented in the form of graphs (Figure B.27).
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Figure B.26 – Contours layout for point of study №. 9 - Shar: with severe degradation; with moderate degradation and with weak degradation
[image: ]
Figure B.27 - Values of vegetation index NDVI of point 9, for the period from May to September 2019, based on satellite images of Landsat 8

Analysis of information received by the NDVI VI gives reason to argue that Shar site is moderately degraded. There was a decrease in vegetation cover until the second decade of July, then a slight increase until September. No sharp jumps in the decrease or increase in biomass were noted. The decrease in vegetation cover on a highly degraded contour to a value of 0.15 is close to the values of open soil.
Study point № 10 – Zhangyztobe, Zharminsky district of East Kazakhstan region. The relief is plain. The aspect of the landscape is greenish. The zone is semi-desert.
Section № 60 was laid on the intermountain plain (closer to the foothills) in Zharma Valley of East Kazakhstan Region (06/02/2019). Section coordinates 49 ° 12.212 ', 081 ° 14.964'. The absolute height is 456m. The land is a slightly etched pasture. Vegetation is represented by Fescue, Sagebrush, desert Cortex. Projective coverage 70-75%. The surface of the soil is gravel. The profile of the underdeveloped chestnut soil is characterized by the following morphological features.
	[image: C:\Users\457---1\Desktop\21.05.-10.06.2019\5. Восточно-Казахстанская область\Точка №12. Жангызтобе\IMG_1709.JPG]
	A 0-19, From brown to dark brown (10YR 4/3), fresh, fragile-lumpy, a large stone with sharp corners was pulled out with a crowbar, small gravels, carbonates in the form of a coating on the surface of gravel, medium loamy, penetrated by small roots, friable, finely porous, does not boil from HCl, the transition is clear in color;
VK 19-30, Light yellowish-brown (10YR 6/4) carbonates give a whitish tint, fresh, fine-powdery, aggregates with small pores, medium loamy, fine-grained, a lot of rock fragments of varying degrees of weathering with a touch of carbonates on their surface, compacted by rubble, boils violently from HCl.
L 30cm and deeper, Very gravelly.



Figure B.28 - Underdeveloped chestnut soil profile

The pasture plots represent the territory occupying the intermountain (midlands) alluvial-deluvial plains of the eastern outskirts of the Kazakh small hills. The lowest part of the plain is crossed by the Zharma river valley with clearly defined floodplain terraces. They are directly adjacent to the village and therefore highly degraded. Here the most fertile meadow-chestnut soils are developed. The main part of the soil cover of pastures is represented by zonal light-chestnut, low and medium developed soils of varying degrees of stonyness and hardening, which determines their low fertility and, accordingly, low productivity of pasture plants - 8.5c / ha, at 18.5c / ha on meadow chestnut Soils of the pasture of the village of Shar. The presence of heterogeneity in the soil and vegetation cover of pastures and significant differences in their composition, obscures the determination of the effects of increased degradation of pastures on the change in indicator indicators of soils. For example, light-chestnut, underdeveloped soils of poorly degraded pastures have a thickness of A + B1 horizons of 19 cm, while meadow-chestnut soils in highly degraded pastures have a thickness of 24 cm (Table B.19, Figure B.28). A similar pattern is also observed in humus content of soils, where soils of highly degraded pastures turned out to be more humus than weakly degraded.

Table B.19 - Soil indicators on degraded pastures of Zhangiztobe village, Zharminsky district of East Kazakhstan region
	Indicators
	Depth, cm
	Degradation stage

	
	
	very strong (failure)
IV stage
	strong
III stage
	moderate
II stage
	weak
I stage (background)

	Humus horizon(А+В1),cm
	
	-
	24
	18
	19

	Humus content, %


	0-10
10-20
20-30
	-
	3,09
2,80
2,76
	3,85
2,40
-
	2,58
1,96
1,42

	Amount of absorbed bases (mEq per 100g of soil) and their composition (Ca, Mg, Na,% of the amount)
	0-10
10-20
20-30

	-
	24,1; 3
22,8; 4
20,3; 5
	21,7; 4
20,3; 3
-
	19,61; 4
18,15; 2
12,35; 2

	Content of physical mud  (%)

	0-10
10-20
20-30
	-
	44,2; 44,8
47,4; 45,1
45,7; 47,2
	36,1; 40,7
30,7; 28,7
-
	34,8; 44,3
33,1; 38,9
31,4; 39,7

	Content of water-soluble salts (%)
	0-10
10-20
20-30
	-
	0,091
0,107
0,112
	0,065
0,090
-
	0,045
0,050
0,055

	рН of water suspension


	0-10
10-20
20-30
	-
	8,0
8,1
8,1
	7,8
7,8
-
	7,8
7,7
7,8

	Content of mobile nutrients (mg per kg of soil)
	Nгидр.
	0-10
10-20
20-30
	-
	33,6
36,4
30,8
	42,0
39,2
-
	36,4
39,2
30,8

	
	P2O5

	0-10
10-20
20-30
	-
	33
15
22
	10
18
-
	22
20
20



The study of biological indicators showed that the state of pastures of Zhangiztobe village is completely dependent on grazing intencity. The projective coverage of the grass stand in the area with a strong degree of degradation is 35-40%, with an average degree of 55-60% and with a weak degree of 65%. The botanical composition in the area with severe pasture degradation consists mainly of fescue, sagebrush, caragana and Achnatherum; in the area with weak pasture degradation, plants such as Feather grass, Melissa and Carex are found along with fescue and Sagebrush (Table B.20).
The productivity of pasture mass ranges from 3.5 c / ha to 8.5 c / ha. At the same time, it should be noted that, in addition to grazing intensity, soil underdevelopment also affected the production of such a very low yield of pasture mass.

Table B.20 - Biological indicators on degraded pastures of Zhangiztobe village, Zharminsky district of East Kazakhstan region
	Indicators
	Degradation stage

	
	very strong 
IV stage (failure)
	strong
III stage
	moderate
II stage
	weak
I stage (background)

	Projective cover, %
	-
	35-40%
	55-60%
	65%

	Name of plant community
	
-
	Fescue- Sagebrush-Caragana with Achnatherum 
	Fescue- Sagebrush
	Granary-Sagebrush-Carex

	Species composition, dominants
	
-
	Fescue, Sagebrush, caragana, Achnatherum,  Carex, Alyssum, Lappula, Trigonella,  Potentilla
	Fescue, Sagebrush, Carex, 
Feather- grass, Potentilla, Melyssa
	Fescue, 
Feather-grass, Sagebrush, Carex, Trigonella, Melyssa

	Botanical composition, %
	
-
	Fescue – 45%,
Sagebrush – 40%,
Caragana – 10%,
Achnatherum– 5%
	Fescue – 60%,
Sagebrush – 30%,
Melyssa – 10%
	Fescue – 40%,
Sagebrush – 30%,
Mesyssa – 20%,
Feather grass – 5%,
Carex – 5%

	Poisonous and unconsumable 
	-
	-
	-
	-

	Yield of pasture feed, t / ha
	-
	3,5
	6,8
	8,5

	Presence of grazing
	-
	Strong
	Moderate
	Weak



[image: ВКО, п]
Figure B.29 – Contours layout of study point № 10 - Zhanistobe: with severe degradation; with moderate degradation and with weak degradation

At the Zhangiztobe site, based on ground-based data, three circuits with different degrees of degradation were identified. Based on these data and with the help of satellite information of medium and low resolution, the cartographic diagrams of the test site were built (Figure B.29). The coordinates of the beginning of contours boundaries are: with severe degradation - N49º12’10.1; E081º13’28.5; with average degradation - N49º11’56.7; E081º13’42.8 and with slight degradation - N49º12’12.3; E081º14’38.7. 
For the selected contours, in the Arc Gis10.5 software package, the soil-vegetation cover was monitored by the vegetation index NDVI, for the vegetation period of 2019. The data are presented in the form of graphs (Figure 30).

[image: ]
	Figure B.30 - Values of vegetation index NDVI of point 12, for the period from May to September 2019, based on Landsat 8 satellite images




















ATTACHMENT C

Results of 11 monitoring points, steppe and forest-steppe zones along the route: Martuk - Khlebodarovka - Adai - Pereleski - Andreevka - Atameken - Bozaigyr - Yubileiny - Peschanoe - Semenovka - Kurshim, in Aktobe, Kostanay, North Kazakhstan, Akmola, Pavlodar East Kazakhstan regions (2020)

Research point №1 - the regional center Martuk. The study was carried out on the territory of Martuk district of Aktobe region. Steppe zone, soil - southern humus. The relief is a slightly wavy plain. The aspect of the landscape is greenish with a yellowish tint.
Section № 72 was laid (09.06.2020) on the gently sloping plain of the Ilek watershed of the Poduralskiy plateau at a distance of 3 km to the southeast from the regional center of Martuk and 1.6 km to the northeast from the arcuate bend of the Elek River. The coordinates of the section are 50 ° 43.597 ', 056 ° 31.841'. The absolute height above sea level is 175m. Pasture has weak grass coverage. The vegetation is represented by poaceae- herb- sagebrush communities, which mainly include feathergrass, fescue, wheatgrass, Koeleria, and Euphorbia. The projective cover is 80%. On the soil surface, grains of d ~ 1mm of quartz and other primary minerals. The cut was easy to dig. Poorly differentiated into genetic horizons.
	[image: C:\Users\User\Desktop\Асхат фото 955.JPG]

	А 0-20 cm, Upper 2cm sandy, dark grayish brown (10YR 4/2), fresh, loose, fragile lumpy powdery, light loamy, large grains of quartz, permeated with small roots, finely porous, does not boil, the transition is gradual in color;
В1 20-45cm, From brown to dark brown (10YR 4/3), fresh, weakly compacted, fragile lumpy-powdery, quartz grains of sand, finely porous, light loamy, weak humus tongues and streaks, small roots, does not boil from hydrochloric acid, gradual color transition;
В2 45-78cm, From brown to dark brown (10YR 4/3), closer to raw, weakly compacted, fragile lumpy, light loamy, single small roots, finely porous, small grains of quartz and other minerals, does not boil from hydrochloric acid, slightly lingering, transition gradual in color;
ВС 78-98cm, yellowish brown (10YR 5/4), damp, slightly compacted, fragile lumpy, from light to sandy loam, finely porous, small roots, does not boil from hydrochloric acid, gradual color transition;
С 98-120cm, yellowish brown (10YR 5/4), damp, slightly compacted, lumpy, from light to sandy loam, finely porous, quartz grains of sand, moderately effervescent from hydrochloric acid.


Figure C.1 – Profile structure of normal southern humus 

On the pasture area of ​​the village of Martuk, southern black earth is characterized by a poorly differentiated profile into genetic horizons, the absence of boiling from the surface to a depth of 98 cm, a lighter particle size distribution of almost all of its thickness and a weak release of soil horizon boundaries (Appendix A, Figure A3). Light loamy and sandy loam varieties of southern dark soil of the area under consideration are characterized by a low humus content (3.0%), in accordance with which they also contain a small amount of easily hydrolyzable nitrogen. Nevertheless, the influence of the degradation of pasture vegetation is quite clearly manifested in the indicator parameters of soils (Table C.1). 

Table C.1 - Soil indicators of Martuk pasture area
	Indicators
	Depth, cm
	Degradation stage

	
	
	very strong (failure)
IV stage
	strong
III stage
	moderate
II stage
	weak
I stage (background)

	Humus horizon (А+В1), cm
	
	-
	43
	44
	45

	Humus content, %

	0-10
10-20
20-30
	-
-
-
	2,12
1,65
1,45
	3,19
1,09
1,26
	3,12
1,96
1,66

	Amount of absorbed bases (mEq per 100g of soil) and their composition (Ca, Mg, Na,% of the amount)
	0-10

10-20


20-30

	-


-


-
	12,54; 55,82;
39,87;1,99;2,31

13,53; 66,52;
33,26;0,22;0,00

15,01; 63,29; 
36,64;0,07;0,00
	9,72; 72,02
25,72;0,21;2,06

9,56; 78,45
20,92;0,21;0,42

10,07; 84,41;
14,90;0,20;0,50
	7,61; 72,27
26,28;0,26;1,18

7,52;79,79;
19,95;0,27;0,00

9,16; 65,50
32,75; 1,75; 0,00

	Content of physical mud  (%)

	0-10
10-20
20-30
	-
-
-
	30,069
32,567
23,616
	29,150
29,978
25,547
	22,965
11,698
14,916

	Content of water-soluble salts (%)
	0-10
10-20
20-30
	-
-
-
	0,015
0,028
0,022
	0,026
0,021
0,021
	0,055
0,015
0,021

	рН of water suspension


	0-10
10-20
20-30
	-
-
-
	6,83
7,14
7,76
	6,67
6,86
6,85
	6,50
7,41
7,40

	Content of mobile nutrients (mg per kg of soil)
	Nhydr.
	0-10
10-20
20-30
	-
-
-
	28,0
25,2
22,4
	28,0
33,6
16,8
	42,0
16,8
25,2

	
	P2O5

	0-10
10-20
20-30
	-
-
-
	74
20
14
	60
20
20
	60
43
34



The increase in the degree of degradation of pastures causes a slight shortening of the thickness of the humus layer (from 45 cm on a slightly degraded layer to 43 cm on a highly degraded layer) and the humus content in a 0-10 cm layer, from 3.12% on slightly degraded pastures to 2.12% on highly degraded ones. In general, pasture degradation does not affect the particle size distribution of soils. The layer of soils, which is more susceptible to degradation, 0-10 cm, on weakly, moderately and strongly degraded areas has a light loamy composition, where the content of physical clay was 23.0, 29.0 and 30.0%, respectively. An increase in values in the absorption capacity is observed from 8.10 meq per 100 g of soil in slightly degraded soils to 13.69 meq in highly degraded soils. The soils of the pasture area are non-saline (<0.1%), not saline, but the proportion of absorbed magnesium in the 0-30 cm layer in soils of highly degraded pastures averaged 37% of the total absorbed bases. They have a neutral environment, in the 0-10 cm layer they are moderately provided with easily hydrolyzable nitrogen (42.0 mg / kg) in weakly degraded areas versus very low ones (28 mg / kg) in moderately degraded areas. In general, the studied soils are very highly supplied with mobile phosphorus (60-74 mg / kg soil), especially in the upper 0-10 cm layer, but as the degradation of pastures increases, the average indicators of mobile phosphorus in the 0-30 cm layer indicate a slight decrease in their content from 45.6 up to 33.3 mg / kg of soil.

Table C.2 - Biological indicators of degraded pastures at district center Martuk, Martuk district, Aktobe region.
	Indicators
	Degradation stage

	
	very strong (failure)
IV stage
	strong
III stage
	moderate
II stage
	weak
I stage (background)

	Projective cover,%
	60%
	70%
	80%
	60%

	Name of plant community
	Sagebrush-Ceratocarpus-ephemeras with Carex
	Sagebrush – ephemeras – cereals 
	cereals-motley grass- sagebrush with bluegrass
	Sagebrush- Ceratocarpus-ephemeras with Carex 

	Species composition, dominants
	Sagebrush, Ceratocarpus, bluegrass, Alyssum, Carex, Tanacetum, Polygonum, fesque, Potentilla, Ceratocephala
	Sagebrush, fesque, feathergrass, Alyssum bluegrass, wheatgrass, Koeleria, Achillea.
	feathergrass, wheatgrass, fesque, Sagebrush, Koeleria, bluegrass Achillea, Euphorbia, Astragalus
	Sagebrush, Ceratocarpus, bluegrass, Alyssum, Carex, Tanacetum, Polygonum, fesque, Potentilla, Ceratocephala

	Botanical composition, %
	Sagebrush-40%, Ceratocarpus-30%, ephemeras-25%, Carex-5%.
	Sagebrush-60%, ephemeras-30%, cereals-10%.
	cereals-55%, Sagebrush-10%, motley grass-30%, bluegrass-5%
	Sagebrush-40%, Ceratocarpus-30%, ephemeras-25%, Carex-5%.

	Poisonous and unconsumable kinds
	Tanacetum, Ceratocephala
	-
	Achillea
	Tanacetum, Ceratocephala

	Yield of pasture feed, t / ha
	
13,0c/ha
	
18,5c/ha
	
26,1c/ha
	
13,0c/ha

	Presence of grazing
	Strong
	Moderate
	Weak
	Strong



The determination of biological indicators at degraded pasture site of Martuk district center, Aktobe region showed that the projective grass cover of the soil increases with a decrease in the grazing load. This is confirmed by the data obtained during field studies, as in the area where the grass was slightly grazed, it is 80%, while with a strong degree of degradation, this indicator sharply decreases and leaves only 60%. The data obtained show that the species composition also changes depending on the degree of degradation. So, if the species composition of plants on a pasture with a strong degree of degradation consists mainly of sagebrush (40%), partly Ceratocarpus (30%) and ephemerals (25%), then with a low degree of degradation it consists of cereals (55%) and herbs (30%)., i.e. the type of pasture changes from sagebrush-Ceratocarpus-ephemeral to cereals-herb-sagebrush. At the same time, the yield of fodder mass is also higher on the contour with a low degree of degradation - 26.1 c / ha, while on the contour, where the strong grazing of grass stand was carried out, it was at the level of 13.0 c / ha (Table C.2).
It should be noted that productivity of degraded pastures at district center of Martuk is relatively low, although monitoring sites are located on black earth. This is due to the fact that grazing load on these pastures is very high in comparison with other rural areas located in this zone, since more population lives in the regional center and, accordingly, more villagers' livestock are grazed.
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Figure C.2 - The layout of the contours at research spot №1 - the regional center Martuk: with severe degradation; at medium degradation and at low degradation 

Coordinates of contours boundaries at research spot № 1 of the regional center Martuk - in case of severe degradation - N50º44'08.5; E056 ° 31'19.2; with average degradation - N50º43'55.6; E056º31'33.2 and with low degradation - N50º43'36.1; E056 ° 31'49.9.

Research spot №4 - Khlebodarovka village. Field research was carried out on the territory of Martuk district of Aktobe region. Steppe zone, soil type - dark chestnut. The relief is a slightly wavy plain. The aspect of the landscape is greenish with a yellowish tint.
Section №75 was laid (10.06.2020) 2 km from the village of Saryzhar to the south on a gentle plain of the watershed part of the river. Elek. Section coordinates 50 ° 30.920 ', 056 ° 53.363'. The absolute height is 189m. Macro-relief: Northern part of the Subural plateau. Pasture is weakly covered by grass. The vegetation is characterized by sagebrush-ephemeral-ebelek communities, which include sagebrush, bluegrass, bluegrass, Eremophyrum, Alyssium,  Bromus, ebelek, lilac, Polygonum. The projective cover is 75%. The vegetation is spotted.
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	A 0-19cm, Very dark grayish-brown (10YR 3/2), fresh, slightly compacted, lumpy, medium loamy, finely porous, penetrated by the roots of sagebrush and other plants, does not boil from hydrochloric acid, the transition is gradual in color;
В1 19-33cm, heterogeneously colored, very dark grayish-brown (10YR 3/2), fresh, compacted, nutty-prismatic, medium loamy, finely porous, does not boil with hydrochloric acid, small plant hairs, clear color transition;
B2 33-46cm, non-uniformly colored, yellowish-brown (10YR 5/4), fresh, compacted, prism-nutty, medium loamy, finely porous, single small roots, humus drips, does not boil from hydrochloric acid, clear color transition;
ВС 46-68cm, very pale-brown (10 YR 7/3, 7/4), fresh, medium-dense, fine-peaty-lumpy, medium loamy, finely porous, single roots, carbonates in the form of large spots and white chunks, boils violently from hydrochloric acid, the transition is gradual in color;
C 68-110cm, light yellowish brown (10 YR 6/4), fresh, slightly compacted, lumpy, medium loam, finely porous, dead black roots, carbonates in the form of thin veins, large spots and white chunks, boils violently from hydrochloric acid.


Figure C.3 – Profile structure of dark- chestnut alkaline soil 

Analysis of the morphological features of the profiles and indicator parameters of the dark chestnut soil of the Khlebodarovka pasture area showed their susceptibility to significant changes as the degree of pasture degradation increases (Table C.3, Figure C.3). They are manifested in an insignificant decrease in the thickness of the humus (A + B1) horizon by 2 cm with a strong degree of degradation, by 1 cm with an average as compared to a weak degree of degradation (h = 33 cm), which led to a decrease in the humus content of the 0-10 cm layer (from 3.32 % to 1.39 and 1.98%). The content of easily hydrolyzable nitrogen in the 0-30 cm layer turned out to be practically at the same level, averaging 29 mg / kg of soil. The soils of weakly and strongly degraded pasture areas have a medium loamy granulometric composition (30.0-35.14% of physical clay, respectively) with a slight lightening of it in moderately degraded areas (23.72%). The degree of degradation of pastures did not affect the content of water-soluble salts in soils and the pH. At all levels of pasture degradation, the amount of water-soluble soil salts does not exceed 0.1%, and the reaction of the soil environment as a whole is at a level from slightly acidic to neutral (pH 6.39-7.44).

Table C.3 - Soil indicators of the Khlebodarovka pasture area
	Indicators
	Depth, cm
	Degradation stage

	
	
	very strong (failure)
IV stage
	strong
III stage
	moderate
II stage
	weak
I stage (background)

	Humus horizon (А+В1), cm
	
	-

	31
	32
	33

	Humus content, %
	0-10
10-20
20-30
	-
-
-
	1,98
1,59
1,52
	1,39
1,22
1,16
	3,32
2,58
2,98

	Amount of absorbed bases (mEq per 100g of soil) and their composition (Ca, Mg, Na,% of the amount)
	0-10

10-20


20-30

	-


-


-
	13,28; 52,71
33,89;0,38;13,03

15,38; 68,27;
26,01;0,07;5,66

18,44; 62,36;
35,25;0,16;2,22
	7,87; 88,94;
6,35;0,38;4,32

13,05; 57,47; 42,15;0,38;0,00

12,05; 70,54;
29,05;0,41;0,00
	15,14; 52,84
39,63;1,06;6,47

12,59; 71,48;
27,80;0,40;0,32

14,03; 67,71; 
32,07;0,21;0,00

	Content of physical mud  (%)

	0-10
10-20
20-30
	-
-
-
	35,503
31,882
38,037
	22,746
24,817
23,596
	27,727
28,152
33,456

	Content of water-soluble salts (%)
	0-10
10-20
20-30
	-
-
-
	0,044
0,026
0,030
	0,022
0,021
0,014
	0,021
0,051
0,045

	рН of water suspension


	0-10
10-20
20-30
	-
-
-
	6,66
6,80
6,92
	6,70
7,44
7,13
	6,48
6,39
7,14

	Content of mobile nutrients (mg per kg of soil)
	Nhydr.
	0-10
10-20
20-30
	-
-
-
	28,0
30,8
28,0
	28,0
30,8
33,6
	36,4
25,2
25,2

	
	P2O5

	0-10
10-20
20-30
	-
-
-
	120
84
87
	70
30
27
	74
43
14



Thus, the dark-chestnut saline soils of the Khlebodarovka pasture area have a slightly lower thickness of humus horizon and a lower humus content. The beginning of the boiling zone from hydrochloric acid corresponds to the lower part of the humus horizon (from 46 cm). In the profile of these soils, the morphological salinity is clearly manifested, but it is not confirmed by the content of absorbed sodium. Some researchers [28] who studied the soils of the Aktobe region do not exclude the fact that salinity may be due to the presence of a large amount of exchangeable magnesium, the proportion of which in our case exceeds its permissible limits (> 30% of the total absorbed bases).
The results obtained during study of biological indicators at degraded pasture site of  Khlebodarovka village, Martuk district of Aktobe region, show that the projective soil cover with vegetation is: with the third degree of degradation - 60%, with the second degree - 70% and with the first degree of degradation - 75% (table C.4). The yield of the pasture mass, depending on the degree of degradation, ranges from 7.5 c / ha to 24.3 c / ha. It should be noted that the yield of pasture mass on the contours with an average and low degree of degradation increases sharply compared to the contour with a strong degree of degradation (13.0 and 24.3 c / ha versus 7.5 c / ha). This is due to the fact that  the pasture, where the strong grazing took place, the vegetation is much inferior in height to the grass stand, i.e. the grass is low, and in terms of botanical composition it mainly consists of bluegrass (50%) and sagebrush (30%), while on other plant contours the amount of sagebrush is not less than 50%.

Table C.4 - Biological indicators of degraded pasture at Khlebodarovka village, Martuk district, Aktobe region.
	Indicators
	Degradation stage

	
	 strong 
III stage
	moderate
II stage
	weak
I stage

	Projective cover,%
	60%
	70%
	75%

	Name of plant community
	bluegrass-sagebrush-
motley grass
	sagebrush-bluegrass-cereals with 
motley grass
	Sagebrush – ephemeras - Ceratocarpus

	Species composition, dominants
	Sagebrush, Ceratocarpus, bluegrass, Tanacetum, Polygonum, Kochia Potentilla,
	Sagebrush, fesque, feathergrass, Alyssum bluegrass, wheatgrass,  Achillea, Alyssum, Astragalus, Tanacetum.
	Eremopyrum, Alyssum Ceratocarpus Sagebrush, bluegrass Achillea,

	Botanical composition, %
	bluegrass-50%, Sagebrush-30%, motley grass-20%
	Sagebrush-60%, bluegrass-30%, cereals-5%,      
motley grass-5%
	Sagebrush-50%, ephemeras-25% Ceratocarpus-25%

	Poisonous and unconsumable kinds
	Tanacetum
	Tanacetum
	Achillea

	Yield of pasture feed, t / ha
	
7,5c/ha
	
13,0c/ha
	
24,3c/ha

	Presence of grazing
	Strong
	Mild
	Weak



The boundaries coordinates of contours at research spot № 2 – Khlebodarovka village with severe degradation - N50º30'59.0; E056 ° 54'16.4; with average degradation - N50º30'58.7; E056º54'03.2 and with low degradation - N50º30'55.0; E056 ° 53'22.0.
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Figure C.4 - The layout of the contours at research spot №2 – Khlebodarovka village: with severe degradation; at medium degradation and at low degradation 
	
Research spot № 3 - Adai settlement. Field research was carried out at the territory of Kamystinsky district of Kostanay region. Steppe zone, soil - dark chestnut. The relief is a slightly wavy plain. The aspect of the landscape is greenish.
Section №78 was laid (11.06.2020) on the gentle right-bank plain of the Tobyl River, the Turgai plateau with salt lakes from the village of Adaevka 1.7 km to the southwest and from the shoreline of Lake Adaykol 2 km to the south. Section coordinates: 51 ° 49.089 ', 062 ° 01.979'. The absolute height is 379m. Pasture is weakly covered by grass. The vegetation cover includes feather grass, fescue, koeleria, astragalus, alfalfa, sage, sagebrush, phomis. The projective cover is 90%. Cracks are observed along the soil surface.
Based on morphological characteristics of the genetic horizons of the dark-chestnut solonetzic soil of the Adai pasture area, it follows that it has vertical cracks and dark gray humus streaks in the upper part of the profile (Figure C.5).
In the transitional horizons B1 and B2, a prism-like-nutty structure is morphologically manifested, and effervescence from hydrochloric acid begins from a depth of 33 cm. Indicator indicators of the composition and properties of dark chestnut saline soils show that degradation of pastures in general reduces indicators of soil fertility (Table C.5). A slight decrease in thickness of soil’s humus horizon (A + B1) is observed in highly degraded areas (31 cm) in comparison with slightly degraded areas (33 cm). The humus content of the upper horizons follows the above-mentioned patterns. In weakly and moderately degraded areas, the humus content in the 0-10 cm layer is practically at the same level (4.2%), while in highly degraded areas it decreases to 3.57%. The soils of the pasture area are heavy loamy in terms of granulometric composition and the influence of the degree of degradation on it is practically not manifested. Particles <0.01mm range from 48.68% to 57.95%. The soils are not saline (the amount of salts is <0.1%), but do have presence of salt. Morphologically, the soil salinity is well expressed, but it is not confirmed by the data of absorbed sodium, where its content does not exceed 0.8% of the total absorbed bases, with the exception of the value of 20-30 cm of the soil layer of highly degraded pastures (8.8%).
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	A 0-19cm, turfed on top, dark gray (10YR 4/1), salted, fresh, compacted, lumpy-nutty, medium loamy, finely porous, permeated with small roots, does not boil with hydrochloric acid, clear color transition;
В1 19-33cm, very dark gray (10YR 3/1), fresh, compacted, prismatic-nutty, flattened small roots, vertical cracks, fine single pores, heavy loamy, does not boil with hydrochloric acid, gradual color transition;
B2 33-57cm, heterogeneously colored (yellowish-brown with dark gray streaks of humus - tongues), grayish-brown (10YR 5/2), compacted, coarse, cracks, places of carbonate accumulation, heavy loamy, boils violently from hydrochloric acid, squeezed small roots, gradual transition in color;
ВС 57-87cm, non-uniformly colored (yellowish-brown with dark-gray streaks of humus and wedges), grayish-brown (10YR 5/2), closer to wet, strongly compacted, lumpy, heavy loamy, finely porous, very small roots, incomprehensible carbonates forms, boils violently from hydrochloric acid, the transition is gradual in color;
С 87-105cm, heterogeneously colored (yellowish-brown with dark gray specks), light yellowish-brown (10YR 6/4), damp, medium-dense, lumpy, heavy loamy, finely porous, boils violently with hydrochloric acid.



Figure C.5 - The profile structure of dark chestnut alkaline soil

An increase in salinity degree of the studied soils is clearly traced as degradation of pastures increases. On moderately and highly degraded pastures, the share of absorbed magnesium exceeds its threshold level (> 30% of the total). They have a neutral reaction in the upper 0-10 cm layer with a gradual increase with depth to medium alkaline and the effect of the degree of degradation on their performance is not manifested. The opposite pattern is observed in the content of easily hydrolyzable nitrogen as the degradation of pastures increases. The soils of all areas of all degradation degrees are generally poorly supplied with available nitrogen, averaging 31mg / kg soil in the 0-30cm layer on slightly degraded areas and 33mg / kg soil on highly degraded areas. Weak and medium degraded areas in the 0-10 cm layer are medium (23 mg / kg of soil), and highly degraded areas are increased (27 mg / kg) are provided with mobile phosphorus with a sharp decrease with depth.


Table C.5 - Soil indicators of the Adai pasture area
	Indicators
	Depth, cm
	Degradation stage

	
	
	very strong (failure)
IV stage
	strong
III stage
	moderate
II stage
	weak
I stage (background)

	Humus horizon (А+В1), cm
	
	-
	31
	35
	33

	Humus content, %
	0-10
10-20
20-30
	-
-
-
	3,57
2,61
1,79
	4,17
2,41
2,22
	4,20
3,57
2,84

	Amount of absorbed bases (mEq per 100g of soil) and their composition (Ca, Mg, Na,% of the amount)
	0-10


10-20


20-30
	-


-


-
	24,24; 61,88
33,00;0,49;4,62

27,72; 63,13;
36,07;0,76;0,04

26,33; 56,97;
34,18;8,85;0,00
	26,91; 65,03;
31,59;0,45;2,94

26,79; 65,32;
33,59;0,45;0,64

26,60; 62,03;
37,59;0,38;0,00
	27,64; 66,93;
28,94;0,18;3,94

27,99; 71,45;
26,79;0,04;1,72

24,79; 74,63;
24,20;0,48;0,69

	Content of physical mud  (%)

	0-10
10-20
20-30
	-
-
-
	53,333
55,962
57,953
	48,679
56,250
57,620
	56,643
55,509
57,083

	Content of water-soluble salts (%)
	0-10
10-20
20-30
	-
-
-
	0,062
0,067
0,132
	0,070
0,080
0,084
	0,030
0,050
0,065

	рН of water suspension


	0-10
10-20
20-30
	-
-
-
	7,15
7,79
8,04
	7,77
7,93
8,00
	7,10
7,60
7,87

	Content of mobile nutrients (mg per kg of soil)
	Nhydr.
	0-10
10-20
20-30
	-
-
-
	33,6
36,4
28,0
	33,6
30,8
28,0
	25,2
30,8
36,4

	
	P2O5

	0-10
10-20
20-30
	-
-
-
	27
5
5
	23
8
8
	23
11
5



From the data obtained, it can be seen that on degraded pastures, with a decrease in grazing load, not only does the projective cover of the soil by vegetation improve, but also the botanical composition of plants. So, if the projective cover of the soil with vegetation with a strong degree of degradation was 65%, then with an average it reaches 80%, and with a weak one even higher - up to 90%. (table C.6).
If we analyze the botanical composition, it can be seen that in contour with strong degradation of pastures, the herbage consists of cereals, Tanacetum, and Kochia, while with weak grazing, not only cereals are present, but sagebrush and motley grass. The maximum yield (27.0c / ha) was provided by plant communities with fesque-feathergrass-sagebrush vegetation, and the lowest one was obtained on the fesque-Tanacetum-Kochia type of pastures - 9.5c / ha of green mass.

Table C.6 - Biological indicators of degraded pasture at Adai village, Kamystinsky district, Kostanay region.
	Indicators
	Degradation stage

	
	strong 
III stage
	moderate
II stage
	weak
I stage

	Projective cover,%
	65%
	80%
	90%

	Name of plant community
	fesque-Tanacetum-Kochia
	fesque-sagebrush-feathergrass with Tanacetum
	fesque-feathergrass-tanacetum with motley grass

	Species composition, dominants
	Sagebrush, Ceratocarpus, bluegrass, Tanacetum, Eremopyrum, Kochia wheatgrass, Alyssum, fesque, Koeleria
	Sagebrush, fesque, feathergrass, Tanacetum, Elytrigia, Koeleria,
Phomis, Centaurea, alfalfa 
	fesque, feathergrass, Tanacetum, Sagebrush, Phomis, Koeleria, Salvia, alfalfa, Astragalus, Scorzonera

	Botanical composition, %
	cereals-45%, Tanacetum-30%, Kochia-25%
	cereals-50%, Sagebrush-30%, Tanacetum-20%.
	fesque-35%, feathergrass-25%, Sagebrush-20%, 
motley grass-20%

	Poisonous and unconsumable kinds
	Tanacetum
	          Tanacetum
	Phomis

	Yield of pasture feed, t / ha
	
9,5c/ha
	
20,5c/ha
	
27,0c/ha

	Presence of grazing
	Strong
	Mild
	Weak
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Figure C.6 - The layout of the contours at research spot №3 – Aday village: with severe degradation; at medium degradation and at low degradation 

The boundaries coordinates of contours at research spot №3 – Aday village with severe degradation - N51º48'35.4; E062 ° 01'42.1; with average degradation - N51º48'45.3; E062º01'48.8 and with low degradation - N51º49'05.4; Е062º01'59.3 .
Research spot № 4 – Pereleski village. Field research was carried out at Denisov district of Kostanay region. Steppe zone, soil - alkaline black earths. The relief is plain. The landscape aspect is yellowish greenish light brownish.
Section № 81 was laid (11.06.2020) on a slightly inclined slope of a depression on the left side of the highway towards Kostanay. Section coordinates: 52 ° 33.545 ', 062 ° 02.764'. The absolute height is 357m. On the soil map it is marked as a contour of solonetzes. Landforms: micro-saucer-like depression, watershed of the Ayat and Tobol rivers (division of the Tobol river channel), the most southeastern part of the Trans-Ural plateau. Pasture is weakly covered by grass. Vegetation is represented by fescue, koeleria, wheatgrass, alfalfa, carnation, Kochia, Achillea, astragalus, Alyssium, Leymus, wheatgrass. The projective cover is 80%.
The pasture areas of the village of Pereleski is a depression located in the watershed between the Ayat and Tobol rivers in the most southeastern part of the Trans-Ural plateau in the zone of southern black earths. Here salt soils and and saline southern humus developed in the form of complexes characterized by a low level of fertility. Despite this, they have a fairly thick humus horizon (A + B1), which is 33 cm in the slightly degraded ones, with a slight shortening in their highly degraded varieties. A feature of studied strongly saline dark soils is also a visible manifestation of lingering and humus drips along vertical cracks of dark gray color (Figure C.7).
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	A 0-14cm, Dark grayish brown (10YR 4/2), fresh, slightly compacted, vertical cracks, lamellar-scaly-lumpy, finely porous, medium loamy, permeated with small roots, does not boil with hydrochloric acid, gradual transition in color;
В1 14-33cm, non-uniformly colored, brown (10YR 5/3), fresh, strongly compacted, nutty-prismatic, crushed small roots, medium loamy, finely porous, cracks, does not boil with hydrochloric acid, gradual color transition;
B2 33-53cm, brown (10YR 5/3), damp, compacted, lumpy, finely porous, heavy loamy, small roots, dark gray streaks along the cracks, moderately effervescent from hydrochloric acid, gradual color transition;
ВС 53-73cm, light yellowish-brown (10YR 6/4), moist, moderately dense, lumpy, finely porous, heavy loamy, single roots, abundance of carbonate accumulations in the form of white chunks and spots, medium boiling, gradual color transition;
From 73 cm and deeper, light yellowish-brown (10YR 6/4), moist, medium compacted, lumpy, finely porous, heavy loamy, carbonate precipitates slightly more than BC, moderately effervescent from hydrochloric acid



Figure C.7 – Profile structure of highly alkaline southern humus 
Boiling begins to manifest itself in the B2 horizon. In slightly degraded areas, the humus content in the 0-10 cm layer is 1.82% with a gradual decrease with depth, and in moderately degraded areas, there is a slight increase to 2.35%, and in highly degraded areas, it decreases to 1.36% (Table C.7).
In general, the soil is poorly supplied with easily hydrolyzed nitrogen and decreases as the degradation of pasture areas increases. According to the granulometric composition in the 0-30 cm layer, the soils of pasture areas are medium loamy, where the value of physical clay is in the range from 30.89 to 40.25%. The soils are not saline, with the exception of highly degraded areas, where the content of water-soluble salts (0.503 and 1.380%) at depths of 10-20 and 20-30 cm show respectively their weak and strong salinity. A high content of absorbed sodium is noted on soils of weakly and strongly degraded pastures, where its share in the 20-30 cm layer, respectively, is 21.0 and 30.0% of the total absorbed bases. Magnesium dominates in weakly degraded areas, which is 55% on average in the 0-30cm layer, but also moderately and strongly degraded areas have high rates. The high content of these cations, apparently, had an effect on the phosphorus mobility, which contributed to a decrease in its value, especially in slightly degraded areas. The reaction of the soil environment in weakly degraded areas at a depth of 0-10 cm is neutral (pH 7.03) with a gradual increase in value with depth to slightly alkaline (pH 7.73), and in moderately degraded areas the soil is completely weakly acidic (pH 6.3). High pH is characterized by highly degraded areas, where the upper 0-20 cm layer has an average alkalinity (pH 8.1) of the soil environment.

Table C.7 - Soil indicators of Pereleski pasture area
	Indicators
	Depth, cm
	Degradation stage

	
	
	very strong (failure)
IV stage
	strong
III stage
	moderate
II stage
	weak
I stage (background)

	1
	2
	3
	4
	5
	6

	Humus horizon (А+В1), cm
	
	-
	29
	34
	33

	Humus content, %
	0-10
10-20
20-30
	-
-
-
	1,36
1,12
0,79
	2,35
1,39
0,86
	1,82
1,55
1,45

	Amount of absorbed bases (mEq per 100g of soil) and their composition (Ca, Mg, Na,% of the amount)
	0-10

10-20


20-30
	-


-


-

	8,12; 49,26
36,95;13,79;0,00

13,06; 26,80; 
53,60;19,60;0,00

62,75; 44,62
25,50; 29,88; 0,00
	12,41; 72,52
24,17;1,13;2,18

10,65; 70,42;
28,17;1,32;0,09

11,42; 43,78
52,54;3,68;0,00
	9,45; 42,33;
52,91;0,53;4,23

14,67; 27,27;
61,35;11,38;0,00

22,12; 29,38;
49,73;20,89;0,00



Continuation of table С.7
	1
	2
	3
	4
	5
	6

	Content of physical mud  (%)

	0-10
10-20
20-30
	-
-
-
	28,986
37,249
54,504
	27,225
30,377
35,067
	32,049
31,269
41,017

	Content of water-soluble salts (%)
	0-10
10-20
20-30
	-
-
-
	0,062
0,503
1,380
	0,030
0,020
0,036
	0,065
0,072
0,117

	рН of water suspension


	0-10
10-20
20-30
	-
-
-
	8,02
8,25
7,46
	6,20
6,33
6,33
	7,03
7,40
7,73

	Content of mobile nutrients (mg per kg of soil)
	Nhydr.
	0-10
10-20
20-30
	-
-
-

	28,0
25,2
30,8
	28,0
25,2
16,8
	30,8
39,2
33,6

	
	P2O5

	0-10
10-20
20-30
	-
-
-
	44
5
17
	47
17
14
	17
11
8



Experimental data obtained in study of biological indicators on degraded pastures of Pereleski village showed that projective cover of soil by vegetation is 50% with a strong degree of degradation, with an average - 70% and with a weak - 80% (Table C.8).

Table C.8 - Biological indicators of degraded pasture at Pereleski village, Denisovsky district of Kostanay region.
	Indicators
	Degradation stage

	
	Strong III stage
		Moderate II stage
	Weak I stage

	Projective cover,%
	50%
	70%
	80%

	Name of plant community
	fesque-sagebrush-Koeleria with  Limonia
	fesqueо-Koeleria-sagebrush
	fesque-motley grass-Koeleria with Sagebrush

	Species composition, dominants
	fesque, Sagebrush, Koeleria, Limonia, Achillea
	Sagebrush, fesque,  Koeleria, Dianthus,
Kochia, Parmelia, Limonia, bluegrass
	fesque, alfalfa, Limonia, Dianthus, Sagebrush, Kochia, Astragalus

	Botanical composition, %
	fesque-45%, Sagebrush-40%, Koeleria-10%, Limonia-5%
	fesque-60%, Koeleria-20%, Sagebrush-20%
	fesque-60%, 
motley grass-20%, Koeleria-10%, Sagebrush-10%

	Poisonous and unconsumable kinds
	          -
	             -
	             -

	Yield of pasture feed, t / ha
	
9,0c/ha
	
15,5c/ha
	
23,0c/ha

	Presence of grazing
	Strong
	Mild
	Weak


At the same time, in plant associations, a change in dominants is observed depending on the level of degradation. So, if vegetation cover in case of strong degradation had such plants as fesque and Sagebrush occupy 45% and 40% of the total mass, respectively, then under weak degradation, the amount of Sagebrush sharply decreases (only 10%) and instead we observe motley grass, which occupies 20 % of the total mass.
The yield of the pasture mass was 9.0 c / ha on the contour with a strong degree of degradation, with an average - 15.5 c / ha and with a slight degradation - 23.0 c / ha. In addition, it should be noted that the yield of pastures at Pereleski village is relatively lower compared to the data obtained on the dark chestnut soils of Adai village (9.0; 15.5 and 23.0 c / ha versus 9.5; 20.5 and 27.0 c / ha). This is due to the fact that, although the pastures of Pereleski village are located at humus zone, the decrease in pasture mass yield here occurred due to the soil alkalinity. 
The boundaries coordinates of contours at research spot № 4 – Pereleski village with severe degradation - N52º33'04.6; E062 ° 03'36.7; with medium degradation - N52º33'09.3; E062º03'32.3 and with low degradation - N52º33'32.6; E062 ° 02'46.0.
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Figure C.8 - The layout of the contours at research spot №4 – Perelesky village: with severe degradation; at medium degradation and at low degradation 

Research point № 5 - Andreevka settlement. Field research was carried out at the territory of the region named after G.Musrepov of the North Kazakhstan region. The zone is forest-steppe, the soil is ordinary dark soil. The relief is a slightly wavy plain. The aspect of the landscape is greenish-yellowish.
Section №84 was laid (12.06.2020) 4 km to the north-west from the village of Andreevka on microlows near arable land from the valley of the river Sharyk. Section coordinates: 53 ° 00.186 ', 067 ° 19.880. The absolute height is 374m. Relief: pegged steppe, plain rugged by the Sharyk river valley. Zone of ordinary chernozems. Pasture with weak grass coverage. Natural vegetation includes fescue, alfalfa, feather grass, galium, phomis, sagebrush, snakehead, etc. The projective cover is 95%. On the soil surface, there are cracks and crevices with a diameter of about 2 cm and spotting on vegetation.
The soil cover of pasture areas at Andreevka village is represented by weekly saline ordinary dark soils, which are characterized by a high humus content (9.23%) in the soddy horizon of weakly degraded areas, its strong differentiation into genetic horizons (Table C.9 , Figure C.9). In their profile, the humus horizon (A + B1), vertical cracks and humus drips along them down into the underlying horizons are clearly distinguished. The considered soils were formed on yellowish-brown heavy loams on microdepressions of the grove steppe. Pasture degradation had a significant impact on the decrease in humus in moderately and strongly degraded areas in the upper 0-10 cm layer in comparison with the slightly degraded ones, where their value was 7.74 and 7.39%, respectively. But the opposite trend is observed in the content of easily hydrolyzable nitrogen.
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	AD 0-8cm, turfed, intertwined with small roots, very dark gray (10YR 3/1), fresh, loose, lumpy-granular, heavy loamy, cracks, finely porous, very weakly boiling from hydrochloric acid, single small pebbles, clear transition color;
В1 8-25cm, grayish-brown (10 YR 5/2), fresh, compacted, lumpy-finely nutty, nuts are very hard, clayey, pores are blurred, small roots, vertical cracks, salted, clear transition in color;
B2 25-49cm, yellowish-brown (10YR 5/4) with dark grayish-brown (10YR 4/2) drips of humus along cracks, damp, compacted, nutty, and on drips of humus, granular powdery, clayey, finely porous, fine roots, does not boil from hydrochloric acid, the transition is gradual in color;
ВС 49-68cm, light yellowish-brown (10YR 6/4) with dark grayish-brown (10YR 4/2) drips of humus along cracks, damp, highly compacted, lumpy, clayey, fine pores in places, small roots, flowed humus reaches a depth of 71 cm, the transition is gradual in color;
C 68 and deeper, light yellowish-brown (10YR 6/4), raw, dense, fine lumpy, clayey, rare roots, moderately effervescent from hydrochloric acid, carbonates in the form of white chunks.


Figure C.9 – Profile structure of regular saline humus 

Low and moderately degraded areas (25.2 and 25.2 mg / kg) are characterized by a very low supply of available nitrogen in the 0-30 cm layer, while heavily degraded areas are moderately provided (42.0 mg / kg). Degradation also manifests itself in a decrease, although a little bit, in the thickness of the humus layer (A + B1) from 25 cm to 24 cm. The upper soddy horizon (0-10 cm) has a heavy loamy (particles <0.01mm 50.0-59.0%) granulometric composition, while the underlying layers of weakly and moderately degraded areas are characterized by a clay composition, and highly degraded ones are heavy loamy.

Table C.9 - Soil indicators of the Andreevka pasture area
	Indicators
	Depth, cm
	Degradation stage

	
	
	very strong (failure)
IV stage
	strong
III stage
	moderate
II stage
	weak
I stage (background)

	Humus horizon (А+В1), cm
	
	-

	24
	24
	25

	Humus content, %
	0-10
10-20
20-30
	-
-
-
	7,39
4,86
4,03
	7,74
5,76
4,47
	9,23
2,65
2,05

	Amount of absorbed bases (mEq per 100g of soil) and their composition (Ca, Mg, Na,% of the amount)
	0-10

10-20


20-30
	-


-


-
	33,63; 78,80;
17,84;0,69;2,68

32,36; 77,26;
20,09;0,77;1,88

31,67; 77,36; 
20,52;0,73;1,39
	39,70; 79,34;
17,63;0,63;2,39

34,67; 82,20
14,42;1,04;2,34

35,70; 79,84;
16,81;1,09;2,27
	41,29; 73,87
19,37;1,53; 5,23

26,51; 67,90;
24,52;2,94;4,64

21,81;61,90;
34,39;3,21;0,50

	Content of physical mud  (%)

	0-10
10-20
20-30
	-
-
-
	56,941
56,361
58,518
	58,738
60,013
57,772
	48,903
60,606
62,901

	Content of water-soluble salts (%)
	0-10
10-20
20-30
	-
-
-
	0,061
0,040
0,045
	0,064
0,095
0,103
	0,199
0,118
0,053

	рН of water suspension


	0-10
10-20
20-30
	-
-
-
	6,53
6,81
7,03
	7,22
7,27
7,90
	7,61
7,46
5,92

	Content of mobile nutrients (mg per kg of soil)
	Nhydr.
	0-10
10-20
20-30
	-
-
-
	42,0
39,2
33,6
	22,4
28,0
25,2
	22,4
28,0
25,2

	
	P2O5

	0-10
10-20
20-30
	-
-
-
	34
11
11
	28
18
13
	160
30
11



In general, the values ​​of this indicator on all soils indicate insignificant effects of pasture degradation. The growth and development of plants occurs in the absence of salinity and from slightly acidic to neutral soil environment. The influence of pasture degradation stage on these indicators is not observed. The composition of absorbed cations is dominated by calcium, the proportion of which is 67.8, 80.4, and 77.7% as the degradation of pastures increases. The content of absorbed sodium in the composition of cations is insignificant (<3.2%), with the exception of exchangeable magnesium in a layer of 20-30 cm in weakly degraded pastures, the value of which is quite high (34% of the total).
The analysis of biological indicators showed that the projective cover of soil with vegetation is very good. On vegetation contours under strong degradation of pastures, this figure was 85%, under average - 90% and with a weak degradation - 95%. The species composition of plants is varied, on plant contours, depending on the degree of degradation, fesque, alfalfa, bluegrass, Galium, Plantago, etc. The type of pastures practically does not change, the main type of pastures is fesque-motley grass-Sagebrush. Attention is drawn to the fact that as the degradation of pastures decreases, the amount of sagebrush increases. So, under strong degradation of pastures, the amount of sagebrush in the herbage was 10%, then when moving to the next plant contours, it already reaches 20%. The highest yield of pasture mass provided a vegetation contour with a low degree of degradation, where the yield was 30.5 c / ha. On a pasture with an average degree of degradation, the yield of the pasture mass was at the level of 26.0c / ha. A low yield of pasture mass was obtained on a plant contour with severe pasture degradation - 22.0 c / ha (Table C.10).

Table C.10 - Biological indicators of degraded pasture at Andreevka village, district named after G. Musrepov, North Kazakhstan region
	Indicators
	Degradation stage

	
	strong
III stage
	moderate
II stage
	weak
I stage

	Projective cover,%
	85%
	90%
	95%

	Name of plant community
	fesque- motley grass-Tanacetum with Filipendula
	fesque-motley grass-sagebrush
	fesque-motley grass-Sagebrush

	Species composition, dominants
	fesque, Sagebrush, alfalfa, Koeleria,  Achillea, Phomis, feathergrass, Vicia, Potentilla, Galium, Dracocephalum
	Sagebrush, fesque,   Dianthus,  bluegrass, alfalfa, Galium, Phleum, Phomis, Plantago
	fesque, alfalfa, Sagebrush, Potentilla, Achillea, Plantago, bluegrass, Phomis

	Botanical composition, %
	fesque-45%, motley grass-40%, Sagebrush-10%, Filipendulaа- 5%
	fesque-40%, motley grass-35%, Sagebrush-20%, Filipendulaа-5%
	fesque-40%, motley grass-40%, Sagebrush-20%

	Poisonous and unconsumable kinds
	Phomis,    Dracocephalum,   Achillea  -
	Phomis,
	Phomis,            -

	Yield of pasture feed, t / ha
	
22,0c/ha
	
26,0c/ha
	
30,5c/ha

	Grazing
	Strong
	Moderate
	Weak


	
The boundaries coordinates of contours at research spot № 5 - Andreevka village with severe degradation - N53º00'09.3; E067 ° 21'10.6; with average degradation - N53º00'15.2; E067º20'29.2 and with low degradation - N53º00'11.1; E067 ° 19'52.9.
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Figure C.10 - The layout of the contours at research spot №5 – Andreevka village: with severe degradation; at medium degradation and at low degradation 

	Research point №8 - Atameken settlement. Field research was carried out on the territory of Burabay, Akmola region. Steppe zone, soil - southern dark soil Relief - slightly wavy plain. The aspect of the landscape is greenish with a brownish tint. 

	[image: C:\Users\User\Desktop\Асхат фото 1136.JPG]

	A 0-21cm, very dark gray (10YR 3/1), fresh, slightly compacted, lumpy-granular, 10-20cm nutty, light clay, permeated with small roots, barely noticeable fine pores, in some places slightly boils from hydrochloric acid, gradual transition by color;
В1 21-39cm, heterogeneously colored, very dark gray (10YR 3/1) with a yellowish-brown tint, and on the tongues dark brown, slightly compacted (loose on the tongues), granular-lumpy, lingual, heavy loam, permeated with small roots, among them decomposing brown, finely porous, slightly boiling from hydrochloric acid, the transition is gradual in color;
B2 39-56cm, non-uniformly colored, dark grayish-brown (10YR 4/2) with a yellowish-brown tint, fresh, compacted, greyish-brown tongues, lumpy, less penetrated by roots than B1, medium loamy, moderately effervescent from hydrochloric acid , the transition is gradual in color;
ВС 55-72cm, non-uniformly colored, yellowish-brown with brown tongues and streaks (10YR 5/3), moist, compacted, lumpy, finely porous, with small roots in places, heavy loamy, moderately effervescent from hydrochloric acid, gradual color transition;
C 72-110cm, light yellowish-brown (10YR 6/4), moist, lumpy, compacted, heavy loamy, sometimes fine pores, moderately effervescent from hydrochloric acid.



Figure C.11 – Profile structure of common alkaline humus 

Section № 87 was laid (14.06.2020) on a slightly lowered area near the arable land of an inter-hump flat plain from the village of Atameken towards the south at a distance of 2 km. Section coordinates: 52 ° 44.188 ', 070 ° 13.648'. The absolute height is 396m. Landforms: pegged steppe, flat plain with pegs. Pasture with weak grass coverage. The weather is windy. The vegetation cover is represented by fescue-rump-herb association with sagebrush, which has been repeatedly etched by horses. The projective cover of the soil surface with vegetation is 80%.

Table C.11 - Soil indicators of the Atameken pasture area
	Indicators
	Depth, cm
	Degradation stage

	
	
	very strong (failure)
IV stage
	strong
III stage
	moderate
II stage
	weak
I stage (background)

	Humus horizon (А+В1), cm
	
	-
	36
	37
	39

	Humus content, %

	0-10
10-20
20-30
	-
-
-
	4,27
3,82
3,42
	4,66
5,01
4,61
	4,81
4,07
4,22

	Amount of absorbed bases (mEq per 100g of soil) and their composition (Ca, Mg, Na,% of the amount)
	0-10


10-20


20-30
	-


-


-
	35,70; 82,63;
16,81;0,28;0,28

36,05; 83,22; 16,64;0,08;0,05

36,53; 79,39; 20,53;0,03;0,06
	34,62; 86,66
12,99;0,29;0,06

34,55; 82,49; 17,37;0,09;0,06

36,55; 80,71
19,15;0,08;0,05
	32,68; 87,21
10,71;0,37;1,71

35,53; 80,21
19,70;0,03; 0,06

36,12; 76,14
23,53; 0,28; 0,06

	Content of physical mud  (%)

	0-10
10-20
20-30
	-
-
-
	73,318
77,532
73,812
	72,113
72,773
69,554
	76,747
65,540
63,977

	Content of water-soluble salts (%)
	0-10
10-20
20-30
	-
-
-
	0,076
0,074
0,064
	0,108
0,067
0,071
	0,083
0,082
0,093

	рН of water suspension

	0-10
10-20
20-30
	-
-
-
	7,97
7,94
7,97
	7,72
7,93
7,85
	7,72
8,05
7,91

	Content of mobile nutrients (mg per kg of soil)
	Nhydr.
	0-10
10-20
20-30
	-
-
-
	33,6
30,8
28,0
	36,4
30,8
28,0
	30,8
28,0
33,6

	
	P2O5

	0-10
10-20
20-30
	-
-
-
	14
8
8
	11
5
5
	20
8
8



The pasture areas of the Atameken settlement occupy a slightly low-lying area of a gently sloping pectoral steppe. The soil cover of the plots is represented by low-humus salty ordinary dark soils in combination with less fertile alkaline soils. From the description of morphogenetic characters, it follows that this soil at a depth of 10-20 cm has a nutty structure and linguality. The latter is observed within depths from 26 to 83 cm (Figure C.11). The soil surface is fissured and cracked. The pasture vegetation of the site has been repeatedly grazed by horses, due to which they are more susceptible to degradation. This was reflected in the nature of soil indicators, although not significantly. Nevertheless, as degradation grows, there is a slight decrease in the thickness of the A + B1 horizon (from 39cm to 36cm) and its humus content in weakly and strongly degraded areas from 4.4% to 3.8% in the 0-30cm layer, respectively, the absorption capacity increases slightly (table C.11). On moderately degraded areas, the content of humus and easily hydrolyzable nitrogen shows, on the contrary, their increase. This circumstance can be explained by the heterogeneity of the soil cover. Calcium predominates in the composition of cations (80-87% of the total). Along with calcium, salty ordinary dark soils contain a noticeable amount of magnesium, especially in the lower layers of all levels of pasture degradation. The absorbed sodium content is insignificant (<0.4% of the total). The pastures degradation does not affect the clay particle size distribution, the content of water-soluble salts, the pH of the soil medium, and the composition of absorbed bases. The soils of weakly degraded areas in the 0-10 cm layer are moderately supplied with mobile forms of phosphorus, while in other areas they are poorly supplied.

Table C.12 - Biological indicators of degraded pasture at Atameken village, Burabay district, Akmola region
	Indicators
	Degradation stage

	
	strong
III stage
	moderate
II stage
	weak
I stage 

	Projective cover,%
	70%
	75%
	80%

	Name of plant community
	bluegrass-sagebrush-fesque with motley grass
	bluegrass-motley grass-Sagebrush with Bromus and fesqueа
	fesque-Bromus-motley grass with sagebrush 

	Species composition, dominants
	fesque, Sagebrush, bluegrass, wheatgrass, Elytrigia, Bromus, Convonvulus, Achillea, Potentilla
	Sagebrush, fesque,   Bromus,  bluegrass, alfalfa, Astragalus, Convonvulus, Potentilla, Erysimum, dandelion
	fesque, Bromus, Sagebrush,  Elytrigia, wheatgrass, Erysimum bluegrass, dandelion, Convonvulus

	Botanical composition, %
	bluegrass-40%, motley grass-10%, Sagebrush-30%, fesque- 20%
	bluegrass-40%, motley grass-30%, Sagebrush-15%, fesque-Bromus-15%
	fesque-40%, Bromus 30% motley grass-20%, Sagebrush-10%

	Poisonous and unconsumable kinds
	Achillea
	Erysimum
	Erysimum          

	Yield of pasture feed, t / ha
	
14,5c/ha
	
20,5c/ha
	
26,5c/ha

	Presence of grazing
	Strong
	Moderate
	Weak



The study of biological indicators shows that projective cover of soil with grass on degraded pastures at Atameken village is satisfactory and ranges from 70% to 80% depending on the degree of degradation. In the species composition of plants, the dominant position is occupied by such plants as fesque - 40%, Bromus - 30%, motley grass and Sagebrush - from 10 to - 30%. It is noted that with a decrease in degradation, the amount of sagebrush in the composition of the herbage decreases (from 30% to 10%). The yield of the pasture mass ranges from 14.5 c / ha to 26.5 c / ha, while the maximum yield of the pasture mass was obtained on a contour with a low degree of degradation (Table C.12).
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Figure C.12 - The layout of the contours at research spot №6 – Atameken village: with severe degradation; at medium degradation and at low degradation 

The boundaries coordinates of contours at research spot № 6 - Atameken village with severe degradation - N52º43'54.0; E070 ° 14'30'19.6; with average degradation - N52º44'05.7; E070º13'56.2 and with low degradation - N52º44'11.1; E070 ° 13'38.6.
Research point № 9 - Bozaigyr settlement. Field research was carried out on Shortandinsky territory of Akmola region. Steppe zone, soil - dark chestnut. The relief is a slightly wavy plain. The aspect of the landscape is greenish with a brownish tint.
Section № 90 was laid (14.06.2020) is 1.5 km to the north-west from the village of Bozaigyr on a weakly decline of a gentle plain, there is a lake near the village. Section coordinates: 51 ° 27.618 ', 071 ° 13.096'. The absolute height is 387m. Pasture with weak grass coverage. The vegetation cover is represented by a fescue-sagebrush- motley grass association, which include alfalfa, achillea, plantain, astragalus, potentilla, bluegrass, fescue. The projective cover was 85%. Cracks and crevices are observed along the soil surface, and spotting along the vegetation.
The pasture area is characterized by a slight depression with a saline dark chestnut soil. The surface of these soils is fissured with a patchy vegetation cover. In the upper humus horizon, a prism-nutty structure is formed in the spaces between vegetation (Figure C.13). Larger hard nuts with lumps are found in the underlying B1 and B2 horizons. The soil is unevenly colored, especially in the horizons where there are dark gray streaks of humus along cracks and wedges from the parent rock. Weak boiling from hydrochloric acid begins to appear in the B1 horizon and gradually increases with depth.
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	A 0-20cm, very dark grayish-brown (10YR 3/2), fresh, areas penetrated with roots are loose and granular-lumpy, and between plants dense and prismatic-nutty, vertical cracks, heavy loamy, finely porous, permeated with small roots, not boils with hydrochloric acid, the transition is gradual in color;
В1 20-44cm, irregularly colored, very dark grayish-brown (10YR 3/2) with a yellowish tinge and dark gray streaks along cracks in the form of tongues, from fresh to raw, highly compacted, coarsely lumpy (hard nuts), cracks , heavy loamy, in places filled with fine pores, single roots, slightly boils from hydrochloric acid, gradual transition in color;
B2 44-68cm, non-uniformly colored, yellowish-brown (10YR 5/4) with very dark grayish-brown (10YR 3/2) tongues, moist, lumpy-coarse-nutty, heavy loamy, single roots, noticeable fine pores, moderately effervescent from hydrochloric acid, carbonates in the form of white-chunks and large spots, the transition is gradual in color;
ВС 68-84cm, non-uniformly colored, yellowish-brown (10YR 5/4) with dark grayish-brown (10YR 3/2) drip tongues and spells, wet, medium compacted, lumpy, finely porous, piece roots, closer to clay, violent boils with hydrochloric acid, the transition is gradual in color;
C 84 cm and deeper, light yellowish-brown (10YR 6/4), moist, medium compacted, clayey, finely porous, slightly effervescent from hydrochloric acid.



Figure C.13 – Profile structure of saline dark- chestnut soil 

The soil profile of slightly degraded pastures has a rather thick (44 cm) humus (A + B1) horizon, where the humus content in layers 0-10, 10-20 and 20-30 cm is 3.61, 2.94 and 2.75%, respectively. With an increase in degree of degradation, the thickness of horizon A decreases by 1 cm with a moderate and 4 cm strong degree of degradation, which is directly reflected in its humus content, leading to a decrease in the humus content in comparison with the soil of pastures with a low degree of degradation (3.1%), respectively by 2, 76 and 2.33%. This tendency can be traced in the content of mobile phosphorus. 
The average content of available forms of nitrogen in the 0-30cm layer first decreases from 33.6 to 26.13 mg / kg of soil, then increases back to 36.4 mg / kg as the degradation of pastures increases. The data of physical clay of 0-30 layer of soils of pastures of varying degrees of degradation showed that they have a clay granulometric composition, where soils of 0-20 cm layer differ by similar values. In this connection, the influence of pasture degradation on this indicator is not observed.

Table C.13 - Soil indicators of the Bozaigyr pasture area
	Indicators
	Depth, cm
	Degradation stage

	
	
	very strong (failure)
IV stage
	strong
III stage
	moderate
II stage
	weak
I stage (background)

	Humus horizon (А+В1), cm
	
	-
	40
	43
	44

	Humus content, %

	0-10
10-20
20-30
	-
-
-
	2,73
2,58
1,69
	2,75
2,88
2,65
	3,61
2,94
2,75

	Amount of absorbed bases (mEq per 100g of soil) and their composition (Ca, Mg, Na,% of the amount)
	0-10


10-20


20-30
	-


-


-
	33,09; 74,04
25,69;0,24;0,03

34,58; 59,28;
40,49;0,17;0,06

34,64; 51,96;
46,19;1,79;0,06
	31,55; 76,07;
23,77;0,09;0,06

30,60; 73,53;
26,14;0,26; 0,07

29,10; 72,17;
27,49;0,28;0,07
	30,79; 73,08;
25,98; 0,33;0,62

30,60; 73,53;
26,14;0,26;0,07

31,62; 67,99;
31,63; 0,32;0,06

	Content of physical mud  (%)

	0-10
10-20
20-30
	-
-
-
	56,121
55,706
61,513
	55,118
57,178
53,273
	54,481
56,821
63,071

	Content of water-soluble salts (%)
	0-10
10-20
20-30
	-
-
-
	0,939
0,586
0,519
	0,072
0,046
0,110
	0,073
0,075
0,105

	рН of water suspension


	0-10
10-20
20-30
	-
-
-
	7,51
7,66
7,76
	7,47
7,80
8,15
	7,61
7,96
7,96

	Content of mobile nutrients (mg per kg of soil)
	Nhydr.
	0-10
10-20
20-30
	-
-
-
	39,2
33,6
36,4
	25,2
28,0
25,2
	33,6
39,2
28,0

	
	P2O5

	0-10
10-20
20-30
	-
-
-
	11
8
5
	14
8
8
	44
5
5



The soils of the pasture area, despite the salinity, are not saline (<0.1%), except for highly degraded areas, which have intense salinization in the upper (sum of salts 0.9%) and strong salinity in the lower 10-20 and 20-30 cm layers (sum salts 0.6%). They have a slightly alkaline environment, and the degree of pastures’ degradation does not affect their values. The composition of absorbed cations is dominated by calcium, and its value is approximately at the same level in soils of weakly and moderately degraded pastures. Its noticeable decrease is observed in the lower layers of highly degraded pastures due to an increase in absorbed magnesium, where it reaches large values ​​(40-46% of the total). The absorbed sodium content is negligible (table C.13). The analysis of the biological indicators carried out in the study showed that the projective cover of the soil with vegetation is satisfactory. On vegetation contours, with a strong degradation of pastures, this indicator was 70%, with an average - 75% and with a weak degradation - 85%.

Table C.14 - Biological indicators of degraded pasture at Bozaigyr village, Shortandy district, Akmola region
	Indicators
	Degradation stage

	
	strong
III stage
	moderate
II stage
	weak
I stage 

	Projective cover,%
	70%
	75%
	85%

	Name of plant community
	Sagebrush – ephemeras- cereals
	Sagebrush-fesque-cereals with motley grass
	Fesque- sagebrush with motley grass

	Species composition, dominants
	fesque, Sagebrush, bluegrass, wheatgrass, Elytrigia, Polygonum, Atriplex, Alyssum, Descurainia
	Sagebrush, fesque,     bluegrass, wheatgrass, Leymus, feathergrass, Achillea, dandelion, Polygonum
	fesque, alfalfa, Sagebrush,  wheatgrass, bluegrass, Astragalus, Plantago, Achillea

	Botanical composition, %
	Sagebrush-40%, ephemeras-35%, cereals-25%
	motley grass-5%, Sagebrush-50%, fesque-30%, cereals-15%
	fesque-50%, motley grass-15%, Sagebrush-35%

	Poisonous and unconsumable kinds
	Polygonum
	Polygonum     Achillea
	Achillea,

	Yield of pasture feed, t / ha
	9,0c/ha
	14,5c/ha
	21,0c/ha

	Presence of grazing
	Strong
	Moderate
	Weak



The species composition of plants is varied; fesque, sagebrush, wheatgrass and ephemeras are found in plant contours, depending on the degree of degradation. At the same time, if a plant contour with a strong degree of degradation has herbage mainly made of of sagebrush and ephemerals, then in other plant contours, in addition to these plants, there is also Leymus, feathergrass, alfalfa, and Astragalus. The type of pastures changes from sagebrush-ephemeral-cereals to fesque-sagebrush-motley grass. The maximum yield of pasture mass was provided by a vegetative contour with a low degree of degradation, where the yield was 21.0 c / ha, and the lowest - a vegetative contour with a strong degradation - 9.0 c / ha (Table C.14).
The boundaries coordinates of contours at research spot № 7 - village Bozaigyr with severe degradation - N51º28'03.1; E071 ° 12'45.3; with average degradation - N51º27'49.2; E071º12'56.9 and with low degradation - N51º27'37.1; E071 ° 13'05.6.
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Figure C.14. The layout of the contours at research spot №7 – Bozaigyr village: with severe degradation; at medium degradation and at low degradation 

Research spot № 10 - Yubileiny settlement. Field research was carried out at Terenkol district of Pavlodar region. Steppe zone, soil - southern black earth. The relief is plain. The aspect of the landscape is light greenish.
The pasture area of ​​the village is located in the right-bank sandy loam plain of the Irtysh River watershed. The site was formerly used as irrigated arable land, and is now a fallow land, as evidenced by the nature of the soil surface and a very dense plow horizon in the past, very dark gray in color with a plow bottom. Saline southern black earths of the pasture area formed on ancient alluvial yellowish-brown sandy loam deposits.
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	A 0-26cm, in the past Amax, very dark gray (10YR 3/1), the top 4cm sod, fresh, very compacted, concreted, lumpy-blocky, sandy loam, pores from small plants, single roots, salt neoplasms in the form dots, does not boil from hydrochloric acid, vertical cracks, bottom plow sole, clear transition in color and degree of compaction;
В1 26-48cm, yellowish-brown (10YR 5/4) with very dark grayish-brown (10YR 3/2) tongues, moist, fragile lumpy, light loamy / sandy loam, finely porous, very weakly effervescent from hydrochloric acid, single roots, gradual transition in color;
B2 48-68cm, yellowish brown (10YR 5/4), moist, slightly compacted, fragile lumpy, less lingual than B1, light loamy / sandy loam, finely porous, very weakly effervescent from hydrochloric acid, single roots, gradual color transition;
ВС 68-84cm, fawn-brown (10YR 6/3), moist, weakly compacted, fragile lumpy, closer to sandy loam, no pores are visible, single small roots, boils violently with hydrochloric acid, gradual color transition;
C 84-110cm, fawn-brown (10YR 6/3), fragile, weakly holding its shape, damp, slightly compacted, sandy loam, boils from hydrochloric acid




Figure C.15 – Profile structure of saline southern darksoil 

	Section № 93 was laid (16.06.2020) on the fallow of the above-floodplain terrace of the Irtysh river near the right side of the Pavlodar-Terenkol road 2 km to the west from the Yubileinoye village. The transect coordinates are 53 ° 06.006 ', 076 ° 02.638'. The absolute height is 128m. Relief form: right-bank sandy loam plain watershed of the Irtysh river, western part of the Kulunda Plain. Pasture with weak grass coverage. The vegetation cover is represented by a Poaceae-Carex-sagebrush association with fescue and forbs, which include bluegrass, wheatgrass, sedge, fescue, Potentilla, Achillea, sagebrush, etc. The projective cover is 90%. The surface is wavy and uneven from past human agricultural activities.

Table C.15 - Soil indicators of the Yubileinoye pasture area
	Indicators
	Depth, cm
	Degradation stage

	
	
	very strong (failure)
IV stage
	strong
III stage
	moderate
II stage
	weak
I stage (background)

	Humus horizon (А+В1), cm
	
	-
	45
	46
	48

	Humus content, %

	0-10
10-20
20-30
	-
-
-
	1,09
0,96
0,89
	0,93
1,06
0,89
	1,65
1,12
0,69

	Amount of absorbed bases (mEq per 100g of soil) and their composition (Ca, Mg, Na,% of the amount)
	0-10

10-20


20-30
	
	7,57; 72,65
26,42;0,00;0,93

9,08; 66,08;
33,04;0,66;0,22

9,10;60,44
38,46;0,88;0,22
	8,06; 74,44
24,81;0,50;0,25

10,08; 59,52
39,68;0,59;0,20

8,58; 69,93
29,14;0,70;0,23
	10,93; 68,62;
27,45;3,75;0,18

10,43; 47,94
38,35;13,52;0,19

11,09; 27,05;
54,10;18,67;0,18

	Content of physical mud  (%)

	0-10
10-20
20-30
	
	14,910
9,325
13,718
	11,672
10,876
11,297
	18,185
16,539
16,949

	Content of water-soluble salts (%)
	0-10
10-20
20-30
	-
-
-
	0,030
0,021
0,014
	0,022
0,022
0,032
	0,102
0,131
0,189

	рН of water suspension

	0-10
10-20
20-30
	-
-
-
	6,85
7,01
6,80
	6,91
7,22
7,28
	8,59
9,25
9,46

	Content of mobile nutrients (mg per kg of soil)
	Nhydr.
	0-10
10-20
20-30
	-
-
-
	33,6
30,8
28,0
	30,8
28,0
25,2
	30,8
25,2
28,0

	
	P2O5

	0-10
10-20
20-30
	
	67
37
24
	28
11
8
	18
8
5



The study of the structure of the soil profiles of pastures of varying degrees of degradation showed the presence of a rather thick A + B1 horizon (48 cm) in areas with a low degree of degradation, decreasing with increasing degradation to 46 cm on pastures of moderate and up to 45 cm - a strong degree of degradation. A similar pattern is observed in the humus content in horizon A, decreasing with the growth of pasture degradation from 1.15% to 0.96% (Table C.15, Figure C.15). At the same time, the indicators of mobile forms of nitrogen and phosphorus on weakly degraded pastures show, on the contrary, lower values ​​than medium and highly degraded areas. The reason for this, apparently, is a very strongly alkaline soil environment (pH 9.1) and a strong alkalinity of 10-30 cm layer of weakly degraded pastures, where the share of absorbed sodium is 16.05%, and magnesium is 46% of the total. Salinity caused by absorbed magnesium persists in the soils of moderately and severely degraded pastures, exceeding its threshold values ​​(> 30% of the total). As a result of the above processes, the soil acquires poor water-physical properties: low water permeability, high density and fracturing of 0-26 cm layer in the dry, which are the main limiting soil factor that does not allow the formation of a “normal” yield of pasture fodder. The soils of the pasture area are generally not saline, with the exception of a 20-30 cm layer of slightly degraded pastures (the amount of salts is 0.2%). The soils of all pasture areas have a sandy loam granulometric composition, as evidenced by the data of physical clay (10.87-18.18%). At the same time, there is a slight lightening of the fractional composition as the degree of pastures’ degradation increases due to the removal of silty-silty particles from the territories.

Table C.16 - Biological indicators of degraded pasture at Yubileiny village, Terenkol district of Pavlodar region
	Indicators 
	Degradation stage

	
	strong
III stage
	moderate
II stage
	weak
I stage

	Projective cover,%
	60%
	75%
	90%

	Name of plant community
	Sagebrush-wheatgrass-fesque
	wheatgrass-sagebrush-fesque
	cereals-carex- sagebrush with fesque and motley grass

	Species composition, dominants
	fesque, Sagebrush, Potentilla, wheatgrass, Berteroa, feathergrass, Alyssum
	Sagebrush, fesque, Potentilla, wheatgrass,

	Carex, Sagebrush,  Elytrigia, bluegrass, Potentilla, Limonia, Plantago, wheatgrass, Achillea,

	Botanical composition, %
	Sagebrush-50%, wheatgrass-30%, fesque-20%
	wheatgrass-50%, Sagebrush-40%, fesque-10%
	cereals-40%,  Carex-30%, motley grass-5%, Sagebrush-20%, fesque-5%

	Poisonous and unconsumable 
	                 -
	             -
	         Achillea,

	Yield of pasture feed, t / ha
	
11,0c/ha
	
16,0c/ha
	
20,5c/ha

	Presence of grazing
	Strong
	Moderate
	Weak



Field research performed to determine biological indicators showed that pastures of populated Yubileiny locality resemble a former wheatgrass field and therefore wheatgrass with other plant communities occupies a dominant position in the herbage. Therefore, the botanical composition of it, depending on degradation stage, ranges from 30 to 50% of the total mass. The yield of the pasture mass ranges from 11.0c / ha to 20.5c / ha. It should be noted that despite the high coverage of the soil with vegetation on the contour with strong degradation, the yield of the forage mass is low for humus soils, which is associated with early grazing of wheatgrass and soil  alkalinity (Table C.16).
The boundaries coordinates of contours at research spot № 8 – Yubileiny village with severe degradation - N53º05'13.0; E076 ° 02'48.5; at average degradation - N53º05'30.2; E076º02'45.4 and at low degradation - N53º06'00.1; E076º02'38.4 .
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Figure C.16 - The layout of the contours at research spot №8 –Yubileiny village: with severe degradation; at medium degradation and at low degradation 

Research point № 9 - Peschanoe village. Field research was carried out at Terenkol (Kashyr) district of the Pavlodar region. Steppe zone, soil - dark chestnut. The relief is plain. The aspect of the landscape is light greenish-grayish-yellowish.
Section № 96 was laid (June 17, 2020) on the watershed of the right bank of the Irtysh river in a saucer-shaped depression 4 km in the northeastern direction from the Peschanoe village. Section coordinates 53 ° 01.673 ', 076 ° 18.415'. The absolute height is 157m. Landforms: right bank of the Irtysh low-wavy plain with salt lakes. Pasture with weak grass coverage. The plant community is represented by the fescue-sagebrush-bluegrass association, which includes sedge, fescue, bluegrass, meadowsweet, iris, wheatgrass, eremorpyrum, potentilla, plantain and others. The projective cover is 80%.
Pasture areas of Peschanoe village are located in the right-bank part of the Irtysh low-wavy plain with salt lakes. The soil cover of the plots is represented by deep-boiling low-humus dark chestnut soils, which are distinguished by a rather thick (37 cm) humus-accumulative horizon, which, as degradation of pastures increases, decreases to 36 and 34 cm, respectively. The humus-accumulative soil horizons of slightly degraded pastures contain on average 1.56% of humus and, as the thickness of the humus horizon decreases on moderately and highly degraded pastures, they naturally decrease to 1.15% and 1.07%, respectively (Table C.17, Figure C.17 ).
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	A 0-20cm, very dark grayish-brown (10 YR 3/2), fresh, upper 4cm layered-scaly, lumpy, highly compacted, light loamy, single pores from plants, permeated with roots, salt in the form of a subtle dusting, does not boil from hydrochloric acid, the transition is gradual in color;
В1 20-37cm, heterogeneously colored due to humus streaks, yellowish and dark grayish-brown (10YR 4/2), fresh, lumpy, highly compacted, finely porous, light loamy (sandy loam), small roots, does not boil from hydrochloric acid, barely noticeable salt neoplasms, the transition is gradual in color;
B2 37-60cm, yellowish brown (10YR 5/4), fresh, strongly compacted, sandy loam, single roots, saturated with salts, pores are barely visible, does not boil from hydrochloric acid, gradual color transition;
ВС 60-90cm, fawn-brown (10YR 6/3) with whitishness, fresh, compacted, lumpy powdery, sandy loam, no pores visible, saturated with carbonates, boils with hydrochloric acid, gradual color transition;
C 90 cm and deeper, yellowish-brown (10YR 5/4), less compacted than BK, moist, lumpy, sandy loam, effervesces from hydrochloric acid.



Figure C.17 – Profile structure of dark- cheastnut deeply boiling soil 
	
The soils of poorly degraded pastures are poor in easily hydrolyzed nitrogen (25.2 mg / kg of soil). But with the growth of degradation, its value increases to 31.7 mg / kg on moderately degraded pastures and decreases back to 28.9 mg / kg on highly degraded pastures. The same pattern can be traced in the content of mobile phosphorus. The content of physical clay in the 0-30 cm layer of soils of slightly degraded pastures makes it possible to classify them as a light loamy variety. But as degree of pastures’ degradation grows, grain size distribution of the surface 0-30 cm layer becomes easier due to the loss of silty-silty particles, where in weakly and strongly degraded areas of the soil they differ in sandy loam composition (13.7-22.5% and 16.56-18 , 99%). The reaction of the soil environment is from slightly acidic to neutral (pH 6.2-7.0). The content of water-soluble salts does not exceed <0.1%, the soils are not saline. The increase in the degradation of pastures is not manifested in their values. Calcium predominates in composition of absorbed cations from pastures’ soil samples, the second largest share takes magnesium, which is contained in high limits (25-32% of the total), but not sufficient to consider the soil as alkaline. The absorbed sodium content is insignificant and does not exceed 0.7% of the total.



Table C.17 - Soil indicators of Peschanoe pasture area
	Indicators
	Depth, cm
	Degradation stage

	
	
	very strong (failure)
IV stage
	strong
III stage
	moderate
II stage
	weak
I stage (background)

	Humus horizon (А+В1), cm
	
	-
	34
	36
	37

	Humus content, %

	0-10
10-20
20-30
	-
-
-
	1,29
1,09
0,83
	1,06
1,16
1,22
	1,92
1,29
1,49

	Amount of absorbed bases (mEq per 100g of soil) and their composition (Ca, Mg, Na,% of the amount)
	0-10

10-20


20-30
	-


-


-
	10,14;69,03
29,59;0,79;0,59

10,16;73,82
24,61;0,59;0,98

10,18; 68,76
29,47;0,79;0,98
	9,08; 71,59
27,53;0,66;0,22

8,08; 74,26;
24,75;0,74;0,25

8,08;68,07;
30,94;0,74;0,25
	11,06; 67,81
31,65;0,36;0,18

12,56;67,68
31,85;0,32;0,16

15,08;66,31
33,16;0,40;0,13

	Content of physical mud  (%)

	0-10
10-20
20-30
	-
-
-
	18,986
16,559
17,312
	22,585
13,715
16,126
	27,553
24,716
23,572

	Content of water-soluble salts (%)
	0-10
10-20
20-30
	-
-
-
	0,030
0,019
0,019
	0,025
0,036
0,033
	0,013
0,013
0,019

	рН of water suspension


	0-10
10-20
20-30
	-
-
-
	6,95
6,53
6,73
	6,35
6,20
6,55
	7,05
6,70
6,86

	Content of mobile nutrients (mg per kg of soil)
	Nhydr.
	0-10
10-20
20-30
	-
-
-
	30,8
28,0
28,0
	30,8
33,6
30,8
	33,6
25,2
16,8

	
	P2O5

	0-10
10-20
20-30
	-
-
-
	24
20
20
	84
80
43
	14
8
8



Field research performed to determine biological indicators on degraded pastures at Peschanoe village in Pavlodar region show that the species composition of the grass stand is very diverse, regardless of pasture’s degradation stage. There are plants like bluegrass, carex, fesque, sagebrush, wheatgrass, etc. in the pasture. The projective cover of the soil with vegetation on the pasture is quite high and ranges from 70% to 85%. The type of pastures varies from bluegrass-sedge-sagebrush to fesque-sagebrush-bluegrass. In a plant contour with a strong degree of degradation, the botanical composition is mainly formed by bluegrass -40% and carex -30%. The highest yield was provided by the fesque-sagebrush-bluegrass type of pastures - 17.0c / ha of pasture mass (Table C.18).

Table C.18 - Biological indicators of degraded pasture at Peschanoe village, Terenkol district of Pavlodar region
	 Indicators
	Degradation stage

	
	strong
III stage
	moderate
II stage
	weak
I stage 

	Projective cover,%
	70%
	80%
	85%

	Name of plant community
	bluegrass- carex-Sagebrush with motley grass 
	bluegrass-carex-Sagebrush with motley grass
	fesque- sagebrush-bluegrass with insignificant share of  Filipendula

	Species composition, dominants
	bluegrass, Carex, Sagebrush, Potentilla, wheatgrass, Berteroa, fesque, Leymus, Convolvulus
	bluegrass, Carex, Sagebrush, Convolvulus, Potentilla, Nonea, Berteroa,

	fesque, Carex, Sagebrush,  Filipendula, bluegrass, Potentilla,  Nonea, Echinops, wheatgrass,  iris

	Botanical composition, %
	bluegrass-40%, Carex-30%, Sagebrush-25%-20%, motley grass-5%
	bluegrass-45%,  Carex-30%, Sagebrush-15%, fesque10%, motley grass 10%
	fesque-60%, bluegrass-10%, Sagebrush-25%, Filipendulaа-2%, Carex-3%

	Poisonous and unconsumable 
	                 -
	             -
	         -

	Yield of pasture feed, t / ha
	
9,0c/ha
	
12,5c/ha
	
17,0c/ha

	Presence of grazing
	Strong
	Moderate
	Weak
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Figure C.18 - The layout of the contours at research spot №9 –Peschanoye village: with severe degradation; at medium degradation and at low degradation 

The boundaries coordinates of contours at research spot № 9 - Peschanoye settlement with severe degradation - N53º01'04.7; E076 ° 18'11.4; with medium degradation - N53º01'12.7; E076º18'06.0 and at low degradation - N53º01'40.5; E076 ° 18'25.6.
Research spot №10 - Semenovka village. Field research was carried out at Beskaragai district of the East Kazakhstan region. The zone is steppe, the soil is chestnut. The relief is plain. The aspect of the landscape is greenish.
Section №99 was laid (18.06.2020) near Karabas village on the right side of the Pavlodar-Semey road. Section coordinates: 51 ° 03.730 ', 079 ° 06.078'. The absolute height is 278m. Relief elements: the watershed plain of the right bank of the Irtysh River with a pine forest, the southwestern part of the Kulunda plain. Pasture with weak grass coverage, formerly alfalfa. The vegetation is characterized by an alfalfa-sagebrush-feathergrass association, which includes sagebrush kinds, polygonum, bindweed, etc. The projective cover is 80%.
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	A 0-29cm, dark grayish brown (10YR 4/2), upper 12cm moistened after rain, fresh below, slightly compacted, lumpy, light loamy, finely porous, permeated with small roots, does not boil from hydrochloric acid, clear transition in color;
В1 29-47cm, yellowish brown (10YR 5/4), fresh, lumpy, medium compacted, light loam, finely porous, very small roots, does not boil with hydrochloric acid, gradual color transition;
B2 47-65cm, pale brown (10YR 6/3), fresh, strongly compacted, lumpy, finely porous, medium loamy, in places whitish spots of carbonates, single roots, boils violently from hydrochloric acid, the transition is gradual in the degree of manifestation of carbonate;
ВС 65-90cm, very pale brown (10YR 7/3), fresh, compacted, lumpy, medium loamy, finely porous, small piece roots, an abundance of carbonates (more than B2) in the form of powder and large spots, boils violently from hydrochloric acid, the transition is gradual in color;
C 90 cm and deeper, light yellowish-brown (10YR 6/4), fresh, slightly compacted, fragile fine lumpy, sandy loam, carbonate neoplasms, boils violently from hydrochloric acid.


Figure C.19 – Profile structure of chestnut soil 

The pasture areas of the village of Semenovka are located within the watershed plain of the right bank of the Irtysh River with a pine forest, the southwestern part of the Kulunda Plain. On the territory of pasture areas, common medium-thick chestnut soils are widespread, which are distinguished by the absence of carbonates in the upper humus horizon (A + B1). In the underlying horizons, carbonate content is clearly manifested in the form of large spots. The described soils on slightly degraded pastures are characterized by a rather thick (47 cm) humus-accumulative horizon, which, as degradation increases, slightly decreases to 45 and 44 cm. The impact of pasture degradation was reflected in the humus content, which is 2.46% in the 0-10 cm soil layer on weakly degraded pastures, decreasing to 1.19% and 1.29% on medium and highly degraded areas (Table C.19, Figure C.19) .
Table C.19 - Soil indicators of Semenovka pasture area
	Incicators
	Depth, cm
	Degradation stage

	
	
	very strong (failure)
IV stage
	strong
III stage
	moderate
II stage
	weak
I stage (background)

	Humus horizon (А+В1), cm
	
	-
	44
	45
	47

	Humus content, %

	0-10
10-20
20-30
	-
-
-
	1,29
1,19
1,06
	1,19
1,16
1,12
	2,46
1,32
0,83

	Amount of absorbed bases (mEq per 100g of soil) and their composition (Ca, Mg, Na,% of the amount)
	0-10


10-20


20-30
	-


-


-
	19,48; 77,00;
20,53;0,41;2,05

9,80;56,12;
35,71;0,61;7,55

10,06; 54,67
34,79;0,79;9,74
	10,68; 79,59
18,73;0,75;0,94

10,60; 70,76;
28,31;0,76;0,19

11,68; 68,49; 29,97;0,69;0,86
	9,85; 76,14
20,31;0,81;2,74

9,67; 87,90
10,34;0,83;0,93

11,15; 85,20
13,45;0,54;0,81

	Content of physical mud  (%)

	0-10
10-20
20-30
	-
-
-
	21,212
25,056
21,410
	21,871
24,701
20,660
	27,147
29,984
29,657

	Content of water-soluble salts (%)
	0-10
10-20
20-30
	-
-
-
	0,069
0,049
0,045
	0,019
0,026
0,013
	0,022
0,018
0,029

	рН of water suspension


	0-10
10-20
20-30
	-
-
-
	6,72
7,31
7,48
	7,16
6,97
7,01
	7,02
7,23
6,94

	Content of mobile nutrients (mg per kg of soil)
	Nhydr.
	0-10
10-20
20-30
	-
-
-
	19,6
25,2
28,0
	39,2
30,8
33,6
	33,6
42,0
39,2

	
	P2O5

	0-10
10-20
20-30
	-
-
-
	33,5
25,0
20,0
	11
8
8
	8
8
14



The soils of slightly degraded pastures are more abundant with easily hydrolyzed nitrogen (38.3 mg / kg of soil) than those of moderately and strongly degraded (34.5 and 24.3 mg / kg of soil). On the contrary, the opposite pattern is manifested in the content of mobile phosphorus. There is no salinity in the 0-30cm layer, and the pH of the aqueous suspension is at the optimum level (pH 7.0). The granulometric composition of soils in the 0-30 cm layer of all levels of degradation of pastures is light loamy (physical clay 20.6-29.9%). The degradation of pastures did not affect the above-mentioned soil indicators. In composition of absorbed cations, the share of calcium accounts for up to 88%, but its decrease is noted in layers 10-20 and 20-30 cm of highly degraded pastures (56.1 and 54.6% of the total) due to an increase in absorbed magnesium, respectively, to 35.7 and 34.7% of the amount. The percentage of absorbed sodium is not significant (<0.8% of the total).
A study conducted to determine biological indicators on degraded pastures at Semenovka village showed that it was alfalfa field, and currently it is abandoned and allotted for pastures. As a result, alfalfa occupies from 30% to 45% of the total mass in plant contours with medium and low degrees of degradation. The projective cover of soil with vegetation is within 65-85%. The yield of the pasture mass with a strong degradation is - 13.5 c / ha, with an average - 21.0 and with a slight degradation of pastures - 29.0 c / ha. It should be noted from obtained data that a high yield was obtained on plant contours with medium and weak pastures, despite the fact that pastures are located in the chestnut zone. This is explained by the fact that alfalfa is one of the main dominant in the plant community in these areas, which affected the yield of pastures (Table C.20).

Table C.20 - Biological indicators of degraded pasture at Semenovka village, Beskaragay district, East Kazakhstan region
	Indicators
	Degradation stage

	
	strong
III stage
	moderate
II stage
	weak
I stage 

	Projective cover,%
	65%
	75%
	85%

	Name of plant community
	feathergrass-sagebrush-fesque with bluegrass
	sagebrush- alfalfa- feathergrass
	alfalfa-sagebrush-feathergrass

	Species composition, dominants
	bluegrass, feathergrass, Sagebrush, Carex, Elytrigia fesque, Leymus
	Sagebrush, alfalfa, feathergrass, fesque

	alfalfa, Sagebrush, feathergrass, Convolvulus, fesque, Polygonum, Sagebrush Calamagrostis

	Botanical composition, %
	bluegrass-10%, Sagebrush-30%, feathergrass-40%, fesque -20%
	Sagebrush-45%, fesque-5%, 
alfalfa-30%, feathergrass-20%
	alfalfa-45%,  Sagebrush-35%, feathergrass-20%

	Poisonous and unconsumable kinds
	                 -
	             -
	Sagebrush, Calamagrostis

	Yield of pasture feed, t / ha
	
13,5c/ha
	
21,0c/ha
	
29,0c/ha

	Presence of grazing
	Strong
	Moderate
	Weak



The boundaries coordinates of contours at research spot № 10 - Semyonovka village with severe degradation - N51º03'18.4; E079 ° 06'11.6; with medium degradation - N51º03'33.7; E079º06'09.5 and at low degradation - N51º03'43.2; E079º06'03.7.
[image: C:\Users\Nurlan\Documents\Documents\КАЗНАУ_18\2020\семеновка.jpg]
Figure C.20 - The layout of the contours at research spot №10 – Semenovka village: with severe degradation; at medium degradation and at low degradation 

Research point № 11 - Kurshim regional center. Field research was carried out at the territory of the Kurshim region of the East Kazakhstan region. Steppe zone, soil - meadow chernozem. The relief is plain. The aspect of the landscape is green.
Section 102 was laid (21.06.2020) far from the regional center Kurshim on a low meadow terrace of the tributaries of the Kurchum River. Section coordinates 48 ° 33.057 ', 083 ° 38.076'. Landforms: Zaysan depression, zone of influence of the Bukhtarma reservoir.
Pasture with weak grass coverage. The vegetation cover is represented by a gramineous-sedge association with an admixture of gabelia. They include carex, wheatgrass, gabelia, bluegrass, bromus. The projective cover is 100%. Profile not photographed.
The pasture areas of the Kurshim settlement are located within the low meadow terrace of the Kurshim River tributaries. Under the lush meadow vegetation, meadow humuses have formed, in the structure of which rusty spots characteristic of meadow soils are distinguished at the locations of roots and gleying of the lower horizons. Parent rocks are ancient alluvial deposits. The described soils have a rather thick dark-colored humus horizon (A + B1 = 44 cm) and deep weak boiling from hydrochloric acid. 
With an increase in pasture degradation, the thickness of humus horizons decreases on moderately and highly degraded pastures, respectively, to 43 and 41 cm. The same pattern is observed in the humus content, which amounted to 3.27, 1.69 and 1.39%, respectively, in the 0-10 cm layer (Table C.21). In general, the studied soils have a relatively low humus content and a low content of easily hydrolyzable nitrogen and mobile phosphorus. The content of available nitrogen with increasing degradation of pastures on weakly degraded pastures averages 39.2 mg / kg of soil, remaining at the level of 40.1 mg / kg in moderate areas and decreasing to 33.6 mg / kg in highly degraded areas. Moderately degraded pastures have higher values of phosphorus than slightly and highly degraded areas, averaging 9, 12 and 8 mg / kg of soil, respectively. On the studied soils, as the degradation of pastures increases, a slight lightening of their granulometric composition is observed, transforming from medium to light loam, where the content of physical clay in the 0-30 cm layer averages 31.9, 31.3 and 28.4%, respectively.

Table C.21 - Soil indicators of Kurshim pasture area
	Indicators
	Depth, cm
	Degradation stage

	
	
	very strong (failure)
IV stage
	strong
III stage
	moderate
II stage
	weak
I stage (background)

	Humus horizon (А+В1), cm
	
	-
	41
	43
	44

	Humus content, %

	0-10
10-20
20-30
	-
-
-
	1,39
1,02
0,63
	1,69
1,55
1,59
	3,27
1,45
1,95

	Amount of absorbed bases (mEq per 100g of soil) and their composition (Ca, Mg, Na,% of the amount)
	0-10


10-20


20-30
	-


-


-
	12,21; 73,71
24,57; 0,82; 0,90

10,65;70,42;
28,17;0,56;0,85

10,67;65,60
32,80;0,75;0,84
	16,55; 57,40
42,30; 0,06; 0,24

12,74; 19,62;
78,49; 1,18; 0,71

13,09; 26,74;
72,57;0,00;0,69
	15,22; 85,41
13,14;0,53;0,92

15,17;88,99;
9,89;0,20;0,92

13,71;87,53
10,94;0,44;1,09

	Content of physical mud  (%)

	0-10
10-20
20-30
	-
-
-
	29,947
27,126
27,998
	28,392
31,180
34,441
	37,797
30,882
27,164

	Content of water-soluble salts (%)
	0-10
10-20
20-30
	-
-
-
	0,457
0,144
0,073
	0,135
0,280
0,394
	0,053
0,062
0,041

	рН of water suspension

	0-10
10-20
20-30
	-
-
-
	8,45
8,85
9,10
	7,49
7,20
7,95
	8,30
9,10
8,97

	Content of mobile nutrients (mg per kg of soil)
	Nhydr.
	0-10
10-20
20-30
	-
-
-
	39,2
33,6
28,0
	36,4
33,6
50,4
	39,2
42,0
36,4

	
	P2O5

	0-10
10-20
20-30
	-
-
-
	11
8
5
	17
8
11
	11
11
5



The reaction of the soil solution on weakly and strongly degraded pastures is medium and strongly alkaline (pH 8.3-9.0), and on moderately slightly alkaline (pH 7.4-7.9). The soils of slightly degraded pastures are not saline (the amount of salts is <0.1%), but as the degree of degradation increases, the content of salts increases, reaching the level of their weak salinity (the amount of salts is 0.3-0.5%). The absorbing complex is saturated with calcium and partly magnesium. The content of the latter on moderately degraded pastures reaches very high values (42.3, 78.5, and 72.6% of the total) with an insignificant content of absorbed sodium.
Experimental data in the study of biological indicators showed that the projective cover of  soil with vegetation under strong degree of degradation is 70%. This indicator on a plant contour with an average degree of degradation reaches 85%. With a weak degradation of pastures, the soil pores are completely covered with vegetation with an average - 75-80% and with a weak - 86%. In addition, in plant associations, a change in dominants is observed depending on the level of degradation. So, in case of strong degradation, the plant contour on a pasture consists of cereals and Abelia, then in the next contour bluegrass is added to it, and with low degree of degradation, Carex is added. The yield of the pasture mass was: on the contour with a strong degree of degradation - 26.0 c / ha, with an average - 34.5 c / ha and with a weak one - 48.0 c / ha (Table C.22).

Table C.22 - Biological indicators of degraded pasture at Kurshim village, Kurshim district, East Kazakhstan region
	Indicators
	Degradation stage

	
	strong
III stage
	moderate
II stage
	weak
I stage (background)

	Projective cover,%
	70%
	85%
	100%

	Name of plant community
	cereals-weedgrass
	Elytrigia-bluegrass
	cereals- Carex with mixture of Abelia 

	Species composition, dominants
	feathergrass, Sagebrush, alfalfa, Elytrigia, Abelia, Bromus, meadow bluegrass, Potentilla, Delphinium
	Elytrigia, bluegrass, Leymus,Achnatherum, Abelia, Lolium, Lactuca tatarica, Holcus Lanatus
	Carex, Elytrigia, Abelia, bluegrass, Bromus, Holcus Lanatus

	Botanical composition, %
	Cereals-80%, Abelia-20%
	Elytrigia-60%, bluegrass-20%, плевель-10%, Abelia-5%, Holus-5%
	Cereals-70%, Carex-25%, Abelia-5%

	Poisonous and unconsumable kinds
	  Abelia, Delphinium         
	 Abelia, Lactuca tatarica
	Abelia

	Yield of pasture feed, t / ha
	
26,0c/ha
	
34,5c/ha
	
48,0c/ha

	Presence of grazing
	Strong
	Moderate
	Weak



It should be noted that this pasture, in comparison with others, gave the highest yield (from 26.0 to 48.0 c / ha, depending on degree of degradation), which is due to the fact that this pasture is located on black-meadow soil. Also less livestock is grazed at the regional center Kurshim, in comparison with other rural districts.
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Figure C.21 - The layout of the contours at research spot №11 – Kurshim village: with severe degradation; at medium degradation and at low degradation 
	
The boundaries coordinates of contours at research spot № 11  Kurshim village with severe degradation - N48º33'29.9; E083 ° 37'51.9; with medium degradation - N48º33'13.1; E083º37'50.8 and with low degradation - N48º33'05.7; E083 ° 38'07.6.
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ATTACHMENT Е

CALENDAR PLAN
Attachment № 2 
to the Covenant № 15  from  «10»  September 2018 

Work schedule of the NJSC “Kazakh National Agrarian University” for the budget program 267 “Increasing accessibility of knowledge and scientific research” sub-program 101 “Program-targeted financing of scientific research and activities” for specificity 156 “Payment for consulting services and research” for years 2018-2020

	№
	Description of works 
	Terms of performance, years
	Expected results
	Amount, tenge

	1
	“To develop an informative system for monitoring and assessing degraded pastures of Kazakhstan that ensures effective management of their restoration” 

	
2018-2020 
	Automated geo-information system of operational monitoring shall be developed for managing and restoring degraded pastures in various regions of Kazakhstan based on results of studying the degree of degradation, feed value and soil cover of rangelands. An information system shall be developed for storing and processing the base of climatic, soil, plant and topographic data of the required format and an electronic map of rangelands’ degradation degree 1: 750000. Recommendations on pasture improvement depending on the degree of degradation shall be developed.
	210 000 000

	
	
	2018 
	Methods and algorithms for remote and field seasonal assessment for degradation level of desert and foothill semi-desert pasture territories shall be developed, based on medium and low resolution satellite information; a database on degradation of desert pastures the last 10 years has been made based on space information; indicators for deciphering space information have been identified to assess  degradation level (soil, biological) of desert and foothill semi-desert pastures; test sites were determined to study degradation level of natural pastures in desert and foothill semi-desert zones and ground surveys were conducted; a preliminary electronic map of pasture land degradation on a scale of 1: 1 000 000 has been developed. The annual report for 2018 shall be submitted in accordance with GOST 7.32-2001.
	70 000 000

	
	
	2019
	The following shall be developed: remote and field seasonal assessment of degradation level in semi-desert (latitudinal) pasture areas, based on medium and low resolution satellite information; identifying indicators for deciphering space information to assess degradation level based on nutritional value and soil cover of grazing land; a database on degradation of semi-desert pasture territories of the Republic of Kazakhstan the last 10 years has been made based on space information according to the degree of degradation; continued replenishment of the database with ground survey results; verification of ground and space information for degradation level of semi-desert grazing areas; test sites for study of natural pastures of semi-desert zones were determined; an electronic map of pasture degradation 1: 1,000,000 has been developed. 1 article shall be published in rating journals. The annual report for 2019 according to GOST 7.32-2001 shall be presented.
	70 000 000

	
	
	2020 
	The following shall be developed: a method for remote and field seasonal assessment of degradation level of steppe pasture areas based on medium and low resolution satellite information; identifying indicators for deciphering space information to assess the degree of degradation based on nutritional value and soil cover of rangelands; a database of space information has been created for the last 10 years based on degradation level of steppe pasture territories; continued replenishment of the database with ground survey results; verification of ground and space information on degradation level of steppe pasture areas; ground tests to study natural pastures of steppe zone were determined;  an electronic map of pasture degradation 1: 1 000 000 has been developed; based on performed research, an automated geospatial information system for operational monitoring and assessment of degraded pastures in various regions of Kazakhstan shall be developed, with aim to sort and analyze collected valid data, as well as being able to provide recommendatory steps to improve them; an electronic map of degradation level of pastures in the foothill semi-desert and desert, semi-desert (latitudinal) and steppe zones has been developed on a scale of 1: 750,000. Recommendations were developed on restoration and improvement of pastures depending on the degree of degradation. 2 articles shall be published in rating journals. The final report for 2018-2020 shall be presented in accordance with GOST 7.32-2001.
	70 000 000



Director of Strategic Planning and Analysis
SG "Ministry of Agriculture of the Republic of Kazakhstan"                                                           S. Moldabayeva

Vice- rector of financial- economic and legal matters of the
NJSC “Kazakh National Agrarian University”                                                                                   G.M. Kaldybalina 
[image: ]
[image: ]
[image: ]


image86.png




image87.jpeg




image88.jpeg




image89.jpeg




image90.jpeg




image91.jpeg




image92.jpeg




image93.jpeg




image94.jpeg




image95.jpeg




image3.png
D5y
« 26y 4o 2020
I&uf\ =5
« 26y 4o 2000

a’\@x&’

« 2 P ON2020)

A

« 26 SR 020)

e TN

Senior researcher, Cand.A.S.

Senior researcher, Cand.A.S.
associate Professor
Senior researcher, Cand.A.S.
associate Professor

Senior researcher, PhD

Senior researcher, PhD

zkvv Jo 2020
Researcher, 3 year PhD-doctorate &H\\N}

xkvv lo 2020
Researcher, 2" year PhD-doctorate &X r

« 2ty 1o 2020

Researcher, 2" year PhD-doctorate m%
«2¢» 4o 2018
i Lz

«26» (o 200

-7 2 .0

« by .wnw 2020

Researcher

Norm control

Usen Kapar

(field works, analysis)
Yerzhanova K.M. ( program and
methodology, analysis)
Zholamanov K.K. (ficld works,
analysis)

Naushabayev A.Kh.

(field works, analysis)

Seitkali N. ( field works,
analysis)

Yertayeva Zh. ( field works,
analysis)

Abdrahimov N.

(field works, analysis)
Bazarbayev S.

(field works, analysis)
Tamenov T.B. ( field works,

analysis )

Yerzhanova K. M.




image96.jpeg




image97.jpeg




image98.jpeg




image99.jpeg




image100.jpeg




image101.jpeg




image102.jpeg




image103.jpeg




image104.png
0,26
0,24

0,22 \

cunbHas
02 NN
\ \ - cpegHan
0,18
\\ cnabas
0,16

0,14 \

0,12 —_——
0,1 T T T T 1
mait MIOHb nionb aBryct ceHTAbBpL





image105.jpeg




image106.jpeg




image107.jpeg




image108.jpeg




image109.jpeg




image110.png
0,35

0,3

0,25

0,2

0,15

0,1

cunbHan

- cpepHan

cnabas





image111.jpeg




image112.jpeg




image113.jpeg




image114.jpeg
]
‘
:

1o S

2

8
o

////
T
wres





image115.jpeg
H
g
g
=
&
H
H
H
5





image4.emf
                                                                     Схема проекта    

            


image116.png
03
0,28
0,26
0,24
0,22

0,2
0,18
0,16
0,14
0,12

01

cunbHan

/)

~cpeaHan

cnabas

MIOHb

nionb

aBryct ceHTAbBpL





image117.jpeg
o




image118.jpeg




image119.jpeg




image120.jpeg




image121.jpeg
crenes RerpasaLM
[ .

— .

=





image122.png
ndvi
0,23
0,21
0,19
0,17
0,15
0,13
0,11
0,09
0,07
0,05

\\

—

cunbHan

- cpepHan

cnabas





image123.jpeg




image124.jpeg




image125.jpeg




image5.wmf
TM3

LDINDVI

LDITCW

LDINDVI

-

LDITCW

 

NDLDI_RED

*

+

=


image126.jpeg




image127.jpeg
cTenent Aerpadauum

W oo





image128.png
0,45

///\ cunbHaa
/// cpeauss
cnabas

MIOHb

nionb

aBryct ceHTAbBpL





image129.jpeg




image130.jpeg




image131.jpeg




image132.jpeg




image133.jpeg
cTeneHs AerpagauMm





image134.png
ndvi
0,45

0,4
0,35
03

0,25

cunbHan

cpeaHan

cnabas

MIOHb nionb aBryct ceHTAGpDL





image135.jpeg




oleObject1.bin

image136.jpeg




image137.jpeg




image138.jpeg




image139.jpeg




image140.png
0,35

03

0,25

0,2

¥

MIOHb

nionb

asryct

ceHTAbBpL

cunbHan

~ cpepHve

cnabas





image141.jpeg




image142.jpeg
H
w
g
g
2
2
2
H
5





image143.png
033
0,31
0,29
0,27
0,25
0,23
0,21
0,19
0,17
0,15

CUNbHOE

% -~ cpeanan

cnabas

mait MIOHb nionb aBryct ceHTAbBpL





image144.jpeg




image145.jpeg
cTenek. ferpanauun





image6.png




image146.png
cunbHan

- cpepHan
W cnabas

mait MIOHb nionb aBryct ceHTAbBpL





image147.jpeg




image148.jpeg




image149.png
ndvi

03
0,28
0,26
0,24
0,22

0,2
0,18
0,16
0,14
0,12

01

cunbHan

N\
\ ~cpenHssa

cnabas

mait MIOHb nionb aBryct ceHTAbBpL





image150.jpeg




image151.jpeg
[] Hacenewnbii nywr PaCNPOCTPHEHUE ACTPAAILOHKLIX TPOLECCOB CTeneHb AETPaAALIM 3EMAM NO HA3EMHBIM AHHEIM

KOHUEHTPHHECKUMM KpYrami

Maprtyk — cunbHan
Ty 1 CunvHo coumsiliysacrok  o10,80900 m o o

Cpeawe couTbiiiywacTok  0T900MA01100m T YMepeHHan
[] CrabocGumsiiiysacrok  or 1100 m 40 1500 m chaban





image152.jpeg




image153.jpeg
HacenenHsiii nyHKr PacnpOCTPaHeHHe ACTPAAALMOHHBIX POLIECCOB CreneHb AerpaaUy 3eMaM N0 Ha3EMHBIM ABHHbIM
= 1 KOHUEHTPYECKAMM KpYTam¥
-apbika ey @
peap ] CumbHocoumsiliysacrok  o10,30900 m & ouman
Cpepwe cuTuili yuactok  0T900mM 40 1100m ymMepeHHaa

[] CnabocBureiiiyuacrox o1 1100 M A0 1500 M chaban





image154.jpeg




image155.jpeg
[ HaceneHHbiii nyHKT PacnpoCTpaHeHue ACTPaAALMOHHLIX TPOLiECCos “TeneHb Aerpa/ialiuy 38M N0 HA3EMHbIM AHHbIM
- KOHUEHTPUYECKUMU Kpyramn

®  cwmbHan

Apait —

CunbHO COUTHI yuacTok o7 0 20 900 M
Cpeawe couTbiiiywacTok  0T900MA01100m T YMepeHHan
Crabio couTsii yuactok ot 1100 m 40 1500 M chaban





image7.jpeg




image156.jpeg




image157.jpeg
[] HaceneHHbii nyHkT PacnpOCTpaHeHue ArPaAaLMOHKBIX NPOLeccos CreneHs Aerpafauyy 3eMA NO Ha3EMHBIM AaHHbIM

= KOHUEHTPYECKAMM KpYTam¥
iepenecku ] L ] CUnbHaR
P 1 CunvHo coumsiliysacrok  o10,80900 m
Cpeawe couTbiiiywacTok  0T900MA01100m T YMepeHHan

[] CnabocBureiiiyuacrox o1 1100 M A0 1500 M chaban





image158.jpeg




image159.jpeg
[ HaceneHHuiiinyukr PacnpOCTPaHEHHE ACTPAALMOHHIX MPOLECCOB CreneHs AerPafaLIMA IEMIA N0 HASEMHBIM A3HHbIM
o KOHLLEHTPUHECKAMM KpYTaMit
HOpeeBka ™ L] CunbHan
Ap ] CunbHo cBuTbii yacTox ot 0 20 900 M
Cpepwe cuTbiiyuactok  0T900mMA01100m I YMepeHHaa

[] CnabocBureiiiyuacrox o1 1100 M A0 1500 M chaban





image160.jpeg




image161.jpeg
B

[ Hacenennbili nyskr PacnpoCTpaHeHie AerPaAALIOHHSIX NPOUECCoB
. KOHLLEHTPUYECKUMU KpYramu

ArtamekeH "
] CunbHo cBUTBI ywacTok 0T 0,20 900 M
Cpepwe couTbIl yuacTok  oT900 M 40 1100 M

CreneHb Aerpasaumny 3emu NO Ha3EMHLIM AAHHBIM

®  cwmbHan

@ ymepennan
cnaban

Cnabo cbureiii yuactok 0T 1100 M A0 1500 M




image162.jpeg




image163.jpeg
PacnpoCTpaHeRue AerpaAaLMORHBIX NPOLECCos TeneHb ACrPaAALIMN 3EMAM N0 Ha3EMHBIM A3HHbBIM
KOHUEHTPHHECKUMM KpYrami

1 cumbHo cumsiliysactok 01030900 m
Cpepwe cuTbiiyuactok  0T900mMA01100m I YMepeHHaa

[] HaceneHHeif nyHKT

Boazaiireip ° cunbHan

Cnao cBuTeiii yuactok o7 1100 M 40 1500 M chaban




image164.jpeg




image165.jpeg
[ Hacenenwuii nywkr PacpOCTRaHeHHE ACTPAARLHOHHBIX POLIECCOR CreneHs A€rPa/aLUY 3EM 11O HA3EMHbIM A3HHbIM
st KOHUEHTDHYECKUMM KpYramMU
UnenHbIn ™ L] CunbHan
] CunbHo cBuTbii ywacTok 0T 0 40 900 M
Cpeawe couTbiiiywacTok  0T900MA01100m T YMepeHHan

[] CnabocBureiiiyuacrox o1 1100 M A0 1500 M chaban





image8.jpeg
TURKMENISTAN





image166.jpeg




image167.jpeg
3

[ Hacenenwuii nywkr PaCpOCTRaHeHHE ACTPAARLHOHHEIX POLIECCO8 CreneHs A€rPaAALIAN SEM 110 Ha3EMHbIM AaHHBIM
- KOHUEHTDHYECKUMM KpYramMU
lecyaHoe ™ L] CunbHan
] CunbHo cBuTbii ywacTok 0T 0 40 900 M
Cpepwe cuTbiiyuactok  0T900mMA01100m I YMepeHHaa

[] CnabocBureiiiyuacrox o1 1100 M A0 1500 M chaban





image168.jpeg




image169.jpeg
[ HacenexHbili nywkT PACTpOCTPaHEHHE ALTPa/AAUMOHHBIX TPOLECCOB
- KOHUEHTPUYECKUMU Kpyramn

] cunbHo cBuTsiliywactok ot 0,40 900 M

Kapa6ac

Cpepwe couTbiii yuactox 0T 900 M A0 1100 M
Cnabo cbureiii yuactok 0T 1100 M A0 1500 M

®  cwmbHan

@ ymepensan
cnaban





image170.jpeg
[ HacenewHiinywkr PaCTPOCTDaHEHHE ACTPaAAMOHHLIX TPOLIECCOB CreneHb ACTPAAALUY 3EMAV IO HAZEMHbIM A3HHbIM

" KOHUIGHTPHECKAMM KpYTam¥
M ] 5
7P 1 CanbrocbuTsiiiyuactox 0700900 M o oumean
Cpepwe cuTuili yuactok  0T900mM 40 1100m ymMepeHHaa

[] CnabocBureiiiyuacrox o1 1100 M A0 1500 M chaban





image171.jpeg
;. 10th International Congress on
;- "The Soil Resources and
Environment Conservation™

Soil Science Society of Kazakhstan Cooperation with
1he Federation of Eurasian Soll Science Socleties and
U.U. Uspanov Instifute of Soil Science and agrochemisry

17 -19 October 2018, Almaty, Kazakhstan

Editors:
Abdll SAPAROV.

U, Uspanov Kazakh Research Instute of Sol
Sclance and Agrochemisty, Kozakhitan
Fidvan KIZILEAYA;

‘Ondokuz Mayis University, Torkey

Mustalo MUSTAFAYEV

Instfufe of Soil Science and Agrochemishy.
NANA, Azerbian





image172.jpeg
sy
LBC 03
Ess

The Proceedings of the 100 Inieenations] Sl Science Congress on “Faviramnnt
Soil Resorces Conservation”

Faons:
Abdulla SAPAROY, U1 Uspaney Kazakh Rescarch Insticute of Sol cience and Agro-
chenmistey, Knsakbl

Ridvan KIZILICAYA, Ondokz Masis Usisersity. Turkey
Mustafa MUS TAWAYIC, Insttut of Soi Sicnze Agrochcistry NANA, Azerbaijan

FSH it anl il Resowcss Cosctalions bosh of o 1018 ettt Sl
i Congrss. A 2018 243,

Amtison To oo o kTl Congss ol o hems o sl
rmsan ad s s, The Congess il o 0 oporinly o 5S35 s on 3 wide
o of s of ot Sl s amd ot f s ot | et of (.
ol S ot o i o gt S of el e Tl ing.
e s ey ks, et s i S e e 1
e s el 5 oo e 1 (e swdronment srd e, il ke T e o
ool on sl i e el o 0 o and s ez e,

i Bk o anosdings s b g o i s e f 1 S sty ool
Ty ki g S o e vl S I S oo s At TS

Vi g Wl s 5 B
Vit i A L SR 4 5





image173.jpeg
ot . Zuperiaizia .. $rabanons KA, Hasesons A, The s of th degradianed

pastes o Kazakstansnd the prospocts o her mprovemient

drsuns P, St v, Mohevesas Mo b Kot oz
ot Mucivs, Fossbils uf using land conngonents for st nstion of sl cvsion

sty o vikesshed o e Second Usban Phse. M, Khoras

Pianins) m

o

M Pascarin, Skt Mo, Mot
b Moci, Use of MPSIAC ad LPM o stimats scinent yeild and smsion
(A casscnud o' wascrshod o he Sccond Lian Phass, Vashhad, Khorasan
Frovings. o

Sty . Koy . Rimaikes . Kolosore . Chemmozems of Krasnoyank iy
wadean st Girceion ofovltion 50
2. At M, e SZ, dibimale K. Zifighae O T
Fordcgical mscsement of nlasnce of 55hohonie fitors on mesofaans of il
o Iyl River n Pacodar and dongiopnint bsidicrie and ndati |

e

i Fernms, Procsssss of mansfvmistion s th ol cnver o e Nnthern Aral Sea
e 150

it B T influencs of ey metls i sl o ey stages ofseedlings
derclapment I

Soll Biolagy & Blachemisry. Sl lealth & Quality

dnes V. i, Ol S Sorie-Seanosic. M . MG Donie . Kncmanons,
i I sl S| Dnngesé Braskon, Dadiso 1 7. Sucanablc
preuction of sl by sl bsterivun Sinesbizobinm ow it wing commercial
pindustil wast s ates
st condiion o e sl esounes i e Republic of Kb ... 201

Mossr gt Masond i, Shabie Onson, gt of iocsspplicaton o
il microbnclogaes urhute under com ! cultrssubjectad to e defct

Ko ¥

Sruckinser T, Busarch R, Koo
Ghermovem poductivity in Uhring

Tungan L Mitasti i Foion (55 Strocuns of tpical chesnosem af it
biosyams

28

WD, T

et LS. Tltesogeuciy of ypical.
B

Fe

ers & Plan

Afindeiona B, Diopsiev RE, Raozancvs S B, I of thebog-ler appliction of
phaspor ertlier o ascumulation and conecataton of mebil phosphoms i the
Iight chestmal 61 s oot crp o and s g ol oo 222

Bishor L Dol s of g i iz i K s ssosts
orbislgiaion o et at he prcien g

Stamassiins 1L, Kion R . Mt 1. £56vA.. Popeos (0.1 Rafmooos AH.
Szl 08 ol s of bl el podsd
Trom Ka-Kalp s chuconites





image174.jpeg
ol eology

The tate of the degradiated pastures of Kazalkhstan and the prospects of e

improvement

Kuldybues 5. Zhapuekalo ., Ershunura K., Bekelona A"

Abstract

i il th sl o he st o g pass of Kzl ax prsects o i
it coen, Tl soiion of B sl o o pent of sy
e i n he s o e Kb of Kb aktAR. REimendeLons a1 en o e
TPkt o bl

K e g, s, oo i, s, o s ssnficton, i
e

Tatrudution
Ihe poblens of desensfction fdegradaaon) poses  srous et 10 th wel-bang ofman-
ind This procos has asesleatd over ho e decad, st 2t e mament rhn forecasts
G RISierporlaton SORY MSKS T NGEGSSaT 0 ST neSase o prodann. ¢ cea-
I tha b o deketificacion sl o S0 70 honsand b s land hi-
come bl o s i i ol

Cartelly, o ol 57 milion hectacs of pasars and s Kasakhsin, 14 milon hoctrcs
e b <ol tdses:fon e, e Lt e of dertion s .
Tt TR p——
prt

The e natwral fctor contiing 0 4 dovslopment of natural postuse doadacon -
oA i Kk 81 ey oland St ich G e oty and
ity of the Tomat, 14 ity and unoscn il baton o st st fatdeiening
e ditbution o sandy (1 8 willon ety 10 sl sol 137 million ),

The prerequisite o deserfston ko ek oo of e 30l o vesetion cover
i s the e sy f s sl et s Solbropogeais aopacs.

Resuls o Pscussc
I Kazakhstan thors ars e scuress of plant s arble L, bayfelds, psts. From
S ol amen o e . st focdr 1 45-51% OF bl 157 il ceraes
G s tada 1+ nced o agiculurl - 61 lon hctars;on 1 s of sextomnts
0 il hectates: o e Tands of 1 orst - 0 31l hectres OF i 45
il ety o postres el 2.1 nilion ek e o st o e (1 ko e
of degraditont s e practily ot i econone amponimce, Acconbig o Adice 96
oF e Lipd Code of the Republic o7 Kazakbuba, sl (ol pstues should b s
Fomed 1o mcthor ooy of land fr ososasen, T, a presens st 5% s heetrss
F pastres s sed o GapRBI of g 23 W Thlr AV of -1.6 canmers
et heetas o Toddet i, the ol e el 1593 willion fon of cd ity Locs o food
Trom e e Fneton e vl o7 -3 il ko o fcd it Ad U e o
i s ol annopogen fcion

T e of o forage i canshusan sestock |
ks ek of i 5 1413 il s of s s
Tho ftor rsouree of hazakhean pasties eovers o 197 mllion etors of aver 500
AN s O TS (h 1 OF fodderroseuses of hazakh Rossareh st of A

ding st (80 million heslres.

1560




image175.jpeg
Annals of Agri-Bio Rescarch 24 (1)

40-47,2019

The Modern State of Degraded Pastures in the Submontane Semi-desert

and Desert Zones of Kazakhstan

SAGYNBAI KALDYBAYEV*, KANAIBEK KUBENKULOV, ILYIA ALIMAEV AND KENZHE

FERZHANOVA

‘Kazakh National Agrarian University, Abay Avenue, 8, Alnaty, 050010, Kazakhstan
Hfe-mail - sagynbai kaldybayev@mail i Mobile - +7 (727) 264 65 04)

(Received : February 19, 2019; Accepted : April 18, 2019)

ABSTRACT

‘The performed comprchensive space-and-casth research of pastures in the submontane semi-descrt and
dosert zonos on tho gray, grayish-brown and sandy soils had revealed the prosence of widesproad pasturc
degradation in the proximity of setllements that decreased with the distance from the suburbs. Four
degrees of pasture degradation had been identified, the growth of which resulted in changes in the botanic
‘composition of the veetation caver,in changing in the titl of pasturcs, and rechiction of fodder productivity
and quality. The spatial coincidence of the manifestations of pasture degradation foci on satcllte images
with their terrestrial indicators allows extrapolating this state for the entire monitored area.

Koy words : Pastures, degradation, indicators, GIS technologics, satcllite imaging

INTRODUCTION

‘The pastures of Kazakhstan are the natural
national heritage of the Republic. Ranking the
fifth in the world in terms of the area (186
million hectares), the pastures annually form
fodder that is nutritionally equivalent to 25
million tonnes of fed units (Zhambakin, 1995;
Alimacy et al, 2017). According o the World
Bank, the cost of annually renewable fodder
product of pastures is 1.2 billion US dollars
{Shellhorn etal, 1996). In the annual structure,
the share of pasture fodder is 55 to 90%. About
10 million conditionally adult catile graze
annually on the pastures. With that, carcless
attitude to this natural wealth, ignoring the
opinion of scientists about rational use of the
pastures, absence of monitoring of the use of
farmland by authorities have created
preconditions for pastures’ degradation,
reducing their qualitative and quantitative
indicators. For instance, over the 10 years from
2001 to 2011, the arca of degraded pasturcs
had increased by 0.6 million ha and reached
27.1 million ha, which is equal to 10% of the
territory of the Republic. The arcas of the
degraded pasturcs (except for the failure being
the last stage of degradation) are not indicated
in statistical reports. According to Article 98 of
the Land Cade of the Republic of Kazakhstan,
the degraded pasturcs should be classified to

another category of land for recovery and
improvement, since they have for some time.
completely lost their cconomic value (The Land.
Code of the Republic of Kazakhstan, 2003). In
this respect, the task has been set to identiy
the degraded pastures and determine their
statein the context of the natural and climatic
is work was aimed at developing a system
for monitoring and assessing the degree of
degradation, based on the results of remote
sensing and field works with the use of
indicators of the physical and biological state.
of grasslands in the submontane semi-desert
and desert zones of Kazakhstan.

MATERIALS AND METHODS

‘The methods of pasture study are based on the
systematic, historic natural, landscape
ccological and aesthetic-natural approaches
that make it possible to consider pasturc
resources as open dynamic systems that cnsurc.
stable operation and environmental well being.
of humans’ vital activities. The study is
interdisciplinary. It used the methods and
procedures of agricultural science and the
Science of space exploration. The main forms.
of the scientific research were empirical and
theoretical, which included : problem definition;
development of  schedule of actions for
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ABSTRACT
The resuls of field sil-and-geobotanical rescarch study of the pastures near setlement Lepsy located in the desert
area of the Almaty region are shown. The particulaitcs of the climaic conditions for the formation of desert pas-
fures in Southern Balkhash e are described. The characteristics of the plant cover o the pastures and the gray-
brown soils formed under them are provided. The effects oflang unsystematc use of the pasturs i the conditions
of the growih of concentrated grazing arcas near sitlements on the degradation of the plant and soil covers have
been identificd, and four stages o degradation bave becn outlined by seven indicstors, Ln determining the boundar-
fes,the spectrometric characterities of the surface of the pastues i the spectrum of near-infrared (600 — 750 o).

blue (400 — 500 am), and red (500 — 600 nm) bands were used.

Keywords: degradation, pasture, dominnt, soil spectal brightacss coeficient.

INTRODUCTION

“The territory ofthe Almaty region features an
extremely large variety of climati conditions. It
stteehesfrom the snowy peaks of Khan-Tengri in
the East 10 the mouth of the sver I i the West,
where over 3 of ifs area is occupied by foothill
sem-arid and arid pasturcs. Due (0 the cstablish-
ment of new livestock brecding farms carly in the
second half of the lat century and the reistrbu-
tion of animals from these farms to the popula-
tion due 1o the break-up in the nineties, the con-
centration of grazing animals near the setlements
and stations of the farms dramatically increased,
resuling in badly damaged grazing lands.

‘Curtentl, on the background of further ari-
dization of the planet, the processcs of natural
arazing grasslands degradation bave been devel-
oping most ntensively. According 10 the offcial
statsics, n the temritory of the republic, there are
27.1 million hectares of downed (e Lt stage of
degradation) rasslands, which is equal (0 10 %
of the couniry's area

‘The issues of using the pastures and recov-
ering them from degradation were studied by
the scientists of the Kazakh Research Institute
of Livestock Breeding and Fodder Production
[Zbambakin 1995; Torekhanov 2005; Alimaev
et al. 2017], and by the scientists in foreign
countries [UNDP/GM SGP/GEF OF “Farmer
of Kazakhstan” 2007 Final report of Kazakh-
stan on UNCCD project Land Degradation
Neutrality.... 2018]. In the scale of the state,
measures were taken to combat desertifica-
tion [Strategic measures to combat desertifica-
tion... 2015], and law about pastures was ad-
opled [The law of the Republic of Kazakhstan
dated February 20, 2017].

‘These research studies had local nature, and
could not reveal the actual processes in such a
variety of the soil-and-vegetation cover of the
pastures in the republic. This artcle represents
the materials of the field and laboratory studies
on the effect o the intensity of grazing the cattle
from settlements in the desert zone on the state
of the pastures.
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crops - phyto- amelozants,

ABSTRACT

Violation of agriculural technology, the structure o crop rofations led 10.2 decrease in crop yilds, and
iesational water use Lo to soi salinization and ceterioration of the envizonment. This sty was aimed at
developing resource-saving echmologiesfor the restoration o degraded irigated ands i the south-eastof
Kazastan, The degradd resalinized irigted lancs wene sohabiliate by the planting of sattolersnt

catment of thei seeds, and spraying the aerial pars of culures with PA-21
preparation (adaptogen) solution. Due o theinensive growth and development, and accumulation of the
above-ground mass,the studied phyto-ameliorants contribute 10 cbtaining high yickds

Keywords: Sittole
g capacty

Introduction

‘The growwing defiit of irrgation water around the
wworld,including in southeastern Kazakhstan, does
notallow restoring degraded saline lands using old
methods, ie. by washing salts rom the soil with
high vater discharge (2.000-2,500 m’/ha).

In this regard, scientific research aimed at the
development of love-cost water-saving methads for
the restoration of degraded saline irigated lands,
providing increased productivity of these lands,is
of undoubted relevance (Atakulov ef al, 2020;
Kaldybayev ctal, 2019),

In the st of measures to increase the produciv-
ity of saline lands, an important role belongs to the
cultivation of crops that are able to successfully re-
sist the harmful effects of sl sals while giving
stable high yields and having a versatle effect on
the sl

‘The scientific novelty of this work s associated
with the developed and adopted resource-saving

# crops, Fed unit,Drip rrigation, Pyt nclartion, Adaptogen (PA-2,1), The st oisture.

agrobiological and land reclamation techniques for
the restoration of degraded resalinized irrigated
lands, which reduce operating costs and irrigation
water consumption through the widespread exclu-
sion of leaching and introduction of drip irigation
althe farms of this egion. The only remaining prob-
lemis the acquisition and instalation of drip rriga-
tion systems at small farms.

The practicalsgnificance ofthe work s elated to
the fact that development and introducing info the
producton of water-saving-innovative technologies
on unproductive saline soils are extremely relevant
today. The research resuls open fundamentally
e directions in thefight against soil salinization
on iigated lands of Kazakhstan.

Materials and Methods
To develop low-cost and water-saving methods for

restoring degraded salne lands,field studies were
carried out n two directions: agrobiological (phyto-
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Ecnionos T., ATmvaes IL, Kanmiiaes C.

COBPEMEITIOE COCTOSIITUE HACTEHII KASAXCTAILA M KOIIETIIHS UX
PALMOHAJBHOTO ACTIONH30BAHHS

Tpipoxsie actia Kasaxeraa sammvaior 1864 it xa. EXe1o1o sosooosisembii
KOMOJAMAC B HIX IOCTHFET 23 MTH. TOMH KOPMOBEIX €T DTO HAIIOHATHHOE GOTATCTBO
Kasaxcram, (yIMMENT AISIEOCECHETEIs KOPENNOTO NACETENNA 5O Bee HCTOPIecKite
TeproTsL

QKo HOIOKeIE 1 NACTONINX PECIYGINK BHISHISIET GoTbmyIo 0saGoseriocts, Tlo
om0l CTATHCTIKE COTO 27,1 MITS ra STHX YTOTIH, "T0 cocTanTieT 10% Beeli TepprTopmit
CTPaNEL DTO CHIHAT K ToMy, IO IACTOINA HCTOTESYeTC Henpasibto. H 37eck, 3a1ata HayKir
OGCCTCTITS  PATIORATHEIL BHIMAC,  COCOOHHHi DEINTH  SA7TATy MOOHTACS TOBHTICHIS
HPOIBOIENLIOCTIE TPy B IACTOUIION AMBOTHOBOICTSE 50 CHET YDEIENIA NPONsBOICTSA
TIPOYKIIH ¢ OTHOBDEMEHHEIM COXPAHEHTIEN MPOTYKTHEHOTO OTTOTETIIE BEITACOB.

OMT TOKASHBIET, 9TO TOCYIAPCTBENHHE MHCTHTYTEL, PeMGIOMINE BOMPOCE! CYOCITITE,
KDCIWTOR 1 T. 7L - He RCCTAA JOXOMST 0 et 1103TOMY, Ha HAIN BATS, HYAHO TIOHSTHO
KDECTLAIIMIT, (epMEpY OGLACIIITS PESY/ILTATE CBOIX HCCe0BaMI, STO0H CaM X3 IacTom
SANHTEPECORATCS BOIMOKROCTHHO YTYIIINTE CROM MPOSBOTCTECHRHE TOKAMTETH 11 TIOTYaTh
TOTIOTHHTE LB 70X0X 0T BHTDEHILE. DT BOTPOCAM TOTATH JAHAMATECH BCE JOHATHHHE
BY 35 1 HUH

3 Xo3sficTOeNIIOro NOTs308am pitpezeno 27,1 Mt ra ppiLy nepessmaca. OGBoIeno
57% macTowm pecmyGmitk. TIpi 5Tox 49% BOTO3ACOPHEL COOPYACHIT TPCOYROT PEKOHCTDYKITL
Ha s oumacaercs 12,5 it yomosio sspocinx roxos KPC. Tipi yporaitnocrn 7,5 wra
(cpeittee) KopMa 1D HATYPAIBHOI BIGKHOCTH, KODNOSAIIAC HOTIOTB3YEMBX 1IACTOHII COCTARHT
7.5 s Tomm mp moTpeGitocri 912 M. Tom Te. AedmmiT Kopwos 237 wmr Tom
MACTOMITHOTO. KopMa TpH_ KATypaTsROil BTaRHOCTH. [IpH feduIue Kopya cKoT Ha mactowme
xpomrdeckit nezoener, OTCION, WHSKIA MPOYKTHBUOCTH BCEX BILIOD AHBOTILX, GOMes,
setpataA acGum. Ha Hant 530, AHINT IGCTOMINBX KOPMOB GIEIVeT PeUaTh 52 cuet
nacTomn 1A seMTAX 3amaca, Koroperx B Kasaxcrae 70 s ra. Tlpi mpoayKTHBHocTH (cpereit)
"BOCCTAHORTCHHBIX TIACTOMII 1,8 11/Ta KODMOBBIX C/UTHHII, KOPMOSATIAC TIACTONTI HA SCMTIS 3amaca
otfermaer B 12,6 MM TOI KOPMOBHIX eXmmNL DT Cepbeiioe MOXCHOpb, mpi Tedumite
~HACTOIILIX KOPMOB, OCOGEHIO U1K HOACOBHEIX XOSATICTS I METKIX (epyepos,

Pucynok 1 Bumac KPC 1 macromme cyxoctenmofi sons Kasaxcram

Tocnenmmte romst B KasixcTane PeaTHsyeTos Pl HayTHo-HCCTeM0BATETECKITS TPOCKTOR.

CBIAHHAS C PALTHORATHHHI Be/ICHIEN TACTOHIITHOTO AWBOTHOBO/CTSA. K HIIM OTHOCTCS:
Tporpavsia «PaspaGoTsa TEXHOTOTN YIYUIIENI 1 PAINONATSUOT. HCHOTHIOBAMILE

TACTOMIT U151 PASBHTHA OTFORHOTO AITBOTHOBOTCTRA ¢ MCPOTIDHSTCN YCTOTITBOC YTpARTCHIE
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KIMMATHYECKHX 30HaX.

Ha baze HIPEIACTABICHHOIO MexaHu3Ma paspaGoTana
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Kanennapubtit naan paor HAO «Kazaxcwnii waumona b uuiii arpapubiii yusepcuter no iommernoii nporpamye 267
TloBbIIENHe HOCTYHOCTH IANHIL 1 HAYUbIX Hec1eA0BaRMID noanporpanya 101 «TIporpammito-ueneoe Guuancuposanie
A IHBIX HCCTEAOBANEIL H MEPONDHSTHID 10 cnien e 156 «OMIATA KOHCATTUHTORKIX YEAYT W HECA €AOBANNID)
ua 2018-2020 rozss

ok OmupaeMLIC pesy ik TaTH

nenoa-
nenus, ron .

Paspadorath Byler paspaGoTana aBTOMATHSHPOBAHHAA [CONHGOPMALMONHAR CHETENA
sgopwannonityo | 2018-2020 | ONEPATHBHOTO  MOHWIOPHHTA 110 YIPARICHWIO M BOCCTAHORTEHMIO
cHeTeny X JICTPATMPOBAMNBIX NACTOMI B PASTHAITEX pernonax Kasaxcraia Ha ocHowe
MomMTOpHITa W PCOILTATOD HIYUEHHS CTEICHM JCTPajallau, KOPWOROH ILCHHOCTH 1t
oucrxn NOVBCHHOTO  MOKpOBA  MACTOMUIBIX  yrOmMA.  Byier  coatana
nerpanposantil WHQOPMALKONNGS  CHCTENMA A XpaueHHs u  oGpaorku  Gazm
nactGmin KTHMATHICCKIX, NONBEUNbIX, PACTHTETLHBX 1 TOOTPAPHIECKUX ANHEIX
Kasaxcrara, HCOBXOWMOTO (OPMATE 1 JIEKIPONHAs KipTa CTEmCHH ACTpaiailim
" nactomume yromuii 1:750000. Byayr paspaoTanki peKoverzaumi 1
abexruioe AV UICHIIO NACTOMII B 3aBHCHMOCTH OT CTelleHH Jerpazau)
yupasene  Hx ByayT paspaboTauki METONBl M QITOPHTMbI AHCTaHUWOHHOR 1 monesol | 70 000 000
BoCCTAHOBICHI CE30HHO  OUEHKH  CTENCHH ACTPATALAH YCTHHHEX W UPEIrOpHEX
NOAYMYCTUNHAX NACTOMIIEX TePPHTOPHAX, HA OCHOBE CNYTHHKOBOF
WHQOPMAIITH CPEAHETO i WHIKOTO paspelieis; CTpOSKTUpOBAN Gasa
A@HHBIX KoGMIIeCKoll HHGOPMALIH 33 nOCTeANMe 10 AT, 10 AeTpasait
NYCTUNNBX  MGCTOWUE  ONPCICICHE  HAMKQTOPH  ACHIMGPORKM
KOCMIHECKOfi MMGOPMAIIH IO OUEHKE CTENEHH ACTPaIaI (OuBCHIELE,
GHONOIIECKIE) MYCTHHHBIX 1 NPCATOHHIX TIOAYHYCTHHHEIX
OMPCENeNE TECTOBHIE MOTHIOHb! U4 UCCICHOBAHIA CTeneHi
CCTECTBERABIX NACTOMIL IYCTHIHOM H MPEATOpHO/ 1OAYNYCTLIHON 301 1
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HaleMHbIC OOCACIOBANHA, PAIPACOTANG PCABAPHTCLIIAL
SCKTpOILHAA Kapra JerpataLan nacTonuihix yronuii » macrage 1:1 000
000. Byaer npeactanaen ronosoii orser 3a 2018 ron cornaco FOCTy
7322001

PA3pAGOTANG METOINKA ACTAHIMOHON 1 1IOACBON CE3OMHON
leHki  CTENcWM  ACIPAIAINM  HA  TOIYNYCTHHNX  (LNDOTHbX)
HACTOMLIIBX TEPPHTOPHSIX. Ha OCHOBE CIIYTHUKOBOH HiHBOPMALLIH Cpeaero
W HIBKOTO  puipemeRmE  ONPETCACHN  MIMKATODH CHIHGPOBKI
ocmieckoil idopwa leHKe CTEreIN IETPATAMI HA 0CHOBS
KOPMOROT 1ICHHOCTH W 110 b0 NOKPOBA NACTOHIIEX YTOAW; COITaA
Ba3a sauitix koowiieckol wpopwaLIIH 32 nocaenme 10 CT, 10 CTemeHH
JTPATALLI NOAYYCTHHHbIX MACTOMIIB TeppHTOpHil PK: mpozomeiio
HONOMeHHe Gl JQHHAIX PESVIBTATAMH  HACMHBX OGCICOBAMITE:
pOBCIIcHA RepudHKALIS HAseMHON W KOCMMHECKON WH(OpMatlith 1o
Clenemd  JerpalaliN  NOIYMYCTHHHMX  Na ‘TeppHTOpH;
IPCACICHE  TECTORHE TIOTMIOHB JUIA  HCCICIOBANNA COTCCTACHHNX
ACTNIL  NOAYYCTRAHON 30K paspaGoTAHA  SCKTPOMHAA KApT
serpazamin nacrowmex yromwi 1:1° 000 000. Byzer omybamkosaa |
CTaTha B peiiTHHrOBNIX KyPHANAX. BT NpEACTaicH TON0BO OTCT 3
2019 ron ¢ 8
ByAyT: paspaboraa MeTOIMKa AWCTAMUWONHON W 1OACKON Ge3oNHof
OUCHKI CTeNICHI JIerpatalli CTENHHX NACTOUIILX TCPPHTOPHAX, HA
ociioBe CyTHKOBON UH(OPMALM CPEINETO M HISKOTO  pa3pelICHi:
OUpECACHEL  MILIMKATOPS - TIeLppORKH KocMMuCCKoii _miuhopyaui 10
Ollenike CTEMEHI ACTPATAIH HA OCHOBE KOPMOBOI IEEHHOCTH W IOMBEHIOFO
NOKpoBZ  MaCTOANMBIX YTOMMIE; CO3MGMA 6a3A NGHHEIX KOCMIICCKOR
HnopMALIM 3 noCTEARHE 10 7T, 110 CTENEHN JerpaTaLK CTeHE
NACTONUINLIX  TepPHTOPHI; MPOJOTKEHO MONOTNCHHE GasHi  AANHKIX
PeIICTATAM  HaJeMHBIX  o0CICORAMMI;  NpOBEiCHa  BepHpKaUiA
HaseMHOT  KOCIINeCKoli MHGOpMALIH 10 CTemeHi ACTPATAIIIN CTEmILIX
NACTOMUIbX  TCPPMIOpHH,  OMPEICACHE TECTOBbC NOAMTOHK 1A
HCCICIOBANIA CCTCCTBCHHAX NACTOMI CTemnol 30HM:  paspagorana
wusix_yromii 1 1000 000; Ha

70 000 000
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